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NEURAL CELL EXTRACELLULAR VESSICLES

CROSS-REFERENCE TO RELATED APPLICATIONS

This application claims benefit of U.S. Provisional Application No. 62/256 823,

filed November 18, 2015, which is hereby incorporated herein by reference in its entirety,

BACKGROUND

tn

Diseases and injuries fo the nervous system, including congenital disorders,
cancers, degenerative diseases, and spinal cord injury, affect mitlions of people of all
ages, Congenital disorders occur when the bram or spinal cord does not form correctly
during development. Cancers of the nervous system result from the uncontrolled spread

10 of aberrant cells. Degenerative diseases occur when the nervous system loses functioning
of nerve cells, There is evidence that damage can be reversed by replacing lost cells with
new ones dertved from cells that can mature into nerve cells, called neural stem cells.
However, transplanted sterm cells may and often do magrate from the siie of implantation
and undergo some cell transformation that {ead 1o 2 teratoma formation, In addition, due

15 to their size, stem cells are often directly myected into the ONS which can induce
comphcations. Invasive CNS sargeries place the patient at risk due to complication that
occur during and after dehivery, including but not limited to hemowrhages and edema.
Stem cells adounistered systemically often end up being lodged 1n small capiliaries which
can induce undesired effects in the lung and may not even reach the disease or mjury.

20 Stem cell therapy can also trigger an elicit and adverse immune response.

SUMMARY
Disclosed heren are newral extracellular vestoles (EVs) and methods of using
these EVs m the treatiment of spinal cord mjury, stroke, and traumatic brain injury and
nearodegenerative diseases.
25 The disclosed EVs can be obtained 1 some embodiments, by culturing nevral
progenstor (NP} cells that were produced from pluripotent stem cells (e human
embryonic stem cells (ESCs) or induced plaripotent stem cells (IPSCxs)) in cell enlnge

mediam wnder conditions and for a tume sutficient for the NP cells to produce EVs, and
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wolatmy said BVs from the colture medivm, Insome embodiments, the NP cells are SOX
P+, SOX 2+, OCTd-, and NESTINS,

The disclosed EVs can be obtained in some embodiments by culturing newral cells
derived directly or mdirectly from pluripotent stem cells {(PSCs) {e.g. ESCs or 1PSCs)
cell culture medium under conditions and for a time sufficient to produce EVs, and
solating said EVs from the culture medium. In some embodiments, the PSC-derived
oeural cell comprises a ghal cell, such as an astrocyte or oligodendrocyte. In some
embodiments, the PSC-dertved neural cell comprises @ neuron, In some embodiments, the
PRC-derived neural cell are differentiated from NP cells derived from the bES cells. In
some embodiments, the PSC-derived neural cells are differentiated directly from PSCs.

Also disclosed are EVs obtained by culturing astrocvtes of any origin 1 cell
culture medivm wnder conditions and for a time sufficient for the astrocytes to produce
EVs, and 1solating said EVs from the culture medium.

The disclosed EVs can altematrvelv be obtained in some embodiments, by
culturing mesenchymal stem cells (MSCs) that were produced from PSCs m cell culture
mediem under conditions and for a time safficient for the MSC cells to produce EVs, and
isolating said EVs from the calture medium.

As disclosed herein, EVs produced from hNP cells {also referred to herein as
NPEX) had 1653 proteins {see Table 9) that were not wdentified m EVs from stem-cell
derived astrocvtes (also referred to heremn as APEX) or mesenchymal stem cells {also
referred to hevein as MSCEX). Therefore, in some embodunents, the EVs comprises 1, 2,
3.4,5,6,7,8 9, 10,20, 30,40, 50, 60, 70, 80, 90, 100, 200, 300, 400, 500, 600, 700,
&00, 900, 1000, 1100, 1200, 1300, 1400, 1500, 1600 or more protein biomarkers listed in
Table 9.

As disclosed herem, EVs produced from APEX had 596 proteins (see Table 8)
that were not identified in NPEX or MSCEX. Therefore, in some embodiments, the EVs
comprises 1,2, 3, 4.5, 6,7, 8,9, 10, 20, 30, 40, 50, 60, 70, 80, 90, 100, 200, 300, 400,
300 or more protein biomarkers listed i Table 8.

As disclosed herein, EVs produced from MSCEX had 536 proteins (see Table 7)

that were not idennified in APEX or MSCEX. Therefore, in some embodiments, the EVs

t
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comprises 1. 2,3, 4, 5,6.7, 8,9, 10,20, 30, 40, 50, 60, 70, 80, 90, 100, 200, 300, 400, or
more protein biomarkers listed in Table 7.

In some embodiments, the disclosed EVs are produced from a substantially
homogeneous population of cells. In some embodiments, the disclosed EVs are produced
from non-transformed cells.

Also disclosed are compositions contaming the disclosed EVs. In some
embodiments, the composition comprises the disclosed EVs 1 a biocompatible scaffold,
such as a hydrogel. Sustable hydrogels mchude temperatare dependent hvdrogels that
sohidify or set at body temperature, e.g., PLURONICS™, hydrogels crosshinked by ions,
e, sodnum alginate; hvdrogels set by exposure to either visthle or ultraviolet hght e g
polyethyvlene plveol polylactic acid copolymers with acrylate end groups; and hydrogels
that are set or solidified upon a change in pH, e.g., TETRONICS™ The hydrogel can,
for example, include any of the following: polvsaccharides, proteins, polyphosphazenss,
pobv{oxyethyleng)-poly{onypropviene) block polymaers, poly(oxyethylene)-
polv{oxypropviene) block polymers of ethvlene diamine, poly{acrylic acids),
polv(methacrylic acids), copolymers of acryvlic acid and methacryvlic acid, poly{vinyl
acetate), and sulfonated polymers,

In some embodiments, the composition comprising the disclosed EVs further
comprises one more newotrophic agents. The composition can Rirther comprises one or
more agents selected from the group consisting of leukemia mhibitory factor (LIF), brain-
denived neurotrophic factor (BDNF), ciliary neurctrophuc factor (CTNF), epidermal
growth factor receptor (EGF), basic fibroblast growth factor (bEGF), FGF-6, glial-
derived neurotrophic factor {GDNF), ciliary newrotraphic factor {CTNF), granulocyte
colony-stimulating factor (GCSF), hepatocyte growth factor (HGF), IFN-y, msulin-like
growth factor binding protem (IGFBP-2), IGFBP-6, 1L-1ra, IL-6, IL-8, monocyte
chemotactic protemn {MCP-1}, mononuclear phagoeyvte colony-stimulating factor (M-
CSF), neurotrophic factors (NT3), tissue inhubitor of metalloprotemases (TIMP-1),
TIMP-2, tumor pecrosis factor (TNF-B), vascular endothelial growth factor (VEGF),
VEGF-D, urokinase plasminogen activator receptor {uPAR), bone morphogenetic protem

4 (BMP4), IL1-a, IL-3, leptin, stem cell factor (SCF), stromal cell-derived factor-1 {SDF-
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1), platelet devived growth factor-BB {(PDGFBB), transforming growth factors beta
{TGFB-1) and TGER-3.

In some embodiments, the composition comprising the disclosed EVs further
comprises g protease mbubitor, RNAse inhibitor, or combination thereof.

Also disclosed 1s a method of treating a subject with a with a spinal cord injury,
stroke, traumatic bram iy or a neurodegenerative disease comprising administering to
the subject an effective arsount of & composition contatning 8 nearal EVs disclosed
heremn. In some embodiments, the newodegenerative disease 15 Alzhetmer’s disease,
Parkmson’s disease, a Parkinson’s-related disorder, Huntington’s disease, prion disease,
motor newron disease (MND), spmocerebellar ataxia (SCA) or spinal muscelar atvophy
{SMA).

There are several protem families represented 1 the contents of the disclosed EV
that could be beneficial in the context of several age related diseases. These include
catalytically active enzymes like metalloproteases, several calennm-mediated signahng
proteins, and other ion channels. Several DNA and RNA polymerase subunits are present
as well as ubiquitin ligases, and proteasome sabumits. Therefore, also disclosed s a
method of treating a subject with a protein homeostasis disorder or 8 protemnopathy
comprising administermg to the sabject an effective amount of a composition containing
a neural EVs disclosed herein,

Also disclosed is the use of a composition containing a neural EVs in the
manufacture of a medicament for treating a patient or subject with a spinal cord injury,
who has suffered a stroke or traumatic brain injury or has g neurodegenerative disease.

The details of one or more embodiments of the mvention are set forth m the
accompanying drawings and the description below. Other features, objects, and
advantages of the mvention will be apparent from the description and drawings, and from

the clatms.

DESCRIPTION OF DRAWINGS
Figure 1 dlustrates potential sources of cells from which extraceltular vesicles

{EVs) {e.u. exosomes) may be obiainad.
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Frgure 2 s an altrastiuctoral analysis indicating that maltivesicular bodies
{MVBs) which contain EVs are conunon in neuaral progenitors (NPs). Traditionally
described as “vesicles containing sinaller spherical and elhipsoidal vesicles and other
mclusions described as filaments, granules, irregular dense masses, and membrane
components”, are apparent near the hmiting membrane of NPs. Also as reported, the
vesicles were frequently found n chusters of 3 or more vesicles (paneis A, B). The mset
from panel B 1s shown m panel C and this MVB actual has a vesicle budding mward into
the larger multtvesicular body, supporting a role for these vesicles in protein recveling
from the plasma membrane. These vesicles do appear to bind with the plasma membrane,
releasmg EVs mnto the extracellular space {panels D, E). Previous reports indicate that the
vesicles can coalesce, and thus seems common in NPs, and can be seen wn most cells with
clasters of MVBs {panels A, F, G). Panel H 15 a transnussion electron microscopic
{TEM) image of purified EVs from NPs.

Figures 3A to 3D show that EVs can be parified and detected by nanoparticle
tracking analysis. Figure 3A shows proteins from exosomes separated by SDS-PAGE and
eels stamed wath coomassie stam. Protemn profiles from EVs overlapped but was
distinctive from the cell pellet, supporting that cargoes are speaifically trafficked to EVs.
Figure 3B shows that protein content when compared by BCA Assay reveals that amount
of protem in the profile changes when cells are exposed to stressful conditions, like
neusal progenitor calls (Fig. 3C) and astrocytes (Fig. 3D). These EVs show overlapping
but different size profiles, with both types of cells producing a peak indicating 35
vesicles, and ranging from 25-250 nm.

Figure 4 shows differentiated neural cells mternalize Dil-labeled EVs from peural
progenitor cells. By adding 10 uM Dil to the cellular supernatant for 30 minutes prior to
the final EVs spin and PBS wash, it was possible to label EVs. When added into the
culture medivm of differentiated cells, uptake of EVs was evident within § munutes,

Figures 5A and 5B show EVs from newal progenttors protect more differentiated
newral cells from starvation stress. Figure SA shows EVs harvested by ultrafiltration from
neural progenitor cells (NPs), astrocytes, or luuman umbilical MSCs, Protein content was
mensured by BCA| and EVs were senially diluted and transferred in equal volumes

5
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phosphate butfered sevwmn (PBS) into wells contanung NeuroNet cells {(6-8 week
differentiated). Cells were subjected to starvation stress for 10 days, when cells were
fixed, and stamed for §-111 ibuhin (Tw). The center 20 fields of view per well were
mnaged using the Cellomics Arrayscan (representative tmages from 4 technical reps
shown). Figure 3B shows NP and Astrocyte EVs protected the cells from starvations
siress, and largely mamntained integnity of the monolayver and extensions. While more
cells and debris are present in the MSC treated wells, the cells had largely lost their
neural morphology. Few cells were still detectable in the wells that recerved only PBS.
NP and Astrocyte EVs samples had higher protemn concentrations, so were treated with
50 pg protewfwell. Protein was himiting in the MSC samples, 8o 6.25 was the highest
concentration possible, but still appeared to kall the cells 18 a concentration dependent

Ay, so it 1s unlikely that the higher doses (30, 25, or 12.5 pgfwell} would produce a
different result.

Figares 6A to 6C show mdium-111 labeled EVs can be found in proximity of
stroke tissue within 1 hour of injection. Figures 6A to 60 show biodistribution of mdum-
{11 labeled EVs (Frg. 68, 6C) compared to free mndnam (Fig. 6A), which mdicates that
EVs are present m the brain in proxanuty of the stroke within 1 hour of injection gither
when uyected immediately following stroke (Fig. 6B curcles, left panels), or 24 hours
after the stroke ovcurred (Fig 6C, circles, lefi panels). Regardless of the timing of the
mitigl igection, EVs were largely cleared from the area 24 hours after injection {Figs.
68, 6C circles, right panels) although a smaller amount of radioactivity was still
detectable, hikely indicating EVs were metabolized by surrounding tissues,

Figure 7 shows biodistribution of DIiR labeled EVs in piglet brain, DiR labeled
EVs {approximately 2.7 x 10" vesiclessky) were detectable from both the dorsal and
ventral via direct delivery into the brain parenchyma by stereotaxic mjection (top panels),
and into the CSF m the subarachnoid space (lower panels). Fluorescence was detectable
ity the dorsal and ventral aspects of the brain in both tnstances, but more pronognced in
the dorsal region when injected 1P (top panels), and ventral areas of the brain following
CSF myection {lower panels).

Figures 8A to SE show treatment using EVs derived from neural cells improves
mfaret size and fmctional cutcomes 1 the mouse embolic stroke model, APEX,

&
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MECEX, PBS, and NPEX aliquots weve provided to blinded investigators for tnjection
into mice following induction of embolic stroke (3 repeated doses of approximately 2.7 x
10" vesiclestk at 2, 14, and 28 hours after stroke). TTC staining of brains harvested 96
hours post-stroke revealed substantially decreased infarct size following NPEX or APEX
treatment while MSCEX had no effect (Fig. 84, 8C). NPEX and APEX also decreased
mortality over the cowrse of the study with over 40% of control and MSCEX treated nuce
succumbing to compheations over the course of the study while approximately 25-30%
of APEX and NPEX treated animals were lost (Fig. 8B). Phenotypic benelits mcluding
mproved sensory capacity detected by adhestve tape test (Fig. 8E), and fewer
newrological deficits as sommarnized by neurclogical deficit score (Fig. 8D) were also
noted in APEX and NPEX treated anmmals,

Figures 9A to 9C show EVs derived from neural cells modulate the wmune
response followmg stroke. Blood sample flow cytametry 96 hours post-stroke mdicates
that APEX and NPEX mcrease regulatory T-cells refative to MSCEX and control
{vehicle) treated groups {(Fig. 94), decrease mflammatory T-helper cells {Fig. 9B}, and
merease anti~-inflammatory M2 macrophages in the cireulation {Fig. 9C).

Frgures 10A to 10U show NPEX treatment results m decreased mfarct vohane
within 28 + 4 hours post-stroke as measured by MRI Animals subyected to siroke
received either NPEX {approximately 2.7 x 10' vesiclesikg) or PBS (vehicle) at 2, 14,
and 24 hours post-stroke. While anesthetized, animals were also subjected 1o MRI
analvsis, NPEX treated antmils had substantially reduced infarct volume compared to
those that received PBS {Figs. A-C). When the size difference between the ipsilateral and
contralateral sides was evaluated, there was less difference between hemispheres in the
NPEX group, indicating less edema and swelling as compared to controls,

Fipure 11 shows NPEX wreatment improves molecular deficits 12 weeks after
stroke. T2 and T2 flair images both indicate less detectable damage s NPEX treated pigs
12 weeks post-stroke. The absence (death) of tissue was sigmificantly reduced at the 12
week timepoint and areas of density incongruent with host tissue were far less evident in
treated aimals,

Figure 12 15 @ Venn diagram showing the munber of proteins unique to, and
shared by NPEX, APEX, and MSCEX EVs.

7
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Definitions

In accordance with the present tnvention there may be emploved conventional cell
culture methods, chemical synthetic methods and other biological and pharmaceutical
techniques within the skill of the art. Such techniques are well-known and are otherwise
explamed folly m the literature.

