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METHODS FOR ENHANCED PRODUCTION AND ISOLATION OF
CELL-DERIVED VESICLES AND TREATMENT OF INFLAMMATION AND
NEUROLOGICAL DAMAGE

STATEMENT OF GOVERNMENT SUPPORT

[0001] This invention was made with government support under the Grant No.
RO1GMO099688, awarded by the National Institute for Health (NIH). The government has

certain rights in the invention.
CROSS-REFERENCE TO RELATED APPLICATION

[0002] This application claims the benefit under 35 U.S.C. § 119(e) of U.S. Serial No.
62/515406, filed June 5, 2017, the contents of which is incorporated by reference in its

entirety herein.
TECHNICAL FIELD

[0003] The invention relates to populations and compositions of purified cell-derived
vesicles and uses thereof. One aspect of the disclosure relates to methods for purifying the

cell-derived vesicles.
BACKGROUND

[0004] Neurodegenerative and inflammatory diseases affect over 300 million people
worldwide and often there are no satisfactory treatment options for these patients. Numerous
studies have demonstrated that mesenchymal stem cells (MSCs) based therapeutics have
robust neuroprotective and anti-inflammatory properties. However, there are several limiting

factors that limit their potential clinical effectiveness.

[000S5] MSCs mediate their neuroprotective and anti-inflammatory effects via the secretion
of signaling factors, including exosomes and microvesicles. Exosomes and microvesicles are
secreted cellular vesicles of endosomal origin and contain various proteins, lipids, and RNAs
from the cytosol of the secreting cells. Upon release into the extracellular space, exosomes
and microvesicles function as intercellular messengers, delivering their contents to a recipient

target cell.
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[0006] The characterization of the composition of stem cell derived exosome and/or
microvesicles that are responsible for the observed tissue healing effects remains elusive.
Identification of the exosome and/or microvesicle composition could have a great impact in
the treatment of neurodegenerative and inflammation-related diseases. Thus, in order to
develop promising vesicle-based therapeutics, there remains a need in the art to identify such
components and to modify the exosomes to deliver the appropriate factors to a target cell to

treat a specific disease.
SUMMARY

[0007] This disclosure relates to purified populations, compositions, and methods of

treatment using secreted cell-derived vesicles (e.g., exosomes and/or microvesicles).

[0008] One aspect of the disclosure relates to a highly purified population of cell-derived
vesicles prepared by culturing stem cells producing the cell-derived vesicles under conditions
of hypoxia, low serum. In one aspect, the stem cells are cultured in the presence of one or
more agents selected from an inflammatory agent, a neurotrophic factor, or an angiogenesis
agent. In these methods, the the cell-derived vesicles can comprise exosomes and/or
microvesicles. In some aspects, the inflammatory agent is selected from tumor necrosis
factor alpha (“TNFa”), interleukin 6 (“IL-6”), interleukin 17 (“IL-177), interleukin 1B (“IL-
1B”), interferon gamma (“IFNYy”), lipopolysaccharide (“LPS”), or equivalents of each
thereof. In some aspects, the neurotrophic factor is selected from brain derived neurotrophic
factor (“BDNEF”), nerve growth factor (“NGF”), Neurotrophin-3 (“NTF3”), ciliary
neurotrophic factor (“CTNF”), glial cell derived neurotrophic factor (“GDNF”), fibroblast
growth factors (“FGFs”) 1-23 (e.g. FGF1, FGF2), insulin-like growth factors (“IGFs”) (
IGF1, IGF2), hepatocyte growth factor (“HGF”), Noggin (“NOG”), thyroid hormone
tritodothyronine (“T37), or equivalents of each thereof. In some aspects, the angiogenesis
agent is selected from FGF2, vascular endothelial growth factor (“VEGF”), platelet derived
growth factor (“PDGF”), HGF, FGF1, FGF2, epidermal growth factor (“EGF”), transforming
growth factor beta 1-4 (“TGFp,” e.g. TGFB1, TGFB2, TGFB3, or TGFp4), proto-oncogene
protein Wnt-1 (“WNT1”), or equivalents of each thereof. Preferably, the agent is selected
from TNFa, Noggin, FGF2, or T3.
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[0009] Another aspect of the disclosure relates to a highly purified population of modified
cell-derived vesicles, optionally wherein the cell-derived vesicles comprise, consist

essentially of, or yet further consist of, exosomes and/or microvesicles.

[0010] In a further aspect, the disclosure relates to a composition comprising, consisting
essentially of, or yet further consisting of, the purified population of cell-derived vesicles
according to any one of the embodiments described herein and one or more of a carrier, a
preservative or a stabilizing agent. In a further aspect, the cell-derived vesicles are
complexed to therapeutic agents, which include, without limitation, polynucleotides such as

RNA and/or DNA and/or polypeptides or proteins such as neutropic factors.

[0011] In one aspect, the disclosure relates to a method for isolating and/or purifying a
population of cell-derived vesicles, and in one aspect, exosomes, the method comprising, or
consisting essentially of, or yet further consisting of’ (a) isolating the cell-derived vesicles
from conditioned media containing the cell-derived vesicles by an appropriate method, e.g.,
by applying a tangential flow filtration to conditioned media produced by a population of
isolated stem cells to isolate a cell-derived vesicle containing fraction; and optionally (b)
concentrating the cell-derived vesicle containing fraction to provide a purified population of
cell-derived vesicles. Any appropriate method can be used to concentrate the cell-derived
vesicles, e.g. exosomes. Non-limiting examples of such include centrifugation, ultrafiltration,
filtration, differential centrifugation and column filtration with a 100 kDA to 750 kDa pore
size, or either a 100 kDA to 750 kDa pore size. In some aspects, the pore size of the column
is 100 kDA to 300 kDa. Further sub-populations can be isolated using antibodies or other

agents that are specific for a specific marker expressed by the desired exosome population.

[0012] In another aspect, prior to isolation and/or purification of the cell-derived vesicles,
the stem cells producing the vesicles are grown or cultured by any method known in the art,
e.g. by a method comprising the use of a hollow fiber bioreactor prior to the isolation and/or
purification of the cell-derived vesicles from the conditioned media. In one aspect, the cell-
derived vesicles are exosomes. In one aspect, the stem cells (that produce the conditioned
media containing the cell-derived vesicles and/or exosomes) are cultured under conditions of
low serum and hypoxia or low oxygen conditions. In one aspect, the stem cells (that produce

the conditioned media containing the cell-derived vesicles and/or exosomes) are cultured in

3-
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the presence of or contacted with one or more agents selected from a polynucleotide (RNA
and/or DNA), an inflammatory agent, a neurotrophic factor, or an angiogenesis agent. In
particular aspects, the inflammatory agent is selected from TNFa, IL-6, IL-17, IL-1p3, IFNy,
lipopolysaccharide, or equivalents of each thereof;, the neurotrophic factor is selected from
BDNF, NGF, Neurotrophin-3, CTNF, GDNF, FGFs 1-23 (e.g. FGF1, FGF2), insulin-like
growth factors (IGFs) ( e.g IGF1, IGF2), HGF, Noggin, T3, or equivalents of each thereof;
and/or the angiogenesis agent is selected from FGF2, VEGF, PDGF, HGF, FGF1, FGF2,
EGF, TGFB1-4, WNTI1, or equivalents of each thereof. In some aspects, the agentis a
recombinant protein. In some aspects, the culture conditions comprise about 1 to about 10
ng/mL, or alternatively about 5 to about 20 ng/mL, or alternatively about 5 to about 30
ng/mL, or alternatively about 5 to about 40 ng/mL, or alternatively about 5 to about 50
ng/mL, or alternatively about 5 to about 100 ng/mL, or alternatively about 5 to about 250
ng/mL, or alternatively about 5 to about 500 ng/mL, or alternatively about 25 to about 75
ng/mL, or alternatively about 50 to about 100 ng/mL, or alternatively about 100 to about 500
ng/mL, or or alternatively about 100 ng/mL to about 1 pg/mL, or alternatively about 1 ug/mL
to about 10 ug/mL, or alternatively about 10 pg/mL to about 50 ug/mL , or alternatively
about 50 pg/mL to about 100 pg/mL, or alternatively about 100 pg/mL to about 500 pg/mL,
or alternatively about 100 pg/mL to about 1000 ug/mL of the agent. In particular aspects, the
culture conditions comprise about 10 ng/mL, or alternatively about 15 ng/mL, or alternatively
about 20 ng/mL, or alternatively about 25 ng/mL, or alternatively about 30 ng/mL, or
alternatively about 40 ng/mL, or alternatively about 50 ng/ml, or alternatively about 100
ng/mL, or alternatively about 200 ng/mL, or alternatively about 250 ng/mL, or alternatively
about 300 ng/mL, or alternatively about 400 ng/mL, or alternatively about 500 ng/mL, or
alternatively about 1 ug/mL. Preferably, the agent is about 5 to about 100 ng/mL of the

agent.

[0013] In some embodiments, the cell-derived vesicles of the population further comprise,
or alternatively consist essentially of, or yet further consist of, at least one exogenous nucleic
acid and/or at least one exogenous protein, i.e. a nucleic acid or protein that is not present in a
naturally occurring cell-vesicle. Alternatively, the cell-derived vesicles can further comprise
an endogenous nucleic acid and/or endogenous protein that is naturally present in the cell-

derived vesicle but whose expression is to be enhanced or inhibited. Non-limiting examples

-



WO 2018/226758 PCT/US2018/036149

of nucleic acids include one or more or all of DNA and RNA, for example mRNA, RNAI,
siRNA, pcRNA. In some embodiments, the exogenous or endogenous nucleic acid is or
encodes one or more of a micro RNA (miRNA), for example, miR-181, miR-210, miR-214,
miR-424, miR-150, miR-126, miR-132, miR-296, or let-7. In some embodiments, the
exogenous or endogenous protein is one or more of platelet derived growth factor receptor
(PDGFR), Collagen, Type 1, Alpha 2 (COL1A2), Collagen, Type VI, Alpha 3 (COL6A3),
EGF-like repeats- and discoidin i-like domains-containing protein 3 (EDIL3), epidermal
growth factor receptor (EGFR), fibroblast growth factor receptor (FGFR), fibronectin (FN1),
Milk fat globule-EGF factor 8 (MFGERS), lectin, galactoside-binding, soluble, 3 binding
protein (LGALS3BP), nuclear factor-kappaB (NFkB), transferrin (TF), vascular endothelial
growth factor (VEGF), VEGF isoform 165A, or vascular endothelial growth factor receptor
(VEGFR). In other embodiments, the population of cell-derived vesicles do not express or
comprise VEGF, VEGFR or both. In some embodiments, the cell-derived vesicles of the
present disclosure are modified to comprise one or more of an exogenous or endogenous
protein, nucleic acid, metabolite, lipid, and/or membrane component, that can be detected in

the exosomes and/or microvesicles of the present disclosure.

[0014] In some embodiments, the cell-derived vesicles of the population further comprise at
least one exogenous nucleic acid and/or at least one exogenous protein, i.e. a nucleic acid or
protein that is not present in a naturally occurring cell-vesicle. Alternatively, the cell-derived
vesicles can further comprise an exogenous nucleic acid and/or exogenous protein that is
naturally present in the cell-derived vesicle but whose expression is to be enhanced or
inhibited. Non-limiting examples of nucleic acids include one or more or all of DNA and
RNA, for example mRNA, RNAI, siRNA, pcRNA. In some embodiments, the exogenous
nucleic acid is or encodes one or more of a micro RNA (miRNA), for example, miR-181,
miR-210, miR-214, miR-424, miR-150, miR-126, miR-132, miR-296, or let-7. In some
embodiments, the exogenous protein is one or more of platelet derived growth factor receptor
(PDGFR), Collagen, Type 1, Alpha 2 (COL1A2), Collagen, Type VI, Alpha 3 (COL6A3),
EGF-like repeats- and discoidin i-like domains-containing protein 3 (EDIL3), epidermal
growth factor receptor (EGFR), fibroblast growth factor receptor (FGFR), fibronectin (FN1),
Milk fat globule-EGF factor 8 (MFGERS), lectin, galactoside-binding, soluble, 3 binding
protein (LGALS3BP), nuclear factor-kappaB (NFkB), transferrin (TF), vascular endothelial

-5-
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growth factor (VEGF), VEGF isoform 165A, or vascular endothelial growth factor receptor
(VEGFR). In other embodiments, the population of cell-derived vesicles do not express or
comprise exogenous VEGF, VEGFR or both. In some embodiments, the cell-derived vesicles
of the present disclosure are modified to comprise one or more of an exogenous protein,
nucleic acid, metabolite, lipid, and/or membrane component, that can be detected in the
exosomes and/or microvesicles of the present disclosure, (and listed in the molecular

composition of exosomes section below).

[0015] A non-limiting example of a method and composition to provide a purified and/or
isolated population of cell-derived vesicles comprising at least one exogenous nucleic acid is
by transforming an isolated host cell, such as a stem cell with a vector comprising the coding
polynucleotide. SEQ ID NO: 18 is an example of such a vector. Thus, in another aspect,
provided herein is a lentiviral vector comprising the necessary regulatory elements. As is
apparent to the skilled artisan, the marker sequence (nucleotides 5894 to 7321 of SEQ ID
NO: 18) can be omitted as well as the enhancer element (nucleotides 7345 to 7941 of SEQ ID
NO: 18) or be substituted with alternative markers or enhancers. In addition, nucleotides
5208 to 5363 correspond to the miR-132 element but other elements, as described herein or
as known in the art, can be substituted therein. Alternative promoters (the PGK promoter
provided as nucleotides 5364 to 5874) can be substituted as well. Alternative vectors are
described in U.S. Patent Publication Nos. 2016/0046685 and WO 2014/035433, each
incorporated by reference herein. One disclosed vector of WO 2014/035433 contains a gene
encoding for the 165A isoform of VEGF and includes an MNDU3 promoter and an optional

enhancer element.

[0016] Isolated host cells, such as stem cells, comprising such vectors are further provided
as well as populations of such cells alone or in combination with the isolated or purified cell-
derived vesicles as described herein. These compositions can be further combined with a

carrier, preservative or stabilizer.

[0017] Also provided are methods for preparing the cell-derived vesicles by culturing the
host cells to grow the cells, also as provided herein. As noted in more detail herein, in one

aspect, mesenchymal stem cells were transfected with a plasmid expression vector
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overexpressing miR-132 and tdTomato marker (SEQ ID NO: 18). Microvesicles were

harvested from media that had been conditioned for 48 hours using ultracentrifugation.

[0018] In some embodiments, the population of cell-derived vesicles or isolated host cells
is substantially homogeneous. In other embodiments, the population of cell-derived vesicles

or isolated host cells is heterogeneous.

[0019] In some embodiments, the concentration of cell-derived vesicles in or isolated from
the the population comprises between about 0.5 micrograms to about 200 micrograms of cell-
derived vesicle protein collected per approximately 10° cells. In some embodiments, the
concentration of cell-derived vesicles in or isolated from the population comprises between
about 200 micrograms to about 5000 micrograms of cell-derived vesicle protein collected per
approximately 10° cells. In other embodiments, the concentration of cell-derived vesicles in
or isolated from the population comprises less than about 5000, or alternatively less than
about 1000, or alternatively less than about 500, or alternatively less than about 200, or
alternatively less than about 150, or alternatively less than about 125, or alternatively less
than about 100, or alternatively less than about 75, or alternatively less than about 50, or
alternatively less than about 30 micrograms, or alternatively less than about 25 micrograns, of
cell-derived vesicle protein collected per approximately 10° cells. In yet other embodiments,
the concentration of cell-derived vesicle protein in or isolated from the population is less than

about 20 micrograms per 10° cells.

[0020] In some embodiments, the average diameter of the cell-derived vesicles in or
isolated from the population is between about 0.1 nm and about 1000 nm, or alternatively
between about 1.0 nm and about 1000 nm, or alternatively between about 1.5 nm and about
1000 nm. In other embodiments, the average diameter is between about 2 nm and about 800
nm, or alternativey about 2 nm to about 700 nm, or alternatively from about 2 nm to about
600 nm, or alternatively from about 2 nm to about 500 nm, or alternatively from about 2 nm
to about 400 nm, or alternatively from about 2 nm to about 300 nm. In other embodiments,
the average diameter is between about 10 nm and about 1000 nm, or alternativey 100 nm to
about 1000 nm, or alternatively from about 300 nm to about 1000 nm, or alternatively from
about 500 nm to about 1000 nm, or alternatively from about 750 nm to about 1000 nm, or

alternatively from about 800 nm to about 1000 nm. In other embodiments, the average
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diameter of the cell-derived vesicles in or isolated from the population is less than about 100
nm. In further embodiments, the average diameter of the cell-derived vesicles in or isolated
from the population is less than about 50 nm. In still further embodiments, the average

diameter of the cell-derived vesicles in the population is less than about 40 nm.

[0021] In some embodiments, the purified population of cell-derived vesicles described
herein have been purified from by a methods known in the art, e.g. by a method comprising
tangential flow filtration or other filtration method. Prior to isolation, the cells producing the
cell-derived vesicles can be cultured by any appropriate method known in the art, e.g., in a
hollow-fiber bioreactor. Prior to isolation, the cells producing the cell-derived vesicles can
be cultured in the presence of or contacted with one or more agents that modify the vesicles
to be anti-inflammatory, neuroprotective, and/or pro-angiogenesis. The one or more agents
include but are not limited to a polynucleotide, an inflammatory agent, a neurotrophic factor,
or an angiogenesis agent. In some embodiments, the inflammatory agent is selected from
tumor necrosis factor alpha (“TNFa”), interleukin 6 (“IL-67), interleukin 17 (“IL-177),
interleukin 1f (“IL-1B”), interferon gamma (“IFNYy”), lipopolysaccharide (“LPS”), or
equivalents of each thereof. In some embodiments, the neurotrophic factor is selected from
brain derived neurotrophic factor (“BDNF”), nerve growth factor (“NGF”), Neurotrophin-3
(“NTF3”), ciliary neurotrophic factor (“CTNF”), glial cell derived neurotrophic factor
(“GDNEF”), fibroblast growth factors (“FGFs”) 1-23 (e.g. FGF1, FGF2), insulin-like growth
factors (“IGFs”) (IGF1, IGF2), hepatocyte growth factor (“HGF”), Noggin (“NOG”), thyroid
hormone triiodothyronine (“T3”), or equivalents of each thereof. In some embodiments, the
angiogenesis agent is selected from FGF2, vascular endothelial growth factor (“VEGF”),
platelet derived growth factor (“PDGF”), HGF, FGF1, FGF2, epidermal growth factor
(“EGF”), transforming growth factor beta 1-4 (“TGFB,” e.g. TGFB1, TGFB2, TGFB3, or
TGFpB4), proto-oncogene protein Wnt-1 (“WNT1”), or equivalents of each thereof.
Preferably, the agent is selected from TNFa, Noggin, FGF2, or T3.

[0022] In some aspects, the agent is a recombinant protein. In some aspects, culture
conditions comprise about 1 to about 10 ng/mL, or alternatively about 5 to about 20 ng/mL,
or alternatively about 5 to about 30 ng/mL, or alternatively about 5 to about 40 ng/mL, or
alternatively about 5 to about 50 ng/mL, or alternatively about 5 to about 100 ng/mL, or

alternatively about 5 to about 250 ng/mL, or alternatively about 5 to about 500 ng/mL, or
-8-
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alternatively about 25 to about 75 ng/mL, or alternatively about 50 to about 100 ng/mL, or
alternatively about 100 to about 500 ng/mL, or or alternatively about 100 ng/mL to about 1
ug/mL, or alternatively about 1 pg/mL to about 10 ug/mL, or alternatively about 10 pg/mL to
about 50 pg/mL , or alternatively about 50 pg/mL to about 100 pg/mL, or alternatively about
100 pg/mL to about 500 pug/mL, or alternatively about 100 pg/mL to about 1000 pg/mL of
agent. In particular aspects, the culture conditions comprise about 10 ng/mL, or alternatively
about 15 ng/mL, or alternatively about 20 ng/mL, or alternatively about 25 ng/mL, or
alternatively about 30 ng/mL, or alternatively about 40 ng/mL, or alternatively about 50
ng/ml, or alternatively about 100 ng/mL, or alternatively about 200 ng/mL, or alternatively
about 250 ng/mL, or alternatively about 300 ng/mL, or alternatively about 400 ng/mL, or
alternatively about 500 ng/mL, or alternatively about 1 ug/mL. Preferably, the stimulating
agent is about 5 to about 100 ng/mL of agent.

[0023] In some embodiments, the population of cell-derived vesicles, e.g., exosomes is
combined with a carrier, for example, a pharmaceutically acceptable carrier, that in one
aspect, provides the composition with enhanced stability over an extended period of time.
The compositions can be further combined with one or more other therapeutic agents, e.g. a
neurotrophic factor (including but not limited to BDNF, NGF, Neurotrophin-3, CTNF,
GDNF, FGF, IGF, HGF, Noggin, or T3), an angiogenesis promoter (including but not limited
to FGF2, HGF, VEGF, PDGF, FGF1, EGF, TGFf, or WNT1), an anti-inflammatory agent
(including but not limited to TGFp, IL-2, IL-10, IL-17, IL-35, IL-37), a phytochemical agent,
a chemotherapeutic agent, and/or a Stat3 inhibitor. In one aspect, the therapeutic agent is
added directly to the composition. In another aspect, the therapeutic agent is encapsulated by
the exosome. Non-limiting examples of angiogenesis promoters include, angiotensin,
prostaglandin E; (PGE,), modified PGE, (see US Patent No. 6,288,113, incorporated by
reference herein) and angiopoietin-1. Methods to encapsulate agents within exosomes are
known in the art and described for example in U.S. Patent Publication No. 2014/0093557,
published April 3, 2014, and incorporated by reference herein. In some embodiments, the
compositions are formulated for therapeutic application and/or enhanced stability such as by

drying, freeze drying, snap-freezing, or lyophilization.

[0024] In some embodiments, the compositions described herein further comprise one or

more agents selected from an anti-inflammatory agent, a neurotrophic factor, or an

9.
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angiogenesis agent. In some embodiments, the anti-inflammatory agent is selected from
TGFp 1-4, interleukin 2 (“IL-27), interleukin 10 (“IL-107), interleukin 17 (“IL-177),
interleukin 35 (“IL-35”), or interleukin — 1 family member 7 (“IL-377). Preferably, the anti-
inflammatory agent is TGFf and/or IL-2. In some embodiments, the neurotrophic factor is
selected from BDNF, NGF, Neurotrophin-3, CTNF, GDNF, FGFs 1-23 (e.g. FGF1, FGF2),
insulin-like growth factors (IGFs) ( e.g IGF1, IGF2), HGF, Noggin, T3, or equivalents of
each thereof. Preferably, the one or more neurotrophic factors is selected from FGF2, T3,
NOG, BDNF, NGF, HGF, CTNF, GDNF, or IGF2. In some embodiments, the angiogenesis
agent is selected from FGF2, VEGF, PDGF, HGF, FGF1, FGF2, EGF, TGFB1-4, WNT1, or
equivalents of each thereof. Preferably, the angiogenesis agent is FGF2 and/or HGF. In
some aspects, the agent is recombinant. In some aspects, the compositions described herein
comprise about 1 to about 10 ng/mL, or alternatively about 5 to about 20 ng/mL, or
alternatively about 5 to about 30 ng/mL, or alternatively about 5 to about 40 ng/mL, or
alternatively about 5 to about 50 ng/mL, or alternatively about 5 to about 100 ng/mL, or
alternatively about 5 to about 250 ng/mL, or alternatively about 5 to about 500 ng/mL, or
alternatively about 25 to about 75 ng/mL, or alternatively about 50 to about 100 ng/mL, or
alternatively about 100 to about 500 ng/mL, or alternatively about 100 ng/mL to about 1
ug/mL, or alternatively about 1 pg/mL to about 10 ug/mL, or alternatively about 10 pg/mL to
about 50 pg/mL , or alternatively about 50 pg/mL to about 100 pg/mL, or alternatively about
100 pg/mL to about 500 pug/mL, or alternatively about 100 pg/mL to about 1000 pg/mL of
agent. In particular aspects, the compositions comprise about 10 ng/mL, or alternatively
about 15 ng/mL, or alternatively about 20 ng/mL, or alternatively about 25 ng/mL, or
alternatively about 30 ng/mL, or alternatively about 40 ng/mL, or alternatively about 50
ng/ml, or alternatively about 100 ng/mL, or alternatively about 200 ng/mL, or alternatively
about 250 ng/mL, or alternatively about 300 ng/mL, or alternatively about 400 ng/mL, or
alternatively about 500 ng/mL, or alternatively about 1 pg/mL of agent. Preferably, the agent
is about 10 to about 1000 ng/mL.

[0025] In some embodiments, the compositions described herein further comprise an
isolated stem cell, for example, one or more of an adult stem cell, an embryonic stem cell, an
induced pluripotent stem cell, an embryonic-like stem cell, a mesenchymal stem cell, or a

neural stem cell. In one aspect, the isolated stem cell further is modified, for example by the

-10-
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introduction of a vector and/or gene for therapeutic use. A non-limiting example of such is a
stem cell modified to express a pro-angiogenic factor, e.g., VEGF or an equivalent thereof as
described in U.S. Patent Publication No. 2016/0046685 and WO 2014/035433. The
compositions can be further combined with other therapeutic agents, e.g. an angiogenesis
promoter, a phytochemical agent, a chemotherapeutic agent, neurotrophic factors, and/or a

Stat3 inhibitor.

[0026] In a further aspect, the disclosure relates to a method for promoting angiogenesis in
a subject in need thereof comprising administering to the subject an effective amount of a
purified population and/or a composition according to any one of the embodiments described
herein. The methods can further comprise administration of an effective amount of other
agents, e.g. agents that facilitate or promote angiogenesis, e.g., angiotensin, prostaglandin E;
(PGE,), modified PGE, (see U.S. Patent No. 6,288,113) and angiopoietin-1. The
administration can be concurrent or sequential as determined by the treating physician. The
subject can be an animal, e.g., a mammal such as a human patient in need of such treatment,
that in one aspect, has been pre-selected for the therapy by a treating physician or other health

care professional.

[0027] In a further aspect, the disclosure relates to a method for treating peripheral arterial
disease or stroke comprising administering to a subject an effective amount of a purified
population and/or a composition according to any one of the embodiments described herein.
The methods can further comprise administration of an effective amount of other agents, e.g.,
agents that facilitate or promote angiogenesis, e.g., angiotensin, prostaglandin E; (PGE)),
modified PGE, (see U.S. Patent No. 6,288,113) and angiopoietin-1. The administration can
be concurrent or sequential as determined by the treating physician. The subject can be an
animal, e.g., a mammal such as a human patient in need of such treatment, that in one aspect,

has been pre-selected for the therapy by a treating physician or other health care professional.

[0028] In yet a further aspect, the disclosure relates to a method for treating a dermal
wound in a subject comprising administering to the subject an effective amount of a purified
population and/or a composition according to any one of the embodiments described herein.
The methods can further comprise administration of an effective amount of other agents, e.g.,

agents that facilitate or promote angiogenesis, e.g., angiotensin, prostaglandin E; (PGE)),

-11-



WO 2018/226758 PCT/US2018/036149

modified PGE, (see U.S. Patent No. 6,288,113) and angiopoietin-1. The administration can
be concurrent or sequential as determined by the treating physician. The subject can be an
animal, e.g., a mammal such as a human patient in need of such treatment, that in one aspect,

has been pre-selected for the therapy by a treating physician or other health care professional.