Where a range of values 1s provided, # 1s understood that each intervenmng value,
to the tenth of the unit of the lower limit unless the context clearly dictates otherwise
{such as m the case of a group containing a mumber of carbon ators i which case each
carbon atom munber fathing withm the range 18 provided), between the apper and lower
fimit of that range and any other stated or intervening valoe in that stated range 18
encompassed within the mvention. The upper and lower hmits of these smaller ranges
may mdependently be inchuded i the smaller ranges s also encompassed within the
mvention, sabject to anv specifically excluded imit 1 the stated range. Where the stated
range includes one or both of the lunits, ranges excluding either both of those included
himits are also inchuded m the mvention.

Unless defined otherwise, all technical and scientific ferms used herein have the
same meanmg as conmonly undesstood by one of ardinary skill in the art to which this
myention belongs. Althoagh anyv methods and matenals sinnlar or equivalent to those
described herein can also be used in the practice or testing of the present mvention, the
preferred methods and matenals are now described.

It is to be noted that as used herein and m the appended claims, the singular forms
"a," "and" and "the" include plural references unless the context clearly dictates
otherwise.

Furthermore, the following terms shall have the definitions set out below., Itis
understood that in the event 8 specific term is not defined herem below, that terns shall
have a meaning within 11s typical use within context by those of ordimary skill in the art,

The term “subject” refers to any individual who 1s the target of administration or
treatment. The subject can be a vertebrate, for example, a mammal. Thus, the subject can
be a human or veterinary patient. The term “pattent” refers to a subject under the

treatinent of a climcian, ez, physican.
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The termt “therapeutically effective” refers to the amouont of the composition used
is of sutficient quantity to ameliorate one or more causes or symptoms of a disease or
disorder. Such amelioration only requires a reduction or alteration, not necessarily
eltmmation,

The term “pharmaceutically acceptable”™ refers to those compounds, materials,
compaositions, andfor dosage forms which are, within the scope of sound medical
tudgment, sustable for use 1 contact with the tissues of human bemngs and antmads
without excessive toxicity, irritation, allergic response, or other problems or
comphcations commensurate with a reasonable benefitnisk ratio.

The terms “wreat”, “treating”, and “treatment”, etc., as used heram, refer 1o any
action providing a benefit to a pattent at risk for or af¥licted by a disease state, condition
or deficiency which may be mmproved using cellular compositions according to the
present mvention. Treating a condition includes mnproving the condition through
lessening or suppression of at least one symptom, delay m progression of the effects of
the disease state or condition, ncluding the prevention or delay in the onset of effects of
the disease state or condition, etc. In the present apphication, treatment can mvolve
reducmny the mmpact of a spmal cord mjury or stroke, iclading reversing anddor mhibiting
the effects of such injury, reversing, iproving, mhibiting and/or stabulizing 8
nearodegenerative disease such that the disease improves and/or does not progress or
worsen. The term “prophylactic” s used to describe a method which “reduces the
likehihood™ that a particular result will occur, often the progression andfor worsening of a
disease state and/or condition.

Standard technigques for growing cells, separating cells, and where relevant,
cloming, DNA isolation, amplification and punification, for enzymatic reactions nvolving
DNA Hgase, DNA polymerase, restriction endonucleases and the like, and various
separation techmques are those known and commonly emploved by those skilled m the
art. A number of standard techniques ave described i Sambrook e ol 1989 Molecular
Cloning, Second Edition, Cold Spring Harbor Laboratory, Plainview, New York;
Maniatis ¢f ¢f., 1982 Molecular Cloming, Cold Spring Harbor Laboratory, Plainview,
New York; Wu (Ed) 1993 Meth. Enzymol. 218, Part I, Wu (Ed.) 1979 Meth. Enzymol.
68; Wu et al, (Eds.y 1983 Meth. Enzymol. 100 and 101; Grossman and Moldave (Eds.)

9
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1980 Meth. Enzymol. 65; Maller (Ed.) 1972 Expernnents i Molecular Gepeties, Cold
Spring Harbor Laboratory, Cold Spring Harbor, New York; Old and Prinrose, 1981
Principles of Gene Manipulation, University of California Presg, Berkeley; Schieif and
Wensink, 1982 Practica! Methods in Molecudar Biology; Glover (Ed.) 1985 DNA
Cloning Vol. T and I, IRL Press, Oxford, UK; Hames and Higgins (Eds)) 1983 Nucletc
Acid Hybridization, IRL Press, Oxiord, UK and Setlow and Hollaender 1979 Genetic
Engincertng: Principles and Methods, Vols, 1-4, Plenum Press, New York.
Abbreviations and nomenclature, where emploved, are deemed standard in the feld and
commonly used m professional jowrnals such as those cited herem.

The term “human Pluripotent Stem Cells”, of which "human Eobrvonic Stem
Cells”™ (BRESCs) and Inonan mduced pluripotent stem cells (hiPSCs) are a subset, ave
derived from pre-embryonic, embryonic, fetal tissue or adult stem cells (in the case of
human mduced pluripotent stem cells) at any time afler fertilization, and have the
characteristic of being capable under appropriate conditions of producing progeny of
several differant cell tvpes, especially mcluding neuwronal stem and progenistors, neural
crest cells, mesenchymal stem cells {MSCs) and related proliferative and non-
profiferative neural cells. The term mclades both established lines of stem cells of
various kinds, and cells olttained from pimary tissue that are phuripotent 1 the manner
deseribed.

The term “embryonic stem cell” refers to plunipotent cells, preferably of primates,
mecluding humans, which are isolated from the blastocyst stage smbivo,

The term “neuvral progenitor cell” refers to cells capable of dividing a limited
munber of times that have the capacity to differentiate into neuronal and ghal cell types,

The terms “extracellular vesicle™ and “EV™ are used herein 1o refer to a vesicle of
about 10nm to 10wm in size consisting of fluid, macro-molecules, sohites,
andd ietabolites from a cell contained by a hipid bilaver or micelle. In some cases, the BV
is a cell-dertved BV, The term “"EV™ also includes hipid vesicle engineered to contain
hioactive molecules found in g cell-derived EVs, such as a neural EVs. These terms
encompass both exosomes and ectosomes. Exosomes are released on the exocytosis of
multivesicular bodies (MVBs). Ectosomes are vesicles assembled at and released from
the plasina membrane. In some cases, the EV 1s about 20nm t0 10um, 20nm 1o Tum, 20

10
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ai-300 o, 30 nm-100mm; 30 nm-Telom, or BO-160 wm wosize, Busome embodiments,
the EVs are exosomes that ave about 20 to 150 nm in size,

The term “autologous BV is used to descuibe a population of EVs which are
obtained from cells from a sabject or patient to whom the EVs are to be administered.

The term “neural EV” is used to refer to a cell-derived EV produced from neural
vigro from said neural progemitor cells or from pluripotent stem cells. The term also refers
to vesicles engineered to contain a sufficient number of the bioactive molecules found
the cell-derived newral FV o bave substantially the same bioactivity,

Compositions

Disclosed herein are newral EVs (e g, exosomes) and methods of using these EVs
m the reatment of spinal cord mpury, stroke, and traumatic brain tnjury and
neurodegensrative diseases.

The disclosed EVs can be obtamed m some embodiments, by culturing neural
progemtor {NP) cells or mesenchymal stem cells (MSCs) that were produced s vilre
from plunpotent stem cells (e.g. human embryonic stem cells (hESCs) or induced
plaripotent stem cells (IPSCs)) n cell culture medium under conditions and for a time
sufficient for the NP cells or MSCs to produce EVs.

Methods for the produection of human neural progemtor (hNP} cells from human
embryonic stem cells (ESCs) are described, for example, in ULS. patent no. 7,531,354,
which is hereby mcorporated by referance mn its entirety for the teaching of these cells.
Human neuroprogenttor cells (hNPs} are known to express markers associated with the
earliest multipotent neural stem cells, including Nestin, Musashi-1, Soxl, Sox2 and Sox3.
It 1s noted that although feeder cell free neural progenitor cells may be used to produce
EVs, any neuroprogentior cell as otherwise described herein may also be used. Preferred
neuroprogenttor cells are produced according to the methods presented in U.S. patent no.
7,531,354, are gdherent feeder cell free as well gs free from embryoid bodies.

The disclosed EVs can be obtained in some embodiments by culturing
cifferentiated neural cells, such as astrooytes, dertved directly or indirectly from
pluripotent stem cells in cell culture medinm under conditions and for a time sufficient to
produce EVs, and 1solating said EVs from the culture medium. In some embodiments, the

1
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differentiated neuenl cells are hN2™ pewronal cells {ArunA Bromedical), NewroNat™
newrons, or AstroPro™ astrocyvtes {Arund Biomedical Ing).

Phuipotent stem cells used to produce the EVeproducing NP cells, neural cells, or
MSCs inchude human embryonic stem cells (hESCs) and hwman induced pluripotent stem
cells (hiPSCs;).

Pluripotent stem cells may express one or more of the stage-specific embryonic
antigens {SSEA}Y 3 and 4, and markers detectable using antibodies designated Tra-1-60
and Tra-1-81 {Thomson et al, Science 282:1145, 1998). Ihfferentiation of pluripotent
stem cells m vitro resulis 1o the loss of SSEA~4, Tra-1-60, and Tra-1-81 expression (if
present} and mereased expression of SSEA-1. Undifferentiated plusipotent stem cells
typically have alkaline phosphatase activity, whach can be detected by fixing the cells
with 4% paraformaldehyde, and then developing with Vector Red as a substrate, as
described by the manufacturer {Vector Laboratories, Burlingame Califl) Undifferentiated
pharipotent stem cells also typreally express Oct-4 and TERT, as detected by RT-PCR.

The types of plunipotent stem cells that may be used include established lines of
pharipotent cells derived from tissue formed after gestation, mcluding pre-embrvonic
tasue {such as, for example, a blastooyst), embrvonic tissue, or fetal tissus taken any time
during gestation, typieally but not necessarily before approximately 10-12 weeks
gestation, Non-lnniting examples are established ethicat lines of human embryonic stem
cells or human embryonic perm cells, such as, for example the human embryonic stem
cell lines WADT, WAQ7, and WAD99 (WiCell). Also contemplated is use of the
compositions of this disclosure during the minal establishment or stabilization of such
cells, in which case the source cells would be primary pluripotent cells taken divectly
from the source tissues, Also suitable are cells taken from a pluripotent stem cell
population already cultured in the absence of feeder cells. Also suitable are mutam
bhuman embryonic stem cell limes, such as, for example, BGO1yv {BresaGen, Athens, Ga)),
as well as normal buman embryonte stem cell Hines such as WAQT, WAQT7, WAQS
{WiCell) and BGO1, BGO2 (BresaGen, Athens, Ga.).

Human embryonic sters cells (hESCs) may be prepared by methods which are
described in the in the art as described for example, by Thomson et al. (U S. Pat. No.

12
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5,843,780, Seience 282:1 1485, 1998; Cirr. Top. Dev, Biol 38133, 1998; Proc. Naid
Acad Sci US A 927844, 1993). Alternatively, they may be obtained commercially,

Epiblast stemn cells (EpiScs) and induced phuripotent stem cells (iPSCs} isolated
from early post~implantation stage embrvos. They express Octd and are pluripotent.
iPSCs are made by dedifferentiating adult somatic cells back to a pluripotent state by
retroviral transduction of four genes {c-mye, K, Sox2, Octd).

As described n ULS. Patent Application Docament No. 20140356382,
“elrosomes produced from cells can be collected from the culture mednnm andfor cell
tissue by any soitable method. Typically a preparation of EVs can be prepared from cell
culture or tissue supernatant by centrifagation, hiltration or combinations of these
methods.  For example, EVs can be prepared by differential centnifugation, that is low
speed {(<2,0000 ¢} centrifugation to pellet larger particles followed by high speed
{>-100,000 g} centrifugation to pellet EVs, size filtration with appropriate filters (for
example, 0.22 pm filter), gradient wliracentrifugation {for example, with sucrose
gradient) or a combination of these methods.” It 15 noted that the contents of EVy, 18,
EVs m which the hpid bilaver has been removed or ehiminated and the contents obtamed
may alzo be used to engmeer artificial EVs.

Further, as described in ULS. Patent Application Docuanent No. 20140356382,
exogenous protein and/or peptide and other cargo can be introduced into the EVs by a
number of different technigues including electroporation or the use of a transfection
reagent. Electroporation conditions may vary depending on the charge and size of the
biotherapeutic cargo, Typical voltages are in the range of 20V/em to 1,000V /iam, such as
20V om to 100V/em with capacitance typically between 23 uF and 250 uF, such as
between 25 uF and 125 pF. A voltage m the range of 150 mV to 250 mV, particularly a
voltage of 200 mV is preferred for loading EVs with an amiibody. Alternatively, the EVs
may be loaded with exogenous protein andfor peptide using a wansfection reagent.
Despite the small size of the EVs, conventional transtection agents may be used for
transfection of EVs with protem andfor peptide. EVs may also be loaded by transforming
or transfecting a host cell with a nucleie acd construct which expresses therapeutic
protein or peptide of mterest, such that the therapeutic protein or peptide is taken up mto
the EVs as the EVs are produced from the cell
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In tHostrative embodiments, the EV-producing NP cells and/or neural cells
disclosed hevein ave culivred forabout 1,2, 3,4, 5,6, 7, 8.9, 10, 11, 12, 13 or 14 days or
foraslongasabout 1,2,3,4,5,6,7, 8 weeks orabout 1, 2, 3, 4, 3, or 5 months,
depending on the cell and its ghility to produce EVs. The EV-producing cells may be
cultured 1 suntable media and grown under conditions that are readily determined by one
of ordinary skill in the art. Cell coltiwe conditions may vary with cell type and the
exaraples presented hereinafter illustrate suitable wedia and conditions. For example,
CMRL 1066 medium (from Invitrogen) with fetal bovine serum {e.g., at 10%) and
optionally supplemented with glutanune or glatamme-contaiming mixtures and antibiotics
could be ased. Cells can be grown on a surface (feeder cells) in some embodiments, e.g.
they can be grown as a monolaver on the surface (feeder cell free) and may be grown
untd 30, 44, 30, 60, 76, 80, 99, 93 or 1(0% confluent.

Cell growth media are wall known m the art and comprise at least a mimimum
essential medwm plus one or more optional components such as growth tactors, ascorbic
acid, glucose, non-essential amino acids, salts {including trace elaments), ghitamine,
msuhin (where mdicated and not excluded), Activin A, transternin, beta mercaptoethanol,
and other agenis well known 1 the art and as otherwise described herein. A preferred
media 13 a low protein, serum-free based growth medium that supports neural cells. The
srowth factor used can be fibroblast growth factor 2 (FGF2), alone or preferably in
combination with levkerma inhibitor factor (LIF). Depending on the NP or neural cells 1o
be grown i the growth media, the inclusion of LIF is preferrad but mav not be requared.
Additional media includes basal cell media which may contain serum, for example,
between about 0.1% and 20% {preferably, about 2-10%) fetal calf serum, or for defined
medium, an absence of fetal calf serwn and KSR, and optionally mcluding bovine serum
atbumin {about 1-5%%, preferably about 2%). Preferred medium is defined and is sevum-
free and low protein. The components of the growth media depends on the type of neural
cell to be grown, all of which are well known 1o the art. Parbicularly preferred media s
media and supplement from ArunA. The AB2™ Neural Cell Culture Media Kit contains
AB2™ Basal Neural Mediom and ANS™ Newral Medium Supplement. The medium and
supplement are specifically engineered for versatility to meet all neural cell culture needs.
The AB2™ Basal Newral Medium and ANS™ Newral Medinm Supplement can be used
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as the base for specialized mednuns to direct differentiation of the hANPI™ hne toward
various neural phenotypes. Each lot of medivm and supplement is pre~-qualified for use
by testing for cell growih, stenility, pH, csmolarity, and endotoxns.

Formulations from ArundA allow neuyral colbures to mamtam a stable karvotype
over multiple passages without the need for feeder cells, making them an excellent choice
for a wide vanety of research applications includmyg early stage drag discovery.