[0029] In yet a further aspect, the disclosure relates to a method for treating a disease or
condition involving an inflammatory response or related to inflammation in a subject in need
thereof comprising administering to the subject an effective amount of a purified population
and/or composition according to any one of the embodiments described herein. The diseases
or conditions involving an inflammatory response or related to inflammation include but are
not limited to multiple sclerosis (MS), primary and secondary progressive MS, relapsing
remitting MS, brain inflammation, fraility, radiation induced soft tissue damage,
neuroinflammatory disease, muscle injuries, radiation tissue damage, traumatic brain injury,
myocardial infarction, graft versus host disease, Parkinson’s disease, Alzheimer’s,
inflammatory bowel disease, Huntington’s disease, amyotrophic lateral sclerosis, Bahcet’s
disease, sarcopenia, aging, spinal cord injury, wound repair, and dysphagia. In one aspect,
the disease or condition is one or more of multiple sclerosis (MS), primary and secondary
progressive MS, relapsing remitting MS. In one aspect, the inflammatory condition excludes
stroke. In another aspect, the inflammatory condition excludes stroke when the cells are
cultured in the absence of one or more agents selected from an inflammatory agent, a
neurotrophic factor, or an angiogenesis agent. Additional diseases or conditions associated
with or related to inflammation and/or inflammatory responses include auto-immune disease
or disorders. The methods can further comprise administration of an effective amount of
other agents, e.g., agents that suppress inflammatory responses. In some aspects, the other
agents include anti-inflammatory agent, neurotrophic factors, or angiogenesis agents. In
some embodiments, the anti-inflammatory agent is selected from TGFp 1-4, IL-2, IL-10, IL-
17, IL-35, IL-37. Preferably, the anti-inflammatory agent is TGF3 and/or IL-2. In some
embodiments, the neurotrophic factor is selected from BDNF, NGF, Neurotrophin-3, CTNF,
GDNF, FGFs 1-23 (e.g. FGF1, FGF2), insulin-like growth factors (IGFs) (e.g IGF1, IGF2),
HGF, Noggin, T3, or equivalents of each thereof. Preferably, the one or more neurotrophic
factors is selected from FGF2, T3, NOG, BDNF, NGF, HGF, CTNF, GDNF, or IGF2. In
some embodiments, the angiogenesis agent is selected from FGF2, VEGF, PDGF, HGF,
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FGF1, FGF2, EGF, TGFB1-4, WNTI, or equivalents of each thereof. Preferably, the
angiogenesis agent is FGF2 and/or HGF. The administration can be concurrent or sequential
as determined by the treating physician. The subject can be an animal, e.g., a mammal such
as a human patient in need of such treatment, that in one aspect, has been pre-selected for the

therapy by a treating physician or other health care professional.

[0030] In some embodiments, the subject is administered at least one dose of between
approximately 0.1 mg and 200 mg of cell-derived vesicle protein. In some embodiments, the
dose is between approximately 0.1 and 1000 mg of cell-derived protein. In other
embodiments, the subject is administered at least one dose of approximately 50 mg, or
alternatively approximately 100 mg, or alternatively approximately 150 mg, or alternatively

approximately 200 mg of cell-derived vesicle protein.

[0031] In some embodiments, the purified population and/or the composition according to
any one of the embodiments as described herein is administered prior to or after
administration of an isolated stem cell that may optionally be modified. In other
embodiments, the purified population and/or the composition according to any one of the
embodiments as described herein is administered simultaneously with an isolated stem cell.
In one aspect, the stem cell has been transduced with VEGF or a VEGF isoform, as described

above.

[0032] In some embodiments, the purified population and/or the composition according to
any one of the embodiments as described herein, is administered by intravenous injection,
intrathecal injection, direct injection, intramuscular injection, intracranial injection, or

topically.

[0033] In some embodiments, the subject is a mammal, optionally a human patient. In a
further aspect, the patient has been selected for the therapy by diagnostic criteria as known to

those of skill in the art.

[0034] In some embodiments, according to the methods described herein, e.g., a method for
purifying a population of cell-derived vesicles, comprising: (a) applying a tangential flow
filtration to conditioned media produced by a population of isolated stem cells to isolate a
cell-derived vesicles containing fraction; and (b) concentrating the cell-derived vesicle

containing fraction to provide a purified population of cell-derived vesicles. After step (a) cell
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debris and other contaminates are removed from the cell-derived vesicles containing fraction
prior to step (b). In some embodiments, according to the methods described herein, the
population of stem cells is cultured under hypoxic and low serum conditions for up to about
72 hours prior to performing step (a). In some embodiments, according to the methods
described herein, step (a) is performed using an approximately 200 nanometer filter. In some
embodiments, the methods described herein further comprise culturing the stem cells in the
presence of, or contacting the stem cells with, one or more agents prior to isolating the cell-
derived vesicles. In some embodiments, the one or more agents are selected from an
inflammatory agent, a neurotrophic factor, or an angiogenesis agent. In some embodiments,
the methods described herein further comprise the addition of one or agents selected from an
anti-inflammatory agent, a neurotrophic factor, or an angiogenesis agent to the purified
population of cell-derived vesicles. In some embodiments, the agents are recombinant. In
particular embodiments, the inflammatory agent is selected from TNFaq, IL-6, IL-17, IL-1§,
IFNy, lipopolysaccharide, or equivalents of each thereof; the anti-inflammatory agent is
selected from TGFp 1-4, IL-2, IL-10, IL-17, IL-35, IL-37, or equivalents of each thereof; the
neurotrophic factor is selected from BDNF, NGF, Neurotrophin-3, CTNF, GDNF, FGFs 1-23
(e.g. FGF1, FGF2), insulin-like growth factors (IGFs) ( e.g IGF1, IGF2), HGF, Noggin, T3,
or equivalents of each thereof, and/or the angiogenesis agent is selected from FGF2, VEGF,

PDGF, HGF, FGF1, FGF2, EGF, TGFf1-4, WNT1, or equivalents of each thereof.

[0035] In some embodiments, according to the methods described herein, the culture
conditions for the stem cells comprise about 1 to about 10 ng/mL, or alternatively about 5 to
about 20 ng/mL, or alternatively about 5 to about 30 ng/mL, or alternatively about 5 to about
40 ng/mL, or alternatively about 5 to about 50 ng/mL, or alternatively about 5 to about 100
ng/mL, or alternatively about 5 to about 250 ng/mL, or alternatively about 5 to about 500
ng/mL, or alternatively about 25 to about 75 ng/mL, or alternatively about 50 to about 100
ng/mL, or alternatively about 100 to about 500 ng/mL, or or alternatively about 100 ng/mL to
about 1 ug/mL, or alternatively about 1 pg/mL to about 10 ug/mL, or alternatively about 10
ug/mL to about 50 pg/mL , or alternatively about 50 pg/mL to about 100 ug/mL, or
alternatively about 100 pg/mL to about 500 pg/mL, or alternatively about 100 pg/mL to
about 1000 pg/mL of agent (e.g. inflammatory agent, neurotrophic factor, or angiogenesis

agent). In particular aspects, the culture conditions comprise about 10 ng/mL, or alternatively
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about 15 ng/mL, or alternatively about 20 ng/mL, or alternatively about 25 ng/mL, or
alternatively about 30 ng/mL, or alternatively about 40 ng/mL, or alternatively about 50
ng/ml, or alternatively about 100 ng/mL, or alternatively about 200 ng/mL, or alternatively
about 250 ng/mL, or alternatively about 300 ng/mL, or alternatively about 400 ng/mL, or
alternatively about 500 ng/mL, or alternatively about 1 pg/mL. Preferably, the agent is about
5 to about 100 ng/mL of agent.

[0036] In some embodiments, according to the methods described herein, about 1 to about
10 ng/mL, or alternatively about 5 to about 20 ng/mL, or alternatively about 5 to about 30
ng/mL, or alternatively about 5 to about 40 ng/mL, or alternatively about 5 to about 50
ng/mL, or alternatively about 5 to about 100 ng/mL, or alternatively about 5 to about 250
ng/mL, or alternatively about 5 to about 500 ng/mL, or alternatively about 25 to about 75
ng/mL, or alternatively about 50 to about 100 ng/mL, or alternatively about 100 to about 500
ng/mL, or alternatively about 100 ng/mL to about 1 ug/mL, or alternatively about 1 ug/mL to
about 10 pg/mL, or alternatively about 10 pg/mL to about 50 ug/mL , or alternatively about
50 pug/mL to about 100 pg/mL, or alternatively about 100 pg/mL to about 500 pug/mL, or
alternatively about 500 pg/mL to about 1000 ug/mL of agent (e.g. anti-inflammatory agent,
neurotrophic factor, or angiogenesis agent) is added to the purified population of cell-derived
vesicles. In particular aspects, about 10 ng/mL, or alternatively about 15 ng/mL, or
alternatively about 20 ng/mL, or alternatively about 25 ng/mL, or alternatively about 30
ng/mL, or alternatively about 40 ng/mL, or alternatively about 50 ng/ml, or alternatively
about 100 ng/mL, or alternatively about 200 ng/mL, or alternatively about 250 ng/mL, or
alternatively about 300 ng/mL, or alternatively about 400 ng/mL, or alternatively about 500
ng/mL, or alternatively about 1 pg/mL of agent is added to the purified population of cell-
derived vesicles. Preferably, the agent is about 10 to about 1000 ng/mL.

[0037] In some embodiments, according to the methods described herein, the isolated stem
cells that produce the cell-derived vesicles are one or more of adult stem cells, embryonic
stem cells, embryonic-like stem cells, neural stem cells, or induced pluripotent stem cells. In
some embodiments, the stem cells are mesenchymal stem cells that in one aspect, are cultured

under hypoxic and low serum conditions.
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[0038] In some embodiments, according to the methods described herein, the hypoxic
conditions are between approximately 1% to about 15% CO,, for example about 5% CO,,
and between about 0.05% to about 20% oxygen tension. In some embodiments, the oxygen
tension is less than 5%, or alternatively less than 10%. In some embodiments, the oxygen
tension is about 1%, or alternatively about 5%. In some embodiments, the low serum

conditions are serum free conditions.

[0039] In some embodiments, according to the methods described herein, the tangential
flow filtration unit used for isolation and/or purification of the cell-derived vesicles is
between about 50 kilodalton and about 750 kilodalton nominal molecular weight limit
filtration unit, for example, about a 100 kilodalton nominal molecular weight limit filtration

unit or about a 300 kilodalton nominal molecular weight limit filtration unit.

[0040] In some embodiments, the methods described herein further comprise formulating
the purified population of cell-derived vesicles by mixing the population with a carrier and/or
another therapeutic agent either by admixing the components or by encapsulation of the

therapeutic agent using methods known in the art.

[0041] In some embodiments, the methods described herein further comprise freezing or

freeze drying the purified population of cell-derived vesicles and/or compositions.

[0042] Also provided herein are populations of cell-derived vesicles obtainable from the

methods according to any one of the embodiments as described herein.

[0043] Further provided herein are lyophilized or frozen populations of cell-derived
vesicles of the purified population or the composition according to any one of the

embodiments as described herein.

[0044] Still further provided herein are kits comprising populations of cell-derived vesicles

of any one of the embodiments as described herein and instructions for use.

[0045] In a further aspect, the disclosure relates to a method for large-scale purification of a
population of cell-derived vesicles, comprising applying a tangential flow filtration to
conditioned media produced by a population of isolated stem cells cultured in a bioreactor to
isolate a cell-derived vesicles containing fraction; and concentrating the cell-derived vesicle

containing fraction to provide a purified population of cell-derived vesicles. In some aspects,
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the isolated stem cells are cultured in the presence of or contacted by one or more agents
selected from an inflammatory agent, a neurotrophic factor, or an angiogenesis agent. In
other aspects, one or more anti-inflammatory agents, neurotrophic factors, or angiogenesis
agents are added to the purified population of cell-derived vesicles. In some aspects, one or
more agents are recombinant. In particular embodiments, the inflammatory agent is selected
from TNFa, IL-6, IL-17, IL-1B, IFNy, lipopolysaccharide, or equivalents of each thereof; the
anti-inflammatory agent is selected from TGFf 1-4, IL-2, IL-10, IL-17, IL-35, IL-37, or
equivalents of each thereof, the neurotrophic factor is selected from BDNF, NGF,
Neurotrophin-3, CTNF, GDNF, FGFs 1-23 (e.g. FGF1, FGF2), insulin-like growth factors
(IGFs) (e.g IGF1, IGF2), HGF, Noggin, T3, or equivalents of each thereof, and/or the
angiogenesis agent is selected from FGF2, VEGF, PDGF, HGF, FGF1, FGF2, EGF, TGFp1-
4, WNT]I, or equivalents of each thereof.

BRIEF DESCRIPTION OF DRAWINGS

[0046] FIGS. 1A and 1B show analysis of HIRIEF LC-MS/MS proteomics data from IC
and PAD conditions compared to control condition EX. (FIG. 1A) Heatmap of MSC cluster
analysis of differentially regulated proteins in IC and PAD conditions as compared to EX.
(FIG. 1B) Panther pathway analysis of proteins upregulated in MSCs under PAD-like
conditions show abundance of canonical angiogenesis related pathway proteins: EGF, FGF
and PDGF. Analysis of 3 different donors for each condition. For differential expression T-

tests with multiple testing correction with an FDR of 1% was used.

[0047] FIGS. 2A to 2D show mesenchymal stem cells increase secretion of exosomes upon
exposure to PAD-like conditions. (FIG. 2A) Quantification of total protein content of
vesicles derived from MSC under EX, IC and PAD culture conditions using DC assay. (FIG.
2B) Scanning electron micrograph of MSCs cultured in EX culture conditions indicating
microvesicle release (arrows) from the cell surface (scale bar 5 um, 5kX). (FIG. 2C)
Scanning electron micrograph of MSCs cultured under PAD conditions (scale bar 2 pum,
10kX) indicating exosome adhesion to cell surface (arrows). (FIG. 2D) Transmission
electron micrograph of MSC derived exosomes with 2% uranyl acetate negative staining

(scale bar 200 nm, 25kX).
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[0048] FIG. 3 shows analysis of HIRIEF LC-MS/MS proteomics data of MSC exosomes
comparing PAD to IC conditions. Panther pathway analysis of PAD exosomes shows
abundance of angiogenesis related pathway proteins: EGFR, FGF and PDGF pathway
associated proteins (red asterisk indicate angiogenesis associated pathways). Analysis of 3
different donors for each condition. For differential expression T-tests with multiple testing

correction with an FDR of 1% was used.

[0049] FIG. 4 shows MSC exosome-induced in vifro tubule formation of HUVECs. Basal
media (Neg), 5 pg/ml, 10 pg/ml, 20 pg/ml of MSC exosomes in basal media, EndoGRO
media positive control (Pos). Stained with Calcein AM and imaged at 14 hours post
stimulation with 4X objective. Quantification of total segment length of tubule formation
analyzed using ImageJ’s Angiogenesis plugin. EndoGRO positive control media contains 2%
FBS, EGF 5ng/ml and heparin sulfate 0.75 U/ml. (*) Indicates a p-value <0.05 using
ANOVA, LSD post hoc analysis (n = 12).

[0050] FIG. 5 shows NFkB inhibition abrogates MSC exosome-mediated tubule formation
in HUVECs in vitro. Quantification of total segment length of tubule formation using
ImagelJ’s Angiogenesis plugin. EndoGRO media contains 2% FBS, EGF Sng/ml and heparin
sulfate 0.75 U/ml. (*) Indicates a p-value <0.01 using ANOVA, LSD post hoc analysis (n =
6).

[0051] FIGS. 6A and 6B show representative concordance and variation between MSC
donors. (FIG. 6A) Heatmap of cellular global proteome expression differentials between
IC/EX and PAD/EX across all 3 donors reveals some donor to donor variation as well as
intra-condition and intra-donor concordance. (FIG. 6B) Comparison of PAD/EX donor
ratios from all 3 donors reveals some donor to donor variation as well as intra-condition and
intra-donor concordance. Dots represent PAD/EX protein expression ratios of donor 3 vs
donor land PAD/EX protein expression ratios of donor 2 vs donor 1. Line represents
regression analysis of PAD/EX protein expression ratios of donor 3 vs donor land regression

analysis of PAD/EX protein expression ratios of donor 2 vs donor 1.

[0052] FIG. 7 shows upregulation of cholesterol biosynthesis pathway proteins in
PAD/EX. Ingenuity Pathway Analysis of differentially expressed cellular proteins (FDR-1%)

revealed upregulation of proteins associated with the cholesterol biosynthesis pathway in the
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PAD condition as compared to the EX condition. Dark gray boxes indicate increased
expression, light gray boxes indicate lack of detection. Analysis of 3 different donors per
condition. For differential expression, T-tests with multiple testing correction with an FDR of

1% were used.

[0053] FIGS. 8A and 8B show upregulation of exosome biogenesis proteins in PAD/EX.
(FIG. 8A) Relative expression of known exosome biogenesis proteins demonstrated a trend
towards increased expression in PAD/EX. (FIG. 8B) Vesicle associated protein family

members demonstrated a trend towards increased expression in PAD/EX.

[0054] FIG. 9 shows quantitative PCR (qPCR) detection of miR-132 in microvesicles

isolated from MSCs modified with a miR-132 lentiviral vector.

[0055] FIGS. 10 shows qPCR analysis determined presence of angiogenic miRNAs

demonstrating their presence at various concentrations, normalized to U6.

[0056] FIG. 11 shows that MSC-Stroke exosomes are packaged with lipid membrane
components with signaling functions. Hydrophilic interaction chromatography mass
spectrometry analysis (FDR 1%) demonstrates that MSC-Stroke exosomes are packaged lipid
bilayer membrane components and their derivatives with important signaling functions
include sphingomyelin (SM), phosphatidylcholines (PC), phosphatidyethanolamine (PE) and

fatty acids (FA), many of which are also important for the biogenesis of exosomes.

[0057] FIG. 12 shows exosome yield based on total exosomal protein content of standard
cell culture flasks, S0x T175’s vs GMP grade bioreactor. This data demonstrates that GMP-
grade manufacturing using a hollow fiber reactor system generates much higher yields of

exosomes as compared to standard tissue culture flasks.

[0058] FIG. 13 shows that exosomes are readily taken up by many cell types within one
hour. Exosomes will exert their function on cells that they are able to effectively interact
with. Applicants investigated the ability of various cell types to take up exosomes. Applicants
specifically labeled the lipid membrane of exosomes with a fluorescent dye and added them
to the culture media of the cells. After one hour of co-incubation with the labeled exosomes,
the media was removed, the cells were washed 3 times with PBS, and the cells then were

quantitatively assessed for the presence of the exosome-conjugated fluorescent dye. The
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negative control was the fluorescent “labeling” of just PBS to ensure there were no artifacts
from dye aggregation due to the sample processing steps involved with labeling the
exosomes. Analysis of the cells via flow cytometry clearly shows that the majority (>80%) of
cells from each group were positive for the presence of exosomes. FIG. 13 shows

quantitative summary of flow cytometry data.

[0059] FIG. 14 shows that MSC-stroke derived exosomes are up-taken by primary
endothelial cells, induce migration and tubule formation. MSC-stroke exosomes labeled with
PKH26 and exposed to human primary endothelial cells (HUVECsS) for 1 hour, nuclear stain
Hoechst. MSC-Stroke induced migration of HUVECs within 6 hours (Calcein AM) T-test
*=p<0.05.

[0060] FIG. 15 shows that exosomes induce stem cell proliferation. After tissues are
damaged, the body tries to repair this damaged tissue. During this process, localized stem
cells are activated to aid in this tissue repair process. The ability of the formulation of
exosomes disclosed herein to induce the proliferation of a type of tissue resident stem cell,
myoblasts, which are a common type of muscle stem cells were tested. Muscle stem cells
were stimulated with increasing doses of exosomes for 24-hours and assessed their ability to
induce the proliferation of myoblasts by determining the presence of a marker for cells in a
proliferative state (Ki67) using flow cytometry. FIG. 15 shows quantitative summary of the
flow cytometry data. Without being bound by theory, this data demonstrates that this
formulation of exosomes induces stem cell proliferation in a dose dependent manner, which

is an indication of their intrinsic tissue healing properties.

[0061] FIG. 16 illustrates the exosomes’ anti-inflammatory properties and mixed
lymphocyte reaction. The exosome formulation disclosed herein was tested for its ability to
diminish an inflammatory response in vitro, using a canonical inflammation assay called the
mixed lymphocyte reaction. Primary white blood cells (lymphocytes) were isolated from
fresh human blood and cultured in vitro. These immune cells were then stimulated with an
antigen (PHA) derived from bacteria to stimulate a strong immune response. During this
immune response to the bacterial based antigen (PHA), the cells responsible for the
inflammation response proliferate, which is a canonical process of inflammation. Therefore

the degree to which the cells proliferate is an indication of how strongly inflammation has
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been induced. Without being bound by theory, this flow cytometry demonstrates that
primary human lymphocytes’ inflammatory response to a bacterial antigen (PHA) is
diminished when co-stimulated with the exosome formulation disclosed herein in a dose
dependent manner, indicating potent anti-inflammatory properties of the exosomes.
Additionally, this experiment used lyophilized exosomes, instead of freshly thawed
exosomes, demonstrating that lyophilized exosomes maintain their functionality as measured
by their anti-inflammatory properties. FIG. 16 shows a quantitative summary of results of

this experiment.

[0062] FIG. 17 shows the anti-inflammatory properties of freshly thawed exosomes were
compared to lyophilized exosomes, on a dose for dose basis using the same mixed
lymphocyte reaction assay as in FIG. 16. Without being bound by theory, this data
established that the exosome formulation disclosed herein retains its anti-inflammatory
properties post-lyophilization. This is a critical piece of data demonstrating the feasibility of
commercialization. The lyophilized product will be substantially cheaper to store and ship
and be readily available for clinicians and patients alike to administer therapy without the
need for cumbersome use of liquid nitrogen tanks needed for most stem cell based

therapeutics. FIG. 17 is a quantitative summary of the data.

[0063] FIG. 18 shows that exosomes induce T-regulatory cell proliferation. This assay was
used to determine the mechanism of action for the exosomes’ anti-inflammatory properties.
T-regulatory cells (Tregs) are a type of immune cell with potent anti-inflammatory properties.
The exosome formulation disclosed herein was tested for its ability to activate Tregs using
flow cytometry. This study demonstrates that the exosomes induced Treg activation in a dose
dependent manner and the figure is a quantitative summary of the flow cytometry data.
Without being bound by theory, these results indicate that the exosome formulation disclosed

herein mediates its anti-inflammatory properties through the activation of Tregs.

[0064] FIG. 19 show that exosomes and lyophilized exosomes induce comparable levels of
anti-inflammatory and neuroprotective cytokines. The exosome formulation disclosed herein
was tested for its ability to modify the expression of various cytokines by primary human
immune cells (lymphocytes). Fresh lymphocytes were isolated from human blood and

cultured them in vitro. The lymphocytes were then stimulated with exosomes. A Quantibody
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array was used to quantitatively assess cytokine expression of the cells after 24-hours.
Without being bound by theory, this data indicates that the exosomes reduce the expression
of key inflammatory cytokines and induces the expression of critical anti-inflammatory
cytokines in primary human lymphocytes. Additionally, this data demonstrates that the
modulation of cytokine expression is comparable between freshly thawed and lyophilized
exosomes. The cytokines tested in this assay are: IL-11, G-CSF, Eotaxin, IL-4, IL-7, MCSF,
IL-12p70, IL-1a, BLC, IL-8, GM-CSF, and MIP-1d.

[0065] FIG. 20 shows that exosomes and lyophilized exosomes induce comparable levels
of anti-inflammatory and neuroprotective cytokines. The exosome formulation disclosed
herein was tested for its ability to modify the expression of various cytokines by primary
human immune cells (lymphocytes). Fresh lymphocytes were isolated from human blood
and cultured them in vitro. The lymphocytes were then stimulated with exosomes. A
Quantibody array was used to quantitatively assess cytokine expression of the cells after 24-
hours. Without being bound by theory, this data indicates that the exosomes reduce the
expression of key inflammatory cytokines and induces the expression of critical anti-
inflammatory cytokines in primary human lymphocytes. Additionally, this data demonstrates
that the modulation of cytokine expression is comparable between freshly thawed and
lyophilized exosomes. The cytokines tested in this assay are: IL-2, IL-15, IL-13, IFNg, IL-
6sR, IL-16, IL-1b, IL-1ra, MIP-1b, TNFb, IL-17, IL-12p40, PDGF-BB, IL-5, IL-6, and

Eotaxin-2.

[0066] FIG. 21 shows that exosomes and lyophilized exosomes induce comparable levels
of anti-inflammatory and neuroprotective cytokines. The exosome formulation disclosed
herein was tested for its ability to modify the expression of various cytokines by primary
human immune cells (lymphocytes). Fresh lymphocytes were isolated from human blood
and cultured them in vitro. The lymphocytes were then stimulated with exosomes. A
Quantibody Array was used to quantitatively assess cytokine expression of the cells after 24-
hours. Without being bound by theory, this data indicates that the exosomes reduce the
expression of key inflammatory cytokines and induces the expression of critical anti-
inflammatory cytokines in primary human lymphocytes. Additionally, this data demonstrates

that the modulation of cytokine expression is comparable between freshly thawed and
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lyophilized exosomes. The cytokines tested in this assay are: TNF RI, IL-10, MCP-1, 1-309,
TNFa, RANTES, MIP-1a, MIG, TNF RIL, TIMP-1, ICAM-1, TIMP-2.

[0067] FIG. 22 shows that MSC-exosomes contain miRNAs that modulate Tregs and
oligodendrocytes. Data was generated by qPCR analysy of MSC-exosomes. The graph
shows that there are numerous miRNAs associated with either R regulatory cell modulations
(miR15, miR-1312 an dmiR-150), oligodendrocyte modulation (miR-210), or miRNAs
involved in both (miR-92, miR-100, miR-126, miR-181 and miR-214).

[0068] FIG. 23 shows that MSC-exosomes induce proliferation and differentiation of
oligodencrocyte progenitor cells. Primary rat glial restricted precursor cells (GRPs) were
treated either MSC-Exosomes or vehicle controls. MSC-Exosomes treatment for 48 hours
resulted in significantly more GRPs cells as detected by both a CCKS8 assay, with verification
by nuclear staining with Hoescht imaging using fluorescent microscopy (FIG. 23). MSC-
Exosome treatment for 72 hours increased expression of both early and late markers of
oligodendrocyte maturation via flow cytometry evaluation following immunostaining for

respective markers: Nestin, CNP, Olig2 and MBP.

[0069] FIG. 24 shows that MSC-exosomes reduce disease in a model of MS. MSC-
Exosome treatment reduces disease severity and increases survival in a model of relapse
remitting multiple sclerosis. Right panel: Immunized mice were treated with either 250 pg
MSC-exosomes (dark gray, n=17) or vehicle controls (light gray, n=21) via tail vein
administration immediately prior to the onset of symptoms on Day 9. Repeated measures
assessment demonstrated that MSCExosome treatment significantly reduced the clinical
presentation of disease severity during both the peak of disease as well as during the chronic
phase and initial relapse. Left Panel: MSC-exosome treatment also increased animal
survival, 17 of 17 with MSC-Exosome treatment, with only 18 of 21 mice surviving in the

vehicle control group.

[0070] FIGS. 25 shows that MSC-exosomes potentiate Trg residency in brain. Applicants
found that MSC-exosome treatment significantly increased the presence of Tregs by 40% in
the brains of EAE mice as compared to vehicle controls. 35 days post-treatment, mice were

euthanized, perfused and brain were processed to a single cell suspension (Miltenyi kit) prior
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to staining for canonical Treg markers with monocloncal antibodies, CD25 and CD4 (Con =

21 brains, Exo = 18 brains), *p<0.005.

[0071] FIG. 26 show that MSC-exosomes reduce loss of myelin. MSC-exosome treatment
via IV administration attenuates loss of myelin up to 35 days post treatment in the spinal
cords of EAE immunized mice compared to vehicle controls. Loss of myelin in the central

nervous system is a key hallmark of multiple sclerosis. Control on left, treated mice on right.

[0072] FIG. 27 shows that MSC-exosomes attenuate immune activation in the central
nervous system. MSC-exosome treatment attenuates immune cell activation (microglia,
IBA1) up to 35 days post treatment in the spinal cords of EAE immunized mice compared to
vehicle controls. IBA1 staining was quantified using ImageJ both for the number of IBA1+
cells per slide and total % area of IBA1+ staining (Con = 12 sections, Exo =12 sections,

4sections/mouse x 3 mice), *p<0.0005.

[0073] FIG. 28 shows that MSC-exosomes attenuate activation of scar forming cells.
MSC-Exosome treatment attenuates astrocyte activation (GFAP) up to 35 days post treatment
in the spinal cords of EAE immunized mice, compared to vehicle controls. GFAP staining
was quantified using ImagelJ both for the number of GFAP+ cells per slide and total % area
of GFAP+ staining (Con = 18 sections, Exo =18 sections, 6 sections/mouse x 3 mice),

*p<0.0005.
DESCRIPTION OF EMBODIMENTS

[0074] 1t is to be understood that this invention is not limited to particular embodiments
described, as such may, of course, vary. It is also to be understood that the terminology used
herein is for the purpose of describing particular embodiments only, and is not intended to be

limiting, since the scope of this invention will be limited only by the appended claims.

[0075] The detailed description of the invention is divided into various sections only for the
reader’s convenience and disclosure found in any section may be combined with that in
another section. Unless defined otherwise, all technical and scientific terms used herein have
the same meaning as commonly understood by one of ordinary skill in the art to which this
invention belongs. Although any methods and materials similar or equivalent to those

described herein can also be used in the practice or testing of the present invention, the
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preferred methods and materials are now described. All publications mentioned herein are
incorporated by reference to disclose and describe the methods and/or materials in connection

with which the publications are cited.