Other agents which optionally may be added to the mediom mnclude, depending
on the cell type grown in the media, for example, any one or more of nicotinamide,
members of TGF-§ family, including TGF-B 1, 2. and 3, Activin A, nodal, Bone
Morphogen Proteins (BMP 2 to 7) serum albunin, members of the fibroblast growth
factor (FGF) family, platelet-derived growth factor-A4A, and -BB, platelet rich plasmos,
meulin growth factor (IGF-1, 1T, LR-IGF), growth differentiation factor (GDF-8, -6, -8, -
103, 113, glucagon like peptide-f and H {GLP-I and 1}, GLP-1 and GLP-2 mumetobody,
Exendm-4, parathyrotd hormone, msulin, progesterone, aprotinin, hydrocortisone,
ethanolammne, epidermal growth factor {(EGF), gastrin I and H, copper chelators such as,
for example, triethylene pentamine, forskolm, Na-Butyrate, betacellulin, ITS, noggin,
nearite growth factor, nodal, valporic acid, trichostatin A, sodium butyvrate, hepatocyte
arowth factor (HGF), sphingosme-1, VEGF, MG132 (EMD, CA), N2 and B27
supplements {{Gibco, CA}), steroid altkaloid such as, for example, cyclopamne (EMD,
CA), keratinocyte growth factor {(KGF), Dickkopf protein fanuly, bovine pituitary
extract, 1slet neogenesis-associated protein {(INGAP), Indian hedgehog, sonic hedgehog,
proteasome inhibitors, notch pathway inthibitors, sonic hedgehog whibitors, heregulin, or
combinations thereof, among a number of other components. Each of these components,
when included, are mchuded 1n effective amounts.

By way of further example, suitable media may be made from the following
components, such as, for example, Dulbecco’s modified Fagle's medium (DMEM), Gibeo
#11965-092: Knockout Dulbecco's modified Eagle's medim (KO DMEM), Gibeo #
10829-018; Ham's F12/50% DMEM basal medium; 200 mM L-ghatamine. Gibeo
¥15039-027; non-essential amimo acid solution, Gibeo 11140-050; f-mercaptoethanol,
Sigma #M7522; human recombinant hasic fibroblast growth factor (bFGF), Gibeo
#13256-029.

I
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Cell media are commercially available and can be supplemented with
commercially available components, including defined xeno-free componenis, such as
those available from Invitrogen Corp. (GIBCQ), Cell Applications, Inc., Biological
industries, Beth HaEmek, Istael, and Calbiochem. One of ordinary slall in the art will be
able 1o readily modify the cell media to produce any one or more of the target cells
pursuant to the present invention.

The disclosed EV-producing cells may be cubtured on a layer of feeder cells that
sapport the cells in various ways. Approasches for culturing cells on a layer of feeder
cells are well known i the ant. The cells may be grown on a cellular support or matnix, as
adherent monolayers, rather than as embrvoid bodies or in suspension. In certain
embodiments, the use of a cellolar support may be preferved. depending upon the cells
used to produce the EVs. When used, cellular supports preferably comprise at least one
substrate protein. Substrate protems include, for example, an extracellular matrix protein,
which 15 a protein found in the extracelhilar matrix, such as laminin, tenascin,
thrombospondin, and muxtures thereof, which exhibit growth promoting and contam
domams with homology to epidermal growth factor (EGF) and exhibit growth promoting
actrvity. Other subsirate protems which may be used mclade for example, collagen,

gels

kgl

fibronectin, vibronectiny, polylysime, polvormthine and mixtures thereof. In addition
and other materials such as methylcellalose of other gels which contam effective
concentrations of one or more of these embryonic stem cell differentiation proteins may
also be used. Exemplary differentiation proteins or materials which include these
differentiation proteins include, for example, laminin, BD Cell-Tak™ Cell and Tissue
Adhesive, BD™ FIBROGEN Human Recombinant Collagen [, BD™ FIBROGEN
Matrigel™ Basement Membrane Matrix High Concentration (HC), BD™ PyraMatrix™
Peptide Hydrogel, Collagen 1, Collagen I High Concentration (HC), Collagen I {Bovine),
Collagen i, Collagen IV, Collagen V, and Collagen VI, among others.

Alternatively, these cells may be cultured in a culture system that is essentially
free of feeder cells, but nonetheless supports proliferation of the cells to produce EVs.
The growth of cells in feeder-free culture can be supported using a medium conditioned
by culturing previously with another cell type. Alternatively, the growth of EV-
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producing cells n feeder-free colbwre without differentiation can be supported using a
chemically defined medium. These approaches gre well known in the ant. In certain
enmbodiments of the present invention, the cells are grown o feeder cell free mediom.

EVs can be harvested at vanous time intervals {eg. at abont 2, 4,6, 8 0r 3, 6, 9,
12 day or longer mtervals, depending upon the rate of production of EVs). Exemplary
yields of EVs can range from at least about 1 ng EVs/1 million cells, at least about 10 ng
EVs/1 nullion cells, at least about 50 ng EVs/1 million cells, at least about 100 ng EVs/l
mithon cells, at least about 300 ng EVs/1 mallion cells, at least about 750 ng EVs/1
million cells, at least aboot 800 ng EVe/1 nullion cells, at least about 900 ng EVs/l
mithion cells, at least about 1.0 gg EVs/1 smihon cells, at least about 1.5 pg EVy/d
miflion cells, at least about 2.0 ug EVe/1 nullion cells, at least about 2.5 pg EVs/l
rtthion cells, at least e.g. about 3.0 pug EVs/1 mullion cells, at least abowt S.0 gg BVl
milhion cells, and at least about 10.0 pg EVs/T milbon cells, during a time period of about
24 howrs to seven days of colture of proliferative and non-proliferative newral cells as
otherwise described hevein.

In certain embodiments, EVs are harvested and collected by ultracentrifisgation or
differential centrifugation or any combmnation thereof, pelleted EVs are collected, and,
optionally, collected pelleted EVs arve washed with a suitable medusm. For example, a
preparation of EVs can be prepared from cell culture or tissue supematant by
centrifugation, filtration or combinations of these methods. In some embodiments, the
EVs can be prepared by differential centrifugation, that is low speed (<2,0000 g)
centritugation to pellet larger particles followed by high speed (> 100,000 g}
centrifagation to pellet EVs, size filtration with appropriate filters (for example, 0.22 um
filter), pradient ultracentrifugation {for example, with sucrose gradient) or a combination
of these methods. EVs may be purified by differential centrifugation, micro and ultra-
filtration, polymeric precipitanon, microfhudic separation, imununocapture and size-
excluston chromatography, These andfor related methods for isolating and punfying EVs
are described by Théry, ef ol Crurrent Protocols in Uell Biolagy, (2006) 3.221-3.22.29,
copyright 2006 by John Wiley & Sons, Inc.; Sokolova, et al., Colloids and Siwfaces B:
Biointertaces, 2011, 87, 146-130; Wiklander, et al., Jowrnal of Extracelhidar Vesicles,
2015, 4, 26316, pp. 1-13; and Boing, ot al., Jowrnal of Extracellular Fesicles, 20143,

1
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234340, pp. .11 Other methods for solation may be developed such as electnes! feld
radiofreguency and acoustics.

Pharmacentical compaositions

Disclosed is 3 pharmaceutical compositions containing therapeutically effective
amounts of one or more of the disclosed EVs and a pharmaceutically acceptable carrier,
Formulations containing the disclosed EVs may take the form of hiquid, solid, semi-solid
ot lvoplalized powder formg, such as, for example, solutions, suspensions, emulsions,
sustamed-release formulations, tablets, capsules, powders, suppositories, creams,
otntments, lotions, aerosols, patches or the ke, preferably i onit dosage forms swtable
for simple adnmistration of precise dosages.

Pharmaceutical compositions typically include a conventional pharmaceutical
carrier andfor exciptent and may additionally mclude other medicinal agents, carners,
adjuvants, additives and the like. The weight percentage ratio of the EVs to the one or
more excipients can be between about 20:1 to about 1:60, or between abomst 15:1 to about
1:435, or between about 1071 to about 1:40, or between about 911, 8:1, 71, 6:1, 5:1, 4.1,
b Zdorbibtoabout 12283, 14, 105, 126, 17, B8, 129, 1110, 1115, 1:20, 125, 1130, or
1:35, and preferably is about 2001, 19:1, 181, 171, 16:1, 1500, 140h, 1300, 1241, 1100,
101,901, 81, 7.1, 6:1 or 5:1. In some embodiments, the disclosed composition
comprises between about 1 pg to about T g or more of total EVs, about 300 pg about 300
my, about 1 mg to about 300 mg of total EVs, about § 1o about 500 mg, about 10 to about
S00 mg, about 23 to about 300 mg, about 30 my to about 350 myg, about 75 mg to about
450 mg, about 50 myg to about 450 myp, or about 75 mg to about 3235 mg or about 100 mg
to about 630 mg of total EVs and may optionally contain one or more suitable
pharmaceutical carriers, additives andior excipients,

An igectable composition for parenteral administration {e.g. intravenous,
intramuscular, mtrathecal mtracerchrospinal Huid, ov intranasal}, will typically contaimn
the EVs and optionally additional components i a surtable 1y, solution, such as sterile
physiofogical salt solution. The composition may also be formulated as a suspension in
an aqueous emulsion.

Liquid compositions can be prepared by dissolving or dispersing the
pharmaceutical composition comprising the EVs, and optional pharmaceutical adjuvants,
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m g carrier, such as; for example, aqueons salme, agueous dextrose, glyeerol, or ethanol,
to form a solution or suspension, For use in an orsl hquad preparation, the composition
may be prepared as a solution, suspension, enmulsion, or syrup, being supphied esther m
hguid form or a diied form suttable for hydration m water or normal saline.  In the case
of mtranasal, mtratracheal or intrapulmonary administration, the compositions may be
provided as hquid composition which can be spraved into the nose, trachea and/or hungs.

For oral admuustration, such excipients inchude pharmaceutical grades of
mannitol, factose, starch, magnestom stearate, sodium saccharine, talcam, celludose,
glucose, gelatin, sucrose, magnesiom carbonate, and the bike. If desired, the composition
may also contain minoy amounts of non-toxic auxiliary substances such as wetting
agents, emulsifying agents, or buffers.

When the composition is employved in the form of sohd preparations for oral
administration, the preparations may be tablets, granules, powders, capsules or the bke.
in a tablet formudation, the composition s typically formulated with additives, e an
excipent such as a saccharide or cellulose preparation, a binder such as starch paste or
methyl cellulose, a filler, a dismtegrator, and other addittves typically used mn the
manufacture of medical preparations.

Methods for preparing such dosage forms are knowsn or are apparent to those
skilled mn the art; for example, see Remmgtor's Pharmaceatical Sciences {17th Ed| Mack
Pub. Co. 1985). The composition to be administered will contain a quantity of the
selected compound i a pharmaceutically effective amount for therapeutic use mn a
biological system, inchuding a patient or subject according to the present invention,

Intravenous formulations can comprise the EVs described herein, an 1sotonic
medium and one or more substances preventing aggregation of the EVs, Example
mtravenous! intrathecal/ intracerebrospinal fluid formulations may contamn sahine
solutions {¢.g. normal saline (NS); about 0.91%% wiv of NaCl, about 300 mQsnvl} andfor
dextrose 4% in 0.1896 saline, and optionally 1%, 3% or 3% human serum albumin, In
addition, the EVs may be disrupted to obtain the contents and the contents used in
compositions according to the present myvention.

In exemplary embodiments, formulations of the nvention may comprise about 50
ng EVsfml intravenous/mtrathecal/ntracerchrospinal fluid medinam, including about 100
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ng, 200 ng, 300 ng, 400 ng, 300 ng, 60 ng, 700 ng, 800 ng, 900 ng, 1 0ug, 15 pge, 2.0

g, 2.5 pe, 3.0 e, S0 up, 100, 15.0 pe, 20.0 pg. 100 pg, or more EVsiml
ntravenous/intrathecal/intracerebrospinal flurd mediom for use 1 treating spnal cord
fury, stroke, trawmatic brain injury andéor neurodegenerative diseases.

In some embodiments, intravenous formulations may comprise about 0.1 ug
EVsiml medram, about 0.2 gg EVs/ml mtravenous medium, about 0.3 yg EVeml
mtravenous medivm, about 0.4 yg EVsiml intravenous medium, about 0.5 ug EVsiml
mtravenous medivm, about 4.6 pg EVsiml mitravenous medim, abowt 0.7 pg EVsiml
miravenous medium, about 0.8 yg EVa/ml intravenous medium, abont 0.9 g EVeiml
mtravenous mediom, about 1.0 pg EVs/ml miravenous medim, about 1.5 gg EVs/iml
mtravenous medivm, about 2.0 g EVsiml intravenous medium, about 2.5 g EVsiml
mtravenous medivm, soch as at least e.g. abowt 3.0 gg EVe/ml mtravenous mediam, such
as e.g. at least about 3.0 pg EVs/iml intravenous medium, about 10.0 ug EVsiml
mtravenous mediam, 15.0 gy EVsiml mtravenous mediom or about 20.0 ug or more
EVsiml miravencus medium.

In some embodiments, the pharmaceutical composition 18 in a dosage form
comprising at least 25 mg of EVs, at least 50 myg of EVy, at least 60 mg of EVs, at least
73 mg of EVs, at least 100 myg of EVs, at least 150 mg of EVs, at least 200 mg of EVs, at
feast 250 mg of EVs, at least 300 mg of EVs, about 330 mg of EVs, about 400 mg of
EVs, about SO0 mg of EVs, about 750 myg of EVs, about g (1,000mg) or more of EVs,
alone or in combination with a therapeutically effective amount of at least one additional
bicactive agent, which agent may be useful in the wreatment of spmal cord mjury, stroke,
trauntatic brain mjury and/or neurodegenerative disease. In some embodiments, the
pharmaceutical composition comprises between about 10 mg to about 750 my, about 23
mg 1o about 650 mg, or between gbout 30 myg 1o about 300 mg, or about 35 mg 1o about
450 mg, most often about 50 to about 500 mg of EVs.

In some embodiments, an mtravenous formulation comprises the EVs deseribed
herein, an isotonic medium, and one or more substances preventing aggrepation of the
EVs. Intravenouos formulations may therefore contain saline solotions {e.g. normal saline
{NSY; about 0.91% wiv of NaCl, about 300 mQsm/L) andfor dextrose 4% in 0.18%
saline, and optionally 19, 2% or 3% hwmnan serum albumin
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In some embodiments, the composition comprising the disclosed EVs further
comprises one more neyrotrophic agents, The composition can further comprises one or
more agemts selected from the group consisting of leukenua mibubitory factor (LIF), brain-
derived neurotrophic factor (BDNF), epndermal growth factor receptor (EGF), basic
fibroblast growth factor (bFGF), FGF-6, ghial-derived neurotrophic factor (GDNF),
gramtlocyie colony-stimulating factor {GUSE), hepatocyte growth factor (HGEF), IFNwy,
msulin-hike growth factor binding protem (JGFBP-2), IGFBP-6, I-1ra, IL-6, IL-8,
monocyte chemotactic proten (MCOP-1), mononuclear phagoceyte colony-stimulating
factor {M-CSF), neurotrophic factors {(NT3), tissue nhibitor of metalloprotemases
{TIMP-1), TIMP-2, tumor necrosis factor { TNF-B}, vascular endothelial growth factor
{(VEGF), VEGF-D, wokinase plasminogen activator receptor (uPAR), boue
morphogenetic protemn 4 (BMP4), HL-a, IL-3, leptin, stem cell tactor {SCF), stromal
cell~derived factor-1 (SDF-1}, platelet dertved growth factor-BB (PDGFBB),
transforming growth factors beta {TGFJ-1} and TGFR-3.

in some embodiments, the disclosed EVs are contained 1 or on a biocompatible
scaffold, such as a hydrogel. Switable hyvdrogels metude temperature dependent
hydrogels that sohdify or set at body temperatare, e.g., PLURONICS™, hydrogels
crosshnked by ions, e.g., sodmum alginate; bvdrogels set by exposure to erther visible or
ultraviolet hight, e.o., polvethylene glveol polylactic acid copoltymers with acrylate end
groups; and hydrogels that are set or solidified upon a change m pH, e,
TETRONICS™ Examples of materials that can be used to form these different hvdrogels
melude polysacchanides such as algmate, polyphosphazenes, and polyacrylates, which are
cross-linked ionically, or block copelymers such as PLURONICS™ (also known as
POLOXAMERS™, which are polv{oxyethylene)-poly{oxypropylene) block polymers
solidified by changes in temperature, or TETRONICS™ {also known as
POLOXAMINES™), which are poly{oxyethylene}-poly(oxypropyiene) block polymers
of ethvlene diamine solidified by changes in pH.