[0076] All numerical designations, e.g., pH, temperature, time, concentration, and
molecular weight, including ranges, are approximations which are varied (+) or ( - ) by
increments of 0.1 or 1.0, where appropriate. It is to be understood, although not always
explicitly stated, that all numerical designations are preceded by the term “about.” It also is
to be understood, although not always explicitly stated, that the reagents described herein are

merely exemplary and that equivalents of such are known in the art.

[0077] It must be noted that as used herein and in the appended claims, the singular forms

(9> N4

a”, “an”, and “the” include plural referents unless the context clearly dictates otherwise.

Thus, for example, reference to “a cell” includes a plurality of cells.
Definitions

[0078] The following definitions assist in defining the meets and bounds of the inventions
as described herein. Unless specifically noted, the embodiments describing “cell-derived

2%

vesicles” shall include “exosomes,” “microvesicles” alone or in combination. In some

aspects, only one or more of the vesicles are intended.

[0079] The term “about” when used before a numerical designation, e.g., temperature, time,
amount, concentration, and such other, including a range, indicates approximations which

may vary by (+)or (-)10%, 5% or 1 %.

[0080] The terms "administering" or "administration" in reference to delivering cell-derived
vesicles to a subject include any route of introducing or delivering to a subject the cell-
derived vesicles to perform the intended function. Administration can be carried out by any
suitable route, including orally, intranasally, parenterally (intravenously, intramuscularly,
intraperitoneally, or subcutaneously), intrathecally, intracranially, or topically. Additional
routes of administration include intraorbital, infusion, intraarierial, indracapsular, wtracardiac,
intradermal, intrapulmonary, intraspinal, intrasternal, intrautering, intravenous, subarachnaid,
subcapsular, subcutaneous, transmucosal, or transtracheal. Administration includes self-

administration and the administration by another.
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[0081] “Comprising” or “comprises” is intended to mean that the compositions, for
example media, and methods include the recited elements, but not excluding others.
“Consisting essentially of”” when used to define compositions and methods, shall mean
excluding other elements of any essential significance to the combination for the stated
purpose. Thus, a composition consisting essentially of the elements as defined herein would
not exclude other materials or steps that do not materially affect the basic and novel
characteristic(s) of the claimed invention. “Consisting of” shall mean excluding more than
trace elements of other ingredients and substantial method steps. Embodiments defined by

each of these transition terms are within the scope of this invention.

[0082] As used herein, the term “modified,” relative to cell-derived vesicles, refers to cell-
derived vesicles (e.g., exosomes and/or microvesicles) that have been altered such that they
differ from a naturally occurring cell-derived vesicles. Non-limiting examples of a modified
cell-derived vesicle include an exosome and/or microvesicle that contains a nucleic acid or
protein of a type or in an amount different than that found in a naturally occurring exosome

and/or microvesicle.

[0083] The terms "patient," "subject," or "mammalian subject" are used interchangeably
herein and include any mammal in need of the treatment or prophylactic methods described
herein (e.g., methods for the treatment of inflammation). Such mammals include, particularly
humans (e.g., fetal humans, human infants, human teens, human adults, efc.). Other
mammals in need of such treatment or prophylaxis can include non-human mammals such as
dogs, cats, or other domesticated animals, horses, livestock, laboratory animals (e.g.,
lagomorphs, non-human primates, etc.), and the like. The subject may be male or female. In
certain embodiments the subject is at risk, but asymptomatic for diseases or conditions related
to inflammation or an inflammatory response. In certain embodiments the subject is at risk,
but asymptomatic for PAD. McDermott et al. (2008) Circulation 117(19) 2484-2491. In
certain embodiments, the subject expresses symptoms of peripheral arterial disease (PAD),
e.g., intermittent claudication (muscle pain, cramping of arms or legs), leg numbness or

weakness, change of color of legs, weak or no pulse, and erectile dysfunction in men.

[0084] The term “purified population” or “enriched population” relative to cell-derived

vesicles, as used herein refers to plurality of cell-derived vesicles that have undergone one or
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more processes of selection for the enrichment or isolation of the desired exosome population
relative to some or all of some other component with which cell-derived vesicles are
normally found in culture media. Alternatively, “purified” can refer to the removal or
reduction of residual undesired components found in the conditioned media (e.g., cell debris,
soluble proteins, etc.). A “highly purified population” as used herein, refers to a population
of cell-derived vesicles in which at least 50%, at least 60%, at least 65%, at least 70%, at least
75%, at least 80%, at least 85%, at least 90%, at least 95%, at least 98%, at least 99% or
100% of cell debris and soluble proteins (e.g., proteins derived from fetal bovine serum and

the like) in the conditioned media along with the cell-derived vesicles are removed.

[0085] The terms "treatment," "treat," "treating," etc. as used herein, include but are not
limited to, alleviating a symptom of a disease or condition (e.g., a disease or condition
involving an inflammatory response or related to inflammation in a subject in need thereof)
and/or reducing, suppressing, inhibiting, lessening, ameliorating or affecting the progression,
severity, and/or scope of the disease or condition. Additional treatments include but are not
limited to promoting angiogenesis, treating inflammatory disease, treating brain
inflammatory disease, treating stroke, treating muscular sclerosis (MS), treating primary and
secondary progressive MS, treating relapsing remitting MS, treating brain inflammation
treating radiation-induced soft tissue damage, treating fraility, treating rtreating peripheral
arterial disease (PAD), treating wounds, treating ischemia, acute and chronic limb ischemia,
Buerger’s disease, and critical limb ischemia in diabetes. "Treatments" refer to one or both of
therapeutic treatment and prophylactic or preventative measures. Subjects in need of
treatment include those already affected by a disease or disorder or undesired physiological
condition as well as those in which the disease or disorder or undesired physiological
condition is to be prevented. In one aspect, the term “treatment” excludes prophyaxis. In

another aspect, treatment is only prophylaxis.

[0086] The term "stem cell" refers to a cell that is in an undifferentiated or partially
differentiated state and has the capacity to self-renew and to generate differentiated progeny.
Self-renewal is defined as the capability of a stem cell to proliferate and give rise to more
such stem cells, while maintaining its developmental potential (i.e., totipotent, pluripotent,
multipotent, etc.). The term "somatic stem cell" is used herein to refer to any stem cell
derived from non-embryonic tissue, including fetal, juvenile, and adult tissue. Natural
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somatic stem cells have been isolated from a wide variety of adult tissues including blood,
bone marrow, brain, olfactory epithelium, skin, pancreas, skeletal muscle, and cardiac
muscle. Exemplary naturally occurring somatic stem cells include, but are not limited to,
mesenchymal stem cells (MSCs) and neural stem cells (NSCs). In some embodiments, the
stem or progenitor cells can be embryonic stem cells. As used herein, "embryonic stem cells"
refers to stem cells derived from tissue formed after fertilization but before the end of
gestation, including pre-embryonic tissue (such as, for example, a blastocyst), embryonic
tissue, or fetal tissue taken any time during gestation, typically but not necessarily before
approximately 10-12 weeks gestation. Most frequently, embryonic stem cells are pluripotent
cells derived from the early embryo or blastocyst. Embryonic stem cells can be obtained
directly from suitable tissue, including, but not limited to human tissue, or from established
embryonic cell lines. “Embryonic-like stem cells” refer to cells that share one or more, but

not all characteristics, of an embryonic stem cell.

[0087] A “mesenchymal stem cell,” or MSC, is a multipotent stem cell that can
differentiate into a variety of cell types. Cell types that MSCs have been shown to
differentiate into in vitro or in vivo include osteoblasts, chondrocytes, myocytes, and
adipocytes. Mesenchyme is embryonic connective tissue that is derived from the mesoderm
and that differentiates into hematopoietic and connective tissue, whereas MSCs do not
differentiate into hematopoietic cells. Stromal cells are connective tissue cells that form the
supportive structure in which the functional cells of the tissue reside. Methods to isolate such
cells, propagate and differentiate such cells are known in the technical and patent literature,
e.g., U.S. Patent Publication Nos. 2007/0224171, 2007/0054399, 2009/0010895, which are
incorporated by reference in their entirety. In one embodiment, the MSCs are plastic-
adherent when maintained in standard culture conditions. In one embodiment, the MSC has
the phenotype CD347/CD45/CD105/CD90"/CD73". In another embodiment, the MSC has
the phenotype CD457/ CD347/CD14  or CD11b/CD79a” or CD19/HLA-DR or HLA-DR"/
CD105%/ CD90"/CD73".

[0088] The term "induced pluripotent stem cells" as used herein is given its ordinary
meaning and also refers to differentiated mammalian somatic cells (e.g., adult somatic cells,
such as skin) that have been reprogrammed to exhibit at least one characteristic of

pluripotency. See, for example, Takahashi et al. (2007) Cel// 131(5):861-872, Kim et al.
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(2011) Proc. Natl. Acad. Sci. 108(19): 7838-7843, Sell, S. Stem Cells Handbook. New York:
Springer, 2013. Print.

[0089] The term “exogenous” in reference to a nucleic acid or protein refers to a
polynucleotide or polypeptide sequence that has been artificially introduced into a cell, cell-
derived vesicles, exosomes, microvesicle, or combination thereof. There may be an
endogenous nucleic acid or protein having the same or substantially similar sequence as that
of the polynucleotide or polypeptide encoding the exogenous nucleic acid or protein in the
cell-derived vesicles or they may be a non-naturally occurring nucleic acid or protein to the a
cell, cell-derived vesicles, exosomes, microvesicle, or combination thereof. For example, a
mesenchymal stem cell can be genetically modified to overexpress a PDGFR-encoding
polynucleotide. It is contemplated that a purified population of cell-derived vesicles isolated
from the culture media collected from MSCs genetically modified to overexpress a gene or
protein e.g., PDGFR would contain higher levels of PDGFR as compared to cell-derived
vesicles isolated from MSCs that have not been modified to overexpress a PDGFR-encoding

polynucleotide.

[0090] Asused herein, the term “agent” or “factor” refers to a molecule, complex of
molecules, cell, organelle, cellular product, or cellular component or fragment that is
chemically, physically, and/or biologically active. Nonlimiting examples of agents include
but are not limited to peptides, polypeptides, proteins, nucleic acids, polynucleotides, DNA,
RNA, miRNA, siRNA, mRNA, lipids, small molecules, sugars, pharmaceutical compounds,
cells, stem cells, cell-derived vesicles, cytokines, chemokines, steroids, microbes, viruses,
vaccines, blood, blood components, allergenics, somatic cells, and tissues. In some aspects,
administration or use of an agent or factor results in a desired effect in a target cell, cell
product, population, cell-derived vesicle, and/or subject. For example, a neurotrophic factor
may produce a neuroprotective effect. An angiogenesis agent may produce a pro-
angiogenesis effect. An inflammatory agent may produce a pro-inflammatory response
and/or trigger stem cells to react to inflammation by producing anti-inflammatory agents. An

anti-inflammatory agent may produce an anti-inflammatory effect.

[0091] Asused herein, the term "microRNAs" or "miRNAs" refers to post-transcriptional

regulators that typically bind to complementary sequences in the three prime untranslated
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regions (3' UTRs) of target messenger RNA transcripts (mRNAs), usually resulting in gene
silencing. Typically, miRNAs are short, non-coding ribonucleic acid (RNA) molecules, for
example, 21 or 22 nucleotides long. The terms "microRNA" and "miRNA" are used

interchangeably.

[0092] Asused herein, the terms "overexpress," "overexpression," and the like are intended
to encompass increasing the expression of a nucleic acid or a protein to a level greater than
the exosome naturally contains. It is intended that the term encompass overexpression of

endogenous, as well as heterologous nucleic acids and proteins.

[0093] As used herein, the term “homogeneous” in reference to a population of cell-derived
vesicles refers to population of cell-derived vesicles that have a similar amount of an
exogenous nucleic acid, a similar amount of an exogenous protein, are of a similar size, or
combinations thereof. A homogenous population is one wherein about 65%, about 70%,
about 75%, about 80%, about 85%, about 90%, about 95%, about 98%, or 100% of the cell-
derived vesicles share at least one characteristic. For example, in some embodiments about
90% of the cell-derived vesicles in the homogenous purified population overexpress miR-
132. For example, in some embodiments about 90% of the cell-derived vesicles in the
homogenous purified population overexpress miR-132 wherein the miR-132 is expressed at
an amount that is at least 2 times greater than that typically found in cell-derived vesicles.
Another example of a homogenous population is one wherein about 90% of the exosomes are

less than 50 nm in diameter.

[0094] Asused herein, the term “heterogeneous” in reference to a population of cell-
derived vesicles refers to population of cell-derived vesicles that have differing amounts of an
exogenous nucleic acid, differing amounts of an exogenous protein, are of a different size, or

combinations thereof.

[0095] The term “substantially” refers to the complete or nearly complete extent or degree
of a characteristic and in some aspects, defines the purity of the isolated or purified
population of exosomes or microvesicle. For example, a substantially homogenous cell-
derived vesicle population may be a cell-derived vesicle population that contains more than

50%, more than 60%, more than 70%, more than 80%, more than 90%, more than 95%, more
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than 98%, or 100% cell-derived vesicles that comprise at least one exogenous nucleic acid,

protein, or both.

[0096] As used herein, the term "tangential-flow filtration" (TFF) refers to a process in
which the fluid mixture containing the cell-derived vesicles to be separated by filtration is
recirculated at high velocities tangential to the plane of the membrane to increase the mass-
transfer coefficient for back diffusion. In such filtrations a pressure differential is applied
along the length of the membrane to cause the fluid and filterable solutes to flow through the
filter. This filtration is suitably conducted as a batch process as well as a continuous-flow
process. For example, the solution may be passed repeatedly over the membrane while that
fluid which passes through the filter is continually drawn off into a separate unit or the
solution is passed once over the membrane and the fluid passing through the filter is
continually processed downstream. Tangential flow may contain cassette filters or cartridge
(also called hollow fiber) filters that the membrane forms a set of parallel hollow fibers. The
feed stream passes through the lumen of the fibers and the permeate is collected from outside
the fibers. Cartridges are characterized in terms of fiber length, lumen diameter and number

of fibers, as well as filter pore size.

[0097] Asused herein, the term “pharmaceutically acceptable carrier” refers to any of the
standard pharmaceutical carriers such as sterile solutions, tablets, coated tablets, and
capsules. Typically such carriers contain excipients such as starch, milk, sugar, certain types
of clay, gelatin, stearic acids or salts thereof, magnesium or calcium stearate, talc, vegetable
fats or oils, gums, glycols, or other known excipients. Such carriers may also include flavor
and color additives or other ingredients. Examples of pharmaceutically acceptable carriers
include, but are not limited to, the following: water, saline, buffers, inert, nontoxic solids
(e.g., mannitol, talc). Compositions comprising such carriers are formulated by well-known
conventional methods. Depending on the intended mode of administration and the intended
use, the compositions may be in the form of solid, semi-solid, or liquid dosage forms, such,
for example, as powders, granules, crystals, liquids, suspensions, liposomes, pastes, creams,
salves, etc., and may be in unit-dosage forms suitable for administration of relatively precise

dosages.
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[0098] An “effective amount” intends an amount sufficient to effect beneficial or desired
results. An effective amount can be administered in one or more administrations,
applications or dosages. Such delivery is dependent on a number of variables including the
time period for which the individual dosage unit is to be used, the bioavailability of the
therapeutic agent, the route of administration, etc. It is understood, however, that specific
dose levels of the therapeutic agents of the present invention for any particular subject
depends upon a variety of factors including the activity of the specific compound employed,
the age, body weight, general health, sex, and diet of the subject, the time of administration,
the rate of excretion, the drug combination, and the severity of the particular disorder being
treated and form of administration. Treatment dosages generally may be titrated to optimize
safety and efficacy. Typically, dosage-effect relationships from in vifro and/or in vivo tests
initially can provide useful guidance on the proper doses for patient administration. In
general, one will desire to administer an amount of the compound that is effective to achieve
a serum level commensurate with the concentrations found to be effective in vitro.
Determination of these parameters is well within the skill of the art. These considerations, as
well as effective formulations and administration procedures are well known in the art and

are described in standard textbooks.

[0099] Asused herein, the term “peripheral arterial disease” or “PAD” refers 15 a subset of
peripheral vascular disease. Peripheart arterial disease or peripheral artery disease can ocour
in arteries other than those supplying blood to the heart, but most often cccurs in the legs and
feet. The disease i3 charactenized by segroental lesions causing stenosis or occlusion, usually
in large and medium-sized arteries. Atherosclerosis is the leading cause of PAD, which
results in atheroscleronc plaques with calciom deposition, thinmng of the media, paichy
destruction of muscle and elastic fibers, fragmentation of the tuternal elastic famina, and
thromubt composed of platelets and fibrin. Common sites for PAD are the fomoral and
popliteal arteries, (30 1o 0% of patients}, the abdominal acrta and thac arteries (30% of
patients) and the distal vessels, including the tilial artery and peroneal artery {(40-50% of
patients). The incidence of distal lesions tnoreases with diabetes and with age. Conditions
assoctated with PAD may be occlusive or functional. Examples of occlusive PAD inchude
peripheral atterial occlusison ecclusion, which roay be acuie, and Buerget's discase

{(thomboangiiiis obliterans), Ravnaud's disease, Raynaud's phenomenon and acrocyanosis.
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Additional non-limiting examples of diseases to be treated include acute and chronic critical

limb ischemia, Buerger's disease and critical limb ischemia in diabetes.

[0100] As used herein, the term “dermal wound” refers to an injury to the skin in which the

skin is cut or broken.

[0101] As used herein, the term “promoting angiogenesis” refers to the stimulation of new

blood vessels, repairing damaged blood vessels, or increasing the number of blood vessels.

[0102] The terms "inflammatory response" and "inflammation" as used herein indicate the
complex biological response of vascular and lymphoid tissues of an individual to harmful
stimuli, such as pathogens, damaged cells, or irritants, and includes secretion of cytokines
and, more particularly, of pro-inflammatory cytokines, i.e. cytokines which are produced
predominantly by activated immune cells and are involved in the amplification of
inflammatory reactions. Exemplary pro-inflammatory cytokines and chemokines include but
are not limited to IL-1B, TNF-a, IFN-y, IL-8, IL-6, IL-12, IL-15, IL-16, IL-17 (including
family members IL17A, IL17B, IL-17C, IL-17D, IL-17E, IL-17F), IL-18, GM-CSF, IL-21,
IL-23, IL-27 and TGF-B. Exemplary anti-inflammatory cytokines include but are not limited
to TGF-p, IL-1Rq, IL-4, IL-6, IL-10, IL-11, IL-13, IL-35, INF-a. A cytokine may have
either pro-inflammatory and anti-inflammatory properties depending on the particular
biological context (Cavaillon, J.M (2001) Cell Mol Biol 47(4): 695-702). Exemplary
inflammations include acute inflammation and chronic inflammation. Acute inflammation
indicates a short-term process characterized by the classic signs of inflammation (swelling,
redness, pain, heat, and loss of function) due to the infiltration of the tissues by plasma and
leukocytes. An acute inflammation typically occurs as long as the injurious stimulus is
present and ceases once the stimulus has been removed, broken down, or walled off by
scarring (fibrosis). Chronic inflammation indicates a condition characterized by concurrent
active inflammation, tissue destruction, and attempts at repair. Chronic inflammation is not
characterized by the classic signs of acute inflammation listed above. Instead, chronically
inflamed tissue is characterized by the infiltration of mononuclear immune cells (monocytes,
macrophages, lymphocytes, and plasma cells), tissue destruction, and attempts at healing,

which include angiogenesis and fibrosis. An inflammation can be inhibited in the sense of the
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present disclosure by affecting and in particular inhibiting any one of the events that form the

complex biological response associated with an inflammation in an individual.

[0103] As used herein, exemplary diseases or conditions associated with or related to
inflammation and/or inflammatory responses include but are not limited to multiple sclerosis,
primary and secondary progressive MS, relapsing remitting MS, brain inflammation,
radiation-induced soft tissue damage, fraility, neuroinflammatory disease, brain inflammatory
disease, muscle injuries, radiation tissue damage, stroke, traumatic brain injury, myocardial
infarction, graft versus host disease, Parkinson’s disease, Alzheimer’s, inflammatory bowel
disease, Huntington’s disease, amyotrophic lateral sclerosis, Bahcet’s disease, sarcopenia,
aging, spinal cord injury, wound repair, and dysphagia. Additional diseases or conditions
associated with or related to inflammation and/or inflammatory responses include

autoimmune disease or disorders.

[0104] Asused herein, “neuroinflammatory disease” or “neuroinflammation” is
inflammation of the nervous tissue and related diseases or conditions. In one embodiment,
neuroinflammation is an immune response that causes damage to the central nervous system.
Neuroinflammation can be caused by infection, traumatic brain injury, toxic metabolites,
neurodegeneration, and/or autoimmunity. Exemplary neuroinflammatory diseases include
but are not limited to acute disseminated encephalomyelitis (ADEM), Optic Neuritis (ON),
Transverse Myelitis, Neuromyelitis Optica (NMO), Alzheimer’s disease, Parkinson’s disease,
multiple sclerosis, primary and secondary progressive MS, relapsing remitting MS, brain

inflammation and traumatic brain injury.

[0105] “Autoimmune disease or disorder” includes diseases or disorders arising from and
directed against an individual's own tissues or organs or manifestation thereof or a condition
resulting there from. In one embodiment, it refers to a condition that results from, or is
aggravated by, the production by T cells that are reactive with normal body tissues and
antigens. Examples of autoimmune diseases or disorders include, but are not limited to
arthritis (rheumatoid arthritis such as acute arthritis, chronic rheumatoid arthritis, gout or
gouty arthritis, acute gouty arthritis, acute immunological arthritis, chronic inflammatory
arthritis, degenerative arthritis, type II collagen-induced arthritis, infectious arthritis, Lyme

arthritis, proliferative arthritis, psoriatic arthritis, Still's disease, vertebral arthritis, and
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juvenile-onset rheumatoid arthritis, osteoarthritis, arthritis chronica progrediente, arthritis
deformans, polyarthritis chronica primaria, reactive arthritis, and ankylosing spondylitis),
inflammatory hyperproliferative skin diseases, psoriasis such as plaque psoriasis, gutatte
psoriasis, pustular psoriasis, and psoriasis of the nails, atopy including atopic diseases such as
hay fever and Job's syndrome, dermatitis including contact dermatitis, chronic contact
dermatitis, exfoliative dermatitis, allergic dermatitis, allergic contact dermatitis, dermatitis
herpetiformis, nummular dermatitis, seborrheic dermatitis, non-specific dermatitis, primary
irritant contact dermatitis, and atopic dermatitis, x-linked hyper IgM syndrome, allergic
intraocular inflammatory diseases, urticaria such as chronic allergic urticaria and chronic
idiopathic urticaria, including chronic autoimmune urticaria, myositis,
polymyositis/dermatomyositis, juvenile dermatomyositis, toxic epidermal necrolysis,
scleroderma (including systemic scleroderma), sclerosis such as systemic sclerosis, multiple
sclerosis (MS) such as spino-optical MS, primary primary and secondary progressive MS
(PPMS), and relapsing remitting MS (RRMS), progressive systemic sclerosis,
atherosclerosis, arteriosclerosis, sclerosis disseminata, ataxic sclerosis, neuromyelitis optica
spectrum disorder (NMO, also known as Devic’s Disease or Devic’s Syndrome),
inflammatory bowel disease (IBD) (for example, Crohn's disease, autoimmune-mediated
gastrointestinal diseases, colitis such as ulcerative colitis, colitis ulcerosa, microscopic colitis,
collagenous colitis, colitis polyposa, necrotizing enterocolitis, and transmural colitis, and
autoimmune inflammatory bowel disease), bowel inflammation, pyoderma gangrenosum,
erythema nodosum, primary sclerosing cholangitis, respiratory distress syndrome, including
adult or acute respiratory distress syndrome (ARDS), meningitis, inflammation of all or part
of the uvea, iritis, choroiditis, an autoimmune hematological disorder, rheumatoid
spondylitis, rheumatoid synovitis, hereditary angioedema, cranial nerve damage as in
meningitis, herpes gestationis, pemphigoid gestationis, pruritis scroti, autoimmune premature
ovarian failure, sudden hearing loss due to an autoimmune condition, IgE-mediated diseases
such as anaphylaxis and allergic and atopic rhinitis, encephalitis such as Rasmussen's
encephalitis and limbic and/or brainstem encephalitis, uveitis, such as anterior uveitis, acute
anterior uveitis, granulomatous uveitis, nongranulomatous uveitis, phacoantigenic uveitis,
posterior uveitis, or autoimmune uveitis, glomerulonephritis (GN) with and without nephrotic

syndrome such as chronic or acute glomerulonephritis such as primary GN, immune-
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mediated GN, membranous GN (membranous nephropathy), idiopathic membranous GN or
idiopathic membranous nephropathy, membrano- or membranous proliferative GN (MPGN),
including Type I and Type II, and rapidly progressive GN, proliferative nephritis,
autoimmune polyglandular endocrine failure, balanitis including balanitis circumscripta
plasmacellularis, balanoposthitis, erythema annulare centrifugum, erythema dyschromicum
perstans, eythema multiform, granuloma annulare, lichen nitidus, lichen sclerosus et
atrophicus, lichen simplex chronicus, lichen spinulosus, lichen planus, lamellar ichthyosis,
epidermolytic hyperkeratosis, premalignant keratosis, pyoderma gangrenosum, allergic
conditions and responses, allergic reaction, eczema including allergic or atopic eczema,
asteatotic eczema, dyshidrotic eczema, and vesicular palmoplantar eczema, asthma such as
asthma bronchiale, bronchial asthma, and auto-immune asthma, conditions involving
infiltration of T cells and chronic inflammatory responses, immune reactions against foreign
antigens such as fetal A-B-O blood groups during pregnancy, chronic pulmonary
inflammatory disease, autoimmune myocarditis, leukocyte adhesion deficiency, lupus,
including lupus nephritis, lupus cerebritis, pediatric lupus, non-renal lupus, extra-renal lupus,
discoid lupus and discoid lupus erythematosus, alopecia lupus, systemic lupus erythematosus
(SLE) such as cutaneous SLE or subacute cutaneous SLE, neonatal lupus syndrome (NLE),
and lupus erythematosus disseminatus, Type I diabetes, Type II diabetes, latent autoimmune
diabetes in adults (or Type 1.5 diabetes). Also contemplated are immune responses
associated with acute and delayed hypersensitivity mediated by cytokines and T-
lymphocytes, sarcoidosis, granulomatosis including lymphomatoid granulomatosis,
Wegener's granulomatosis, agranulocytosis, vasculitides, including vasculitis, large-vessel
vasculitis (including polymyalgia rheumatica and gianT cell (Takayasu's) arteritis), medium-
vessel vasculitis (including Kawasaki's disease and polyarteritis nodosa/periarteritis nodosa),
microscopic polyarteritis, immunovasculitis, CNS vasculitis, cutaneous vasculitis,
hypersensitivity vasculitis, necrotizing vasculitis such as systemic necrotizing vasculitis, and
ANCA-associated vasculitis, such as Churg-Strauss vasculitis or syndrome (CSS) and
ANCA-associated small-vessel vasculitis, temporal arteritis, aplastic anemia, autoimmune
aplastic anemia, Coombs positive anemia, Diamond Blackfan anemia, hemolytic anemia or
immune hemolytic anemia including autoimmune hemolytic anemia (AIHA), Addison's

disease, autoimmune neutropenia, pancytopenia, leukopenia, diseases involving leukocyte
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diapedesis, CNS inflammatory disorders, brain inflammation, Alzheimer's disease,
Parkinson's disease, multiple organ injury syndrome such as those secondary to septicemia,
trauma or hemorrhage, antigen-antibody complex-mediated diseases, anti-glomerular
basement membrane disease, anti-phospholipid antibody syndrome, anti-phospholipid
syndrome, allergic neuritis, Behcet's disease/syndrome, Castleman's syndrome, Goodpasture's
syndrome, Reynaud's syndrome, Sjogren's syndrome, Stevens-Johnson syndrome,
pemphigoid such as pemphigoid bullous and skin pemphigoid, pemphigus (including
pemphigus vulgaris, pemphigus foliaceus, pemphigus mucus-membrane pemphigoid, and
pemphigus erythematosus), autoimmune polyendocrinopathies, Reiter's disease or syndrome,
thermal injury, preeclampsia, an immune complex disorder such as immune complex
nephritis, antibody-mediated nephritis, polyneuropathies, MS, primary and secondary
progressive MS, relapsing remitting MS, chronic neuropathy such as IgM polyneuropathies
or IgM-mediated neuropathy, autoimmune or immune-mediated thrombocytopenia such as
idiopathic thrombocytopenic purpura (ITP) including chronic or acute ITP, acquired
thrombocytopenic purpura, scleritis such as idiopathic cerato-scleritis, episcleritis,
autoimmune disease of the testis and ovary including autoimmune orchitis and oophoritis,
primary hypothyroidism, hypoparathyroidism, autoimmune endocrine diseases including
thyroiditis such as autoimmune thyroiditis, Hashimoto's disease, chronic thyroiditis
(Hashimoto's thyroiditis), or subacute thyroiditis, autoimmune thyroid disease, idiopathic
hypothyroidism, Graves disease, polyglandular syndromes such as autoimmune
polyglandular syndromes (or polyglandular endocrinopathy syndromes), paraneoplastic
syndromes, including neurologic paraneoplastic syndromes such as Lambert-Eaton
myasthenic syndrome or Eaton-Lambert syndrome, stiff-man or stiff-person syndrome,
encephalomyelitis such as allergic encephalomyelitis or encephalomyelitis allergica and
experimental allergic encephalomyelitis (EAE), myasthenia gravis such as thymoma-
associated myasthenia gravis, cerebellar degeneration, neuromyotonia, opsoclonus or
opsoclonus myoclonus syndrome (OMS), and sensory neuropathy, multifocal motor
neuropathy, Sheehan's syndrome, autoimmune hepatitis, chronic hepatitis, lupoid hepatitis,
gianT cell hepatitis, chronic active hepatitis or autoimmune chronic active hepatitis,
lymphoid interstitial pneumonitis (LIP), bronchiolitis obliterans (non-transplant) vs NSIP,

Guillain-Barre syndrome, Berger's disease (IgA nephropathy), idiopathic IgA nephropathy,
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linear IgA dermatosis, acute febrile neutrophilic dermatosis, subcorneal pustular dermatosis,
transient acantholytic dermatosis, cirrhosis such as primary biliary cirrhosis and
pneumonocirrhosis, autoimmune enteropathy syndrome, Celiac or Coeliac disease, celiac
sprue (gluten enteropathy), refractory sprue, idiopathic sprue, cryoglobulinemia,
amylotrophic lateral sclerosis (ALS; Lou Gehrig's disease), coronary artery disease,
autoimmune ear disease such as autoimmune inner ear disease (AIED), autoimmune hearing
loss, polychondritis such as refractory or relapsed or relapsing polychondritis, pulmonary
alveolar proteinosis, Cogan's syndrome/nonsyphilitic interstitial keratitis, Bell's palsy,
Sweet's disease/syndrome, rosacea autoimmune, zoster-associated pain, amyloidosis, a non-
cancerous lymphocytosis, a primary lymphocytosis, which includes monoclonal B cell
lymphocytosis (e.g., benign monoclonal gammopathy and monoclonal gammopathy of
undetermined significance, MGUS), peripheral neuropathy, paraneoplastic syndrome,
channelopathies such as epilepsy, migraine, arrhythmia, muscular disorders, deatness,
blindness, periodic paralysis, and channelopathies of the CNS, autism, inflammatory
myopathy, focal or segmental or focal segmental glomerulosclerosis (FSGS), endocrine
ophthalmopathy, uveoretinitis, chorioretinitis, autoimmune hepatological disorder,
fibromyalgia, multiple endocrine failure, Schmidt's syndrome, adrenalitis, gastric atrophy,
presenile dementia, demyelinating diseases such as autoimmune demyelinating diseases and
chronic inflammatory demyelinating polyneuropathy, Dressler's syndrome, alopecia greata,
alopecia totalis, CREST syndrome (calcinosis, Raynaud's phenomenon, esophageal
dysmotility, sclerodactyly, and telangiectasia), male and female autoimmune infertility, e.g.,
due to anti-spermatozoan antibodies, mixed connective tissue disease, Chagas' disease,
rheumatic fever, recurrent abortion, farmer's lung, erythema multiforme, post-cardiotomy
syndrome, Cushing's syndrome, bird-fancier's lung, allergic granulomatous angiitis, benign
lymphocytic angiitis, Alport's syndrome, alveolitis such as allergic alveolitis and fibrosing
alveolitis, interstitial lung disease, transfusion reaction, leprosy, malaria, parasitic diseases
such as leishmaniasis, kypanosomiasis, schistosomiasis, ascariasis, aspergillosis, Sampter's
syndrome, Caplan's syndrome, dengue, endocarditis, endomyocardial fibrosis, diffuse
interstitial pulmonary fibrosis, interstitial lung fibrosis, pulmonary fibrosis, idiopathic
pulmonary fibrosis, cystic fibrosis, endophthalmitis, erythema elevatum et diutinum,

erythroblastosis fetalis, eosinophilic faciitis, Shulman's syndrome, Felty's syndrome, flariasis,
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cyclitis such as chronic cyclitis, heterochronic cyclitis, iridocyclitis (acute or chronic), or
Fuch's cyclitis, Henoch-Schonlein purpura, human immunodeficiency virus (HIV) infection,
SCID, acquired immune deficiency syndrome (AIDS), echovirus infection, sepsis,
endotoxemia, pancreatitis, thyroxicosis, parvovirus infection, rubella virus infection, post-
vaccination syndromes, congenital rubella infection, Epstein-Barr virus infection, mumps,
Evan's syndrome, autoimmune gonadal failure, Sydenham's chorea, post-streptococcal
nephritis, thromboangitis ubiterans, thyrotoxicosis, tabes dorsalis, chorioiditis, gianT cell
polymyalgia, chronic hypersensitivity pneumonitis, keratoconjunctivitis sicca, epidemic
keratoconjunctivitis, idiopathic nephritic syndrome, minimal change nephropathy, benign
familial and ischemia-reperfusion injury, transplant organ reperfusion, retinal autoimmunity,
joint inflammation, bronchitis, chronic obstructive airway/pulmonary disease, silicosis,
aphthae, aphthous stomatitis, arteriosclerotic disorders, asperniogenese, autoimmune
hemolysis, Boeck's disease, cryoglobulinemia, Dupuytren's contracture, endophthalmia
phacoanaphylactica, enteritis allergica, erythema nodosum leprosum, idiopathic facial
paralysis, chronic fatigue syndrome, febris rheumatica, Hamman-Rich's disease, sensoneural
hearing loss, haemoglobinuria paroxysmatica, hypogonadism, ileitis regionalis, leucopenia,
mononucleosis infectiosa, traverse myelitis, primary idiopathic myxedema, nephrosis,
ophthalmia symphatica, orchitis granulomatosa, pancreatitis, polyradiculitis acuta, pyoderma
gangrenosum, Quervain's thyreoiditis, acquired spenic atrophy, non-malignant thymoma,
vitiligo, toxic-shock syndrome, food poisoning, conditions involving infiltration of T cells,
leukocyte-adhesion deficiency, immune responses associated with acute and delayed
hypersensitivity mediated by cytokines and T-lymphocytes, diseases involving leukocyte
diapedesis, multiple organ injury syndrome, antigen-antibody complex-mediated diseases,
antiglomerular basement membrane disease, allergic neuritis, autoimmune
polyendocrinopathies, oophoritis, primary myxedema, autoimmune atrophic gastritis,
sympathetic ophthalmia, rheumatic diseases, mixed connective tissue disease, nephrotic
syndrome, insulitis, polyendocrine failure, autoimmune polyglandular syndrome type I, adult-
onset idiopathic hypoparathyroidism (AOIH), cardiomyopathy such as dilated
cardiomyopathy, epidermolisis bullosa acquisita (EBA), hemochromatosis, myocarditis,
nephrotic syndrome, primary sclerosing cholangitis, purulent or nonpurulent sinusitis, acute

or chronic sinusitis, ethmoid, frontal, maxillary, or sphenoid sinusitis, an eosinophil-related
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disorder such as eosinophilia, pulmonary infiltration eosinophilia, eosinophilia-myalgia
syndrome, Loffler's syndrome, chronic eosinophilic pneumonia, tropical pulmonary
eosinophilia, bronchopneumonic aspergillosis, aspergilloma, or granulomas containing
eosinophils, anaphylaxis, seronegative spondyloarthritides, polyendocrine autoimmune
disease, sclerosing cholangitis, sclera, episclera, chronic mucocutaneous candidiasis, Bruton's
syndrome, transient hypogammaglobulinemia of infancy, Wiskott-Aldrich syndrome, ataxia
telangiectasia syndrome, angiectasis, autoimmune disorders associated with collagen disease,
rheumatism, neurological disease, lymphadenitis, reduction in blood pressure response,
vascular dysfunction, tissue injury, cardiovascular ischemia, hyperalgesia, renal ischemia,
cerebral ischemia, and disease accompanying vascularization, allergic hypersensitivity
disorders, glomerulonephritides, reperfusion injury, ischemic re-perfusion disorder,
reperfusion injury of myocardial or other tissues, lymphomatous tracheobronchitis,
inflammatory dermatoses, dermatoses with acute inflammatory components, multiple organ
failure, bullous diseases, renal cortical necrosis, acute purulent meningitis or other central
nervous system inflammatory disorders, ocular and orbital inflammatory disorders,
granulocyte transfusion-associated syndromes, cytokine-induced toxicity, narcolepsy, acute
serious inflammation, chronic intractable inflammation, pyelitis, endarterial hyperplasia,
peptic ulcer, valvulitis, emphysema, alopecia areata, adipose tissue inflammation/diabetes

type II, obesity associated adipose tissue inflammation/insulin resistance, and endometriosis.

[0106] Asused herein, the term “cytokine” encompasses low molecular weight proteins
secreted by various cells in the immune system that act as signaling molecules for regulating
a broad range of biological processes within the body at the molecular and cellular levels.
“Cytokines” include individual immunomodulating proteins that fall within the class of

lymphokines, interleukins, or chemokines.

[0107] Non-limiting examples of cytokines are disclosed herein, for example, IL-1A and
IL-1B are two distinct members of the human interleukin-1 (IL-1) family. Mature IL-1A is a
18 kDa protein, also known as fibroblast-activating factor (FAF), lymphocyte-activating
factor (LAF), B-cell-activating factor (BAF), leukocyte endogenous mediator (LEM), etc.
IL-4 is a cytokine that induces T helper-2 (Th2) cell differentiation, and is closely related to
and has similar functions to IL-13. IL-5 is produced by Th2 cells and mast cells. It acts to

stimulate B cell growth and increase immunoglobulin secretion. It is also involved in
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eosinophil activation. IL-6 is an interleukin that can act as either a pro-inflammatory or anti-
inflammatory cytokine. It is secreted by T cells and macrophages to stimulate immune
response to trauma or other tissue damage leading to inflammation. IL-6 is also produced
from muscle in response to muscle contraction. IL-8 is a chemokine produced by
macrophages and other cell types such as epithelial cells and endothelial cells, and acts as an
important mediator of the immune reaction in the innate immune system response. IL-12 is
involved in the differentiation of naive T cells to T helper (Th1 or Th2) cells. As a
heterodimeric cytokine, IL-12 is formed after two subunits encoded by two separate genes,
IL-12A (p35) and IL-12B (p40), dimerize following protein synthesis. IL-12p70 indicates
this heterodimeric composition. IL-13, a cytokine secreted by many cell types, especially Th2
cells, is an important mediator of allergic inflammation and disease. IL-17 is a cytokine
produced by T helper cells and is induced by IL-23, resulting in destructive tissue damage in
delayed-type reactions. IL-17 functions as a pro-inflammatory cytokine that responds to the
invasion of the immune system by extracellular pathogens and induces destruction of the
pathogen's cellular matrix. IP-10, or Interferon gamma-induced protein 10, is also known as
C-X-C motif chemokine 10 (CXCL10) or small-inducible cytokine B10. As a small cytokine
belonging to the CXC chemokine family, IP-10 is secreted by several cell types (including
monocytes, endothelial cells and fibroblasts) in response to IFN-y. Macrophage Inflammatory
Proteins (MIP) belong to the family of chemokines. There are two major forms of human
MIP, MIP-1a and MIP-18, which are also known as chemokine (C-C motif) ligand 3 (CCL3)
and CCLA4, respectively. Both are produced by macrophages following stimulation with
bacterial endotoxins. Granulocyte colony-stimulating factor (G-CSF or GCSF), also known
as colony-stimulating factor 3 (CSF 3), is a colony-stimulating factor hormone. G-CSF is a
glycoprotein, growth factor, and cytokine produced by a number of different tissues to
stimulate the bone marrow to produce granulocytes and stem cells. G-CSF also stimulates the
survival, proliferation, differentiation, and function of neutrophil precursors and mature
neutrophils. Epidermal growth factor or EGF is a growth factor that plays an important role in
the regulation of cell growth, proliferation, and differentiation by binding with high affinity
to its receptor EGFR. Vascular endothelial growth factor (VEGF) is a family of growth

factors that are important signaling proteins involved in both vasculogenesis (the de novo
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formation of the embryonic circulatory system) and angiogenesis (the growth of blood

vessels from pre-existing vasculature).

[0108] As used herein, the term “inflammatory agent” is used to refer to an agent that
promotes an inflammatory response. Nonlimiting examples include but are not limited to
pro-inflammatory signaling molecules, cytokines and chemokines (e.g. IL-1B, TNF-o, IFN-y,
IL-8, IL-6, [L-12, IL-15, IL-16, IL-17 (including family members IL17A, IL17B, IL-17C, IL-
17D, IL-17E, IL-17F), IL-18, GM-CSF, IL-21, IL-23, IL.-27 and TGF-p) , prostaglandins, as
well as antigens such as bacterial lipopolysaccharide, double stranded RNA (e.g. viral

genomes), and endotoxins that induce inflammation.

[0109] Asused herein, the term “anti-inflammatory agent” is used to refer to an agent that
suppresses an inflammatory response. Nonlimiting examples include but are not limited to
anti-inflammatory cytokines and chemokines (e.g. TGF-B, IL-2, IL-1Raq, IL-4, IL-6, IL-10,
IL-17, IL-11, IL-13, IL-35, IL-37, INF-a), non-steroidal anti-inflammatory drugs (NSAIDs),

antileukotrines, and immune selective anti-inflammatory derivatives (ImSAIDs),.

[0110] Asused herein, the term “neurotrophic factor” is used to refer to an agent that
supports the growth, proliferation, survival, and/or differentiation of developing and/or
mature neural tissue such as neurons. In some aspects, administration of a neurotrophic
factor has neuroprotective effects. Many neurotrophic factors function through tyrosine
kinase signaling pathways. Neurotrophic factors include but are not limited to neurotrophins,
glial cell-line derived neurotrophic factor family ligands, and neuropoietic cytokines. In
some embodiments, the neurotrophic factors of the disclosed compositions and methods
include but are not limited to brain derived neurotrophic factor (BDNF, e.g. NP_001137277),
nerve growth factor (NGF, NP_002497) Neurotrophin-3 (NTF3, NP_001096124,
NP_002518), ciliary neurotrophic factor (CTNF, NP_000605), glial cell derived neurotrophic
factor (GDNF, e.g. NP_000505), fibroblast growth factors (FGFs) 1-23 (e.g. FGF1,
NP_000791, FGF2 NP_001997), insulin-like growth factors (IGFs) ( IGF1, NP_000609,
IGF2 e.g. NP_000603), hepatocyte growth factor (HGF, e.g. NP_000592), Noggin (NOG,
NP_005441), thyroid hormone triiodothyronine (T3, (2S)-2-amino-3- [4-(4-hydroxy-3-iodo-
phenoxy)- 3,5-diiodo-phenyl]propanoic acid, molecular formula C;sH;113NNaQy), and
equivalents of each thereof. Preferably, the FGF is FGF2 and the IGF is IGF2. In some
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aspects, the neurotrophic factors are recombinant. Exemplary recombinant neurotrophic
factors are available from, for example, Peprotech (Rocky Hill, NJ, USA) (e.g. th/m/rBDNF
cat# 450-02, thCTNF cat# 450-13, thGDNF cat# 450-10, B-NGF cat# 450-01, rh NT-3 cat#
450-03, thFGF2 cat# 100-18B, rhIGF2 cat# 100-12, rhHGF cat# 100-39, rhNOG cat# 120-
10C). T3 is available from, for example, Santa Cruz Biotechnology (Santa Cruz, CA, USA)
(e.g. T3 CAS# 55-06-1).

[0111] Asused herein, the term “neuroprotective” refers to an effect that protects neural
tissue against damage, degeneration, and/or impairment of function. In some aspects,
neuroprotective means that an agent or factor enhances the efficacy of certain neurological
indications. Neuroprotective effects include but are not limited to proliferation of neural stem
cells (assayed by flow cytometry), differentiation of glial restricted precursor cells toward
oligodendrocytes (assayed by flow cytometry and/or immunohistochemistry optionally
through use of organotypic brain slice cultures and/or multiple sclerosis animal studies),
reduction of apoptosis of neural cells when exposed to hi oxidative stress (assayed by flow
cytometry), remyelination of axons (assayed by flow cytometry and/or
immunohistochemistry optionally through use of organotypic brain slice cultures and/or
multiple sclerosis animal studies), functional recovery in models with neurodeficits (assayed
by behavioral test, immunohistochemistry, and/or flow cytometry optionally in MS animal
studies), enhanced neurotrophic secretion (assayed by antibody array and/or RNA-seq,

optionally in MS animal studies), and neurite outgrowth (assayed by immunohistochemistry).

[0112] Asused herein, the term “angiogenesis agent” is used to refer to an agent that
promotes angiogenesis (i.e. the stimulation of new blood vessels, repairing damaged blood
vessels, or increasing the number of blood vessels). Nonlimiting examples of angiogenesis
agents include but are not limited to FGF2, HGF, VEGF, PDGF, FGF1, EGF, TGFf3, WNTI,
angiotensin, prostaglandin E1 (PGE1), modified PGE1 (see US Patent No. 6,288,113,

incorporated by reference herein) and angiopoietin-1.

[0113] Asused herein, the terms “culture media” and “culture medium” are used
interchangeably and refer to a solid or a liquid substance used to support the growth of cells
(e.g., stem cells). Preferably, the culture media as used herein refers to a liquid substance

capable of maintaining stem cells in an undifferentiated state. The culture media can be a
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water-based media which includes a combination of ingredients such as salts, nutrients,
minerals, vitamins, amino acids, nucleic acids, proteins such as cytokines, growth factors and
hormones, all of which are needed for cell proliferation and are capable of maintaining stem
cells in an undifferentiated state. For example, a culture media can be a synthetic culture
media such as, for example, minimum essential media o (MEM-a) (HyClone Thermo
Scientific, Waltham, MA, USA), DMEM/F12, GlutaMAX (Life Technologies, Carlsbad, CA,
USA), Neurobasal Medium (Life Technologies, Carlsbad, CA, USA), KO-DMEM (Life
Technologies, Carlsbad, CA, USA), OptiMEM (Life Technologies, Carlsbad, CA, USA),
DMEM/F12 (Life Technologies, Carlsbad, CA, USA), supplemented with the necessary
additives as is further described herein. In some embodiments, the cell culture media can be
a mixture of culture media. Preferably, all ingredients included in the culture media of the
present disclosure are substantially pure and tissue culture grade. “Conditioned medium” and
“conditioned culture medium” are used interchangeably and refer to culture medium that cells
have been cultured in for a period of time and wherein the cells release/secrete components

(e.g., proteins, cytokines, chemicals, etc.) into the medium.

[0114] Asused herein, a “bioreactor” refers to a culture system appropriate for supporting
growth of cells. In some embodiments, cells may be cultured in a bioreactor system for large-
scale growth of surface adherent cells. A non-limiting example of a bioreactor appropriate
for practice of the methods disclosed herein is a hollow fiber bioreactor. A hollow fiber
bioreactor maximizes the surface area for cells to adhere while minimizing the amount of
culture medium needed to support the cells through use of hollow fibers. The hollow fibers
are semi-permeable capillary membranes that can be bundled together to create a bioreactor
cartridge capable of supporting a high cell density. Methods for use of hollow fiber
bioreactors for growth of cells are known in the technical and patent literature, e.g., Sheu et
al. “Large-scale production of lentiviral vector in a closed system hollow fiber

bioreactor,” Mol. Ther Methods Clin Dev (2015) 2:15020. Other bioreactors suitable for
practice of the disclosed methods include but are not limited to rocking bioreactor systems,
stirred tank bioreactor systems, single use bioreactor systems, flow culture bioreactor
systems, bioreactors with chambers appropriate for porus cylindrical scaffolds subjected to

perfusion culture conditions, and bioreactors with tubular chambers.
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[0115] Asused herein, the term “vector” refers to a non-chromosomal nucleic acid
comprising an intact replicon such that the vector may be replicated when placed within a
cell, for example by a process of transformation. Vectors may be viral or non-viral. Viral
vectors include retroviruses, lentiviruses, adenoviruses, herpesvirus, bacculoviruses, modified
bacculoviruses, papovirus, or otherwise modified naturally occurring viruses. Exemplary
non-viral vectors for delivering nucleic acid include naked DNA; DNA complexed with
cationic lipids, alone or in combination with cationic polymers; anionic and cationic
liposomes; DNA-protein complexes and particles comprising DNA condensed with cationic
polymers such as heterogeneous polylysine, defined-length oligopeptides, and polyethylene
imine, in some cases contained in liposomes; and the use of ternary complexes comprising a

virus and polylysine-DNA.

[0116] A “viral vector” is defined as a recombinantly produced virus or viral particle that
comprises a polynucleotide to be delivered into a cell, either in vivo, ex vivo or in vitro.
Examples of viral vectors include retroviral vectors, lentiviral vectors, adenovirus vectors,
adeno-associated virus vectors, alphavirus vectors and the like. Alphavirus vectors, such as
Semliki Forest virus-based vectors and Sindbis virus-based vectors, have also been developed
for use in gene therapy and immunotherapy. See, Schlesinger and Dubensky (1999) Curr.
Opin. Biotechnol. 5:434-439 and Ying, et al. (1999) Nat. Med. 5(7):823-827.

[0117] In aspects where modification of the cell is mediated by a lentiviral vector, a vector
construct refers to the polynucleotide comprising the lentiviral genome or part thereof, and a
therapeutic gene. As used herein, “transfection” or “transduction” in reference to delivery of
exogenous nucleic acids carries the same meaning and refers to the process by which a gene
or nucleic acid sequences are stably transferred into the host cell by virtue of the virus
entering the cell and integrating its genome into the host cell genome. The virus can enter the
host cell via its normal mechanism of infection or be modified such that it binds to a different
host cell surface receptor or ligand to enter the cell. Retroviruses carry their genetic
information in the form of RNA; however, once the virus infects a cell, the RNA is reverse-
transcribed into the DNA form which integrates into the genomic DNA of the infected cell.
The integrated DNA form is called a provirus. As used herein, lentiviral vector refers to a
viral particle capable of introducing exogenous nucleic acid into a cell through a viral or

viral-like entry mechanism. A “lentiviral vector” is a type of retroviral vector well-known in
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the art that has certain advantages in transducing nondividing cells as compared to other
retroviral vectors. See, Trono D. (2002) Lentiviral vectors, New York: Spring-Verlag Berlin

Heidelberg.

[0118] Lentiviral vectors of this invention are based on or derived from oncoretroviruses
(the sub-group of retroviruses containing MLV), and lentiviruses (the sub-group of
retroviruses containing HIV). Examples include ASLV, SNV and RSV all of which have
been split into packaging and vector components for lentiviral vector particle production
systems. The lentiviral vector particle according to the invention may be based on a
genetically or otherwise (e.g., by specific choice of packaging cell system) altered version of

a particular retrovirus.
Cell-derived Vesicles

[0119] Cell-derived vesicles, also refered to as extracellular vesicles, are membrane
surrounded structures that are released by cells in vifro and in vivo. Extracellular vesicles can
contain proteins, lipids, and nucleic acids and can mediate intercellular communication
between different cells, including different cell types, in the body. Two types of extracellular
vesicles are exosomes and microvesicles. Exosomes are small lipid-bound, cellularly
secreted vesicles that mediate intercellular communication via cell-to-cell transport of
proteins and RNA (El Andaloussi, S. et al. (2013) Nature Reviews: Drug Discovery
12(5):347-357). Exosomes range in size from approximately 30 nm to about 200 nm.
Exosomes are released from a cell by fusion of multivesicular endosomes (MVE) with the
plasma membrane. Microvesicles, on the other hand, are released from a cell upon direct
budding from the plasma membrane (PM). Microvesicles are typically larger than exosomes

and range from approximately 100 nm to 1 pm.
Cells

[0120] Cell-derived vesicles (e.g., exosomes and/or microvesicles) can be isolated from
eukaryotic cells. Non-limiting examples of cells that cell-derived vesicles can be isolated
from include stem cells. Non-limiting examples of such stem cells include adult stem cells,
embryonic stem cells, embryonic-like stem cells, neural stem cells, or induced pluripotent
stem cells. In some embodiments, the stem cell is an adult stem cell that is optionally a

mesenchymal stem cell. In one aspect the stem cell, e.g., the mesenchymal stem cells, has
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been cultured under conditions of hypoxia and low serum or serum-free conditions. In a
further aspect, the stem cells are cultured in the presence of one or more agents selected from

an inflammatory agent, a neurotrophic factor, or an angiogenesis agent.

[0121] The cells of the present disclosure may be modified, for example, by genetic
modification. In some embodiments, the cells are modified to express at least one exogenous
nucleic acid and/or at least one exogenous protein. In some embodiments, the cells are
modified to express at least one endogenous nucleic acid and/or at least one endogenous
protein. The modification may be a transient modification. In other embodiments, the
modification may be a stable modification. It is contemplated that by modifying the cells
prior to collection of the cell-derived vesicles released by the modified cells, one can collect
exosomes containing different amounts and types of proteins, lipids, and nucleic acids as
compared to unmodified cells. Any method for cellular modification known to one of skill in

the art can be used to modify the cells.

[0122] In some embodiments, the cells of the present disclosure are modified to express at
least one exogenous or endogenous nucleic acid and/or at least one exogenous or endogenous
protein. Non-limiting examples of nucleic acids include one or more or all of DNA and
RNA, for example, a gene or gene fragment (for example, a probe, primer, EST or SAGE
tag), exons, introns, messenger RNA (mRNA), transfer RNA, ribosomal RNA, ribozymes,
cDNA, dsRNA, siRNA, miRNA, recombinant polynucleotides, branched polynucleotides,
plasmids, vectors, isolated DNA of any sequence, isolated RNA of any sequence, nucleic

acid probes and primers.

[0123] In some embodiments the exogenous or endogenous nucleic acid encodes a micro
RNA (miRNA), for example, miR-150 (GenBank Accession No: NR _029703.1 (SEQ ID
NO: 1)), miR-126 (GenBank Accession No: NR _029695.1 (SEQ ID NO: 2)), miR-132
(GenBank Accession No: NR _029674.1 (SEQ ID NO: 17)) miR-296 (GenBank Accession
No: NR 029844.1 (SEQ ID NO: 3)), let-7 (GenBank Accession No: NR_029695.1 (SEQ ID
NO: 4)), and equivalents thereof. In some embodiments the exogenous or endogenous
protein is platelet derived growth factor receptor (PDGFR), wherein the PDGF is expressed
by a transgene encoding PDGF (e.g., PDGFR-A (GenBank Accession No: NM_006206.4
(SEQ ID NO: 5)), PDGFR-B (GenBank Accession No: NM_002609.3 (SEQ ID NO: 6), or
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equivalents thereof). In some embodiments the exogenous protein is Collagen, Type 1,
Alpha 2 (COL1A2), (GenBank Accession No: NM_000089.3 (SEQ ID NO: 7), or
equivalents thereof). In some embodiments the exogenous or endogenous protein is
Collagen, Type VI, Alpha 3 (COL6A3), (GenBank Accession No: NM_004369.3 (SEQ ID
NO: 8), or equivalents thereof). In some embodiments the exogenous protein is EGF-like
repeats- and discoidin i-like domains-containing protein 3 (EDIL3), (GenBank Accession No:
NM _005711.4 (SEQ ID NO: 9), or equivalents thereof. In some embodiments the exogenous
or endogenous protein is epidermal growth factor receptor (EGFR) (GenBank Accession No:
NM _005228.3 (SEQ ID NO: 10), or equivalents thereof. In some embodiments the
exogenous protein or endogenous is fibroblast growth factor receptor (FGF) (GenBank
Accession No: M60485.1 (SEQ ID NO: 11), or equivalents thereof. In some embodiments
the exogenous or endogenous protein is fibronectin (FN1) (GenBank Accession No:
M10905.1 (SEQ ID NO: 12), or equivalents thereof. In some embodiments the exogenous or
endogenous protein is Milk fat globule-EGF factor 8 (MFGES) (GenBank Accession No:
NM_005928 (SEQ ID NO: 13), or equivalents thereof. In some embodiments the exogenous
or endogenous protein is lectin, galactoside-binding, soluble, 3 binding protein (LGALS3BP)
(GenBank Accession No: NM 005567 (SEQ ID NO: 14), or equivalents thereof. In some
embodiments the exogenous or endogenous protein is transferrin (TF) (GenBank Accession
No: M12530.1 (SEQ ID NO: 15), or equivalents thereof. In some embodiments the
exogenous ore endogenous protein is vascular endothelial growth factor (VEGF) (e.g.
GenBank X62568.1 and GenBank AY04758) or isoform 165A of VEGF (SEQ ID NO: 19) or
equivalents thereof. In some embodiments the exogenous or endogenous protein is vascular
endothelial growth factor receptor (VEGFR) (GenBank Accession No: AF063657 (SEQ ID
NO: 16), or equivalents thereof. In some embodiments, the cells of the present disclosure do
not express exogenous or endogenous VEGF, VEGFR or both. In some embodiments, the
cells of the present disclosure are modified to express at least one exogenous or endogenous
nucleic acid encoding a protein or an endogenous or exogenous nucleic acid detected in
exosomes and/or microvesicles of the present disclosure (and listed in the molecular

composition of exosomes section below).