Suitable hydrogels also mclude undefined extracetlular matrix derived hydrogels
that originated from tissues ncluding bot not linuted to bladder mtestine, blood and

brain.
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T some embodiments, the disclosed EVs are contained 0 or on & biocompatible
scaffold comprising collagen, fibrin, silk, agarose, algmate, hvaluronan, chitosan, a
biodegradable polvester such as polvlactic-co-glveolic acid, polyvlacic acid, or
polvglycolic acid, polvethylene glveol, polyvinvlpyrrolidone, polyethersulfone, a
peptide-based biomaterial, glveose amino glycan, fibronectin, laminin, or any
combmation thereof

I some cases, the hydrogel s produced by cross-liking the anronie salt of
atginic acid, a carbohydrate polymer isolated from seaweed, with jons, such as calcium
cations. The strength of the hydrogel increases with either increasing concentrations of
calcium tons or algmate. For example, US. Pat. No. 4,352,883 describes the 1onic cross-
Iinking of alginate with divalent cations, in water, at room temperature, to form a
hydrogel matrix.

EVs are mixed with an algimate solution, the solution 1s deliverad to an already
mmplanted sepport structore and then solidifies m a short time due 1o the presence n vive
of physiological concentrations of calcium ions. Alternatively, the solution 1s delivered to
the support structore prior to inplantation and sohidified m an external sohution
containmg calorum ions.

In general, these polymers are at least partially soluble i aqueous solutions, e.g.,
water, or aqueous alcohol solutions that have charged side groups, or a monovalent rome
salt thereof, There are many examples of polvmers with acidic side groups that can be
reacted with cations, e.g., polv{phosphazenes), polv{acrylic acids), and poly(methacrvlic
acids). Exanples of acidic groups include carboxylic acid groups, sulfonic acid groups,
and halogenated {preferably fluorinated) alcohol groups. Examples of polymers with
basic side groups that can react with anions are poly{vinvl amines}, poly{vinyl pyridine},
and polv{vinyl imidazole).

Polyvphosphazenes are polvimers with backbones consisting of nitrogen and
phosphorous atorms separated by alternating single and double bonds. Each phosphorous
atom is covalently bonded to two side chains. Polyphosphazenes that can be used have a
magority of side chaing that are acidic and capable of forming salt brdges with di- or
trivalent cations, Examples of acidic side chains are carboxylic acid groups and sulfonic

acid groups.



14

1

§

20

Pl
o

WO 2017/087500 PCT/US2016/062245

Bioeradible polvphosphazenes have at least two diffening types of side chams,
acidic side groups capable of formung salt bridges with multivalent cations, and side
groups that hydrolyze under in vivo conditions, e.g., nnidazole groups, amino acid esters,
glycerol, and glucosvl. Bioerodible or biodegradable polymers, 1e., polymers that
dissolve or degrade within a period that is acceptable 1o the desired application {usually
m vivo therapy), will degrade i less than about five yvears and most preferably i less
than about one vear, once exposed to a physiological solution of pH 6-8 having a
temperatare of between about 25% €. and 38° C. Hydrolysis of the side cham resolts in
erosion of the polymer. Examples of hydrolyzing side chains are unsubstituted and
substituted imidizoles and amino acid esters i which the side chain 13 bonded to the
phosphorous atom through an anuno hokage.

Methods for synthesis and the analysis of various types of polyphosphazenes are
described m LIS, Pat. Nos. 4,440,921, 4 495,174, and 4,880,622, Methods for the
synthesis of the other polymers described above are known to those slalted i the art. See,
for example Concise Encvelopedia of Polvmer Science and Engineering, J. 1. Kroschwiiz,
editor {John Wiley and Sons, New York, NUY ., 1990). Many polymers, such as
poly{acrvlic acid), alginates, and PLURONICS™ are commercially available.

Water soluble polymers with charged side groups are cross-linked by reacting the
polymer with an agueous solution containing muoltivalent tons of the opposite charge,
either multivalent cations 1f the polymer has acidic side groups, or multivalent anions if
the polymer has basic side groups. Cations for cross-linking the polvmers with acidic side
groups to form a hydrogel include divalent and trivalent cations such as copper, calcium,
aluminum, magnesiwm, and strontium, Agueous solutions of the salts of these cations are
added to the polymers to form soft, highly swollen hvdrogels.

Anons for cross-linking the polymers to form a hydrogel include divalent and
trivalent avons such as low molecular weight dicarboxylate 1ons, terepthalate jons,
sulfate 1ons, and carbonate ions. Aqueous solutions of the salts of these antons are added
to the polymers to form soft, highly swollen hvdrogels, as described with respect to

cations.
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For purposes of preventing the passage of antibodies into the hydrogel, but
allowing the entry of nutrients, a useful polvmer size m the hydropel is 1o the range of
betweesn 10,0060 D and 18,300 D,

Temperature~dependent, or thermosensitive, hydrogels have so~called “reverse
pelation” properties, 1.e., they are higuids at or below room temperature, and gel when

armed to higher temperatures, e.g., body temperature. Thus, these hyvdrogels can be
easily apphed at or below room temperature as a hquid and automatically form & seni-
solid gel when warmed to body temperature. As a result, these gels are especially usefol
when the support structure is first implanted into a patient, and then filled with the
hydrogel-EV composition. Examples of such temperatore-dependent hydrogels are
PLURONICS™ (BASF-Wvyandotie), such as polyvoxvethylene-polyoxypropylene F-108,
F-68, and F-127, poly(N-tsopropylacrylanude), and N-isopropylacrvlanmde copolymers.

These copolviners can be manipulated by standard technigues to affect then
physical properties such as porosity, rate of degradation, transthion temperature, and
degree of ngidity. For example, the addition of low molecular weight saccharides m the
presence and absence of salts affects the lower crtical solution temperature (LUSTY of
typical thermosensitive polymers. In addition, when these gels are prepared at
concentrations ranging between ¥ and 253% (W/V) by dispersion at 4°C., the viscosity and
the gel-sol transition temperatare are affected, the gel-sol transition temperature being
mversely related to the concentration,

LS. Pat. No. 4,188,373 describes using PLURONIC™ polvols m aqueous
compositions to provide thermal gelling aqueous systems. ULS. Pat. Nos. 4,474,751, '732,
753, and 4,478,822 describe drug delivery systems which utilize thermosetting
polyoxyatkyvlene pels; with these systems, hoth the gel transition temperature and/or the
rigidity of the gel can be modified by adjustment of the pH andfor the ionie strength, as
well as by the concentration of the polymer.

pH-dependent hydrogels are liguids at, below, or above specific pH valoes, and
pel when exposed to specific pHs, e.p., 7.35 to 7.45, the normal pH range of extracellular
fhads within the human body. Thusg, these hvdrogels can be easily dehvered to an
wnplanted support structure as a hiquid and automatically form a semi-solid gel when
exposed to body pH. Exanples of such pH-dependent hydrogels are TETRONICS™
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{BASF-Wyandotte) polvoxvethylene-polyoxypropylene polymers of ethylene diamine,
polvidiethyvl ammnoethyl methacrylate~-g-ethylene glycol), and polv(2-hvdroxymethyl
methacrylate). These copolymers can be manipulated by standard technigues to affect
thetr physical properties,

Hydrogels that are solidified by either visible or ultraviolet light can be made of
macromers including a water solable region, a biodegradable region, and at least two
polymerizable regions as deseribed in U.S. Pat. No. 5,410,016, For example, the hydrogel
can begin with a biodegradable, polymerizable macromer including a core, an extension
on each end of the core, and an end cap on each extension. The core is a hydrophilic
polvmer, the extensions are biodegradable polymers, and the end caps are oligomers
capable of cross-linkig the macromers upon exposure to visible or uliraviolet hght, e g,
long wavelength ultraviolet light.

Examples of such hight solidified hydrogals melude polyethviene oxade block
copolymers, polyethviene glyeol polviactic acud copolymers wath acrviate end sroups,
and 10K polvethylene glveol-glveolide copolvmer capped by an acryviate at both ends. As
with the PLURONIC™ hyedrogels, the copolymers compnising these hydrogels can be
manipuiated by standard technigues 1o modify thew physical properties such as rate of
degradation, differences m crystallimity, and degree of ngidity.

Methods of Treatment

Also disclosed is a method of treating a subject with a with a spinal cord injury,
stroke, traumatic brain injury or a neurodegenerative disease comprising admunistering to
the subject an effective amount of a composition comtaining a population of neural EVs
disclosed herein. In some smbodiments, the neurodegenerative disease 15 Alzheimer’s
disease, Parkinson’s disease, a Parkinson’s-related disorder, Huntmgton's disease, prion
disease, motor neuron disease (MND), spmocerebellar ataxia {SCA) or spinal muscular
atrophy (SMA).

The term “spinal cord injury™ 15 used to deseribe a spinal cord injury which results
i & temporary or permanent change i the nornial motor, autonomic or sensory function
of the cord. The damage ofien resolts from physical travma, such as sports injurtes, slip
and fall accidents or motor velucular accidents but can also result from diseases such as
spina bifida, Friedrich’s ataxis and/or transverse myehtis. Tiguey to the spinal cord
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resudtimg in o loss of function does not have to be the resolt of complete severing of the
spinal cord. Depending on where the spinal cord and s nerve roots gre damaged, the
syroptoms and degree of injury can vary widely, from pain to mcontinence to paralysis.
Spinal cord tnjuries are described at various levels of incomplete to complete hmjury,
resulting in a total loss of function. The spinal cord injury can result in paraplegia or
tetraplegia.

Traditional treatment of spnal cord mjuries starts with stabilizmg the spine and
controtling mflammation associated with the spin cord damage to prevent futher
damage. Other mierventions can vary widely depending on the location and extent of the
mury. In many cases, using conventional therapy, spinal cord mjuries requare substantial,
long-term physical therapy and rehabiluation, especially if the mpery interferes with
activities of daily hife.

Spinal cord smjury can be classified into three types based on s causs:
mechanical forces, toxic, and ischemic, from lack of blood flow., Spinal cord damage can
also be divided nto primary and second injurv. Primary mjury 1s caused by the cell death
that occurs immediately i the orginal mpury (physical trauwma, exposure to toxing, or
ischenual, and secondary mjury 1s caused by the resultant cascades that are caused by the
original msult and cause further tissue damage. These secondary injury pathways mclude
miflammation, swelling, neurotransmitter deficiencies/imbalances, the results of ischemia
and cell sutcide. The present invention may he used to treat all forms of spinal cord
myury, including complete and incomplete mjuries, ischenua, spnal cord mjury without
radiographic abnormality, central cord syndrome, anterior cord syndrome, Brown-
Séquard syndrome, posterior cord syndrome, tabes dorsahis and conus medaliaris, among
others.

The term “stroke” 1s used to describe a cerebrovascular accident (CVA),
cercbrovascular insult (CVI), or bram atack, occurs when poor blood flow to the bramn
results in cell death. There are two mam types of stroke: ischemic, due to lack of blood
flow, and hemorrhagic, due to bleeding. Both of these types of stroke result in part of the
brain not functioning properdy. Signs and symptoms of a stroke may melude an mability
to move or feel on one side of the body, problems understanding or speaking, a sense of
spinning, ov foss of vision to one side, among others. Signs and symptoms often appear
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soon after the stroke has occorred. I symptoms last less than one or two hours it i
known as a transient ischemic attack. Hemorrhagic strokes may also be assoctated with a
severe headache. The symptoms of a stroke can be permanent. Long term complications
of stroke may include pneumonia or loss of bladder control The main risk factor for
stroke is high blood pressure. Other risk factors melude tobacco smoking, obesity, high
blood cholesterel, diabetes mellstus, previous transient sschemic attack (TIA), and atrial
fibrillation, among others. An ischemic stroke is typically caused by blockage of a blood
vessel. A hemorrhagie stroke 1s caused by bleeding either directly mto the brain or into
the space surrounding the bram. Bleeding may oconr due to a brain aneurysm. Both
1schemic and hemorrhagic stroke are treated pursuant to the present invention.

The term “traumatic beain ipury”™ {TBI) 15 used to describe an myury to the bram
caused by movement of the bram within the skall or an tjury to the brain caused by a
foreign object. Causes of TBI may mclude falls, a motor vehicle crash or bamg struck by
or with an object. TBI may also be caused by a penetrating object- an mjury to the bram
caused by a foreign object antering the skull. Causes may welude firgarm injurigs or
being strack with a sharp object. TBI may cause a concussion, a period of
unconsciousness {coma) or amnesia. TBI may mmpair one of more of cogmtive fimction
{e.g.. attention and memory), motor function (e.g., extremity weakness, impaired
coordination and balance), sensation (e.g., hearmg, vision, impaired perceptin and touch
and emotion {e.g., depression, anxiety, aggression, impulse control, personality changes).

The term “newrodegenerative disease™ 15 used throughout the specification to
describe g disease which is caused by damage fo the central nervous system and which
damage can be reduced and/or alleviated through transplantation of neural cells according
to the present invention to damaged areas of the brain and/or spinal cord of the patient.
Exemplary neurodegenerative diseases which may be treated using the neural cells and
methods according to the present invention include for example, Parkinson's disease,
Huntington's disease, amyotrophie lateral sclerosis (Lou Gehrig's disease), Alzheimer's
disease, lvsosomal storage disease {("white matter disease” or glal/demyelimation disease,
as described, for example by Folkerth, J. Newroparh, Exp. Newro, 58,9, Sep., 1999), Tay
Sachs disease {beta hexosaminudase deficiency), other genetic diseases, multiple

sclerosis, bram injury or trawma caused by ischenug, accidents, environmental insult, ete.,
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spanal cord damage, ataxsa and alcoholism. Tn addition, the present tnvention may be used
to reduce andfor eltiminate the effects on the central nervous system of g stroke or g heart
attack i a patient, which 1s otherwise caused by lack of blood flow or ischemtia 1o a site
i1 the bram of sad patient or which has occurred from physical mjury to the bram andfor
spinal cord. The term newodegenerative diseases also includes newodevelopmental
disorders including for example, antism and related nearological diseases such as
schizophrema, among numerous others.

The herem disclosed compositions, meluding pharmaceutical composttion, may
be admumstered i a nomber of ways depending on whether local or systemic treatient is
desired, and on the area to be treated.

Methods of treating subjects involve adiministration of a pharmaceutical
composition comprising an effective amount of EVs described heremn and optionally at
least one additional bioactive (e.g. an agent which 1s useful m the treatment of a
neurodegenerative disease, stroke and/or spinal cord injury) agent. For example, the
compositions could be formulated so that a therapeutically effective dosage of between
about 0.01, 0.1, 1, 5, 10, 15, 20, 25, 30, 35, 40, 43, 50, 35, 60, 65,70, 75, 80, 85, 9 or
100 myky of patient/day or in some embodiments, greater than 100, 110, 120, 130, 140,
130, 160, 170, 180, 190 or 200 mg'ke of the disclosed EVs can be admunistered io a
patient receiving these compositions.

The dose of EVs administered to a subject can be less than 10 g, less than 23 pg,
less than 50 g, less than 73 ug, less than 0.10 mg, less than 0.25 mg, less than 0.5 mg,
less than 1 myg, less than 2.5 myg, less than § mg, less than 10 myg, less than 15 mg, less
than 20 my, less than 50 my, less than 75 my, less than 100 mg, less than 300 mg, less
than 750 mg, less than 1 g or more than 1 g Administration mav be by numerous routes
of admmistration, but miravenous, intrathecal, mtranasal andfor intracerebrospinal fluid
are often used as routes of admumistration.