[0124] An equivalent or biological equivalent nucleic acid, polynucleotide or

oligonucleotide or peptide is one having at least 80 % sequence identity, or alternatively at
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least 85 % sequence identity, or alternatively at least 90 % sequence identity, or alternatively
at least 92 % sequence identity, or alternatively at least 95 % sequence identity, or
alternatively at least 97 % sequence identity, or alternatively at least 98 % sequence identity
to the reference nucleic acid, polynucleotide, oligonucleotide or peptide. In alternative
embodiment, the equivalent or biological equivalent hybridizes to the reference
polynucleotide or oligonucleotide or its complement under conditions of high stringency. In
a further aspect, the equivalent or biological equivalent is a peptide encoded by a
polynucleotide that hybridizes to the polynucleotide encoding the reference peptide or its

complement under conditions of high stringency.

[0125] The cells of the present disclosure can be cultured in any culture media known to
those of skill in the art. For example, the cell culture media can comprise between 2% - 40%
fetal bovine serum (FBS), preferably approximately 20% FBS; between 0.5% - 5% L-
glutamine, preferably approximately 1% L-glutamine; and between 0.5% - 1%

penicillin and streptomycin (Penn-strep), preferably approximately 1% penn-strep, in a basal
media. In some embodiments, the cells are cultured in low levels of serum, for example, less
than about 1% FBS, or alternatively from about 1% to about 2% FBS, or alternatively about
2% to about 5% FBS, or alternatively about 5% to about 10% FBS. In some embodiments,
low serum conditions comprise less than 20% FBS. In some embodiments, at least a portion
of the FBS is substituted with a serum replacement, for example, a platelet lysate (e.g.,
human platelet lysate (hPL)) or serum albumin (e.g. bovine serum albumin). In some
embodiments, the amount of serum replacement (e.g., hPL) in the culture media is between
1% - 20%. In some embodiments, the cells are cultured in the absence of FBS. In other
embodiments, the cells are cultured in the presence of high levels of serum, for example, 30%

serum, 40% serum, 50% serum, or 60% serum.

[0126] The cells of the present disclosure can be cultured under any conditions known to
those in the field. In some embodiments, the cells of the disclosure are cultured in conditions
of about 1-20% oxygen (O,) and about 5% carbon dioxide (CO;). In some embodiments, the
cells of the present disclosure are cultured under hypoxic or low oxygen conditions (e.g., in
the presence of less than 10% O;). In some embodiments, the hypoxic conditions are
between approximately 1% to about 15% CO, and between 0.05% - 20% oxygen tension. In

some embodiments, the cells are cultured under low serum conditions. In some
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embodiments, the low serum conditions are serum free conditions. In some embodiments,
the cells of the present disclosure are cultured at about 37 °C. In some embodiments, the cells
of the present disclosure can be cultured at about 37 °C, 5% CO; and 10-20% O,. In

preferred embodiments, the cells of the present disclosure are cultured at about 5% CO,.

[0127] In some embodiments, the cells are cultured in hypoxic conditions for a period of
time. For example, the cells may be cultured under hypoxic and low serum conditions for up
to about 72 hours prior to vesicle isolation or for up to about 40 hours prior to vesicle
isolation. In other embodiments, the cells may be cultured under normoxic conditions for a

period of time and then switched to hypoxic conditions and culture for a period of time.

[0128] It is surprising that stem cells cultured in hypoxic and/or serum free conditions
released more exosomes as compared to conventional culture conditions. See, for example
FIG. 2A. It is further surprising that these stressed conditions would produce cell-derived

vesicles containing desirable components for use as therapeutics.
Augmented Stem Cell Stimulation Methods

[0129] In some embodiments, the stem cells are stimulated with one or more agents
selected from an inflammatory agent, a neurotrophic factor, or an angiogenesis agent in
combination with manufacturing/isolation methods disclosed herein. In some embodiments,
the stimulation is achieved with one or more inflammatory agents and one or more
neurotrophic factors in combination. In some embodiments, stimulation is achieved with one
or more inflammatory agents and one or more angiogenesis agents in combination. In some
embodiments, stimulation is achieved with one or more neurotrophic factors and one or more
angiogenesis agents in combination. In some embodiments, stimulation is achieved with one
or more inflammatory agents, one or more neurotrophic factors, and one or more
angiogenesis agents in combination. In some embodiments, stimulation is achieved with one
or more inflammatory agents. In some embodiments, stimulation is achieved with one or
more neurotrophic factors. In some embodiments, stimulation is achieved with one or more

angiogenesis agents.

Table 1: Factors to stimulate MSCs to modifiy cell-derived vesicle composition

Inflammatory agents Neurotrophic factors Angiogenesis agents
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TNFa T3 FGF2
IL-6 FGF2 VEGF
IL-17 Noggin PDGF
IL-1B BDNF HGF
IFNy NGF FGF1
LPS HGF EGF
CTNF TGF-p
GDNF WNTI
IGF2
Neurotrophin-3

[0130] In some embodiments, the inflammatory agent is selected from tumor necrosis
factor alpha (“TNFa,” NP_000585), interleukin 6 (“IL-6,” NP_000591, NP_001305024),
interleukin 17 (“IL-17,” e.g. NP_002181), interleukin 1p (“IL-1B”), interferon gamma
(“IFNy,” NP_000610), lipopolysaccharides (“LPS,” available, for example, from Sigma
Aldrich (St. Louis, MO, USA) e.g. cat# L3023, L9023, L3024), or equivalents of each
thereof. Preferably, the inflammatory agent is TNFa.

[0131] In some embodiments, the neurotrophic factor is selected from brain derived
neurotrophic factor (BDNF, e.g. NP_001137277), nerve growth factor (NGF, NP_002497)
Neurotrophin-3 (NTF3, NP_001096124, NP_002518), ciliary neurotrophic factor (CTNF,
NP_000605), glial cell derived neurotrophic factor (GDNF, e.g. NP_000505), fibroblast
growth factors (FGFs) 1-23 (e.g. FGF1, NP_000791, FGF2 NP_001997), insulin-like growth
factors (IGFs) (IGF1, NP_000609, IGF2 e.g. NP_000603), hepatocyte growth factor (HGF,
e.g. NP_000592), Noggin (NOG, NP_005441), thyroid hormone tritodothyronine (T3, (2S)-
2-amino-3- [4-(4-hydroxy-3-iodo-phenoxy)- 3,5-diiodo-phenyl]propanoic acid, molecular

formula C;sH;113NNaQy, available from, for example, Santa Cruz Biotechnology (Santa
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Cruz, CA, USA) (e.g. T3 CAS# 55-06-1)), or equivalents of each thereof. Preferably, the
neurotrophic factor is FGF2 and/or T3.

[0132] In some embodiments, the angiogenesis agent is selected from FGF2, vascular
endothelial growth factor (“VEGEF?”), platelet derived growth factor (“PDGF”), HGF, FGF1,
FGF2, epidermal growth factor (‘EGF,” NP_001171601, NP_001171602, NP_001954),
transforming growth factor beta 1-4 (“TGFp,” e.g. TGFB1: NP_000651; TGFp2:

NP _ 001129071, NP_003229; TGFB3: NP_001316867, NP_001316868, NP _003230;
TGFp4), proto-oncogene protein Wnt-1 (“WNT1,” NP_005421), or equivalents of each
thereof. Preferably, the angiogenesis agent is FGF2.

[0133] In some embodiments, the agent or factor is a recombinant protein. Exemplary
recombinant proteins are available from, for example, Peprotech (Rocky Hill, NJ, USA) (e.g.
rhTNFa cat# 300-01A, rhIL-6 cat# 200-06, rhIL-17 cat# 200-17, rhIL-1p cat# 200-01B,
rhINFy cat# 300-02, rh/m/rBDNF cat# 450-02, thCTNF cat# 450-13, rhGDNF cat# 450-10,
B-NGF cat# 450-01, rh NT-3 cat# 450-03, rhFGF2 cat# 100-18B, rhIGF2 cat# 100-12,
rhHGF cat# 100-39, rhNOG cat# 120-10C, thVEGF 145 cat# 100-20, rhPDGF-AA cat# 100-
13A, thPDGF-BB 1001-14B, thPDGF-AB cat# 100-00AB, thPDGF-CC cat# 100-00CC,
rhFGF1 cat# 100-17A, rhTGFB1 cat# 100-21, 100-21C, rhWNT-1 cat#120-17).

[0134] In some embodiments, the stimulation is achieved by culturing the stem cells in the
presence of, or contacting the stem cells with an effective amount of the one or more
inflammatory agents, neurotrophic factors, and/or angiogenesis agents. In some
embodiments, the stem cells are cultured in the presence of the agent and/or factor. In some
embodiments, the stem cells are expanded in the presence of the agent and/or factor. In some
embodiments, the agent and/or factor is added to the stem cell expansion, maintenance,
and/or growth medium(s) (i.e. the culture media used to culture stem cells prior to switching
to cell-derived vesicle isolation medium). In some embodiments, the agent and/or factor is
added to the cell-derived vesicle isolation medium (“isolation medium”). In some
embodiments, the agent and/or factor is added to the stem cell expansion, maintenance,
and/or growth media as well as the isolation medium. In some embodiments, the agent
and/or factor is added only to the isolation medium. In some embodiments, the agent and/or

factor is added to the culture medium immediately prior to switching the stem cells to the
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isolation medium. In some embodiments, the agent and/or factoris added 1, 2, 3, 4, 5, 6, 7,
8,9, 10, 11, 12, 13, or 14 days prior to switching the stem cells to the isolation medium. In
some embodiments, the agent and/or factor is added 1 hr, 2 hr, 3 hr, 4 hr, 6 hr, 8 hr, 10 hr, 12
hr, 16 hr, 18 hr, 20 hr, 24 hr, or 36 hr prior to switching the stem cells to the isolation
medium. In some embodiments, the agent and/or factor is added to the stem cells 1 passage,
2 passages, 3 passages, 4 passages, or 5 passages prior to switiching the cells to the isolation
medium. In some embodiments, the stimulating agent is added more than once (e.g. twice,
three times, four times, and/or daily). In some embodiments, the agents and/or factors are

added sequentially.

[0135] In some embodiments, the concentration of the agent or factor is about 1 to about 10
ng/mL, or alternatively about 5 to about 20 ng/mL, or alternatively about 5 to about 30
ng/mL, or alternatively about 5 to about 40 ng/mL, or alternatively about 5 to about 50
ng/mL, or alternatively about 5 to about 100 ng/mL, or alternatively about 5 to about 250
ng/mL, or alternatively about 5 to about 500 ng/mL, or alternatively about 25 to about 75
ng/mL, or alternatively about 50 to about 100 ng/mL, or alternatively about 100 to about 500
ng/mL, or or alternatively about 100 ng/mL to about 1 pg/mL, or alternatively about 1 ug/mL
to about 10 ug/mL, or alternatively about 10 pg/mL to about 50 ug/mL , or alternatively
about 50 pg/mL to about 100 pg/mL, or alternatively about 100 pg/mL to about 500 pg/mL,
or alternatively about 500 pg/mL to about 1000 ug/mL. In particular aspects, the agent or
factor is about 10 ng/mL, or alternatively about 15 ng/mL, or alternatively about 20 ng/mL,
or alternatively about 25 ng/mL, or alternatively about 30 ng/mL, or alternatively about 40
ng/mL, or alternatively about 50 ng/ml, or alternatively about 100 ng/mL, or alternatively
about 200 ng/mL, or alternatively about 250 ng/mL, or alternatively about 300 ng/mL, or
alternatively about 400 ng/mL, or alternatively about 500 ng/mL, or alternatively about 1

ug/mL. Preferably, the agent or factor is about 5 to about 50 ng/mL.

[0136] Without being bound by theory, the stem cells (e.g. MSCs) will respond to this

stimulus and consequently modulate the contents of the resulting exosomes towards an

increase in anti-inflammatory factors (e.g. with inflammatory agents such as TNFa

stimulation), or alternatively towards neuroprotection (e.g. with neurotrophic factors such as

Noggin and/or T3 stimulation), or alternatively towards angiogenesis (e.g. with angiogenesis

agents such as FGF2 stimulation). Without being bound by theory, stimulation as described
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herein results in significant modification of the composition of the exosomes with enhanced

efficacy.
Augmented Cell-Derived Vesicle Composition Methods

In some embodiments, the population of highly purified cell-derived vesicles further
comprise one or more of an anti-inflammatory agent, a neurotrophic factor, or an
angiogenesis agent. In some embodiments, the population further comprises one or more
anti-inflammatory agents and one or more neurotrophic factors in combination. In some
embodiments, the further population comprises one or more anti-inflammatory agents and
one or more angiogenesis agents in combination. In some embodiments, the population
further comprises one or more neurotrophic factors and one or more angiogenesis agents in
combination. In some embodiments, the population further comprises one or more anti-
inflammatory agents, one or more neurotrophic factors, and one or more angiogenesis agents
in combination. In some embodiments, the population further comprises one or more anti-
inflammatory agents. In some embodiments, the population further comprises one or more
neurotrophic factors. In some embodiments, the population further comprises one or more
angiogenesis agents. In some aspects, the agent and/or factor is added directly to the already
isolated cell-derived vesicles. In some aspects, the agent and/or factor is added after
concentration of the isolated cell-derived vesicles. In some aspects, the agent and/or factor is

formulated with the population of highly purified cell-derived vesicles.

Table 2: Agents or factors added directly to cell-derived vesicle product

Anti-Inflammatory Neurotrophic Angiogenesis
TGF-p T3 FGF2

IL-2 FGF2 HGF

IL-10 Noggin VEGF

IL-17 BDNF PDGF

IL-35 NGF FGF1

IL-37 HGF EGF
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CTNF TGF-beta
GDNF WNTI1
IGF2

Neurotrophin-3

[0137] In some embodiments, the anti-inflammatory agent is selected from TGFp 1-4
(“TGFB,” e.g. TGFB1: NP_000651; TGFp2: NP_001129071, NP_003229; TGFp3:

NP _001316867, NP_001316868, NP_003230; TGFp4), interleukin 2 (“IL-2,” NP_000577),
interleukin 10 (“IL-10,” NP_000563), interleukin 17 (“IL-17,” e.g. NP_002181), interleukin
35 (“IL-35”), or interleukin — 1 family member 7 (“IL-37,” NP_055254, NP 775294,
NP_775295, NP_775296, NP_775297). Preferably, the anti-inflammatory agent is TGFf3
and/or IL-2.

[0138] In some embodiments, the neurotrophic factor is selected from brain derived
neurotrophic factor (BDNF, e.g. NP_001137277), nerve growth factor (NGF, NP_002497)
Neurotrophin-3 (NTF3, NP_001096124, NP_002518), ciliary neurotrophic factor (CTNF,
NP_000605), glial cell derived neurotrophic factor (GDNF, e.g. NP_000505), fibroblast
growth factors (FGFs) 1-23 (e.g. FGF1, NP_000791, FGF2 NP_001997), insulin-like growth
factors (IGFs) (IGF1, NP_000609, IGF2 e.g. NP_000603), hepatocyte growth factor (HGF,
e.g. NP_000592), Noggin (NOG, NP_005441), thyroid hormone tritodothyronine (T3, (2S)-
2-amino-3- [4-(4-hydroxy-3-iodo-phenoxy)- 3,5-diiodo-phenyl]propanoic acid, molecular
formula C,sH;;I3NNaQy,, available from, for example, Santa Cruz Biotechnology (Santa
Cruz, CA, USA) (e.g. T3 CAS# 55-06-1)), or equivalents of each thereof. Preferably, the one
or more neurotrophic factors is selected from FGF2, T3, NOG, BDNF, NGF, HGF, CTNF,
GDNF, or IGF2.

[0139] In some embodiments, the angiogenesis agent is selected from FGF2, vascular
endothelial growth factor (“VEGEF?”), platelet derived growth factor (“PDGF”), HGF, FGF1,
FGF2, epidermal growth factor (‘EGF,” NP_001171601, NP_001171602, NP_001954),
transforming growth factor beta 1-4 (“TGFp,” e.g. TGFB1: NP_000651; TGFp2:

NP _ 001129071, NP_003229; TGFB3: NP_001316867, NP_001316868, NP _003230;
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TGFB4), proto-oncogene protein Wnt-1 (“WNT1,” NP_005421), or equivalents of each
thereof. Preferably, the angiogenesis agent is FGF2 and/or HGF.

[0140] In some embodiments, the agent or factor is a recombinant protein. Exemplary
recombinant proteins are available from, for example, Peprotech (Rocky Hill, NJ, USA) (e.g.
rhIL-2 cat# 200-02, rthIL-10 cat# 200-10, rhIL-35 cat# 200-37, thIL-37 cat# 200-39, rhIL-17
cat# 200-17, rh/m/rBDNF cat# 450-02, thCTNF cat# 450-13, rhGDNF cat# 450-10, B-NGF
cat# 450-01, rh NT-3 cat# 450-03, rhFGF2 cat# 100-18B, rhIGF2 cat# 100-12, rhHGF cat#
100-39, thNOG cat# 120-10C, thVEGF 45 cat# 100-20, thPDGF-AA cat# 100-13A, rhPDGF
BB 1001-14B, rhPDGF-AB cat# 100-00AB, thPDGF-CC cat# 100-00CC, rhFGF1 cat# 100-
17A, thTGFB1 cat# 100-21, 100-21C, thWNT-1 cat#120-17).

[0141] In some aspects, the agent or factor is about 1 to 10 ng/mL, or alternatively 5 to 20
ng/mL, or alternatively 5 to 30 ng/mL, or alternatively 5 to 40 ng/mL, or alternatively 5 to 50
ng/mL, or alternatively 5 to 100 ng/mL, or alternatively 5 to 250 ng/mL, or alternatively 5 to
500 ng/mL, or alternatively 25 to 75 ng/mL, or alternatively 50 to 100 ng/mL, or alternatively
100 to 500 ng/mL, or or alternatively 100 ng/mL to 1 pg/mL. In particular aspects, the
protein is about 10 ng/mL, or alternatively about 15 ng/mL, or alternatively about 20 ng/mL,
or alternatively about 25 ng/mL, or alternatively about 30 ng/mL, or alternatively about 40
ng/mL, or alternatively about 50 ng/ml, or alternatively about 100 ng/mL, or alternatively
about 200 ng/mL, or alternatively about 250 ng/mL, or alternatively about 300 ng/mL, or

alternatively about 400 ng/mL, or alternatively about 500 ng/mL, or alternatively about 1

ug/mL. Preferably, the agent or factor is about 10 ng/mL to about 1 pg/mL.
Isolation of Extracellular Vesicles

[0142] The purified populations of cell-derived vesicles (e.g., exosomes and/or
microvesicles) of the present disclosure can be isolated using any method known by those in
the art. Non-limiting examples include differential centrifugation by ultracentrifugation
(Théry et al. (2006) Curr. Protoc. Cell Biol. 30:3.22.1-3.22.29; Witmer et al. (2013) J.
Extracellular v.2), sucrose gradient purification (Escola et al. (1998) J. Biol. Chem.
273:20121-20127), and combination filtration/concentration (Lamparski et al. (2002) J.
Immunol. Methods 270:211-226).
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[0143] The purified populations of the cell-derived vesicles disclosed herein may be
purified from by a method comprising tangential flow filtration (TFF) that may contain a
hollow fiber filter or a cartridge filter. In some embodiments, the method for purifying a
population of cell-derived vesicles comprises: (a) applying a tangential flow filtration to
conditioned media produced by a population of isolated stem cells to isolate an cell-derived
vesicle containing fraction; and (b) concentrating the cell-derived vesicle containing fraction
to provide a purified population of cell-derived vesicles. In one aspect, the cells are grown
under low serum and hypoxic or low oxygen conditions for a period of time prior to

collecting the conditioned media from the cell population.

[0144] In some embodiments, after step (a) cell debris and other contaminates are removed

from the cell-derived vesicle containing fraction prior to step (b).

[0145] In some embodiments, the population of stem cells were cultured under hypoxic and
low serum conditions for up to about 72 hours prior to performing step (a). In some
embodiments, the hypoxic conditions are between approximately 1% - 15% CO2 and
between 0.05% - 20% oxygen tension. In some embodiments, the low serum conditions are

serum free conditions.

[0146] The isolated stem cells used for the methods described herein can be any stem cell
known to those of skill in the art. Non-limiting examples of stem cells include adult stem
cells, embryonic stem cells, embryonic-like stem cells, neural stem cells, or induced

pluripotent stem cells. In some embodiments, the stem cells are mesenchymal stem cells.

[0147] The tangential flow filtration unit can be between about 50 kilodalton and about 750
kilodalton nominal molecular weight limit filtration unit. For example, the tangential flow
filtration unit is about a 100 kilodalton nominal molecular weight limit filtration unit or about
a 300 kilodalton nominal molecular weight limit filtration unit (e.g., Minimate™ Tangential
Flow Filtration Capsules (Pall Corporation, Port Washington, NY, USA) and Pellicon
Ultrafiltration Cassettes (EMD Millipore, Billerica, MA, USA)). In some embodiments, step

(a) of the method disclosed herein is performed using an approximately 200 nanometer filter.

[0148] In some embodiments, step (b) of the method disclosed herein is performed using a

filtration device. For example, the filtration device may be an approximately 100 kilodalton
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nominal molecular weight limit filtration device or an approximately 300 kilodalton nominal

molecular weight limit filtration device.

[0149] In some embodiments, the purified populations of cell-derived vesicles (e.g.,
exosomes and/or microvesicles) of the present disclosure can be isolated from conditioned
media via direct isolation using membrane filtration devices (e.g. VivaSpin Centrifugal
Concentrator, (Vivaproducts, Inc. Littleton, MA, USA)). For example, a 100 — 300 kDa
membrane filtration device used with centrifugal force of 500 — 6000 x g may be used to

perform the methods disclosed herein.

[0150] In some embodiments, the cells are grown in 20% FBS (or 4% hPL) at atmospheric
oxygen percentages (~21% O2) for approximately 24 — 72 hours in order to condition the
media. The conditioned media is then precleared by centrifuging at 500 x g for 10 minutes.
The media can then be cleared again by centrifuging at 2000 x g for 15 minutes. Then the
sample is centrifuged at 17,000 x g for 45 minutes and the resulting pellet is resuspended in a

solution (e.g., PBS).

[0151] In other embodiments, the cells are grown in 20% FBS (or 4% hPL) at atmospheric
oxygen percentages (~21% O2) for approximately 24 — 72 hours in order to condition the
media. The conditioned media is then precleared by centrifuging at 500 x g for 10 minutes.
The media can then be cleared again by centrifuging at 2000 x g for 15 minutes. The
precleared media can then be placed in a TFF filter with 220 nm cutoff size (equivalent to
approximately 2200 kDa) to allow at least a portion of the soluble proteins and smaller cell-
derived vesicles to pass through the filter while keeping larger cell-derived vesicles. The
cell-derived vesicles can then be washed in a sterile solution (e.g., PBS) to diafiltrate the
sample. Then the sample can be further concentrated using a 200 nm filter (e.g., Vivaspin

column (Viva Products, Littleton, MA, USA)).

[0152] In some embodiments, cell-derived vesicles (e.g. exosomes, microvesicles) are
isolated from cells cultured in the presence of high levels of serum, for example, 30% serum,
40% serum, 50% serum, or 60% serum. In other embodiments, the cell-derived vesicles are
isolated from cells cultured in the presence of from about 5% to about 25% serum (e.g.,
FBS). In some embodiments, at least a portion of the serum is substituted with a serum

replacement, for example, a platelet lysate (e.g., human platelet lysate (hPL)). The cell-
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derived vesicles can range in size from about 100 nm to about 1000 nm. The cell-derived
vesicles can be isolated by any method known to those of skill in the art and, in particular,
those described in the present disclosure. In some embodiments, the cell-derived vesicles are
isolated using tangential flow filtration and filters (e.g., a hollow fiber filtration or a cartridge
filter) with size cutoffs to select for a desired microvesicle population, for example, from
about 100 nm to about 1000 nm, about 200 nm to about 900 nm, about 300 nm to about 800
nm, about 400 nm to about 700 nm, about 500 nm to about 600. In some embodiments, the
filters have a cutoff size of about 100 nm, about 200 nm, about 300 nm, about 400 nm, about

500 nm, about 600 nm, about 700 nm, about 800 nm, about 900 nm, or about 1000 nm.

[0153] After isolation, the cell-derived vesicles, e.g., exosomes can be concentrated to
provide a purified population of cell-derived vesicles. Any appropriate method can be used
to concentrate the cell-derived vesicles, e.g. exosomes. Non-limiting examples of such
include centrifugation, ultrafiltration, filtration, differential centrifugation and column
filtration with a 100 kDA to 750 kDa pore size, or either a 100 kDA to 750 kDa pore size. In
some aspects, the pore size of the column is 100 kDA to 300 kDa. Further sub-populations
can be isolated using antibodies or other agents that are specific for a specific marker

expressed by the desired exosome population.

[0154] In some embodiments, the methods disclosed herein further comprise formulating
the purified population of cell-derived vesicles by mixing the population with a carrier and/or
a therapeutic agent such as a pro-angiogenic agent. Non-limiting examples are suitable
carriers are described below. In addition or alternatively, the exosome composition can be
combined with trehalose for enhanced stability, e.g., at a concentration of about 15 nM to
about 50 nM of trehalose in carrier (e.g., PBS), or alternatively about 25 nM of trehalose in
carrier (e.g., PBS). Methods to formulate exosomes with trehalose are described in Bosch et
al. (2016) “Trehaolose prevents aggregation of exosomes and cryodamage” Scientific

Reports 6, Article number 36162, doe:10.1038/srep36162, incorporated herein by reference.
Molecular Composition of Cell-Derived Vesicles

[0155] In some embodiments, the purified populations of cell-derived vesicles (e.g.,
exosomes and/or microvesicles) of the present disclosure comprise proteins, lipids,

metabolites, and/or nucleic acids (FIGS. 22-27). In some embodiments, the cell-derived
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vesicles comprise therapeutic proteins and/or proteins associated with angiogenesis and
immune modulation. In some embodiments, the protein content of the purified populations of
cell-derived vesicles of the present disclosure is greater than the nucleic acid content of the

cell-derived vesicles.

[0156] In some embodiments, the purified populations of cell-derived vesicles (e.g.,
exosomes and/or microvesicles) of the present disclosure may comprise one or more of, or
alternatively two or more of, or alternatively three or more of, or alternatively four or more
of, or alternatively, five or more of, or alternatively six or more of, all of the following non-
limiting examples of exogenous nucleic acids: miR-126, miR-132, miR-150, miR-210, miR-
214, miR-296, and miR-424 (see FIG. 10). Several of the above-listed miRNAs are known in
the art to mediate angiogenesis. The above-listed miRNAs were detected in exosomes and/or
microvesicles of the present disclosure using a Bioanalyzer and qPCR analyses. Bioanalzer
analysis of exosomes demonstrated enrichment for small RNAs including rRNA2 and rRNA1

(see FIG. 10).

[0157] Surprisingly, the relative abundance of proteins in exosomes and/or microvesicles of
the present disclosure was found to far exceed the relative abundance of RNA. This
difference in relative abundance was statistically significant. In some embodiments, the
relative abundance of protein exceeds the relative abundance of nucleic acids in exosomes

and/or microvesicles of the present disclosure.

[0158] In some embodiments, the purified populations of cell-derived vesicles (e.g.,
exosomes and/or microvesicles) of the present disclosure may comprise one or more of, or
alternatively two or more of, or alternatively three or more of, or alternatively four or more
of, or alternatively, five or more of, or alternatively six or more of, or alternatively seven or
more of, or alternatively eight or more of, or alternatively nine or more of, or alternatively ten
or more of, or alternatively all of (and integers therebetween) of the following non-limiting
examples of metabolites: 3,6-anhydro-D-galactose, 4-aminobutyric acid, 5'-deoxy-5'-
methylthioadenosine, S-methoxytryptamine, s-adenosylmethionine, s-adenosylhomocysteine,
adipic acid, aminomalonate, arabinose, aspartic acid, beta-alanine, cholesterol, citric acid,
creatinine, cysteine, cytidine-5-monophosphate, erythritol, fructose, fumaric acid,

galacturonic acid, glucose, glucose-1-phosphate, glucose-6-phosphate, glutamine, glyceric
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acid, glycerol-alpha-phosphate, glycine, guanosine, hexitol, hexuronic acid, inosine,
isohexonic acid, isomaltose, lactamide, lactic acid, lactose, leucine, levoglucosan, maleimide,
malic acid, maltotriose, mannose, methanolphosphate, methionine, N-acetylaspartic acid, N-
acetyl-D-galactosamine, nicotinamide, N-methylalanine, oxoproline, pantothenic acid,
pentadecanoic acid, phenol, putrescine, pyruvic acid, ribitol, ribose, sorbitol, squalene,
succinic acid, threitol, threonic acid, threonine, thymine, trans-4-hydroxyproline, trehalose,
urea, uridine, valine, xylitol, and/or the any of the metabolites listed in Table 3. The above-
listed metabolites were detected in exosomes and/or microvesicles of the present disclosure
using an unbiased metabolomics approach. Several of the above-listed metabolites have been
shown to modulate gene expression via epigenetic methylation marks on histone tails (e.g. S-

adenosylmethionine (SAM) and S-Adenosyl-L-homocysteine (SAH)).

Table 3
Metabolites
glycerol-alpha-
3,6-anhydro-D-galactose phosphate N-methylalanine
4-aminobutyric acid Glycine oxoproline
5'-deoxy-5'-
methylthioadenosine Guanosine pantothenic acid
5-methoxytryptamine Hexitol pentadecanoic acid
adipic acid hexuronic acid phenol
aminomalonate Inosine putrescine
arabinose isohexonic acid pyruvic acid
aspartic acid Isomaltose Ribitol
beta-alanine Lactamide Ribose
cholesterol lactic acid Sorbitol
citric acid Lactose Squalene
creatinine Leucine succinic acid
cysteine Levoglucosan Threitol
cytidine-5-monophosphate Maleimide threonic acid
erythritol malic acid Threonine
fructose Maltotriose Thymine
trans-4-
fumaric acid Mannose hydroxyproline
galacturonic acid methanolphosphate Trehalose
glucose Methionine Urea
glucose-1-phosphate N-acetylaspartic acid Uridine
N-acetyl-D-
glucose-6-phosphate galactosamine Valine
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glutamine Nicotinamide Xylitol
glyceric acid

[0159] In some embodiments, the purified populations of cell-derived vesicles (e.g.,
exosomes and/or microvesicles) of the present disclosure may comprise one or more of, or
alternatively two or more of, or alternatively three or more of, or alternatively four or more
of, or alternatively, five or more of, or alternatively six or more of, or alternatively seven or
more of, or alternatively eight or more of, or alternatively nine or more of, or alternatively ten
or more of, or alternatively all of (and integers therebetween) of the following non-limiting
examples of lipids and membrane components: Ceramide (d32:1), Ceramide (d33:1),
Ceramide (d34:0), Ceramide (d34:1), Ceramide (d34:2), Ceramide (d34:2), Ceramide
(d36:1), Ceramide (d38:1), Ceramide (d39:1), Ceramide (d40:0), Ceramide (d40:1),
Ceramide (d40:2), Ceramide (d41:1), Ceramide (d42:1), Ceramide (d42:2) B, Ceramide
(d44:1), Fatty Acid (20:4), Fatty Acid (22:0), Fatty Acid (22:6), Fatty Acid (24:0), Fatty Acid
(24:1), glucosylceramides (d40:1), glucosylceramides (d41:1), glucosylceramides (d42:1),
glucosylceramides (d42:2), Lysophosphatidylcholines (16:0), Lysophosphatidylcholines
(18:0) A, Lysophosphatidylcholines (18:1), lysophosphatidylethanolamine (20:4),
Phosphatidylcholines (32:1), Phosphatidylcholines (33:1), Phosphatidylcholines (34:0),
Phosphatidylcholines (34:1), Phosphatidylcholines (34:2), Phosphatidylcholines (35:2),
Phosphatidylcholines (36:1), Phosphatidylcholines (36:2), Phosphatidylcholines (36:3),
Phosphatidylcholines (38:2), Phosphatidylcholines (38:3), Phosphatidylcholines (38:5),
Phosphatidylcholines (38:6), Phosphatidylcholines (40:5), Phosphatidylcholines (40:6),
Phosphatidylcholines (40:7), Phosphatidylcholines (p-34:0), Phosphatidylcholines (0-34:1),
Phosphatidylethanolamines (34:1), Phosphatidylethanolamines (34:2),
Phosphatidylethanolamines (36:3), Phosphatidylethanolamines (36:4),
Phosphatidylethanolamines (38:4), B Phosphatidylethanolamines (38:6),
Phosphatidylethanolamines (p-34:1), Phosphatidylethanolamines (0-34:2),
Phosphatidylethanolamines (p-36:1), Phosphatidylethanolamines (0-36:2),
Phosphatidylethanolamines (p-36:4), Phosphatidylethanolamines (0-36:5),
Phosphatidylethanolamines (p-38:4), Phosphatidylethanolamines (0-38:5),
Phosphatidylethanolamines (p-38:5), Phosphatidylethanolamines (0-38:6),
Phosphatidylethanolamines (p-38:6), Phosphatidylethanolamines (0-38:7),
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Phosphatidylethanolamines (p-40:4), Phosphatidylethanolamines (0-40:5),
Phosphatidylethanolamines (p-40:5), Phosphatidylethanolamines (0-40:6),
Phosphatidylethanolamines (p-40:6), Phosphatidylethanolamines (0-40:7),
Phosphatidylethanolamines (p-40:7), Phosphatidylethanolamines (0-40:8), Sphingomyelin
(d30:1), Sphingomyelin (d32:0), Sphingomyelin (d32:2), Sphingomyelin (d33:1),
Sphingomyelin (d34:0), Sphingomyelin (d36:1), Sphingomyelin (d36:2), Sphingomyelin
(d38:1), Sphingomyelin (d40:1), Sphingomyelin (d40:2), Sphingomyelin (d41:1),
Sphingomyelin (d41:2), Sphingomyelin (d42:2), B Sphingomyelin (d42:3). The above-listed
lipid and membrane components were detected in exosomes and/or microvesicles of the
present disclosure using an unbiased lipidomics approach (see FIG. 11 and Table 4). Several
of the above-listed lipids have been shown to have therapeutic effects in multiple model

systems (e.g. sphingomyelin and phosphatidlycholines).

Table 4

Lipid Membrane Components

Ceramide (d32:1)
Ceramide (d33:1)
Ceramide (d34:0)
Ceramide (d34:1)
Ceramide (d34:2)
Ceramide (d34:2)
Ceramide (d36:1)
Ceramide (d38:1)
Ceramide (d39:1)
Ceramide (d40:0)
Ceramide (d40:1)
Ceramide (d40:2)
Ceramide (d41:1)
Ceramide (d42:1)

Ceramide (d42:2) B

Ceramide (d44:1)
Fatty Acid (20:4)
Fatty Acid (22:0)
Fatty Acid (22:6)

Fatty Acid (24:0)

Phosphatidylcholines (32:1)
Phosphatidylcholines (34:0)
Phosphatidylcholines (34:1)
Phosphatidylcholines (34:2)
Phosphatidylcholines (35:2)
Phosphatidylcholines (36:1)
Phosphatidylcholines (36:2)
Phosphatidylcholines (36:3) B
Phosphatidylcholines (38:2)
Phosphatidylcholines (38:3)
Phosphatidylcholines (38:5) A
Phosphatidylcholines (38:6)
Phosphatidylcholines (40:5) A
Phosphatidylcholines (40:6) B
Phosphatidylcholines (40:7)
Phosphatidylcholines (p-34:0)
Phosphatidylethanolamines
(34:1)
Phosphatidylethanolamines
(34:2)
Phosphatidylethanolamines
(36:3)
Phosphatidylethanolamines
(36:4)

-63-



WO 2018/226758 PCT/US2018/036149

Phosphatidylethanolamines

Fatty Acid (24:1) (38:4)B
Phosphatidylethanolamines
glucosylceramides (d40:1) (38:0)
Phosphatidylethanolamines (p-
glucosylceramides (d41:1) 34:1)
Phosphatidylethanolamines (p-
glucosylceramides (d42:1) 36:1)
Phosphatidylethanolamines (p-
glucosylceramides (d42:2) 36:4)

Lysophosphatidylcholines (16:0)  Sphingomyelin (d30:1)
Lysophosphatidylcholines (18:0)

A Sphingomyelin (d32:0)
Lysophosphatidylcholines (18:1)  Sphingomyelin (d32:2)
lysophosphatidylethanolamine

(20:4) Sphingomyelin (d33:1)
Phosphatidylethanolamines (p-

38:4) Sphingomyelin (d34:0)
Phosphatidylethanolamines (p-

38:5) Sphingomyelin (d36:1)
Phosphatidylethanolamines (p-

38:6) Sphingomyelin (d36:2)
Phosphatidylethanolamines (p-

40:4) Sphingomyelin (d38:1)
Phosphatidylethanolamines (p-

40:5) Sphingomyelin (d40:1)
Phosphatidylethanolamines (p-

40:6) Sphingomyelin (d40:2) A
Phosphatidylethanolamines (p-

40:7) Sphingomyelin (d41:1)
Sphingomyelin (d42:2) B Sphingomyelin (d41:2)

Sphingomyelin (d42:3)

[0160] In some embodiments, the purified populations of cell-derived vesicles (e.g.,
exosomes and/or microvesicles) of the present disclosure may comprise one or more of, or
alternatively two or more of, or alternatively three or more of, or alternatively four or more
of, or alternatively, five or more of, or alternatively six or more of, or alternatively seven or
more of, or alternatively eight or more of, or alternatively nine or more of, or alternatively ten
or more of, or alternatively all of (and integers therebetween) of the following non-limiting
examples of exosome-associated proteins: CD9, HSPA8, PDCD6IP, GAPDH, ACTB,
ANXA2, CD63, SDCBP, ENO1, HSP90AA1, TSG101, PKM, LDHA, EEF1A1, YWHAZ,
PGK1, EEF2, ALDOA, ANXAS, FASN, YWHAE, CLTC, CD81, ALB, VCP, TPI1, PPIA,
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MSN, CFL1, PRDX1, PFN1, RAP1B, ITGB1, HSPAS, SLC3A2, GNB2, ATP1A1, WHAQ,
FLOTI, FLNA, CLIC1, CDC42, CCT2, A2M, YWHAG, RAC1, LGALS3BP, HSPAIA,
GNAI2, ANXA1, RHOA, MFGES, PRDX2, GDI2, EHD4, ACTN4, YWHAB, RAB7A,
LDHB, GNAS, TFRC, RAB5C, ANXA6, ANXA11, KPNB1, EZR, ANXA4, ACLY,
TUBAI1C, RAB14, HIST2H4A, GNB1, UBA1, THBS1, RAN, RAB5A, PTGFRN, CCTS5,
CCT3, BSG, RAB5B, RAB1A, LAMP2, ITGA6, GSN, FN1, YWHAH, TKT, TCP1, STOM,
SLC16A1, RAB8A, and/or the proteins listed in Table 5. The above-listed proteins were
detected in exosomes and/or microvesicles of the present disclosure via gas chromatography

and mass spectrometry analysis.

Table 5

Exosome Marker Proteins
CD9 ALB LGALS3BP RAB14
HSPAS VCP HSPAITA HIST2H4A
PDCD6IP TPI1 GNAI2 GNBI1
GAPDH PPIA ANXAI1 UBAI
ACTB MSN RHOA THBS1
ANXA2 CFL1 MFGES RAN
CD63 PRDX1 PRDX2 RABSA
SDCBP PFN1 GDI2 PTGFRN
ENO1 RAPIB EHD4 CCTS5

HSPS90OAAT ITGBI1 ACTN4 CCT3
TSG101 HSPAS  YWHAB BSG

PKM SLC3A2 RAB7A RABSB
LDHA GNB2 LDHB RABIA
EEF1A1 ATPIA1 GNAS LAMP2
YWHAZ YWHAQ TFRC ITGA6
PGK1 FLOTI RABSC GSN
EEF2 FLNA ANXA6 FNI
ALDOA CLIC1 ANXAI1I YWHAH
ANXAS CDC42  KPNBI TKT
FASN CCT2 EZR TCP1
YWHAE A2M ANXA4 STOM
CLTC YWHAG ACLY SLC16A1
CDS81 RACI1 TUBAIC RABSA

[0161] In some embodiments, the purified populations of cell-derived vesicles (e.g.,
exosomes and/or microvesicles) of the present disclosure may comprise one or more of, or
alternatively two or more of, or alternatively three or more of, or alternatively four or more

of, or alternatively, five or more of, or alternatively six or more of, or alternatively seven or
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more of, or alternatively eight or more of, or alternatively nine or more of, or alternatively ten
or more of, or alternatively all of (and integers therebetween) of the following non-limiting
examples of distinctive proteins which include proteins not previously associated with
exosome identity: FN1, EDIL3 ,TF, ITGB1, VCAN, ANXA2, MFGES, TGB1, TGFB2,
TGFBRI1, TGBFR2, TGFBI, TGFBRAP1, BASP1, COL1, COL6, GAPDH, ITGA3, FBN1,
ITGAV, ITGB5, NOTCH2, SDCBP, HSPA2, HSPAS, NT5E, MRGPRF, RTN4, NEFM,
INA, NRP1, HSPA9, FBN1, BSG, PRPH, FBLN1, PARP4, FLNA, YBXI, EVA1B,
ADAM10, HSPG2, MCAM, POSTN, GNB2, GNB1, ANPEP, ADAMY, ATP1A1, CSPG4,
EHD2, PXDN, SERPINE2, CAV1, PKM, GNB4, NPTN, CCT2, LGALS3BP, and MVP.
The above-listed proteins were detected in exosomes and/or microvesicles of the present

disclosure via gas chromatography and mass spectrometry analysis.

[0162] In some embodiments, the purified populations of cell-derived vesicles (e.g.,
exosomes and/or microvesicles) of the present disclosure may comprise one or more of, or
alternatively two or more of, or alternatively three or more of, or alternatively four or more
of, or alternatively, five or more of, or alternatively six or more of, or alternatively seven or
more of, or alternatively eight or more of, or alternatively nine or more of, or alternatively ten
or more of, or alternatively all of (and integers therebetween) of the following non-limiting
examples of proteins associated with angiogenesis: FBLN2, TIMP1, NID1, IGFBP3, LTBP1,
DUSP3, ITGAV, LAMAS, COL1A1, NOTCH2, NRG1, ERBB2, COL4A2, LDLR, TSB,
MMP2, TIMP2, TPI1, ACVRIB, INHBA , EGFR, APH1A, NCSTN, TGFB2, SPARC,
TGFB1, F2, SERPINE1, SDC4, SDC3, ACAN, IF116, MMP14, PLAT, COL18A1,
NOTCH3, DSP, PKP4, SERPINE2, SRGN, NRP2, EPHA2, ITGAS5, NRP1, PLAU,
SERPINB6, CLEC3B, CD47, SDC1, PSMA7, ENG, S100A13, TIMP3, TMED10, TGFBL
CTGF, DCN, ITGB3, PDGFRA, JAG1, TGFBR2, PLAUR, PDGFRB, FYN, THY 1, HSPG2,
TENC1, TGFBR1, PLXNAI, LRP1, STATI, CXCL12, VCAN, MET, FN1, CD36, STAT3,
THBS1, FGFR1, GRB14, FGB, API5, HAPLN1, RECK, LAMC1, CYR61, GPC1, IGFBP4,
ITGA4, MFAP2, SDC2, EFNB2, FGA, PLXND1, ADAM17, ADAM9, ANPEP, EPHBI,
PPP2R5D, ANTXR2, IGFBP7, COL6A3, LAMB3, ADAMTS1, ADAM10, A2M, EFNBI,
ITGA3, CLU, KHSRP, and EFEMP1 (Table 6). The above-listed proteins were detected in
exosomes and/or microvesicles of the present disclosure via gas chromatography and mass

spectrometry analysis.
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Table 6
Angiogenic Proteins

FBLN2 SDC4 CTGF HAPLNI1
TIMP1 SDC3 DCN RECK
NIDI ACAN ITGB3 LAMCI1
IGFBP3 IFI16 PDGFRA CYR61
LTBPI MMP14 JAGI GPCl1
DUSP3 PLAT TGFBR2 IGFBP4
ITGAV COL18A1 PLAUR ITGA4
LAMAS NOTCH3 PDGFRB MFAP2
COL1Al DSP FYN SDC2
NOTCH2 PKP4 THY1 EFNB2
NRGl1 SERPINE2 HSPG2 FGA
ERBB2 SRGN TENC1 PLXND1
COL4A2 NRP2 TGFBRI1 ADAM17
LDLR EPHA2 PLXNA1 ADAM9
CTSB ITGAS LRP1 ANPEP
MMP2 NRP1 STATI1 EPHBI1
TIMP2 PLAU CXCL12 PPP2R5D
TPI1 SERPINB6 VCAN ANTXR2
ACVRI1B CLEC3B MET IGFBP7
INHBA CD47 FN1 COLO6A3
EGFR SDC1 CD36 LAMB3
APHIA PSMA7 STAT3 ADAMTSI
NCSTN ENG THBS1 ADAMI10
TGFB2 S100A13 FGFR1 A2M
SPARC TIMP3 GRB14 EFNBI1
TGFB1 TMEDI10 FGB ITGA3

[0163] In some embodiments, the purified populations of cell-derived vesicles (e.g.,
exosomes and/or microvesicles) of the present disclosure may comprise one or more of, or
alternatively two or more of, or alternatively three or more of, or alternatively four or more
of, or alternatively, five or more of, or alternatively six or more of, or alternatively seven or
more of, or alternatively eight or more of, or alternatively nine or more of, or alternatively ten
or more of, or alternatively all of (and integers therebetween) of the following non-limiting
examples of proteins associated with immune modulation: TGFBI, TGFB1, TGFBR2,
TGFBRI1, TGFB2, TGFBRAP1, ADAM17, ARG1, CD274, EIF2A, EPHB2, HLA-DRA,
ELAVLI1, IRAKI1, LGALSI, PSME4, STATI, and STAT3 (Table 7). The above-listed
proteins were detected in exosomes and/or microvesicles of the the present disclosure via gas

chromatography and mass spectrometry analysis.
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Table 7

Immune Modulatory
Proteins
TGFBI
TGFBI1
TGFBR2
TGFBR1
TGFB2
TGFBRAP1
ADAM17
ARGI
CD274
EIF2A
EPHB2
HLA-DRA
ELAVLI1
IRAK1
LGALSI1
PSMEA4
STATI
STAT3

[0164] In some embodiments, the purified populations of cell-derived vesicles (e.g.,
exosomes and/or microvesicles) of the present disclosure may comprise one or more of, or
alternatively two or more of, or alternatively three or more of, or alternatively four or more
of, or alternatively, five or more of, or alternatively six or more of, or alternatively seven or
more of, or alternatively eight or more of, or alternatively nine or more of, or alternatively ten
or more of, or alternatively all of (and integers therebetween) of the following non-limiting
examples of therapeutic proteins: EDIL3, TF, ITGB1, ANXA2, MFGES, TGB1, TGBFR2,
BASPI1, COL1, COL6, GAPDH, FBN1, ITGB5, SDCBP, HSPA2, HSPAS, NT5E,
MRGPRF, RTN4, NEFM, INA, HSPA9, FBN1, BSG, PRPH, FBLN1, PARP4, FLNA,
YBX1, EVA1B, MCAM, POSTN, GNB2, GNB1, ATP1A1, CSPG4, EHD2, PXDN, CAV],
PKM, GNB4, NPTN, CCT2, LGALS3BP, and MVP( Table 8). The above-listed proteins
were detected in exosomes and/or microvesicles of the present disclosure via gas

chromatography and mass spectrometry analysis.

Table 8

Therapeutic
Proteins

-68-



WO 2018/226758 PCT/US2018/036149

EDIL3 HSPAS MCAM

TF NTSE POSTN

ITGBI1 MRGPRF GNB2

ANXA2 RTN4 GNB1

MFGE8 NEFM ATPIAI

TGBI1 INA CSPG4

TGBFR2 HSPA9 EHD2

BASP1 FBN1 PXDN

COL1 BSG CAV1

COL6 PRPH PKM

GAPDH FBLNI1 GNB4

FBNI1 PARP4 NPTN

ITGBS FLNA CCT2

SDCBP  YBXI1 LGALS3BP

HSPA2 EVAIB MVP

[0165] In some embodiments, the purified populations of cell-derived vesicles (e.g.,
exosomes and/or microvesicles) of the present disclosure may comprise one or more of, or
alternatively two or more of, or alternatively three or more of, or alternatively four or more
of, or alternatively, five or more of, or alternatively six or more of, or alternatively seven or
more of, or alternatively eight or more of, or alternatively nine or more of, or alternatively ten
or more of, or alternatively all of (and integers therebetween) of the following non-limiting
examples of inflammation-related proteins: SERPINE1, ADAM17, ARG1, CD274, EIF2A,
EPHB2, HLA-DRA, ELAVLI, IRAK1, LGALS1, PSME4, STATI1, STAT3, TGFBI,
TGFB2, TGFBRI1, TGFBR2, TGFBI, FBN1, HSP90AB1, SDCBP, LTBPI, JAK],
PIK3C2A, GRB2, HRAS, RAF1, MAP2K 1, MAPK3, TYK2, CRIP2, IL6ST, JAK2,
SQSTM1, DDX3X, PRMT5, SLC9A3R1, XPO1, TRAF3IP2, SPAGY, DIAPHI, CCDC22,
PDCD6, PRPF40A, STAM2, TRIO, ERLIN2, AP2A2, MPZL1, AP2A1, EGFR, LMNA,
EIF2S1, FYN, CDK1, NPM1, LYN, THBS1, ANXAS5, RRAS, PCNA, SRC, XRCCS,
HNRNPL, H2AFX, PRKCA, DDX5, PLCG1, FLNA, UBA1, S100A1, RPS3, SP100,
AHCY, CFL1, F2R, RPA1, APEX1, MAPK 1, EPHA2, PPP2R1A, PIF, PHB, NF2,
LRPPRC, MSH2, CBXS, IQGAP1, TMED10, DNM2, VCP, EIF3B, EIF3E, ACTB, RPL26,
SUMO2, PPP1CA, RAP1A, RAC1, AP2B1, PPP2CA, CSNK2A1, SIRPA, DAB2, CDKS5,
CLTC, CAV1, PRDXI, C1QBP, SREBF2, TRO, CHD3, TRIM28, SF3B2, ADAMDO,
ADAMI15, PIN1, RIPK 1, HDAC1, CUL2, EIF3A, FHL2, SMC1A, KPNB1, TMED2,

SEC23B, CPSF6, WLS, DAB2IP, MICAL3, HUWE1, ABI1, RPTOR, CCAR2, COMMDI,
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ARFGAP1, HSPH1, HDAC2, DDX17, RAD50, UPF1, COPS5, USP7, RHBDF1, AP2MI,
EIF3C, PHB2, MAP1LC3B, SPNS1, PTPN23, CBX8, PDLIM7, DACT1, NXF1, MYO6,
PA2G4, RUVBLI1, THRAP3, ACOT9, CD2AP, and RBMS8A. The above-listed proteins
were detected in exosomes and/or microvesicles of the present disclosure via gas

chromatography and mass spectrometry analysis.

[0166] In some embodiments, the purified populations of cell-derived vesicles (e.g.,
exosomes and/or microvesicles) of the present disclosure may comprise one or more of, or
alternatively two or more of, or alternatively three or more of, or alternatively four or more
of, or alternatively, five or more of, or alternatively six or more of, or alternatively seven or
more of, or alternatively eight or more of, or alternatively nine or more of, or alternatively ten
or more of, or alternatively all of (and integers therebetween) of the following non-limiting
examples of canonical inflammation-related proteins: SERPINE1, ADAM17, ARG1, CD274,
EIF2A, EPHB2, HLA-DRA, ELAVL1, IRAK1, LGALS1, PSME4, STAT1, STAT3,
TGFB1, TGFB2, TGFBR1, TGFBR2, TGFBI, FBN1, HSPOOAB1, SDCBP, LTBP1, JAK]I,
PIK3C2A, GRB2, HRAS, RAF1, MAP2K 1, MAPK3, TYK2, STAT3, STATI, STAT3,
CRIP2, IL6ST, JAK2, CD274, and SQSTM1. The above-listed proteins were detected in
exosomes and/or microvesicles of the present disclosure via gas chromatography and mass

spectrometry analysis.

[0167] In further embodiments, the purified populations express one or more combinations

of the above.
Formulations and Pharmaceutical Compositions

[0168] The present disclosure provides purified populations of cell-derived vesicles (e.g.,
exosomes and/or microvesicles). In some embodiments, the population of cell-derived
vesicles is substantially homogeneous. In other embodiments, the population of cell-derived

vesicles is heterogeneous.

[0169] In some embodiments, the substantially homogeneous population is a purified
population where at least 90% of the cell-derived vesicles have a diameter of less than 100
nm as determined by a NanoSight LM10HS (available from Malvern Instruments Ltd,
Amesbury, MA, USA).
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[0170] In some embodiments, the concentration of cell-derived vesicles in the population
comprises between about 0.5 micrograms and 100 micrograms of exosome and/or
microvesicle protein collected per approximately 10° cells as determined by DC assay
(Biorad, Hercules, CA, USA). In some embodiments, the concentration of cell-derived
vesicles in the population comprises between about 100 micrograms and 5000 micrograms of
exosome and/or microvesicle protein collected per approximately 10° cells. In other
embodiments, the concentration of cell-derived vesicles in the population comprises between
about 100 micrograms and 500 micrograms of exosome and/or microvesicle protein collected
per approximately 10° cells. In other embodiments, the concentration of cell-derived vesicles
in the population comprises between about 500 micrograms and 1000 micrograms of
exosome and/or microvesicle protein collected per approximately 10° cells. In other
embodiments, the concentration of cell-derived vesicles in the population comprises between
about 1000 micrograms and 5000 micrograms of exosome and/or microvesicle protein
collected per approximately 10° cells. In other embodiments, the concentration of cell-
derived vesicles in the population comprises between about 40 micrograms and 100
micrograms of exosome and/or microvesicle protein collected per approximately 10° cells. In
other embodiments, the concentration of cell-derived vesicles in the population comprises
less than about 300 micrograms of cell-derived vesicles protein collected per approximately
10° cells. In other embodiments, the concentration of cell-derived vesicles in the population
comprises less than about 200 micrograms of cell-derived vesicles protein collected per
approximately 10° cells. In other embodiments, the concentration of cell-derived vesicles in
the population comprises between about 10 micrograms and 40 micrograms of exosome
and/or microvesicle protein collected per approximately 10° cells. In yet other embodiments,
the concentration of cell-derived vesicles in the population comprises less than about 30
micrograms of cell-derived vesicles protein collected per approximately 10° cells. In yet
other embodiments, the concentration of cell-derived vesicles in the population is less than

about 20 micrograms per 10° cells.

[0171] The purified populations of cell-derived vesicles can be purified on the basis of
average size of the cell-derived vesicles in the composition. Without being bound by theory,
it is contemplated that the different sized cell-derived vesicles may contain different types

and/or amounts of nucleic acids, protein, lipids, and other components. As such, it is
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contemplated that compositions comprising cell-derived vesicles of an average size may have
a different therapeutic efficacy as compared to a composition comprising cell-derived
vesicles of a different average size. In some embodiments, the average diameter of the cell-
derived vesicles in the population is between about 0.1 nm and about 1000 nm. In other
embodiments, the average diameter of the cell-derived vesicles in the population is between
about 2 nm and about 200 nm. In other embodiments, the average diameter of the cell-
derived vesicles in the population is less than 100 nm. In yet other embodiments, the average
diameter of the cell-derived vesicles in the population is less than 50 nm. In still other
embodiments, the average diameter of the cell-derived vesicles in the population is less than

about 40 nm.

[0172] The compositions disclosed herein may further comprise a carrier, for example, a
pharmaceutically acceptable carrier. In some embodiments, more than one pharmaceutically
acceptable carrier can be used. Any pharmaceutically acceptable carrier known to those of

skill in the art can be used.

[0173] In some embodiments, the pharmaceutically acceptable carrier is a preservative, for

example, a polymeric preservative or a stabilizing agent.

[0174] In some embodiments, the pharmaceutically acceptable carrier is selected from the
group consisting of a polyethylene glycol (PEG)( e.g., PEG 150 Distearate), honey, a large
molecular weight protein (e.g., bovine serum albumin or soy protein), polyvinyl alcohol,
glyceryl monostearate, hyaluronic acid, glycerin, preferably vegetable-derived, proteins,
preferably hydrolyzed proteins, (e.g., soy protein and silk protein), vasoline, citrosept,
parabens, xanthan gum, i-carregaan, phytagel, Carbopol® polymers, and polyvinyl

pyrrolidone.