In some embodiments, the disclosed EVs are administered within 24 after g stroke
or trauma. However, in some embodiments, the EVs are admimstered at least 1,2, 3. or 4
weeks after a stroke or rawma. In some embodiments, the disclosed EVy are admunistered

in mudtiple doses 1, 2, 3, or move days apart. In some cases, such as cases of
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peprodegenerative disease, the BEVs are admimnistered continoonsly {e.g onceevery 1, 2,

3, or 4 weeks) over the course of the disease,

EVs may be loaded with small molecules, antisense obigonucleotides, siRNAg,
peptides, proteins or antibodies that farget, peptides or peptide translation products which
are involved in neurodegenerative processes.

In certain embodiments, the disclosed EVy are loaded with additional bicactive
agents or are co-administered with additional broactive agents, especially agents which
are useful in the treatment of neurodegenerative diseases.

The term “coadnumstered”™, “coadmmnistration”™ or “combination therapy™ 15 used
to describe a therapy in which af least two active compoandsicompositions in effective
amounts are used to treat neural inpury andfor 8 neurodegenerative disease. Although the
term co-admintstration preferably meludes the administration of EVs and at least one
additional active compound to the subject at the same time, i 18 not necessary that the
compounds/compositions be adnunsstered 1o the patient simultaneousty, only that
effective amounts of the mdividual compounds/compositions be present in the patient at
the same time. Thus, the term co-admirstration meludes an adommsiration m which the
EVs and the bioactive agent(s} are adnmmistered at approximately the same time
{contemporansousivy, or from about one to several nunutes to about sight howrs, about 30
mimtes 10 about & bours, about an hour to about 4 hours, or even much earlier than the
other compound/composition as otherwise described heretn including up to a day or
substantially more.

Agents which may be loaded or coadministered along with EVs may include, for
example aricept, namenda, donepezil, excelon, razadyne, glantamine, rivastigmine,
memantine, ergoloid, namzanc and mixtures thereof for Alzheimer’s disease, hiperiden,
apomotrphine, trihexyphenidyl, carbidopaslevodopa, rasagline, belladona, levodopa,
benztropine, entacapone, selegiline, rivastignune, pramupexole, rotigotine, bromoceriptine,
pergolide, ropinirole, carbidopafentacapone/levodops, amantadine, tolcopone,
trihexiphenidyl and mixtures thereof, for Parkinson’s disease, tetrabenazine, haloperidol,
chlorpromazine, olanzapine, fluoxetine, sertraline, nortnptyhine, benzodiazpies,
paroxetine, venlafaxin, beta-blockers, lithwum, valproate, carbamazepine, botuhinum toxin

o8

St

and mixtures thereof for the reatment of Huntington’s discase, anucholinergic dry
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anticonvolsants, antidepressants, benzodiazepioes, decongestants, muscle relaxants, pamn
medications, stinntlants and nuxtares thereof for the treatment of motor neuron disease,
selective serotonin reuptake inhibitors (SSRY's), selective novepinephrine-serotoning
reuptake inhibitors {SNRI's), acetazolanude, baclofen, clonazepam, Hunarizine,
pabapentin, mechizine, memantine, ondansetron, scopolanume, modafinil, armodatinil,
amantadine, atomoxetine, buproprion, carnitine, creatine, modafinil, armodatinl,
pyrudistignune, selegihne, venlafaxine, desvenlafaxme, buspirone, riluzole, verenichne,
memantine, baclofen, tizanidine, cymbalta, Iyrica, acetazolamide, carbamazepine,
clonazepam, sonazd, droxidopa, ephedrine, fludrocortisones, midodring, levodopa,
pramipexole, fluoxetine, n-acetyloysteme, baclofen, dantrolene sodmm, diazepam,
ropinirole, tizanidme, trihexylphenidyl, clonazepine, flonaramme, levetiracetam,
primidone, topramate, valprote acid, phenytom, d-aminopyridine and mixtures thereof
for the treatment of spinocerebellar ataxia and riluzole for the treatment of spinat
muscular atrophy. Agents for the treatment of stroke inchude sahioylates, such as aspinm,
a thrombolytic agent {alteplase} and a platelet aguregation mhibitor {clopidogrel), among
others.

More generally, non-sterowdal anti-inflammatory dreags (NSAIDS) and other anti-
mflammatory agents may be used m the treatment of neurodegenerative diseases as
described herein.

The activities of EVs described herein can be evaloated by methods known in the
art. The amount of EVs required for use in treatment can vary not only with the
parpcular cell from which the EVs are prepared, but also with the route of administration,
the nature of the condition being treated and the age and vondition of the patient and can
be ultimately at the discretion of the attendant physician or clinician. In general, however,
a dose can be m the range of from about 0.01 mgke 1o about 10 mg'kg of body weight
per day.

Identifying EVs useful in the present methods for treating & spinal cord mjury,
stroke, traumatic bram injury andfor a neurodegenerative disease which occurs by
modulating the activity and expression of a disease-related protein and biologically active
fragments thereof can be made by screenmg EV activity in any of a variety of screening
techniques. The screeming can be made for whole EVs ov thowr comtents. Fragments
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employved i such screening tests may be free 1 solution, affixed to a solid support, bome
o a cell surface, or located tnracellularly. The blocking or reduction of biological
activity or the formation of binding complexes between the disease-velated protem, the
EVs andfor one or more components of the EVs may he measured by methods available
i the art.

A munber of embodumenss of the mvention have been described. Nevertheless, 1t
will be understood that vanous moedifications may be made without departing from the
spirit and scope of the mvention. Accordingly, other embodiments are within the scope

of the following claims.

ENAMPLES

Stadies were conducted to determme whether EVs confer paracrine benefits on
neural stem cells and play a role m both optimal in vifre neural cultures condrtions and in
therapeutic outcomes of neural stem cell treatments. The objective of the study was to
determune 1f it was possible to 1solate EVs from human stem cells of a neural hineage,
specifically nearal progenstor cells andfor differentiated post-mitotic newronal cells. EVs
were purified from newal progenttor cells (SOX 1+and 2+, OUT4-; hNPIT™ Arand
Biomedical}, derived from human pluripotent stem cell lines or differentiated neuronal

cells (B~-IIT tubudin (T3t} +, MAP2+, Octd-); hN2™ AranA Biomedical),

Example 1:

Human plaripotent stem cells [see, Chambers, et a1, Methods Mol Biol, 2016,
1307 p. 329-43 | hines were cultured in media absent of serum such as MTeSR or E8
which 1s comumercially available from vendors such Stem Cell Technology using feeder
free conditions or media composed of knock-out serum replacement (KSR media
(DMEM=F12, 2mM L-glutamine, 0. ImM MEM nosessential amino acids, 30U/mE
pemcitling SO mg/ml streptomyan, and 20% KSR) (all from Gibeo, Carlsbad, CA) and 4
ng'mb basic fibroblast growth factor bFGF; R&D Systems, Minneapolis, MN). Cells
were cultared on Mutomycom-~-C (Stema, St Louts, MO} matotically inactivated munine
embryonic fibroblasts (MEF) or without feeders, manually or enzymatically dissociated,
and passaged to new feeder lavers every 2-3 days. For feeder-free culture of hPSC in
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Condinoned nedia, cells grown on MEF were washed once with PBS (without Ca2+ and
Mp2+), and then incubated with 0.23% trypsin (Gibeo) until the MEF laver began 1o hift
off the dish. The floating MEF laver was discarded after agitating it to release adherent
stem cells that were collected, centrifuged, and resuspended in MEF-conditioned media
{OM). CM was prepared by placing 20% KSR media on MEF for 24 h and then
sapplementing the collected media with an addiional dng/mi of BFGF. Cells were plated
on tissue culture dishes coated with laminin cubstrate (1 mgfom?; Sigma) and grown to
~90% confluence. The cells were passaged at least three times to nummize MEF
contamination {see, Boyd, et al,, Tissue Eng Part A, 2008, 15(8):. p. 1897907, Mumaw,
et al., Microse Microanal, 2010, 16(1}. p. 80-90 and Young, et al., Neuroscience, 201 1.
192: p. 793-805 1. Regardless of the culture method all media 15 collected and EVs are
collected from the media and used to treat patients

After manual passage onto fresh foeder cells, hESCs were allowed to prohiferate
m ES medrom for 7 days (stage 1), Cell difforentiation was then mduced with either
DN2, MEDI, or ES mediam for another 7 days (stage 2). DN2 medim 18 DMEM/F12-
based medium supplemented with N2 {Gibeo), L-ghtamine, pemeilin/streptomycin
{P/S}, and 4 np/md BFGF. MEDH medium for this stady 15 DN2 medium supplemented at
30% (unless otherwise noted) with conditioned medium. To understand and follow the
differentiation steps applied here, phenotype marker expression was examined at various
time intervals. At stages 1, 2, and 3, populations were harvested and the markers
Musashi-1, Nestin, and Oct-4 were observed. Immunocytochemical analysis was also
performed on the adherent cell population, The cells at both stages were double-stamed
with Nestin and Qct-4 and observed under the fluorescence microscope for
mumunocytochemical exanunation associated with morphology. Groups that displayed
phenotypic difference were then subjected to quantitative analysis for these same markers
using flow cytometry. All experiments were rephcated three times unless otherwise
noted, After manual passage onto fresh feeder cells, hESCs were allowed to proliferate
m ES medium for 7 days (stage 1). Cell differentiation was then induced with either
DNZ, MEDII, or ES mednan for another 7 days (stage 2). DN2 mediom s DMEMF12-
based medium supplemented with N2 (Gibeo), L-glutamine, penicillin/streptomycin
{P/8), and 4 ng/md bFGF. MEDI medium for this study 15 DN2 medium supplemented at
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50% (unless otherwise noted) with conditioned mednun (described above). Stages 1, 2,
and 3, populations werg harvested and the markers Musashi-1, Nestin, and Oct-4 were
observed. Immumocyto~chemical analysis was also performed on the adberenmt cell
population. The cells at both stages were double-stained with Nestin and Oct-4 and
observed under the fluorescence nicroscope for immumocytochemical exanunation
associated with morphology. Groups that displayed phenotypic difference were then
subjected to guantitative analysis for these same markers psing flow eytometry. All
expertments were replicated three times unless otherwise noted.

After manual passage onto fresh feeder cells, hESCs were allowed to proliferate
m ES medram for 7 days (stage 1). Cell difforentiation was then mduced with either
DIN2, MEDI, or ES mediam for another 7 days {stage 2). DN2 mednam s DMEM/F12-
based medium supplemented with N2 {Gibeo), L-ghstamune, peniciihin/streptomycin
{P/S), and 4 ng/ml bFGF. MEDH medium for this study 1s DNZ medium supplemented at
S0%s (unless otherwise noted) with conditioned medram (described above). At stages 1, 2,
and 3, populations were harvested and the markers Musashi-1, Nestin, and Oct-4 were
observed. Immunocytochemical analysis was also performed on the adherent cell
popudation. The cells at both stages were double-stamed with Nestin and Oci-4 and
observed under the fluorescence microscope for immunocytochemical exanunation
associated with morphology. Groups that displaved phenotypic difference were then
subjected to quantitative analysis for these same markers using flow cytometry. All
experiments werg rephicated three tunes unless otherwise noted.

hPSC were allowed to proliferate in hPFSC medimm (any of those described above)
for approximately 5 to 10 days (stage 1) as a monolayer or as embryoid bodies. Cell
differentiation was then induced with medium typically DMEM/F12-based medium
supplemented with N2 (Gibeo), L-glutanune, penicillin/streptomycein (F/S), and usually 4
ng/nd bFGF. Nestin, and Oct-4 were observed and neural rosettes form. Neural rosettes
arve 1solated (manually or enzymatically and ave immunocytochemical analysis was also
performed on the adherent rosetie population. The cells at both stages were double-
stained and are Nestind and Oct4 - and observed under the fluorescence nucroscope for
mumunocytochemical exanunation associated with morphology [Shin, et al., Stem Cells,
2006, 24{1): p. 125-38]. The rosettes when isolated from most of the comanunating cells
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are constdered homan neural progemtor cells. Briefly, hNP cells were grown on poly-
ornithine (20 mg/ml) daminm {Sigma-Aldrich, Inc) {5 mg/mb) coated plates or other
ECM such as Matrigel, and mamtained and expanded m media with 2 mM L-glatanine
and 20 ng/mL b-FGF. hNP Cells were passaged approximately every 48 h and sphit 1.2
following mamual dissociation {see, Mumaw, et al Id., Young, et al. Id. and Dhara, et al.,
Methods Mol Biol, 2011, 767 p. 343.54].

Alternatively, neural induction may be stimulated by inhibition of SMAD
signaling using whibitors of Activin/Nodal pathway, and/or BMP signahing (examples of
mhibitors might be Noggm, SB431542 [Chambers, et al. Nat Biotechnol, 2009 27(3): p.
275-804, Compounnd C [Zhog, et al., Stem Cells, 20180, 28(10): p. 1741-308], or other
strategies alone or in combination). Cells may be cultured on matrigel or other
extraceliular matrices, m ABZ, Neurcbasal, or other mednums listed above, in the
presence of absence of Senic Hedgehog {Chambers, stal., Id., and Zhoy, etal, Id.}.

hNP cells differentiated mio nearons on poly-omithing and laminim coated plates
or other BCM such as Matrigel under mamtenance media described above without bFGF
and LIF. Alternatively LIF or EGF are added hNP cells were allowed to differentiate
under these two conditions for 1 to 7 weeks [Mumaw, et al., Id., and Dodia, et al., PLoS
One, 2011, 6{8): p. e232669].

After 1 to 4 weeks of neuronal differentiation such as hNP cells differentiated mto
neurons on poly-orithine and laminin coated plates (vnder two conditions in
maintenance media without bFGF or bFGF and LIF or EGF), astrocvuic differentiation
was iduced by switching the neural to cells from hNSC Maintenance Medium to the
basic medivm {DMEM HAM’s F12 medium, glutaming, Penicillin/Streptomycin)
supplemented with 1% FCS (Gibeo). See Mumaw, et al., Id. and Young, et al., Id,
Finally, multihinear differentiation was achieved by replacing the mamtenance medium
by the basic medium containing 10% of FUS. After 45-50 days cultures were nearly
100% positive for ghal markers S100B and vimentin {Palm, et al., Sci Rep, 2015, 5: p.
1632110},

Ahernatively, hNP cells were propagated as adberent monolayer culbures ina
profiferation media (such as AB2™  ANS™ Neorobasal™ I1x BX7, bx Glutamax™,
PS8, FGF2 (10 ng/ml.} as described (Shin et al, Id.), and differentiated by removal of
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FGF. For astrooytic differentiation of BNP cells, newronat differentiation media were
supplemented with recombinant protems, such as BMP2 and combinations of chenicals
such as Azacytidine, Trichostatin A, or stmilar molecules for 1-3 days, with complete
media changes in between, followed by differentigtion media supplemented with the
molecules separately or in combination. Cells were harvested prior to analysis at 5, 1S or
3G days of treatment or for eryopreservation at d6 or d10 of differentiation. For
cryopreservation, cells were dissociated with Accutase™ and frozen in differentiation
media contaning 10% DMRO [Majumder, et al., Stem Cell Res, 2013 11{1x p. $74-86 1.
When BPSC cultured without feeders as described above reached approximately
80% confluence, the 100mm dishes were washed with PBS++ (with Ca2+ and M2+
and replaced with 10 mi of fresh endothebal growth media 2 nuerovascalar (EGM2-
MV {(Lonza; 5% FBS, proprietary endothelial basal media 2 (EBM2) basal media and
concentrations of bFGF, VEGF, EGF, and R3-IGF-125). The media was changed every
2-3 days over a period of 20-30 days, After transition from hESC 1o epithelial sheet was
completed, the cells were trypsin passaged to a T73 flask and grown to confluence. To
expand the mitial cell cudture, cells were passaged and seeded at a target density of
approximately 4 x 10" cells/om, per flasks. For subsequent calture for experimentation,
cells were subcultured at 10° cells=T75 flask (approximately 1.3 x 10° cellsioms) and

grown to confluence over -7 days [Bovd, et al, Id}.