[0175] In some embodiments, exosomes are preserved in serum albumin. Non-limiting
examples of serum albumins appropriate for preservation of exosomes include bovine serum

albumin (BSA), human serum albumin (HSA), ovalbumin (OVA), and lactalbumin.

[0176] Biocompatible gelation agents include thermosensitive sol-gel reversible hydrogels
such as aqueous solutions of poloxamers. In one aspect, the poloxamer is a nonionic triblock

copolymer composed of a central hydrophobic chain of polyoxypropylene (e.g.,
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(poly(propylene oxide)) flanked by two hydrophilic chains of polyoxyethylene (e.g.,

poly(ethylene oxide)). In one aspect, poloxamer has the formula
HO(C,H40)(C5H60)a(C,H40),OH

[0177] wherein a is from 10 to 100, 20 to 80, 25 to 70, or 25 to 70, or from 50 to 70; b is
from 5 to 250, 10 to 225, 20 to 200, 50 to 200, 100 to 200, or 150 to 200. In another aspect,
the poloxamer has a molecular weight from 2,000 to 15,000, 3,000 to 14,000, or 4,000 to
12,000. Poloxamers useful herein are sold under the tradename Pluronic® manufactured by
BASF. Non-limiting examples of poloxamers useful herein include, but are not limited to,

Pluronic® F68, P103, P105, P123, F127, and L121.

[0178] In one aspect, the biocompatible gelation agent is an agent that is liquid prior to
application to a subject (e.g., at room temperature or colder) and becomes a gel after
application to the subject (e.g., at body temperature). In one embodiment, the biocompatible

gelation agent is a hydrogel.

[0179] In another aspect, disclosed herein is a composition comprising exosomes and/or
microvesicles and a poloxamer wherein the composition is in a sol (liquid) phase at about 0
°C to about 20 °C and transitions a gel (solid) phase at or near the body temperature or higher,

such as about 25 °C to about 40 °C, or about 30 °C to about 37 °C.

[0180] In some aspects, the pharmaceutically acceptable carrier is a pharmaceutically
acceptable aqueous carrier such as water or an aqueous carrier. Examples of
pharmaceutically acceptable aqueous carrier include sterile water, saline, phosphate buffered
saline, aqueous hyaluronic acid, Ringer’s solution, dextrose solution, Hank’s solution, and
other aqueous physiologically balanced salt solutions. In some embodiments, the

pharmaceutically acceptable aqueous carrier is Normosol™-R.

[0181] Nonaqueous pharmaceutically acceptable carriers include, fixed oils, vegetable oils
such as olive oil and sesame oil, triglycerides, propylene glycol, polyethylene glycol, and

injectable organic esters such as ethyl oleate can also be used.

[0182] Pharmaceutically acceptable carrier can also contain minor amounts of additives,
such as substances that enhance isotonicity, chemical stability, or cellular stability. Examples

of buffers include phosphate buffer, bicarbonate buffer and Tris buffer, while examples of
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preservatives include thimerosol, cresols, formalin and benzyl alcohol. In certain aspects, the
pH can be modified depending upon the mode of administration. In some aspect, the

composition has a pH in the physiological pH range, such as pH 7 to 9.

[0183] In one aspect, depending on the type of a pharmaceutically acceptable carrier used,
the compositions described herein can comprise about 0.1-100%, 0.1-50%, or 0.1-30%, such
as 0.1 %, 0.25 %, 0.5 %, 0.75%, 1 %, 2 %, 5%, 7 %, 10 %, 15 %, 20 %, 25 %, 30 %, 40 %,
45% ,50% 55 %, 60 % ,65%,70% 75 %, 80 %, 85 %, 90 % or 95 % of the
pharmaceutically acceptable carrier used in the total weight of the composition, or any range

between two of the numbers (end point inclusive).

[0184] In some embodiments, any one of the above listed pharmaceutically acceptable

carriers is expressly excluded.

[0185] In some embodiments, the compositions disclosed herein may further comprise one
or more neurotrophic factors. In some aspects, the neurotrophic factors are selected from
BDNF, NGF, Neurotrophin-3, CTNF, GDNF, FGF, IGF, HGF, Noggin, and T3. In some
aspects, the proteins are recombinant. In some aspects, the neurotrophic factor is about 1 to
10 ng/mL, or alternatively 5 to 20 ng/mL, or alternatively 5 to 30 ng/mL, or alternatively 5 to
40 ng/mL, or alternatively 5 to 50 ng/mL, or alternatively 5 to 100 ng/mL, or alternatively 5
to 250 ng/mL, or alternatively 5 to 500 ng/mL, or alternatively 25 to 75 ng/mL, or
alternatively 50 to 100 ng/mL, or alternatively 100 to 500 ng/mL, or or alternatively 100
ng/mL to 1 pg/mL. In particular aspects, the factor is about 10 ng/mL, or alternatively about
15 ng/mL, or alternatively about 20 ng/mL, or alternatively about 25 ng/mL, or alternatively
about 30 ng/mL, or alternatively about 40 ng/mL, or alternatively about 50 ng/ml, or
alternatively about 100 ng/mL, or alternatively about 200 ng/mL, or alternatively about 250
ng/mL, or alternatively about 300 ng/mL, or alternatively about 400 ng/mL, or alternatively
about 500 ng/mL, or alternatively about 1 ug/mL. Preferably, the neurotrophic factor is about
10 to about 1000 ng/mL.

[0186] In some embodiments, the cell-derived vesicles described herein are frozen (e.g.,
snap-frozen) or freeze-dried (e.g., lyophilized) to promote stability, preserve activity and
increase shelf-life. One skilled in the art would understand how to reconstitute the

lyophilized product before use.
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[0187] In some embodiments, the populations of cell-derived vesicles described herein are
used immediately after isolation. In other embodiments, the populations of cell-derived
vesicles are cryopreserved (e.g. frozen), for example, using any cryopreservation techniques
well-known to those skilled in the art. In some embodiments, all or substantially of the cells
and/or cellular debris are removed from the culture medium prior to cryopreservation. In
some embodiments, all or substantially of the cells and/or cellular debris are removed from

the culture medium after cryopreservation.
Applications and Uses

[0188] The populations of cell-derived vesicles described herein can be used in numerous
medial applications including for promoting angiogenesis, treating peripheral arterial disease
or stroke, treating a disease or condition involving an inflammatory response or related to

inflammation, and treating a dermal wound in a subject.

[0189] In one aspect, the disclosure is related to treating a disease or condition involving an
inflammatory response or related to inflammation in a subject in need thereof, the method
comprising administering to the subject a purified population of cell-derived vesicles,
wherein the population is purified from a population of stem cells cultured under conditions
of hypoxia and low serum, and optionally wherein the cell-derived vesicles comprise
exosomes and/or microvesicles. In one aspect, the inflammatory disease or condition is
selected from multiple sclerosis, primary and secondary progressive multiple sclerosis,
relapsing remitting multiple sclerosis, radiation-induced soft tissue damage, fralility, a
neuroinflammatory disease, muscle injuries, radiation tissue damage, stroke, brain
inflammatory disease, traumatic brain injury, myocardial infarction, graft versus host disease,
Parkinson’s disease, Alzheimer’s, inflammatory bowel disease, Huntington’s disease,
amyotrophic lateral sclerosis, Bahcet’s disease, sarcopenia, aging, spinal cord injury, wound
repair, or dysphagia, and optionally wherein the disease or condition excludes stroke. In a
further aspect the treatment excludes prophylaxis. In a further aspect, the treatment is only

prophylaxis. In a further aspect, the treatment is prophylaxis or treatement.

[0190] In a further aspect, the inflammatory disease or condition is selected from multiple
sclerosis, progressive multiple sclerosis, or relapsing remitting multiple sclerosis. Methods

for determining clinical efficacy are described herein and known in the art, e.g., see
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2618 The subject may be a mammal, for example, a human or non-human mammals such as
a bovine, an ovine, or a porcine. In preferred embodiments, the subject is a human patient. In
a further aspect, the subject has been selected for the therapy by diagnostic criteria as

determined by the treating physician or health care professional.

[0191] In one aspect, provided herein are methods for promoting angiogenesis in a subject
in need thereof comprising administering to the subject the purified population or an effective
amount of the population and/or a composition described herein. In some embodiments, the
subject is administered at least one dose of between approximately 0.1 mg and 200 mg of
cell-derived vesicle protein. In some embodiments, the subject is administered at least one
dose of between approximately 0.1 mg and 1000 mg of cell-derived vesicle protein. In other
embodiments, the subject is administered at least one dose of approximately 50 mg of cell-
derived vesicle protein. In some embodiments, the compositions of cell-derived vesicles are
administered prior to or after administration of an isolated stem cell. In other embodiments,
the compositions of cell-derived vesicles are administered simultaneously with an isolated
stem cell. The compositions herein can be administered to the subject by any method known
by those of skill in the art. In some embodiments, the compositions are administered by
intravenous injection, intrathecal injection, direct injection, intramuscular injection,

intracranial injection, or topically.

[0192] In one aspect, provided herein are methods for treating peripheral arterial disease or
stroke in a subject in need thereof comprising administering to the subject the purified
population or an effective amount of the population and/or a composition described herein.

In some embodiments, the subject is administered at least one dose of between approximately
0.1 mg and 200 mg of cell-derived vesicle protein. In some embodiments, the subject is
administered at least one dose of between approximately 0.1 mg and 1000 mg of cell-derived
vesicle protein. In other embodiments, the subject is administered at least one dose of

approximately 50 mg of cell-derived vesicle protein. In some embodiments, the
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compositions of cell-derived vesicles are administered prior to or after administration of an
isolated stem cell. In other embodiments, the compositions of cell-derived vesicles are
administered simultaneously with an isolated stem cell. The compositions herein can be
administered to the subject by any method known by those of skill in the art. In some
embodiments, the compositions are administered by intravenous injection, intrathecal
injection, direct injection, intrathecal injection, intramuscular injection, intracranial injection,
or topically. In some embodiments, the compositions herein can be administered to a subject
that has suffered a stroke within 24 hours following the stroke event. In other embodiments,
the compositions herein can be administered to a subject that has suffered from a stroke about
24 — 48 hours following the stroke event. In other embodiments, the compositions herein can
be administered to a subject that has suffered a stroke within about 48 — 72 hours following
the stroke event. In other embodiments, compositions herein can be administered to a subject

that has suffered a stroke within about 72 — 96 hours following the stroke event.

[0193] In one aspect, provided herein are methods for treating a dermal wound in a subject
in need thereof comprising administering to the subject the purified population or an effective
amount of the population and/or a composition described herein. In some embodiments, the
subject is administered at least one dose of between approximately 0.1 mg and 200 mg of
cell-derived vesicle protein. In some embodiments, the subject is administered at least one
dose of between approximately 0.1 mg and 1000 mg of cell-derived vesicle protein. In other
embodiments, the subject is administered at least one dose of approximately 50 mg of cell-
derived vesicle protein. In some embodiments, the compositions of cell-derived vesicles are
administered prior to or after administration of an isolated stem cell. In other embodiments,
the compositions of cell-derived vesicles are administered simultaneously with an isolated
stem cell. The compositions herein can be administered to the subject by any method known
by those of skill in the art. In some embodiments, the compositions are administered by
intravenous injection, intrathecal injection, direct injection, intramuscular injection,

intracranial injection, or topically.

[0194] In one aspect, provided herein are methods for treating a disease or condition
involving an inflammatory response or related to inflammation in a subject in need thereof
comprising administering to the subject the purified population or an effective amount of the

population and/or a composition described herein. In some embodiments, the subject is
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administered at least one dose of between approximately 0.1 mg and 200 mg of cell-derived
vesicle protein. In some embodiments, the subject is administered at least one dose of
between approximately 0.1 mg and 1000 mg of cell-derived vesicle protein. In other
embodiments, the subject is administered at least one dose of approximately 50 mg of cell-
derived vesicle protein. In some embodiments, the compositions of cell-derived vesicles are
administered prior to or after administration of an isolated stem cell. In other embodiments,
the compositions of cell-derived vesicles are administered simultaneously with an isolated
stem cell. The compositions herein can be administered to the subject by any method known
by those of skill in the art. In some embodiments, the compositions are administered by
intravenous injection, intrathecal injection, direct injection, intramuscular injection,
intracranial injection, or topically. The methods can further comprise administration of an
effective amount of other agents, e.g., agents that suppress inflammatory responses. In some
aspects, the other agents include anti-inflammatory cytokines and neurotrophic factors. The
neurotrophic factors include but are not limited to BDNF, NGF, Neurotrophin-3, CTNF,
GDNF, FGF, IGF, HGF, Noggin, and T3. The administration can be concurrent or sequential
as determined by the treating physician. The subject can be an animal, e.g., a mammal such
as a human patient in need of such treatment, that in one aspect, has been pre-selected for the

therapy by a treating physician or other health care professional.

[0195] In some embodiments, the purified populations of cell-derived vesicles disclosed
herein reduce the expression of key inflammatory cytokines and induce the expression of
critical anti-inflammatory cytokines in lymphocytes. Exemplary cytokines include but are
not limited to IL-11, G-CSF, Eotaxin, IL-4, IL-7, MCSF, IL-12p70, IL-1a, BLC, IL-8, GM-
CSF, MIP-1d, IL-2, IL-15, IL-13, IFNg, IL-6sR, IL-16, IL-1b, IL-1ra, MIP-1b, TNFb, IL-17,
IL-12p40, PDGF-BB, IL-5, IL-6, Eotaxin-2, TNF RI, IL-10, MCP-1, 1-309, TNFa, RANTES,
MIP-1a, MIG, TNF RIL, TIMP-1, ICAM-1, and TIMP-2 (FIGS. 19-21).

[0196] Methods to determine and monitor the therapy are known in the art and briefly
described herein. When delivered in vitro, administration is by contacting the composition
with the tissue or cell by any appropriate method, e.g., by administration to cell or tissue
culture medium and is useful as a screen to determine if the therapy is appropriate for an
individual or to screen for alternative therapies to be used as a substitute or in combination

with the disclosed compositions. When administered in vivo, administration is by systemic
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or local administration. In vivo, the methods can be practiced on a non-human animal to
screen alternative therapies to be used as a substitute or in combination with the disclosed
compositions prior to human administration. In a human or non-human mammal, they are

also useful to treat the disease or disorder.
Kits

[0197] The agents described herein may, in some embodiments, be assembled into
pharmaceutical or diagnostic or research kits to facilitate their use in therapeutic, diagnostic
or research applications. A kit may include one or more containers housing the components
of the invention and instructions for use. Specifically, such kits may include one or more
agents described herein, along with instructions describing the intended application and the
proper use of these agents. In certain embodiments agents in a kit may be in a
pharmaceutical formulation and dosage suitable for a particular application and for a method
of administration of the agents. Kits for research purposes may contain the components in

appropriate concentrations or quantities for running various experiments.

[0198] The kit may be designed to facilitate use of the methods described herein and can
take many forms. Each of the compositions of the kit, where applicable, may be provided in
liquid form (e.g., in solution), or in solid form, (e.g., a dry powder). In certain cases, some of
the compositions may be constitutable or otherwise processable (e.g., to an active form), for
example, by the addition of a suitable solvent or other species (for example, water or a cell
culture medium), which may or may not be provided with the kit. In some embodiments, the
compositions may be provided in a preservation solution (e.g., cryopreservation solution).
Non-limiting examples of preservation solutions include DMSO, paraformaldehyde, and
CryoStor® (Stem Cell Technologies, Vancouver, Canada). In some embodiments, the

preservation solution contains an amount of metalloprotease inhibitors.

[0199] Asused herein, "instructions" can define a component of instruction and/or
promotion, and typically involve written instructions on or associated with packaging of the
invention. Instructions also can include any oral or electronic instructions provided in any
manner such that a user will clearly recognize that the instructions are to be associated with
the kit, for example, audiovisual (e.g., videotape, DVD, etc.), internet, and/or web-based

communications, etc. The written instructions may be in a form prescribed by a
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governmental agency regulating the manufacture, use or sale of pharmaceuticals or biological
products, which instructions can also reflect approval by the agency of manufacture, use or

sale for animal administration.

[0200] The kit may contain any one or more of the components described herein in one or
more containers. As an example, in one embodiment, the kit may include instructions for
mixing one or more components of the kit and/or isolating and mixing a sample and applying
to a subject. The kit may include a container housing agents described herein. The agents
may be in the form of a liquid, gel or solid (powder). The agents may be prepared sterilely,
packaged in syringe and shipped refrigerated. Alternatively it may be housed in a vial or
other container for storage. A second container may have other agents prepared sterilely.
Alternatively the kit may include the active agents premixed and shipped in a syringe, vial,
tube, or other container. The kit may have one or more or all of the components required to
administer the agents to a subject, such as a syringe, topical application devices, or IV needle

tubing and bag.

[0201] The therapies as describe herein can be combined with appropriate diagnostic
techniques to identify and select patients for the therapy. For example, an ankle-brachial
index (ABI) test may be performed to compare blood pressure in a patient’s ankle from blood
pressure in the patient’s arm or Doppler ultrasound may look for blood flow in the major
arteries and veins in the limbs. Thus, patients harboring the mutation can be identified prior

to symptoms appearing or before advancement of the disease.
[0202] The following examples are provided to illustrate and not limit the disclosure.
EXAMPLES

[0203] Bone marrow derived mesenchymal stem cells (MSCs) exhibit tissue healing
capabilities via signaling to endogenous cell populations including immune cells and
endothelial cells (Meyerrose, T. et al. (2010) Advanced Drug Delivery Reviews 62(12):1167-
1174). MSCs have also shown promise as a potential therapeutic for PAD through the
secretion of a robust profile of angiogenic signaling proteins, however, it remains unclear
which factors are the main drivers of MSC induced angiogenesis (Liew, A. et al. (2012) Stem
Cell Research & Therapy 3(4):28). Exosomes are small lipid-bound, cellularly secreted

vesicles that mediate intercellular communication via cell-to-cell transport of proteins and
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RNA (El Andaloussi, S. et al. (2013) Nature Reviews. Drug Discovery 12(5):347-357).
Interestingly, exosomes have been recently shown to also mediate some of the tissue healing
properties of MSCs (Bian, S. et al. (2014) Journal of Molecular Medicine 92(4):387-397,
Kordelas, L. et al. (2014) Leukemia 8(4):970-973; Zhang, B. et al. (2014) Stem Cells
33(7):2158-2168), however, the underlying mechanisms by which MSC derived exosomes

exert their tissue healing properties remain unclear.

[0204] Additionally, the angiogenic potential of MSCs can vary due to differences in their
microenvironment (Rosova, L. et al. (2008) Stem Cells 26(8):2173-2182). MSCs are
generally expanded in high serum (10-20%) containing media under atmospheric oxygen
(normoxic) conditions (21% O;) prior to injection into animal models (Ikebe, C. et al. (2014)
BioMed Research International 2014: 951512). However, MSCs experience a markedly
different environmental niche upon injection into tissues affected by PAD, where they are
exposed to significantly reduced oxygen tension and a reduced concentration of factors
contained in serum due to a lack of proper blood flow (Banfi, A. et al. (2005) Current
Atherosclerosis Reports 7(3):227-234). It has been recognized that the angiogenic potential
of endothelial cells is enhanced when stimulated under hypoxic conditions (Humar, R. et al.
(2002) FASEB Journal: Official Publication of the Federation of American Societies for
Experimental Biology 16(8):771-780). Although there is evidence that hypoxic stimulation
induces expression of angiogenic signaling proteins in endothelial cells, it is not clear to what
extent such changes in the environmental niche affect the MSC proteome (Yamakawa, M. et
al. (2003) Circulation Research 93(7):664-673; Beegle, J. et al. (2015) Stem Cells
33(6):1818-1828). Therefore, signaling pathways and gene networks that are differentially
expressed at the protein level in MSCs exposed to PAD-like culture conditions as compared

to normoxic, high serum expansion conditions were analyzed.

[0205] As proteins mediate most intracellular activity and communication between cells,
mass spectrometry proteomics approaches have been invaluable in elucidating differential
cell states and patterns of cellular communication (Johansson, H.J. et al. (2013) Nature
Communications 4:2175). However, mass spectrometry based proteomics approaches have
had limitations in depth of analysis, greatly limiting the characterization of signaling proteins
within cells as they are often present at low levels as compared to other classes of proteins

such as structural proteins, which are present at much higher levels (Hultin-Rosenberg, L. et
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al. (2013) Molecular & Cellular Proteomics: MCP 12(7):2021-2031). A new mass
spectrometry approach, termed high-resolution isoelectric focusing liquid coupled
chromatography tandem mass spectrometry (HiRIEF LC-MS/MS), was recently developed
and enables deep proteome coverage of cellular lysates (Branca, R M. et al. (2014) Nature
Methods 11(1):59-62). This approach has been demonstrated by Branca et al. to be capable of
quantitatively characterizing >10,000 proteins per cell lysate, whereas other methods of mass
spectrometry generate datasets with smaller depth of coverage (Branca, R. M. et al. (2014)
Nature Methods 11(1):59-62).

[0206] The effects of a PAD-like microenvironment on angiogenic signaling protein
expression within MSCs and their secreted exosomes were investigated. HIRIEF LC-MS/MS
was used to investigate changes in MSC proteomic expression when cultured under
normoxic, high serum expansion conditions as compared to conditions that mimic the
microenvironment experienced by MSCs upon injection into tissues affected by PAD. It was
found that exposure of MSCs to a PAD-like microenvironment increases expression of
several pro-angiogenic signaling associated proteins including epithelial growth factor (EGF),
fibroblast growth factor (FGF) and platelet derived growth factor (PDGF). In addition, it was
observed that exposure of MSCs to a PAD-like microenvironment induces elevated exosome
secretion and that these secreted exosomes contain a robust angiogenic signaling profile and
are capable of inducing angiogenesis in vifro via the nuclear factor kappa-light-chain

enhancer of activated B-cells (NFkB) pathway.
Example 1 — Culture Methods, Materials and Vesicle Isolation
Cell culture and reagents

[0207] Human bone marrow aspirates from young adult, non-smoking males were obtain
from Lonza (Allendale, NJ, USA). For MSC isolation and expansion, bone marrow aspirates
were passed through 90 um pore strainers for isolation of bone spicules. Then, the strained
bone marrow aspirates were diluted with equal volume of phosphate-buffered saline (PBS)
and centrifuged over Ficoll (GE Healthcare, Waukesha, WI, USA) for 30 minutes at 700g.
Next, mononuclear cells and bone spicules were plated in plastic culture flasks, using
minimum essential media o (MEM-a) (HyClone Thermo Scientific, Waltham, MA, USA)

supplemented with 10% fetal bovine serum (FBS; Atlanta Biologicals, Lawrenceville,
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GA, USA) that had been screened for optimal MSC growth. After 2 days, nonadherent cells
were removed by 2-3 washing steps with PBS. After passage 2 MSCs were expanded in
20% FBS and MSCs from passages 5-6 were used for experimentation. For serum starvation
studies MSCs were washed 3 times with PBS and cultured in exosome isolation media
consisting of OptiMEM without phenol red with 1% L-Glut (IC) (Life Technologies,
Carlsbad, CA, USA) for 40 hours. For serum starvation plus low oxygen conditions (PAD)
MSC were cultured in exosome isolation media under 1% oxygen tension for 40 hours.
Pooled human HUVECS were purchased from Lonza (Allendale, NJ, USA) and cultured
according to manufacturer’s instructions using EndoGRO-LS Complete media from

Millipore (Billerica, MA, USA).
Vesicle isolation and characterization

[0208] MSC were washed 3 times with PBS and switched to exosome isolation media;
either 20% FBS media that was pre-cleared of exosomes via 18 hour 120,000 x g
centrifugation, or OptiMEM (Life Technologies, Carlsbad, CA, USA) and were conditioned
for 40 hours prior to vesicle isolation (Kordelas, L. et al. (2014) Leukemia 8(4):970-973).
Microvesicles (MV) were isolated as in previous studies (Witwer, K.W. et al. (2013) Journal
of Extracellular Vesicles 2:20360). Briefly conditioned media was cleared of cells and cell
debris via centrifugation (500 x g and 1000 x g respectively), then spun at 17,000 x g pellet to
isolate MVs. Exosomes were isolated as in previous studies (Witwer, K.W. et al. (2013)
Journal of Extracellular Vesicles 2:20360). Briefly, for proteomics studies exosomes were
isolated using 0.22 um filtration to get rid of cells, cell debris and microvesicles prior to
being spun at 120,000 x g for 2 hours, the pellet was then washed with 39 mLs of PBS and
spun again at 120,000 x g for 2 hours. All ultracentrifuge steps were performed with a Ti70
rotor in polyallomer quick seal tubes (Beckman Coulter, Brea, CA, USA). Vesicle
concentration was determined using DC (detergent compatible) assay (BioRad, Hercules,
CA, USA) and size distribution assessed using NanoSight LM10HS (Malvern, Amesbury,
MA, USA).

Electron microscopy

[0209] SEM images were taken with Philips XL.30 TMP, (FEI Company, Hillsboro, OR,
USA Sputter Coater: Pelco Auto Sputter Coater SC-7, (Ted Pella Inc., Redding, CA USA).
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TEM images were taken on Philips CM120 Biotwin Lens, 9 (FEI Company, Hillsboro, OR,
USA), with 2% uranyl acetate staining using facilities at Electron Microscopy Laboratory,

School of Medicine, University of California at Davis.
Sample preparation for proteomics

[0210] Cell pellets were lysed with 4% SDS, 25 mM HEPES, ImM DTT. EVs were lysed
with 2% SDS, 25 mM HEPES, ImM DTT. Lysates were heated to 95°C for 5 min followed
by sonication for 1 min and centrifugation, 14,000g for 15 min. The supernatant was mixed
with ImM DTT, 8 M urea, 25 mM HEPES, pH 7.6 and transferred to a centrifugation
filtering unit, 10 kDa cutoff (Nanosep®, Pall, Port Washington, NY, USA), and centrifuged
for 15 min, 14.000g, followed by another addition of the 8 M urea buffer and centrifugation.
Proteins were alkylated by 50 mM IAA, in 8 M urea, 25 mM HEPES for 10 min, centrifuged
for 15 min, 14.000g, followed by 2 more additions and centrifugations with 8 M urea, 25 mM
HEPES. Trypsin (Promega, Madison, WI, USA), 1:50, trypsin:protein was added to the cell
lysate in 250 mM urea, 50 mM HEPES and incubated overnight at 37°C. The filter units
were centrifuged for 15 min, 14,000g, followed by another centrifugation with MQ and the
flow-through was collected (Branca, R.M. et al. (2014) Nature Methods 11(1):59-62).
Peptides from EVs were TMT6 labelled and MSC cells with TMT10 labelled according to
manufacturer’s instructions (Thermo Fisher Scientific, San Jose, CA, USA). Peptides were
cleaned by a strata-X-C-cartridge (Phenomenex, Torrance, CA, USA) (Branca, R M. et al.
(2014) Nature Methods 11(1):59-62; Wisniewski, J.R. et al. (2009) Nature Methods 6(5):359-
362).