Example 2:

Methods

Cell medium was collected from confluent cultures 24 hours post media change
and frozen at -207C. Medium was thawed at 4°C overnight and filtered through 2 0.22
um Steriflip unit prior to EV purification,

Extracelludar vesicle purification by wltracenivifugation.

Isolation of extracellular vesicles from cell cubture media was performed
according to the protocols published by Théry, €., etal,, Isolation and Charactenization of
EVs from Cell Cultore Supernatants and Biological Fhauds, m Current Protocols i Cell
300 x g for 10 munutes, and supernatant was transferred to a fresh tube for centrifugation
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at 2,000 x g for 10 minutes. Collected supernatants were then centrifuged at 10000 x g
for 30 nunutes, and resultant supernatant collected into a fresh tube. To Iabel EVs, Dil
was added to the punified supernatants 8t & final concentration of 10 uM and meubated at
roon temperature for 30 minutes. Supernatants were distributed mto 11.5 mi Sorvall
Ultractinp tubes and sealed before transfer into a Sorvall T880 fixed angle rotor for
centrifugation at 100,000 x g for 70 minutes at 4°C. Supematant was carefully removed
and pelleted material resuspended in PBS and transferred into another ultracnimp tube,
and agam centrifuged at 100,000 x g for 70 minutes at 4°C. The PBS was removed and
pelleted material from each tabe was resupended in 100 ud PBS. All purified BV from
the same cell type were pooled, triturated, and abiquoted into DNase/RNase free tubes
{20-50 gl aliquots) for storage at -20°C.

Extracelbuar vesicle purification by wlirafiliration

{hraftitration of exiracellular vesicles was performed according to the procedure
developed for purification of cardiomyoeyte dentved extracelular vesicles. Amicon Ulira-
15 100 kDa molecular weight cutof filters were wetted with 10 md PBS and centrifuged
1 a swinging bucket rotor at 4,000 x g for 10 minetes. The PBS was discarded and the
celf culiure mediam was added to the filter approxsmately 15 mi/ tube and centnfiged at
4,000 x ¢ for 10 minutes. Another 15 mi culture medium was added to the filter when
filtering stem cell derrved extraceludar vesicles, because less media was retained m the
filter from the first run through, so approximately 30 ml of mediwm total was filtered for
the HY denived NP, Astrocyte, and MSC lines, while only 15 mi of medium was filtered
for SH SYSY cells; the media in the filter was centrifuged at 4,000 x g in 5 minute
increments to obtam approximately 1 mil of retemtate. This was then either moved toa 1.5
mi tube for Dil tabeling (at 10 pM for 30 minutes) or for unlabeled purification dituted 10
15 ml with PBS and washed twice before repeating 5 minute centrifugation increments
until a final vohooe of 1-1.5 ml was obtamned. The purified extracellular vesicle
preparation was then pooled from the same cell type and dispersed nto approximately
100 ud aliquots (DNase/RNase free tubes) and stored at -20°C.

Dil-labeling vesicles

Labeled vesicles were generated by ulirafiliration. After the ultrafilivation was
complete, the filter retentate was moved to a centrifuge tube, and 10 pM Dil was added to
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the supernatant for 30 nun. PBS was added to the Blaation vt during this time to
prevent the filter from drying out. After incubation with the labeling agent, supernatant
was transferred back imto the filtration device and washed three times with PRS
{approximately 45 mi) to remove free label. After the final wash the retentate was
concentrated to approximately I mi, which was ahquoted and stored at -20°C.,

Electron Micvoscopy

Vesicle preparations were mixed 11 with 4 % paraformaldehyde (PFA) (o vield
2% PFA final) and mesbated for 15 nuoutes. 5 pl droplets of fixed vesicle suspensions
were transferred to Formvar-coated grids for 20 mun., and then washed by transferring to
drops of PBS. Grids were transterred onto drops of 1 % ghtaraldehyde for § min, and
then moved over several drops of water to remove residual ghitaraldehyde before
transferring to vranyl-oxvlate. Grids were imaged by electron macroscopy at 80 kY.

Results

Whnte mitial reports indicate that neural progenitor cells secrete fewer EVs than
ather cell types, ultrastructural analysis of the cells revealed pronunent vesicles of
endocytic onygin (Fig. 2A-2C), and many were m close proxmmity or assoctated with the
outer hmiting membrane of the cell (Fig. 2D, 2E). Cargoes within the multivesicular
bodies {MVBs) vary m size (Fig. 2 B, 20) and are occasionally visualized budding off
mto the vesicle (arrow). Smaller vesicles seem to coalesce into larger MVBg as they
move to the periphery of the cell (Fig. 2F, 2G). It was possible to purify and visualize
vesicles from the media of neural progenitor cells (Fig. 2H). These data suggest that
newral progenitor cells do release extracellular vesicles into the cellular medium, and
these vesicles can be purified using published EV purification protocols, All scale bars
are 300 nm.

After reghzing that neural progentior cells have the capahility of producing EVs
that could be purified and visualized by electron microscopy, the process of

characterizing the purified vesicles from multiple cell types began with protein profiling

protetn profiles were compared from neural progenttor cells, differentiated newral cells,
and astrocytes, all derived from the same ES cell Hine, and SH SYSY cells, a human

neuroblastoma cell ine used as a positive control. Early experiments indicate that the

~}
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protewn profile overlaps, but there are distinct protems 1 the newral progemtor and
differentiated neural cells, even though the cells are of the same genetic onipin, Similarly,
comparing the size profiles of the vesicles from neural progenitors, and astracyte cells
from the same genetic origin indicates that the stze of vesicles from the 2 cell types
overlap (including a large percentage of 55 nm vesicles), but there are distinct
sabpopulations that vary between the two cell types, with astrocvies showing unique
vesicle sizes mcluding a 25 nm population, and slightly larger 135 nm popudation (Figs
3C, 3D). Taken together, these data indicate that cargoes are specifically targeted mto
MVRBs, and these cargoes change 1n the differentiation process, supporting a role for EVs
m cell to cell communication throughout the process of development,

In order to detervune i it was possible to label EVs, and visualize their uptake by
another cell, differentiated newral cells (6-8 weeks m differentiation medram withouat
fibroblast growth factor (FGF) were treated with astrocyte denived vesicles at tunepoints
ranging from 30 seconds through 30 nunates, after which, cells were fixed, and stained
for -1 tubulin. At the earliest time points, few vesicles were found m the cells, (Figs
4A-4C). By § nunotes m the calture it was possible to find neural cells with pronunent
red fluorescence, mdicating vesicle uptake in these cells {Figs. 4D-4F).

To deternune if these vesicles could elicit an effect m recipient cells,
differentiated newral cells were treated with serially diluted concentrations of vesicles
derived from neural progenitors, astrocytes, or MSCs all derived from the same ES cell
hine, or SH SY3Y cells. These cells were then subjected to nutrient deprivation over 10
days and analyzed for neunte outgrowth. As expected, in wells that received only PBS
the monolaver was disrupted and few cells were left (Fig 5. D). However, cells that
recerved the highest concentrations of EVs from either neural progenitors or astrocytes
were able to survive this nutnient deprivation, and the monolayer of cells with intact
neurites were largely still mtact (Fig 5. A, B). Wells treated with MSC derived EVs
contamed more cells than untreated wells, but the monolayer was no longer intact and
neurites were largely lost (Fig 5. C). These data indicate that vesicle treatment protected
the recipent cells from merient deprivation, and tmportantly, mdicate that cells respond
ditferently to vesicles that originate from different cell types, even if the vesicles are from
an 1sogenic or autologous source.

Ly
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Taken together, these data support the idea that the parental source of origin has
an impact on the vesicles that result. This has huge implications for considering
extracellular vesicles as a therapeutic source that can potentially be exploited for
regenerative medicine, and highlights the need for vesicles dertved from neural sources
for the treatment of NS injuries and / or disease. Importanily, these data also indicate

that not only neuron dertved vesicles, but also ghal vesicles provide benefit i vitro.

Example 3

Biodistribution Methods: Rodent hiodistribution by single-photon emission
spectroscopy. 1.5-2 mCi of Indram-11 L-oxine m PBS was added to 200 wl doses
containing EVs (~2.7 x 10 vesicles/kg) and incubated at 37°C for 20 minutes. Free
mdiam was removed by three repeated PBS washes through an Amicon 100 kDa
ultrafiltration device. Collected EVs were diluted to 200 pCr of radicactivity per dose,
and mjected mtravenously mio the moase tail vein, either 1 howr or 24 hours post-stroke.
Control animals received myection of free mdmum-111-oxine. Whole body and head
single photon emission spectroscopy (SPECT) images were acquired by Mediso™s
nanoScan microSPECT/CT system 1 and 24 hours after injection, and projection images
were reconstructed according to maximum intensity to detenmine radioactivity in the
bran and throughout the body.

Pigler biodisiribution: EVs were concentrated by ulrafilivation using Ceniricon
units as previously described and then moved to 30 mil falcon tubes for DiR iabeling (3
M} i the dark for 30 minutes. Labeled EVs were collected by ultracentrifugation at
10,000 x g for 4 hours. Pelleted EVs were washed with PBS and again collected by
ultracentrifugation. EVs were resuspended in PBS and diluted into 2.7 x 10" vesiclefkg
body weight (in 200 ol PBS) doses for individual piglets based on NanoSightNS 300
nanoparticle tracking analysis. Piglets were anesthetized with soflovrane for intravenous
iection {tail vein), mivanasal delivery, cerebrospinal flud EV injection into the
subarachnoid cistern, or injection directly mto the brain parenchvma. For
mtraparenchymal myection EVs were deltvered at a How rate of 3 pl per minute. Animals

were enthanized by isoflourane followed by CO; asphyxaation 30 minutes after
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completion of EV delivery. Brain, heart, biver, kidneys, lungs, and spleen were removed
and imaged wsing Lumina IVIS {(model) to detect DiR fluorescence.

Mouse: EV biodistribotion was evaluated after either free indnum-111 or mdiome-
111 labeled EVs were mjected into the mouse tatl vem erther immediately (Fig. 6B), or
24 hours post-stroke (Fig, 6C). SPECT scans were performed 1 hour after injection {(Fig.
6A, 68, 6C, left panels), and again 24 howrs after ijection (Fig. 6A, 6B, 6C, right
panels). Images reconstructed by maximum mtensity mdicate that mdium-111 labeled
EVy are distnibuted thronghout the bodies filtration organs in tungs, hver, spleen, and
kudneys at both the mitial timepoimnt, and 24 hours later {(Fig. 6B, 6C; whole body scans}
while free mdinm-111 18 muttally localized mosily to the lungs before disbursing mto the
fiver, spleen, and kidneys 24 hours later (Fig. 6A; whole body scans) hikely mdicating
clearance through the renal system. Uniquely, labeled EVs were present m the bramn w
proximity of the stroke within 1 howr of injection when njected either mmediately or 24
hours after stroke (Fig. 6B, 60, circles), mdicating esther access from the circulation due
to disruption of the blood bramn barvier, homung to the damaged tissug, or some
combmation of the two. Free indiom did not localize to the stroked tissue at esther time
pont assessed (Fig. 6A, curcles),

Unigreness: This 1s the first ttme that anyone has shown that IV injection of EVs
are actually distributed in and around the infavcted bram following stroke. The magority
of the EVs were distributed m other organs such as heart, hiver, lung, and kidney, and we
have data to suggest that the EVy for the first ime have a systemuc effect on the immune
response post stroke (data in other sections), Thus it is likely that systemic effects of
peripheral EVs have a positive effect on molecular and phenotypic benetits following
stroke. Thus the EVs may have a direct effect at the site of injury, could be via local
mmune cells or vig direct effect on the neurons, as well as g system effect on the immune
system. This 1s the first data showing biodistnibution in a large antmal brain.

Figles: In order to optimze BV delivery o the brain following stroke,
bindistribution of fluorescently labeled (DiR, 5 uM) was evaluated in uninjured piglets.
Labeled EVs were detected 1 the bram after nyection divectly oto the parenchyma (Fig.

7. top panels), or mto the CSF of the subarachnoid cistern at the base of the skull (Fig. 7,
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fower panels). This 1s the first demonsivation of BV biodistribution i a large snimal

study.

Example 4

Methods

Mowse model

Middle-aged C57/B6 male muce {retived breeders of @ - 11 months) were pre-
trained for adhesive tape test {ATT) for 3 days prior to the stroke surgery (3 mals/ day).
Mice were marked for identity, munbered, and randomized for therapy after stroke m a
block size of 4 (4 anmmals from the same cage) to different treatment groups following
mnduction of embolic stroke. The surgeon performung the stroke surgery and cevebral
blood How (CBF), and the mvestigator perfonming neurcbehavior and neurologic deficnt
scormng remained blinded to the identity of the groups. All four therapies recerved were
thawed and myected miravenously at 2, 14 and 38 brs post stroke with doses 1, 2 and 3,
respectively. Relative cerebral blood flow (UBF) was measured at ¢ and 48 hrs post
stroke. Neurologic deficit score (INDS) was assessed at 48 hrs post stroke; the ATT that
reflects the somatosensory function was performed at 96 hrs post stroke just prior {o
euthanasia. Mortality was monitored daily and recorded until day 4 and poior to
euthanasia.

Embolic stroke

Mice were sedated with Buprenorphing (0,05 my/ kg SC) 20 min prior to stroke
surgery, and anesthetized with 3.53% isofluorane. Surgical plain of anesthesia was
maintained with 1.5 - 2.0% dunng the surgery. Body temperature was maintained at 37
°C by a thermo-regulated surgery pad. By a midhine incision on the ventral side of the
neck, the right conumon carotid antery (CCA), external carotid artery (ECA), and the
nternal carotid artery (ICA) weve assessed. A temporary atraumatic ¢hip was placed on
the CCA to prevent loss of blood during catheter insertion. A modified PE-10 catheter
contaning a single fibrin rich clot {9 =0 5num length) was introduced into the ECA and
advanced o the ICA. The clot was gently tmjected with 100 pl. of PBS, the catheter
was removed immediately after embolization, and the arterial wound was secured to
prevent blood loss. Induction of stroke was confinmed using on-site portable single pomnt
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cortical laser Doppler flowmetry {PeniMed Inc ). Finally, the temporary clip was removed
and the blood flow in the CCA was remstated. The site of surgery was closed using $6
sterile monofilament nylon suture, and Buprenorplune (0.05 mg/ kg 5C) was agam
myected. Mice were transferred to clean recovery cages and animal temperature was
maintaned, Conscious mice were transferred to clean regular cages with free access to
food and water. NAPA gel and lactated ringers sohution were provided as needed, i case
of any sign of dehydration; otherwise T ol of regular sterile sabine pre-warmed at 37 °C
was myected SC every 12 hours.

Laser Speckie Contrasr Imaging:

Brietly, & hrs after stroke, mice were angsthetized using isofluorane, while body
terpperature was mamtained at 37 £0.5 °C. The skall wag shaved and a nudine skin
meision was made to expose the middle cerebral region. Perfusion images were acquired
using PenCan high resolution Laser Speckle Contrast Imager (LSCE; PSI svstem,
Permed) with a 70 mW buili-in laser diode for iHlomination and 1388 x 1038 pixels CCD
camera installed 10 cm above the skull {(speed 19 Hz, and exposure time 6 mSec, 1.3 x
1.3 em). Acquired video and images were analyzed for dynamic changes in CBF, Overall
perfasion of the ischemic region will be compared to an equally sized region of interest
from the uninpured contralateral henysphese to estimate relative CBF. The skin wound
was closed using tissue gloe. At 48 hrs post-stroke, the skin wound was agam opened,
cleaned, and the middle cerebral artery region was exposed to repeat the LSCI procedure
as previously described.

Newrologic Deficit Scove (NDS):

Neurologic deficits in mice were assessed by mvestigators blinded 1o the
therapentic group at 48 hr post stroke on a S-point scale with the highest nwmber
mdicating the worst outcomes and lower number indicating better neurological outcomes
according to the followmg eriteria 0, no deficit {normal nuce); 1, forehmb flexion deficit
on contralateral side; 2, flexion defictt along with decreased resistance to lateral push and
torso turning 1o the ipsilateral side when held by tail; 3, Al deficits as m Score 2,
mcludimg very signmificant circling to the affected side dunng the move mside the cage,

and reduced capability 1o bear weight on the affected side; 4, All deficus as above but
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rarely willing to move spontancously, and prefer 1o stay wrest; §, considered termunal
and euthanized in accordance with animal care requirements.

ATT for Somatosensory Test:

Adhesive tape test {ATT) was used as a test of somatosensory motor function, and
was performed at 96 hrs post-stroke immediately prior to enthanasia, Buefly, naive nuce
were acclimatized to the procedure of the test for 3 days prior to swrgery by placing them
n a transparent acrvhic box {15 om x 25 cm). Two preces of adhesive tape (0.3 cn x 0.4
cm) were used as bilateral tactile stivmudt after they were attached at the distal-radial
region on each forelimb such that ot covered the hairless part (3 pads, thenar and
hypothenar). Withm 180 seconds, the tape removal time was recorded as the
sensorimotor function. If a mouse fatled to remove the tape within 180 secouds, it was
aiven a score of 180 seconds. Therefore, a shorter time score indicates a better outcome
while longer time indicates an outcome with higher deficit.

Euthanasia and 2,3, 5-Triphenyietrasolivm Chlovide (TEC) ~stcining:

TTC-stam daffersntiates between metabolically active (hive or penumbra} and
mactive {dead or core) tissues after stroke. TTC 15 a eoloriess solution, which i reduced
to red 1.3, S-tnphenyiformazan {TPF) by the enzvmatic action of various dehvdrogenases
primanly mitochondnial debydrogenase frony the hving tssuss, while the core (dead
tissue) remans white, Therefore, larger white area indicates higher mjury and mfarction
volume, At 96 s post stroke and after performing ATT, mice were deeply anesthetized
with 1sofluorane {(5%). Blood was collected via direct cardiac puncture to isolate and
obtain serum later. Brains were very gquickly perfused with 25 mis of cold 0.01 M
phosphate-buffered saline (PBS), harvested fresh, and inmediately transferred to a
metallic mouse brain matrix. Looking at the infarcted arvea, 5-blades were placed in
alternate gaps to obtain 2-nun coronal shces {4 sections per bramn). Sections were
individually placed 1 a 35-mm dish contamng pre~warmed (37 °C) 3 ml of 8% TTC
PBS {Sigma) for 20 - 30 minutes a1 37 °C, followed by 2x washing with cold PBS and
fixation with 10% formalin. In order to 1mage, fixed sections were taken out of the dish
and placed m order on a high-resolution Cannon Scanner. Timages were cropped and
saved for analysis. Corrected infarct volume was estimated using gray scale image and
Scion Image software, and presented as the 96 volume of the vompured side.
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Biood xample flow cytomeny (ThI7, Treg, M2}

Prior to euthanasia blood was collected and purified cells were subjected to
fluorescence activated cell sorting to identify populations of immune cells present
systenucally wcludmg T-helper (CD4-+FOX3P+) populations, regolatory T-cells
{CD4+1IL17+), and M2 macrophage (1L 10+/CD206+) populations.

Results

EVs were purified from sogemically devived astrocyte progenitors {APEX),
MSCs (MSCEX), and newral progemtor (NPEX) cells using standard methods {see
manufacturing section), evahuated by nanoparticle tracking analtysis (NanoSight-NS8300}
and stored in mdivideal dose aliquots at -20°C untl they were thawed at room
teraperature nnmediately prior 1o tal vein ijection following embolic stroke. The 3 EV
types and PBS were administered by blinded mvestigators following embolic stroke, in 3
doses of approximately 2.7 x 10" vesicles'ky {or vehicle) at 2, 14, and 28 houss post-
stroke. In all parameters evalaated both APEX and NPEX outperformed the vehicle
treated controls as well as the MSCEX treatment group. Inunediately after euthanasia,
2.3, S-Trphenvitetrazotiom Chlonde (TTC) was used to diftferentiate metabolically active
{live, red) and mactive {dead, colorless) tissues. Importantly, TTC mdicates decreased
myury and infarction velume following APEX or NPEX ™ treatment (Fig 8 A), while
MBUEX treatment was comparable {o control. Withun the 96 hrs tollowmg stroke APEX
and NPEX treatments decreased mortality by 20 and 17% vespectively (Fip. 8B).
Neurclogic deficits evaluated 48 hrs post stroke (on a S-pomt scale from no deficit {0]
with increasing severity through terminal deficits {3) indicated significantly betier
behavioral outcomes for mice that recetved APEX or NPEX {Fig. 8D), Ability to remove
adhesive tape used as bilateral tactile stimuli attached at the distal-radial repion of each
forelimb indicated improved sensorimotor function as well (Fig. 8E). Taken together,
these data indicate improved survival, molecular, and fimctional outcomes 1 NPEX
treated thromboembaolic stroke rodent models compared to contemporary vehicle
controls.

Flow cytometric analysis of blood cells at the 96 hour time pont just priov to
euthanasia indicates that neural cell tvpe derived EVs, APEX and NPEX treatment
resulted in an increase in the presence of protective regulatory T cells in circulanion (Fig.
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9A), while MSCEX were indistinguishable from controls. Pro-mflammatory T-helper
M2 macrophages were moereased in these groups (Fig. 9C). Taken together, these data
mdicate that neural cell tvpe derved EVs exert part or all of their effects by modulating
the mumune response following stroke,

The prodoction and gaahty control methods used fo produce sogenically
{genetically wentical) denved newral progenttor, astrocyte progenitor, and MSC cells
from the same BES cell hine produce a unique opportunity to compare the EVs from these
3 cell types without the confounding variable of genetic vaniation due to sowrce of the
donor matertal. The vast majority of stem cell dertved EV Iiterature centers on use of
MSC denved EVs. Here, for the first time neurat cell derived EVs {APEX and NPEX)
were evaluated and compared directly with MSC-derived EVs. There is a substantial
maprovement i molecular benefit {infarct volume), also inereased survival and improved
fimctional outcomes of nearal derived EVs {(APEX and NPEX) over the MSCEX. These
mprovements were inunediate in older animals wluich 1s more prone to death. Thus no
other groop has shown that any EV {(MSC or newral) therapy has such stark and
mmediate inprovements in a mouse model that replicates the human stroke condition
{embolic stroke) and factors i co-morbidly factors such as age {nuddle age mice). It
appears that these early strong effects can only be obtaimed with a newal EV as disclosed
herem,

These studies suggest that the mechanism of action m part may be through
immune modulation suppressing the inflammatory M1 response including but not limited
to suppressing 1117 cytokine while enhancing the M2 response perhaps through [L10 or

other cytokines.

Example 5;

Pig Model, ischemic injury induced by middle cerebral avtery (MCA) occlusion,
Landrace barrows {5-6 months, 150-170 lbs) were subjected to mjury as
previously described using the only fully developed porcine stroke model [1]. Briefly, a
portion of the zvgomatic arch was resected and the underlving muscle was elevated

dorsally revealing the panetal bone. A window was generated i the bone surface
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exposmng the dura mater. The proximsl MCA was permanently occluded resultmg m
infarction spanning the most caudal aspect of the frontal lobe as well as sipnifican
portions of the temporal, pavietal, and oceipital lobes.

Magnetic Resonance Spectroscopy
MU AQ sargery on a GE 16- channel fixed-site Twin gradient Signa HDx 3.0 Tesla MRI
svstem. Under anesthesia, MR1 of the neurocraniuen was performed using 8 multichannel
phase array spine coil, with the patient i dorsal recambency. Standard muoltiplanar MR
brain imaging series were acquired. These included T2-weighted {T2w), T2-weighted
fluid attenuated mversion recovery {FLAIR), and Tlweighted (T1w) FLAIR, as well as
diffusion~weighted imaging (DWI1) series. DWI was acquired with b= 0 and b = 1000,
DWI, apparent &iffusion coefficient (ADC) maps and T1w-FLAIR images were
evaluated using Osinx® software for presence of cerebral infarction and changes
cerebral hemisphere volume. Specifically, the volume of the ischemic area was manually
derived from the ADC maps generated from DW1 sequences. The ischemic area was
defined by two levels of ADC number reduction, with the ADC number from the
coniralateral cerebral hemisphere providhing nommal ADC values. Ischemic areas, defined
by those with 80% and 40% ADC values of normal, were manually traced on the
sequential ADC mmages. Each area was muoltiphed by shice thickness to produce a vohane
of ischemic tissue. This method was chosen because it has been demonstrated to strongly
correlate with histologically defined areas. The cerebral hemisphere volume was
determined through a similar process, whereby the cerebral hemisphere volume was
guantified (exchiding sulct and the lateral ventricular spaces) on Tlw FLAIR images.
The T2w FLAIR images were used for reference to differentiate areas filled with CSF
and parenchymal areas of hyperintensity {Platt, S.R,, et al., Experimental & Translational
Stroke Medicine, 2014, 6:5).

EV dosage and administration

NPEX EVs containing ~2.7 x 10" vesicles/kg in 50-60 ml PRS were thawed at
4°C and transferred fnto a 60 co syringe usmy aseptic technique while in a biological

safety cabinet. Samples were inverted a nuninum of 25 times immediately prior to
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mtravenous myechion via an ear vein catheter, Pigs recerved etther 3 doses (50-60 mi) of
NPEX or PBS (vehicle) at 2, 14, and 24 hours post-MCAO.

Animal evalvation and recovery

Following surgery, amimals were moved 0 g clean recovery pen and momtared
contimuousty until extubation, Rectal temperature, heart rate, and respiration rate (TPR)
were recorded every 15 minutes until the pig was awake and vital signs were stable
within normal limits. Thereafter, TPR measurements were mitially reduced to 1-2 howr
miervals unless vital signs deviated from normal (tor example, a fever), then to longer
miervals over the next 48 hours as the pig recovered. During the first 36 hours, pigs were
never left for more than 4 hours without observation, and generally for no more than 2
bours. Inaddition o TPR, other observations recorded mcluded time from armval in
recovery wiattl the animal first stood up on s own, time to drink and eat with assistance,
and time 1o eat and donk unassisted. Events such as fevers {rectal temperature 103°F or
ereater §, cirching behavior, and seiznres were also monstored and documented.

As seen in Table 1, routine evaluation indicates improved survival and functional
gutcomes in mmmediate recovery post-stroke with NPEX treatment. Survival was
substantially better m the NPEX treatment group, with 7/7 pigs surviving more than 72
hours post-stroke, while only 5/8 survived m the control group. Tune until the animals
could stand ynassisted was reduced by about 2 hoars with NPEX treatment. Fevers,
which are very common within 72 hours post-stroke, were reduced in the NPEX
treatient group where 4/7 animals had one or more fever episodes as compared to
contrel group where 6/8 animals had at least one fever. Time to eat and drink unassisted,
munber of antmals exhibiting circling behavior, and number of aremals with documented

seizure getivity were similar between groups.

Percent Time to Time to Assisted Unassisted
Survival stand | Fevers eat drinking Drinking
{72 hrs {hrs) {days) {days}

100 1 21 St 24 | 158 4 313
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As seen i Table 2, pait analysis mdicates taproved mwotor function i NPEX
treated pigs compared 1o controls. At 7 days post-stroke, NPEX treated pigs move faster
and with more cadence (rhythiucity) as they move throughout thetr stride. Due to stroke
i the right hemisphere, the left side specific deficis were more pronounced. Left side
specific measurements indicate greater step length, shorter eyele time, greater sinide
length, and swing percent of cycle time. Treated anmmals placed more pressure on each
foot as they moved through their stiide and displayed more pronounced movement of the
hind limbs past the front himb evidenced by the reach, indicating a more natural

movement compared 1o controls.

Table 2

Step | Cyele | Stride | Swng
Length | Tune | Length % of Foot Hind
Velocity | Cadence | {em) {sec) {cm) Cvele | Pressure | Reach

NPEX | 13145 91.99 41.43 0.79 80.89 41.06 62.87 -12.34

Control | 106,63 7999 38.60 0.83 7714 3828 57.18 -9.55

Results

Tutial MRI analysis at 28 + 4 howrs ndicated s smialler lesion volume 1 NPEX
tregted pigs compared to controls (Fig, 10A-100). Vohane measurements of the
mpsilateral and contralateral hemispheres mdhcate less change m volame after stroke with
NPEX treatment (Fig. 10D), indicating less swelling m the ipsilateral hemisphere n the
first 24 hours after stroke, consistent with the rodent data mdicating an early modalation
of the somume response and mdicative of @ neuroprotective effect in the portine model as
well. Physiological parameters, most notably swevival, was also increased in the 72 hows
following mduction of stroke. Treated animals were also able to stand anassisted ~2
howrs faster than controls, Gait analysis at 7 days post-stroke indicated improved motor
function as detected by increased velooity and cadence (thythmicity ), more pressurg
being applied to each foot throughout the motion, as well as increased step and stride
length, an mereased percentage of time 1n swing stance {foot off of ground) per cycle, and
a more pronounced reach with the rear limb extending past the fore-lumb, as 1s expected

m guadrupeds.
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NPEX treatroent also had a profound effect on molecular beveftt n the antnals |
weeks post-stioke as detected by MRI T2 and T2 FLAIR mmages (Fig. 11). Deadfdying
tissue was reduced by treatmment and damaged tissue (green traces) were far reduced,
mvolving mainly cortical tissue while largely preserving mtegrity of the ventricle
compared to the control. Animals that received NPEX were able to survive larger infarct
sizes {as much as 3.8 em3 larger at 24 howrs post-stroke) over the 12 week study than
those that recetved control treatment. Thas 15 probably due to the snti-inHlammatory
properties of NPEX leadmyg to decreased stroke severity and promoting better long-term
outcomes includmg integrity of bramn tssue, as well as behavioral and motor function.

Never before have EVs of any kind improved the owtcome of stroke or for that
matter any newral deficit in a large antmal. Couststent with the small animal we show
that NPEX effects the brain immediately, thus NPEX 15 fast acting 1y the pig and the
mouse. We do not know of any other study that bas suggested such and mamediate effect
of EVs on a stroked antmal, Immediately NPEX improved survival and motor fanction
{speed m which animals recover, time to stand, balance, etc). Molecular and phenotypic
putcomes in a large animal species expand upon previousty described rodent data,
mdicating that EVy exert a likely neuroprotective effect that is longer lasting. Tus effect
18 hkely due 1 part to modulation of the secondary myjury cascade by muting the immune
response that occars following stroke, as molecular and phenotypic differences are
detectable as early as 24 hours post-stroke and a later effect on the enhanced M2
response, which 15 neuro-reparative. The longer lasting effects are observed throughout,
with maproved gait of the NPEX treated amimals.

In summary, this is the first stroke study 1o suggest to mechanisms of action are
consistent across animals and meludes a study i a more complex brain with a structure
that 1s similar to humans. Our i vitro human cell studies suggest neuroprotective action
directly on the damaged neural cells, and the mouse and pig studies suggest protection
through the tnmune svsterm, The longer soting effects on newro-reparative mechanisms
m both species were observed and could be in part due to up regulation of Treg cells
(mouse only to date}. Importantly, the porcine bram unlike the mouse shaves many
homologies with the human brain including white matier ratio, presence of gvrencephalic
cortex, eytoarchitecture, and size. Due to these sinularitics, the pig 1s considered a
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superior moded system compared to vodents, and 1s Hikely more representative of
anticipated henefits i human treatment of ischemic stroke with therapeutically produced
neural progenstor devived EVs.

This 15 possible due to an ability to produce a large quantity of EVs from neursl
progenttor cultures, approximately 5 times greater than vields obtained from MSCUs. The
abilgy to generate EVs on a commercial scale consistently from cultores will require that
EV-producing cells be dependent on a rigovous quality coutrol process for handhing the

cells and purnifying the resultant EVs.

Example 6:

Primary Filtrarion {Step 1, used for all punification methods)

Media 1s harvested from plates or flasks contaming cultared cells. The harvested
media was frozen at -20°C before or after the primary filtration and thawed at 4°C.
Filration 18 completed m a sterile laminar flow hood to mmninze contanmunation. The
harvested media was filtered via dead end filtration through a 0.22um filter (EMD
Millipore Stenicup). This primary filtration removes any celhular debris andfor dead cells
from the harvested media. This allows for the EVs and microvescicles to pass through to
the filtrate for further punification.

Centricon Liltraftliration

Having undergone primary filtration, the media s ready for secondary filtration,
This step utilizes a system including Centricon centrifuge units, which can process up to
70 ml culture medium per spin. This filtration process uses  a 100 kDa filter to collect
enriched EVs. During this process the media is forced through the filter discs via
centrifugation at 4,000 x g. Once the retentate reaches approximately 250l 1o Smb per
unit, a buffer exchange s then performed using approximately 90% of the starting media
volume of PBS+/+. The PBS+/+ 15 passed through the Centricon filters by centrifugation
at 2,000 x g until the retentate reaches 250ul to ImlL of volume per filter unit. At this
point the retentate is collected for EV analysis. A sample is taken for immediate
nanopartticte tracking analysis, and punfied EVs from the same cell type were pooled,
triturated, and sliguoted into DNase/RNase free tubes for storage at -20°C,

Amicon Stirved-Cell Ulrafiltration
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For larger volume ultrafiltrations, Anscon stived-cell wlrafilvation wnits were
used, comected 3 wnits in tandem. Each hase unit held 400 mi medium, which was
further expanded using a reservoir to morease throughput. This step utilizes a system
mcluding a pressure vessel, and three EMD Milhipore Stirred Cell Unuts (Fisher
Scientific, USA) working in sequence. This step utilizes dead end filtration as well with
media passing through a 100kDa hilter disc (Fisher Saientific, USA). Danng this process
the media s forced through the filter dises using 25 psi of positive pressure supphied by
compressed nitrogen gas. Once the retentate reaches 530 mi / stirred cell pnit the system s
de-pressurized. A buffer exchange is then performed using 30% of the starting media
vohame of PRS-+ The PBS+/t 18 passed through the stirved cell filters unti} the
retentate reaches Sk of volume per filter vnt, At this point the retentate 15 collected
for EV analysis. A sample 15 taken for imumediate nanoparticle tracking analysis, and
purified EVs from the same cell type were pooled, triturated, and aliquoted into
DNase/RNase free tubes for storage at -20°C.

Fihroblast Growth Factor EIIS4

To determine hFGF2 content, crvopreserved samples of NPEX™, APEX, and
MSCEX EVys were thawed at 4°C and lysed with an equal volume of BV lysis bufler to
release exosomal content. The lysate was analyzed for human FGF2 using a
commercially available buman FOGF2 ELISA assay kit (Thermo Scientific - Catalog
number KHGO021) following manufacturers protocol. FGF2 standards provided with the
kit were used to generate a standard curve and quantitated FGF2 in the test sample. FGF2
was detected in NPEX'™ sample at 490 pG / mL. No FGF2 could be detected either in
APEX™ or in MSCEX™ samples.

Maxs spectroscopy
proteins were subjected to mass spectroscopy by Bioproxsmity, LLC

Results

Ultracentrifugation and vltrafiltration methods were used as previously described.
Large volume purifications utihized the Amicon stirred-cell system to purify over 24 hiters
of cell culture medium In a smgle work week,

Fibwoblast Growth Factor ELISA results
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The protein buman Fibroblast Growth Factor 2 (hFGQF2) is added to hNPI™
culture media to maintain the proliferative state of ANPI™ cells. EVs produced by
BNPI™ cells (NPEX) cultured 1in hFGF2 supplemented media may accunuilate/contain
any of this hFGF2 protemn as part of the exosomal protein content, NPEX EVs, harvested
from hNP 1™ culture media collected from live hNPIPM cell cudtures were tested for the
presence of hEGF2. These purified and crvopreserved NPEX™ EVs comained detectable
fevels of WFGE2 after thaw. On the other hand, EVs from hastroPro’™ numan astrocyies
{APEX), and from mesenchymal stem cells (MSCEX), where the cell cudture medin is
not supplemented with hFGE2, did not contain any detectable hFGF2. Taken together,
these data indicate that protems supplemented i the mednum are taken up by the cells
and are present in the ennched BV sample even in the absence of transfection or other
technigues to overexpress proteins in the cells,

Maxs speciroscopy

Figare 12 15 a Venn dingram showing the nomber of proteins unique to, and
shared by NPEX, APEX, and MSCEX vesicles. A total of 2727 protems were shared by
all of these vesicles {Table 3). APEX and MSCEX shared 2786 protems that were not
NPEX vesicles (Table 4). NPEX shared 467 protems ondy with MSCEX (Table 5) and
426 protems only with APEX vesicles {Table 6). MSCEX had 336 umgue proteins that
were not identified i APEX or NPEX vesicles {Table 7). APEX had 596 protems that
were not identified m NPEX or MSCEX vesicles {Table 8). NPEX had 1653 proteins that

were not klentified 1n APEX or MSCEX vesicles {Table 9.

Table 3. Protemn codes found m NPEX, APEX, and MSCEX
i AQADZIUFGHE i2 ADAD4RO63 23 AQAQ24RBR1
2 ADA024( 230 13 ADADZ4R6(CH 24 ACADZ4RC42
3 R
B! AGAG4AR OIS 8
S ADAD24R269 ) AGAOQL’%RQ{}(} 27 \{} AGRTWTTS
- A0AO24R294 0 17 1 ADAO24RSYZ 4 28 ACAOBTWTYY
7 AQAD24R2AS i8 ADAD24ROG7 29 ACAOSTW
8 ADAQ24R3IHG 19 ADAOZ4RARS 30 ADAOSTWU P"
g ADAO24RIWS 20 ADAD24RABS 31 ADAOS7TWURS
() AQAD24R473 21 ADADZ4RB27 32 AUADSTWUZSR
i} AQAQZ4RAUT 22 ADAN24RB49 33 ARAGRTWYOI
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Proteins in NPEX and APEX
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1539 Q9UF61 1596 QoUPJ7 1633 R4AGNI9
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1365 Q91142 1602 QoY 240 16359 LI3KQ6Y
1566 QOUIFS 1663 QY264 16441 L3KOL2
1567 | Q9UIY4 1604 1 (9Y2BO 1641 LSTPRI3
1568 QaLlI70 1605 QOVY2ES 1642 VoGYPY
1569 QoUll71 1606 QOY 2GS 1643 VoHVU7
157 QeUICe 1607 | Q9Y2HS 1644 VOHWS4
' QOUIE2 1608 | QUY2IMS 1645 | VOHWRY
QoUII2 1604 QOY 250 1646 WRIDIO
QoI 1616 QUY2TH 1647 XSD2So
QoI 161l 9Y2X7 1648 XSPNE2
QOUK A4 1612 QQY "a'i 1 1649 X6R310
R 161! 350 \6R"7’77
QUULYS 1615 QUY423 1652 X6RS ZZ
QOULAD 1616 Q9Y 430 1653 XORILN4
QOULDS 1617 QOY467
QOULGE 1618 Q9Y4(C4
QOULID 1619 | QOYAES

Therefore, the disclosed EVs are unigque based on the sowrce of cells from which

they are dertved. Moreover, these proteins can be used as a signature to wdentify the EVs.
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Discussion

This 1s the first documentation that we are aware of ou a scale that requires the
Awmnicon stirred-cell ohrafiltration units, allowing Sihration and EV enrichunent from 24
hters of media within one week, an amount of media that could not logistically be
purified by ultracentrifuge, and would require mtense manpower and multiple centrifuges
using the smaller Centricon/Amicon centrifugal filter units.

The inchssion of hFGF2 from cell culture media in NPEX™ combined with the
ability of NPEX EVs to distribute to targets withm the CNS (as demonstrated
biodistribution section), suggests that these EVs can potentially deliver hFGE2 across the
blood bram barner to target ONS tissee. These results suggest that a potential method for
delivering large molecules including proteins (hFGF2 10 the example above) to targets i
vivo, including the ONS, using extracelhlar vesicles (NPEX™ by supplementing the EV

source cell (ANPI™ i example above) culture media with the molecule of mterest.

Unless defined otherwise, all techmical and scientific terms used berein have the
same meanings as comunonty understood by one of skilf i the art to which the disclosed
mvention belongs. Publications cited herein and the matentals for which they are cited
are specifically mcorporated by reference.

Those skilled in the art will recoanize, or be able to ascertain using no more than
routine experimentation, many eguivalents 1o the specific embodiments of the invention
desenibed herein. Such equivalents are mtended to be encompassed by the following

claims.
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WHAT IS CLAIMED IS:

1. A pharmaceutical composition comprising an isolated population of extracellular
vesicles (EVs) derived from non-transformed neural progenitor (NP) cells, and a
pharmaceutically acceptable carrier.

2. The pharmaceutical composition of claim 1, wherein the NP cells are human
cells.

3. The pharmaceutical composition of claim 1, wherein the NP cells are derived
from human pluripotent stem cells.

4. The pharmaceutical composition of claim 1, wherein the NP cells are derived
from human induced pluripotent stem cells.

5. The pharmaceutical composition of claim 1, wherein the NP cells are derived

from human embryonic stem cells.

6. The pharmaceutical composition of claim 1, wherein the NP cells are SOX 1+,
SOX 2+ and OCT4-.
7. The pharmaceutical composition of any one of claims 1-6, wherein the EVs

comprise one or more protein biomarkers set forth in Table 9.

8. A composition comprising extracellular vesicles (EVSs) obtained by culturing
non-transformed neural progenitor (NP) cells derived from human pluripotent stem cells in cell
culture medium under conditions and for a time sufficient to produce EVs, and isolating said
EVs from the culture medium.

9. The composition of claim 8, wherein the human pluripotent stem cells are
embryonic stem cells.

10. The composition of claim 8, wherein the human pluripotent stem cells are
induced pluripotent stem cells.

11. The composition of claim 8, wherein the neural progenitor cells are SOX 1+,
SOX 2+ and OCT4-.

12. The composition of any one of claims 8 to 11, wherein the EVs comprise one or

more protein biomarkers set forth in Table 9.
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13. The composition of any one of claims 1 to 12, further comprising one or more
neurotrophic factors.

14. The composition of claim 13, wherein the one or more neurotrophic factors are
selected from the group consisting of leukemia inhibitory factor (LIF), brainderived neurotrophic
factor (BDNF), ciliary neurotrophic factor (CTNF), epidermal growth factor receptor (EGF),
basic fibroblast growth factor (bFGF), FGF-6, glialderived neurotrophic factor (GDNF), ciliary
neurotrophic factor (CTNF), granulocyte colony-stimulating factor (GCSF), hepatocyte growth
factor (HGF), IFN-y, insulin-like growth factor binding protein (IGFBP-2), IGFBP-6, IL-1ra, IL-
6, IL-8, monocyte chemotactic protein (MCP-1), mononuclear phagocyte colony-stimulating
factor (MCSF), neurotrophic factors (NT3), tissue inhibitor of metalloproteinases (TIMP-1),
TIMP-2, tumor necrosis factor (TNF-p), vascular endothelial growth factor (VEGF), VEGF-D,
urokinase plasminogen activator receptor (UPAR), bone morphogenetic protein 4 (BMP4), IL1-a,
IL-3, leptin, stem cell factor (SCF), stromal cell-derived factor-1 (SDF-1), platelet derived
growth factor-BB (PDGFBB), transforming growth factors beta (TGFB-1) and TGFj-3.

15. The composition of any one of claims 1 to 14, wherein the EVs are suspended in
a hydrogel scaffold.

16.  The composition of any one of claims 1 to 15, further comprising a protease
inhibitor, a RNAse inhibitor, or combination thereof.

17. The composition of any one of claims 1 to 16, wherein the composition
comprises about 1 mg to about 750 mg of EVs.

18. The composition of any one of claims 1 to 17, wherein the EVs further comprise
a small molecule.

19. The composition of any one of claims 1 to 17, wherein the EVs further comprise
an antisense oligonucleotide or a SiRNA.

20. The composition of any one of claims 1 to 17, wherein the EVs further comprise
an exogenous peptide or an exogenous protein.

21.  The composition of any one of claims 1 to 17, wherein the EVs further comprise
an antibody.

22.  The composition of any one of claims 1 to 21, wherein the EVs comprise

exosomes.
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23. The composition of any one of claims 1 to 22, wherein the EVs are about 20 nm
to 10 um in size.

24, The composition of any one of claims 1 to 23, wherein the EVs are about 20 nm
to about 150 nm in size.

25. Use of a pharmaceutical composition comprising extracellular vesicles (EVSs)
derived from non-transformed neural progenitor (NP) cells in the manufacture of a medicament
for treating a subject who has suffered a stroke.

26. Use of a pharmaceutical composition comprising extracellular vesicles (EVS)
derived from non-transformed neural progenitor (NP) cells in the manufacture of a medicament
for treating a subject who has suffered a spinal cord injury, a traumatic brain injury, or a
neurodegenerative disease.

217. The use of claim 26, wherein the neurodegenerative disease is Alzheimer’s
disease, Parkinson’s disease, a Parkinson’s-related disorder, Huntington’s disease, amyotrophic
lateral sclerosis, prion disease, motor neuron disease (MND), spinocerebellar ataxia (SCA) or
spinal muscular atrophy (SMA).

28.  The use of any one of claims 25 to 27, wherein the NP cells are human cells.

29.  The use of claim 28, wherein the NP cells are derived from human pluripotent
stem cells.

30.  The use of claim 28, wherein the NP cells are derived from human induced
pluripotent stem cells.

31.  The use of claim 28, wherein the NP cells are derived from human embryonic
stem cells.

32.  The use of any one of claims 25 to 31, wherein the NP cells express one or more
markers selected from the group consisting of nestin, SOX1, and SOX2, and do not express
OCTA4.

33.  The use of any one of claims 25 to 32, wherein the medicament comprises about 1
mg to about 750 mg of EVs.

34.  The use of any one of claims 25 to 33, wherein the EVs comprise exosomes.

35. The use of any one of claims 25 to 34, wherein the EVs are about 20 nm to 10 pm
in size.
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36.  The use of any one of claims 25 to 35, wherein the EVs are about 20 nm to about
150 nm in size.

37.  The use of any one of claims 25 to 36, wherein the EVs further comprise an agent
selected from the group consisting of a small molecule, an antisense oligonucleotide, a siRNA,
an exogenous peptide, an exogenous protein, or an antibody.

38.  The use of any one of claims 25 and 28 to 37, wherein the subject has suffered an
ischemic stroke.

39.  The use of any one of claims 25 and 28 to 37, wherein the subject has suffered a
hemorrhagic stroke.

40.  The use of any one of claims 25 to 39, wherein the medicament is formatted for
intravenous administration.

41.  The use of any one of claims 25 to 39, wherein the medicament is formatted for
administration via a route of delivery selected from intrathecal, intraperitoneal (IP), oral,
intranasal, or direct delivery into the brain.

42.  The use of any one of claims 25 and 28 to 41, wherein the medicament is to be
initially administered to the subject within 24 hours following a stroke.

43.  The use of any one of claims 25 and 28 to 41, wherein the medicament is to be
administered to the subject 1-4 weeks following a stroke.

44.  The use of any one of claims 25 to 43, wherein the medicament reduces swelling
in the brain of the subject and/or reduces inflammation in the subject.

45.  The use of any one of claims 25 to 44, wherein the medicament improves
sensorimotor function in the subject and/or improves behavioral function in the subject.

46.  The use of any one of claims 25 to 45, wherein the medicament improves the
likelihood of survival of the subject.

47.  The use of any one of claims 25 to 46, wherein the medicament reduces lesion
volume in the subject.

48.  The use of any one of claims 25 and 28 to 47, wherein the medicament is to be
administered to the subject in conjunction with an additional bioactive agent useful in the

treatment of stroke.
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49.  The use of claim 48, wherein the additional bioactive agent is selected from the
group consisting of a salicylate, a thrombolytic agent, and a platelet aggregation inhibitor.
50.  The use of claim 49, wherein the additional bioactive agent is selected from the

group consisting of aspirin, alteplase, and clopidogrel.
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