Proteomics on nLC-MS/MS on Thermo Scientific LTQ Orbitrap Velos

[0211] Before analysis of exosomes on LTQ-Orbitrap Velos (Thermo Fischer Scientific,
San Jose, CA, USA), peptides were separated using an Agilent 1200 nano-LC system.
Samples were trapped on a Zorbax 300SB-C18, and separated on a NTCC-360/100-5-153
(Nikkyo Technos., Ltd, Tokyo, Japan) column using a gradient of A (5% DMSOQO, 0.1% FA)
and B (90% ACN, 5% DMSO, 0.1% FA), ranging from 3 % to 40% B in 45 min with a flow
of 0.4 ul/min. The LTQ-Orbitrap Velos was operated in a data-dependent manner, selecting
5 precursors for sequential fragmentation by CID and HCD, and analyzed by the linear

iontrap and orbitrap, respectively. The survey scan was performed in the Orbitrap at 30.000
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resolution (profile mode) from 300-2000 m/z with a max injection time of 500 ms and AGC
set to 1 x 10° ions. For generation of HCD fragmentation spectra, a max ion injection time of
500 ms and AGC of 5 x 10* were used before fragmentation at 37.5% normalized collision
energy. For FTMS MS2 spectra, normal mass range was used, centroiding the data at 7500
resolution. Peptides for CID were accumulated for a max ion injection time of 200 ms and
AGC of 3 x 10*, fragmented with 35% collision energy, wideband activation on, activation q
0.25, activation time 10 ms before analysis at normal scan rate and mass range in the linear
iontrap. Precursors were isolated with a width of 2 m/z and put on the exclusion list for 60

seconds. Single and unassigned charge states were rejected from precursor selection.
Proteomic data analysis

[0212] GraphPAD Prism was used to calculate differential expression using multiple t-tests
and a stringent false discovery cut off of 1% (GraphPAD Prism, La Jolla, CA, USA). Panther
Pathway analysis was used to detect the number of pathways detected in each sample and the
number of proteins of each pathway represented in each sample (see webpage:
pantherdb.com). Ingenuity Pathway Analysis software was used to analyze enrichment for
signaling pathway proteins and putative functionality of proteins present in and between each
sample (Qiagen, Redwood City, CA, USA). ClueGO software was used for gene ontology
analysis of each sample to detected broad classes of protein functionality (see webpage:
ici.upmec.fr/cluego/cluegoDownload.shtml). CytoScape was used to generate network
interactome maps for the angiogenesis interactome of MSCs and exosomes and the NFkB
pathway interactome (see webpage: cytoscape.org). The constructed angiome dataset from
Chu et al. (Chu, L. H. et al. (2012) Physiol Genomics 44:915-924) was used to search for the
presence of canonical angiogenesis mediating proteins in data presente d herein, with the
addition of physically interacting proteins not found in the Chu et al. (Chu, L. H. et al. (2012)
Physiol Genomics 44:915-924) was dataset. The Spike database was used to detect proteins
for which there was experimental evidence for physical interactions (i.e., yeast-2-hybrid, co-
immunoprecipitation) with the Chu et al. (Chu, L.H. et al. (2012) Physiol Genomics 44:915-

924) was dataset and was accessed via CytoScape.

Tubule formation migration assay
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[0213] Primary human umbilical cord vein endothelial cells were purchased from Lonza
(Allendale, NJ, USA) and cultured in EndoGRO-LS Complete (Millipore, Billerica, MA,
USA) media as per manufacturer’s protocol and plated on growth factor reduced matrigel
(Corning, Corning, NY, USA) and stained with Calcein AM (Life Technologies, Carlsbad,
CA, USA) and imaged at 16 hours post stimulation at 4X on a Kenyence BZ-9000F
(Keyence, Osaka, Japan). EndoGRO basal media was used for control and exosome
stimulated wells and EndoGRO-LS Complete was used as a positive control (Millipore,
Billerica, MA, USA). For NFkB inhibitor experiments pyrrolidine dithiocarbamate was used

at a concentration of 50 uM.
Results
MSCs exposed to PAD-like conditions show dynamic proteomic changes

[0214] To address what effect PAD-like microenvironment conditions have on the
proteomic profile of MSCs, HIRIEF LC/MS-MS was used to quantify the proteome of MSCs.
Human MSCs derived from the bone marrow of 3 young adult, non-smoking male donors
were cultured under normoxic, high serum expansion conditions until passage 6. After three
PBS washes, MSCs were cultured under one of three culture conditions for 40 hours:
Normoxic, high serum expansion conditions (EX: 20% FBS, 21% O,), PAD-like conditions
(PAD: 0% FBS, 1% O) or an intermediate condition (IC: 0% FBS, 21% O,).

[0215] A total of 6,342 proteins were identified and quantified in each of the 9 MSC
samples, with 3 donors for each of the 3 conditions. A total of 580 membrane associated
proteins were detected in each of the 9 MSC samples, including canonical MSC surface
markers: CD73 (NTSE), CD90 (THY1) and CD105 (ENG). The data presented overlaps
with and expands beyond the work by Mindaye ef a/. Statistical analysis of protein
expression levels using a false discovery rate of 1% (FDR1%) revealed 315 and 843
differentially expressed proteins respectively between the EX vs IC and EX vs PAD
conditions. Analysis of MSC differential expression ratios versus abundance (area) revealed
differentially expressed proteins were distributed across the range of abundances of all
cellular proteins (FIG. 1). This indicated that the effects of the culture conditions on protein
expression were not limited to lowly expressed proteins. Analysis of MSC differential

expression ratios versus P-value demonstrated that significantly differentially expressed
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proteins (FDR1%) were distributed across the range of ratios for all cellular proteins. This
indicated that the effects of the culture conditions on protein expression included many new

and highly significant findings (FIG. 1).

[0216] Although global heatmap cluster analysis and linear regression analysis of PAD/EX
ratios revealed donor to donor variation in MSCs, it also revealed robust intra-condition
concordance between donors (FIGS. 1, 6), especially of significantly differentially expressed
proteins. MSCs exposed to PAD-like conditions showed significant increases (FDR1%) in
rate limiting proteins of glycolysis (ALDOB, ENO3 and PGK1) and the NRF2/glutathione
pathway (ASK 1, MKK3/6 and FTH1), which are metabolic and antioxidant associated
pathways that have been shown to be modulated with exposure to lower oxygen tension
(FIG. 1) (Lai, J.C. et al. (1993) Dev Neurosci. 15(3-5):181-193; Hayes, J.D. et al. (2014)
Trends Biochem Sci. 39(4):199-218). Ingenuity Pathway Analysis of differentially expressed
cellular proteins (FDR-1%) revealed increased expression of key regulators of the NRF2
pathway, which is the master regulator of glutathione synthesis, in the PAD condition as
compared to the EX condition. Analysis was conducted on 3 different donors per condition.
For differential expression T-tests with multiple testing correction with an FDR of 1% was
used. IC-conditioned MSCs, in contrast, showed no such increases (FDR1%) in glycolysis
and glutathione related pathway proteins as compared to the EX condition. Gene ontology
analysis using Cytoscape’s ClueGO plugin of significantly differentially expressed proteins
(FDR1%), revealed numerous cell cycle checkpoint-related pathways (G1 phase, G2/M phase
and cytokinesis) involved in the regulation of cellular proliferation were downregulated in
both IC and PAD conditions as compared to the EX condition. Ingenuity Pathway Analysis
of differentially expressed cellular proteins (FDR-1%) revealed downregulation of proteins
involved in proliferation and cell cycle checkpoint-associated pathways, G1 phase
progression, G2/M phase progression, cytokinesis, chromosomal segregation in the PAD
condition as compared to the EX condition. Cholesterol and lipid biosynthesis pathways
were upregulated in both IC and PAD conditions as compared to the EX condition (FIGS. 1
and 7) (Saito, R. et al. (2012) Nature Methods 9(11):1069-1076). Ingenuity Pathway
Analysis of differentially expressed cellular proteins (FDR-1%) revealed down regulation of
proteins associated with lipid biosynthesis in the PAD condition as compared to the EX

condition.

-87-



WO 2018/226758 PCT/US2018/036149

[0217] Exposure of MSCs to a PAD-like environment induced significant changes in their
proteome. Previous studies have indicated that MSCs are capable of inducing angiogenesis,
therefore, Applicants analyzed how this PAD-like microenvironment modulated levels of
their angiogenic signaling proteins (Duffy, G.P. et al. (2009) Tissue Eng Part A 15(9):2459-
2470; Iwase, H. et al. (2005) Radiat Prot Dosimetry 116(1-4 Pt 2):640-646; Kwon, HM. et
al. (2014) Vascular Pharmacology 63(1):19-28). To investigate the interaction patterns of
known angiogenic proteins in MSCs and to elucidate proteins that physically interact with
these known angiogenic proteins, an angiogenesis interactome network map of the MSC
proteome was developed. To generate the angiogenesis interactome network map a list of
known angiogenic proteins from Chu et al. that were shown to be present in the MSC
proteome (Chu, L.H. et al. (2012) Physiol Genomics 44(19):915-924) was derived.
CytoScape was then used to include proteins that had experimental evidence of physical
interaction with these MSC exosome angiogenic proteins and to show how they interacted
with each other (Cline, M.S. et al. (2007) Nat Protoc 2(10):2366-2382). The advantage of
this approach is that it not only elucidates the physical interactions of canonical angiogenesis
proteins, but additionally reveals other non-canonical proteins that physically interact with
the angiome, thereby shedding light on potentially novel mediators of angiogenesis. Analysis
of the angiogenesis interactome of proteins present in MSCs across all 3 donors exposed to
each of the 3 conditions revealed the most robust clustering of signaling protein interactions
was with platelet derived growth factor receptor (PDGFR), epidermal growth factor receptor
(EGFR) and NFkB nodes. This indicates that these pathways are likely drivers of MSCs’
proangiogenic potential. Furthermore, using Panther Pathway analysis, Applicants found
several angiogenic pathways to be significantly (FDR1%) upregulated in MSCs exposed to
PAD-like conditions, including canonical angiogenic associated pathways of PDGF, EGF and
FGF (FIG. 2) (M4, H. et al. (2013) Nat Protoc. 8(8):1551-1566). These data collectively
demonstrate significantly increased expression of several angiogenic signaling pathways and
cholesterol/lipid biosynthesis pathways in MSCs exposed to the PAD condition as compared

to the conventional EX condition.
MSC exosome secretion increases under PAD-like conditions

[0218] Newly synthesized membranes components such as lipids and cholesterol are

transported from their site of genesis at the endoplasmic reticulum to the plasma membrane
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via vesicular transport (Soccio, R.E. et al. (2004) Arterioscler Thromb Vasc Biol. 24(7):1150-
1160; Lev, S. (2012) Cold Spring Harb Perspect Biol. 4(10)). However, as cells experience
decreased rates of proliferation their need for newly synthesized plasma membrane
components should also decrease (Baenke, F. et al. (2013) Dis Model Mech. 6(6):1353-1363).
Applicants observed that a variety of cell cycle pathways decreased in expression in the IC
and PAD conditions as expected, since the cells were exposed to a lower oxygen tension and
deprived of growth factor stimulation. Interestingly however, Applicants observed that
cholesterol/lipid biosynthesis proteins actually significantly (FDR1%) increased in expression
and not decreased, in both IC and PAD conditions as compared to the expansion condition,
EX (FIG. 7). This led the Applicants to speculate that an increase in exosome biogenesis
could account for the increased expression of proteins involved in cholesterol/lipid
biosynthesis. Indeed Applicants observed a trend towards increased expression of proteins
involved in the biogenesis of exosomes, prompting us to analyze vesicle secretion of MSCs

(FIG. 8).

[0219] Extracellular vesicles secreted from MSCs (microvesicles, exosomes) were isolated
from media that had been conditioned for 40 hours under EX, IC and PAD culture conditions
using ultracentrifugation. Analysis of vesicle yield via BCA protein concentration assays
revealed that MSC microvesicle secretion decreased whereas exosome secretion substantially
increased with MSCs exposed to IC and PAD conditions as compared to EX conditions
(FIG. 2). However, exosomes isolated from the EX condition co-isolated with FBS protein
from the media. Scanning electron microscopy (SEM) images of MSCs exposed to PAD
conditions showed vesicle structures consistent with a decrease in microvesicle secretion and
an increase of exosome secretion as compared to MSC exposed to EX conditions (FIG. 2).
Furthermore, transmission electron microscopy of isolated PAD-derived MSC exosomes with
negative staining is consistent with canonical exosome morphology; additionally, Nanosight
analysis revealed that MSC exosomes were of expected size range and MSCs maintained low

levels of apoptosis in all conditions.
MSC exosome proteome contains a robust profile of angiogenic signaling proteins

[0220] As two recent studies demonstrated that MSC exosomes are pro-angiogenic both in

vitro and in vivo Applicants used MSC HiRIEF LC-MS/MS to characterize the proteome of
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MSC derived exosomes from MSCs exposed to IC and PAD conditions (Bian, S. et al. (2014)
Journal of Molecular Medicine 92(4):387-397; Zhang, H.C. et al. (2012) Stem Cells and
Development 21(18):3289-3297). A total of 1927 proteins were quantified in each of the 6
samples generated from cells derived from 3 donors under both the PAD and IC conditions,
457 of which were not detected in MSCs, indicating exosomal enrichment. Applicants
detected 92 of the top 100 most identified exosomal marker proteins from the ExoCarta
database in each of Applicants’ exosome samples from both conditions, IC and PAD
(Simpson, R.J. et al. (2012) Journal of Extracellular Vesicles 1:18374; Mathivanan, S. et al.
(2012) Nucleic Acids Research 40(Database issue):D1241-1244; Mathivanan, S. et al. (2009)
Proteomics 9(21):4997-5000). Differential expression analysis of exosomes from IC and
PAD conditions revealed few significant expression differences (FDR1%) in exosomes

between IC and PAD conditions.

[0221] Gene ontology analysis using Cytoscape’s ClueGO plugin of the 400 most abundant
proteins in the MSC exosome proteome from all 3 donors from both conditions showed
representation of vascular and endothelial associated proteins (Bindea, G. et al. (2009)
Bioinformatics 25(8):1091-1093). GO analyses are generally broad based and helpful for a
broad overview of the data, but are generally limited in their ability to identify specific
signaling pathways. Applicants therefore performed Panther pathway analysis on the MSC
exosome proteome and found high representation of several canonical angiogenic associated

pathways: cadherin, EGFR, FGF and PDGF (FIG. 3).

[0222] Ingenuity Pathway Analysis (IPA) is a robust high throughput data analysis software
that is able to predict the induction or inhibition of various cellular activities based on an
expert, manually curated database of known protein associations and functions. IPA analysis
showed that MSC exosomes contain numerous proteins with a variety of angiogenesis-related
functionalities including induction of: angiogenesis, vasculogenesis, cell migration and

endothelial cell proliferation.

[0223] Next Applicants performed network analysis of the angiogenesis interactome of
MSC exosomes, as with the MSC proteome. Applicants showed the most robust
representation of protein nodes clustered around the canonical angiogenic pathways of

NFKB1/2, Avian Reticuloendotheliosis Viral Oncogene Homolog A (RELA), PDGFRB and
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EGFR. Furthermore, network analysis of the NFkB pathway showed robust representation of
MSC exosome proteins clustering around RELA, NFKB1/2 and TNF-receptor associated
factor 6 (TRAF6). These data collectively showed that exosomes derived from MSCs
exposed to PAD-like conditions contain a robust profile of angiogenic signaling proteins and

putative functionalities closely mirroring those found in MSCs.
MSC exosomes induce angiogenesis via the NFkB pathway in endothelial cells

[0224] To test the angiogenic potential of MSC exosomes, human umbilical vein
endothelial cells (HUVEC) were stimulated in vitro with PAD-derived MSC exosomes. To
evaluate their ability to induce tubule formation, a canonical in vifro assay of angiogenesis,
was applied. Traditionally, putative therapeutics are known to have a therapeutic index where
they behave in a dose dependent manner with decreased effectiveness generally observed at
higher doses (Jiang, W. et al. (2015) AAPS J 17(4):891-901). HUVECs were treated with
increasing doses of PAD-derived MSC exosomes to test for their effective dose range. The
low dose of PAD-derived MSC exosomes (1 ug/mL) induced significant tubule formation
compared to the unstimulated control, as did the medium dose (10 ug/mL), measured by total
segment length. However, the high dose of PAD-derived MSC exosomes (100 pg/mL) were
less effective than the medium dose indicating the upper limits of the effective dose range

(FIG. 4).

[0225] In Applicants’ network analysis map of the MSC exosome angiogenesis interactome
Applicants observed several hubs of clustering around nodes of the NFkB complex, which is
known to mediate angiogenic signaling. Even though these particular nodes, which represent
core components of the NFkB complex, were not detected in the MSC exosomes Applicants
hypothesized that the presence of numerous NFkB interacting proteins may indicate a
potential effector role of this pathway in HUVEC tubule formation. To test this hypothesis
HUVECs were treated with pyrrolidine dithiocarbamate (PDTC), a specific inhibitor of
NFkB signaling or vehicle control prior to stimulation with PAD-derived MSC exosomes in a
tubule formation assay. PAD-derived MSC exosomes induced tubule formation in HUVECs
treated with the vehicle control but not in HUVECS treated with PDTC, demonstrating that

NFkB signaling is necessary for MSC exosome induction of tubule formation in vitro (FIG.
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5). These results indicate that MSC exosomes mediate angiogenesis in a dose dependent

manner via the NFkB pathway.
Discussion

[0226] This study presents, to Applicants’ knowledge, the most robust proteomic
characterization of MSCs and exosomes to date (MSC = 6,342 vs 1024, MSC exosome =
1927 vs 236) (Kim, H.S. et al. (2012) Journal of Proteome Research 11(2):839-849;
Mindaye, S.T. et al. (2013) Stem Cell Research 11(2):793-805). Applicants detected 580
membrane associated proteins including those required to meet the minimal criteria for MSC
classification (CD73, CD90, CD105) across all 9 MSC samples, and represents the most
robust proteomic profiling of MSC membrane proteins to date (580 vs 172) (Mindaye, S.T. et
al. (2013) Journal of Proteomics 78: 1-14). MSCs have been proposed as a therapeutic for
PAD, however, the effect of the PAD microenvironment has on both the MSC physiology
and MSC induced angiogenesis are poorly understood (Capoccia, B.J. et al. (2009) Blood
113(21):5340-5351). Even though several studies have demonstrated the efficacy of using
MSCs for ischemic tissue related diseases, efforts towards identifying the underlying
mechanisms of MSC induced angiogenesis have not been robustly investigated, as more
focus has been placed on MSC secretion of VEGF and PDGF (Beckermann, B.M. et al.
(2008) British Journal of Cancer 99(4):622-631; Deuse, T. et al. (2009) Circulation 120(11
Suppl):S247-S254; Fierro, F.A. et al. (2011) Stem Cells 29(11):1727-1737; Ding, W. et al.
(2010) Blood 116(16):2984-2993). The quantitative proteomic methodology Applicants used
underscores the need for an unbiased approach which in the present study, led to the finding
that the MSC proteome is modulated upon exposure to a PAD-like microenvironment and

multiple pathways are likely involved in MSC mediated angiogenesis.

[0227] Applicants show attenuation of various cell cycle initiation and glycolysis gene
networks in MSCs exposed to PAD-like conditions. Network analysis of all 3 donors from
all 3 culture conditions (9 samples total) demonstrated that the MSC angiogenesis
interactome is enriched for nodes associated with PDGFR, EGFR, and NFkB. This indicated
that these known angiogenesis mediating pathways are likely central hubs of intracellular
angiogenic signaling within MSCs (Gianni-Barrera, R. et al. (2014) Biochemical Society
Transactions 42(6):1637-1642; Tabernero, J. (2007) Mol Cancer Res. 5(3):203-220; Fujioka,
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S. et al. (2003) Clin Cancer Res. (1):346-354; Hou, Y. et al. (2008) Dev Dyn 237(10):2926-
2935). Furthermore, when MSCs were exposed to PAD-like conditions they significantly
increased expression of proteins associated with a subset of angiogenic signaling pathways

EGF, FGF, and PDGF.

[0228] MSCs are known to mediate much of their tissue healing effects through their
secretome in various vascular disease models such as stroke and peripheral arterial disease
(Meyerrose, T. et al. (2010) Advanced Drug Delivery Reviews 62(12):1167-1174;
Bronckaers, A. et al. (2014) Pharmacology & Therapeutics 143(2):181-196). Recent studies
have demonstrated that a new cell to cell communication system mediated by exosomes is
capable of recapitulating much of the beneficial therapeutic effects of MSCs in these disease
models (Bian, S. et al. (2014) Journal of Molecular Medicine 92(4):387-397; Kordelas, L. et
al. (2014) Leukemia 8(4):970-973; Zhang, B. et al. (2014) Stem Cells 33(7):2158-2168; Lai,
R.C. et al. (2010) Stem Cell Research 4(3):214-222). However, the underlying mechanisms

by which MSC exosomes modulate these tissue-healing effects have yet to be elucidated.

[0229] Applicants characterized the proteome of exosomes derived from MSCs exposed to
PAD-like conditions (PAD) and the intermediate condition (IC), but not from expansion
conditions (EX) since Applicants’ HIRIEF LC-MS/MS method requires large quantities of
input material and the exosome yield from this condition was too small. Applicants
quantitatively characterized 1,927 proteins in MSC exosomes from all three donors across
both IC and PAD conditions, of which 457 were not detected in the MSC proteome. A
potential explanation for this observed protein enrichment in MSC exosomes is that some
proteins can be masked in more complex lysates when using mass spectrometry
methodologies, but this does not preclude the possibility that some of these proteins are being
directly shuttled into exosomes for secretion (Hultin-Rosenberg, L. et al. (2013) Molecular &
Cellular Proteomics: MCP 12(7):2021-2031). Of note is the fact that the proteome of
exosomes derived from MSCs appears to lack many canonical secretory signaling proteins
such as cytokines and growth factors, but instead contain the downstream mediators of these

pathways.

[0230] Applicants showed that exosomes from MSCs exposed to PAD-like conditions

contain a robust profile of angiogenesis associated proteins that closely mirror the
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upregulated angiogenic pathways found in MSCs exposed to PAD-like conditions including
EGFR, FGF and PDGF pathways. These findings suggest that upon exposure to ischemic
tissue conditions attempt to generate a more proangiogenic state via the secretion of
exosomes, thereby facilitating localized tissue healing. Further, the main drivers of MSC
exosome induced angiogenesis may act via direct signaling to endothelial cell populations or

indirectly through inducing chemotaxis of immune cells such as monocytes.

[0231] Applicants also showed that proteins mediating cholesterol/lipid biosynthesis and
metabolism are significantly upregulated in MSCs that are exposed to PAD-like conditions,
while several known exosome biogenesis proteins trend towards increased expression under
these same conditions. Numerous cell cycle pathways are significantly downregulated in
MSCs exposed to PAD-like conditions and various cell types have substantially lower rates
of proliferation when exposed to similar conditions (Rosova, L. et al. (2008) Stem Cells
26(8):2173-2182; Beegle, J. et al. (2015) Stem Cells 33(6):1818-1828). Since, ostensibly
there should be much less demand for such high energy cost membrane components and
exosomes are known to be enriched for lipid raft components such as cholesterol (Tan, S.S. et
al. (2013) Journal of Extracellular Vesicles 2:22614), Applicants therefore speculated that
the upregulation of these cholesterol/lipid biosynthesis proteins may be associated with
exosome secretion. Applicants showed that MSCs increased secretion of exosomes upon
exposure to PAD-like conditions which were of canonical size and morphology.
Alternatively the observed increase in lipid biosynthesis may potentially be a cellular

adaption to hypoxia in the PAD condition (Masson, N. et al. (2014) Cancer Metab 2(1):3).

[0232] Consistent with traditional broad range small molecule dose curves, Applicants
show that exosomes derived from MSCs exposed to PAD-like conditions were able to induce
angiogenesis in vitro, in a dose dependent manner. MSC exosomes at the highest
concentration (100 ug/mL) induced less tubule formation as compared to lower doses, which

may indicate an upper limit of the effective dosing range.

[0233] Applicants’ network analysis indicated that MSC exosomes derived from PAD-like
conditions are enriched for several nodes associated with NFkB signaling, which has
previously been shown to be an important mediator of angiogenesis (Hou, Y. et al. (2008)

Dev Dyn 237(10):2926-2935). Applicants demonstrated that MSC exosome induced
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angiogenesis is dependent on NFkB signaling, since a specific chemical inhibitor of NFkB
signaling completely abrogates the ability of MSC exosomes to induce tubule formation in
vitro. It remains unclear, however, to what extent MSC induced angiogenesis can be
attributed to exosome mediated effects. Overall, Applicants’ data suggest that there are more

signaling pathways involved which are worthy of further investigation.
Conclusion

[0234] A common trend that is becoming apparent across the MSC exosome literature is
that exosomes derived from MSCs are able to mediate much of the functionality traditionally
associated with canonical secretory proteins such as growth factors of the MSC secretome
(Bian, S. et al. (2014) Journal of Molecular Medicine 92(4):387-397; Kordelas, L. et al.
(2014) Leukemia 8(4):970-973; Zhang, B. et al. (2014) Stem Cells 33(7):2158-2168Zhang,
H.C. et al. (2012) Stem Cells and Development 21(18):3289-3297; Li, T. et al. (2013) Stem
Cells and Development 22(6):845-854; Katsuda, T. et al. (2013) Scientific Reports 3: 1197,
Lin, S.S. et al. (2014) Neurochem Res. 39(5):922-931; Bruno, S. et al. (2009) Journal of the
American Society of Nephrology: JASN 2009; 20(5):1053-1067; Xin, H. et al. (2013) Stem
Cells 31(12):2737-2746). Whether canonical secretory proteins or exosomally delivered
proteins are the main drivers of the MSC secretome’s functionality still needs further

investigation; based on data presented herein it is likely microenvironment dependent.
Example 2 - Peripheral Artery Disease

[0235] Peripheral artery disease (PAD) of the lower extremities has become a major
contributor to the cardiovascular public health burden. It is associated with high rates of
morbidity and identifies a cohort of patients that is at increased risk of major cardiovascular
ischemic events. PAD is estimated to affect 12% to 15% of people over the age of 65 years,
approximately 8-10 million people in the United States. Prevalence is expected to increase
significantly as the population ages, becomes more obese, and as diabetes mellitus becomes

more common.

[0236] PAD is characterized by a lack of proper blood flow to the lower extremities due to
narrowing or blockage of arterial vasculature from atherosclerotic plaques. Angioplasty and

stent placement are commonly used to treat PAD, however, restenosis and re-occlusion from
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subsequent blood clot formation and neo-intimal hyperplasia limit the effectiveness of these

treatments in many patients.

[0237] A potential alternative therapeutic approach to treat PAD is localized induction of
angiogenesis to restore blood flow to affected tissues. Studies in animal models of PAD have
shown localized induction of angiogenesis via recombinant VEGF therapy. However, this
straightforward approach has so far failed to show clear benefits in humans in late-stage
clinical trials, perhaps due to the use of a monotherapeutic approach which only targeted a
single signaling pathway responsible for one portion of the tissue healing process in PAD
(Yla-Herttuala, S. et al. (2007) Journal of the American College of Cardiology 49(10):1015-
1026).

[0238] Bone marrow derived mesenchymal stem cells (MSCs) promote enhanced tissue
healing via signaling to endogenous cell populations including immune cells and endothelial
cells. MSCs have shown promise as a therapeutic treatment for PAD through the secretion of
a diverse profile of angiogenic signaling factors including exosomes. Exosomes are small
lipid-bound, cellularly secreted vesicles that mediate intercellular communication via cell-to-
cell transport of proteins, RNAs, lipids and metabolites. However, it remains unclear which
of these secreted factors are of primary importance in MSC induced angiogenesis.
Interestingly, exosomes have been recently shown to also mediate some of the tissue healing
properties of MSCs, however, the underlying mechanisms by which MSC exosomes exert

their tissue healing properties remain unclear.

[0239] The therapeutic application of MSCs in the clinic has advanced faster than the
field’s understanding of how the cells mediate tissue healing and currently it is not clear how
MSC exosomes mediate angiogenesis in models of cardiovascular disease such as PAD.
Exosomes are rapidly gaining interest as potential therapeutics for cardiovascular indications,
perhaps serving as a safer and potentially more efficacious vehicle to deliver stem cell-
derived therapeutics. In addition, the effective engineering of MSC exosomes holds the
potential to allow for delivery of novel, therapeutically relevant biologics that have,
heretofore, been impractical to deliver clinically, such as miRNA, mRNA, plasmids,

membrane and cytosolic proteins.
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[0240] Here, exosomes and microvesicles derived from MSCs were engineered with
exogenous biologic components. MSCs were transduced with a lentivirus that overexpressed
a fluorescent marker protein, tdTomato, and a miRNA, miR-132. After 16 hours the cells
were washed 3X’s and given fresh exosome isolation media (serum free) and placed in
hypoxia (1% O,) increases exosome secretion by MSCs. 48 hours later exosomes were
isolated and purified from conditioned media using tangential flow filtration. Endothelial
cells were then exposed to these isolated exosomes and imaged at 8 and 72 hour timepoints.
Endothelial cells imaged at 8 hours post exosomes exposure show a small amount of
fluorescence, indicating delivery of tdTomato on the protein level to cells. However, after 72
hours post exposure endothelial cells show a much higher fluorescent signal indicating
additional tdTomato proteins translated from functional tdTomato mRNAs delivered via

€X0Somes.

[0241] In a separate experiment, MSCs were transfected with a plasmid expression vector
overexpressing miR-132 and tdTomato (SEQ ID NO: 10). After 16 hours the cells were
washed 3X’s and given fresh microvesicle isolation media. Microvesicles were harvested
from media that had been conditioned for 48 hours using ultracentrifugation. DNA was
isolated from purified microvesicles and PCR demonstrated the presence of the expression
plasmid. The data herein demonstrate that these microvesicles delivered functional plasmids
expressing tdTomato and miR-132 to endothelial cells as detected by fluorescence

microscopy at 48 hours post exposure.
Example 3 - Large Scale Manufacturing Using a Hollow Fiber Reactor

[0242] A hollow fiber bioreactor may be used to scale up production of exosomes and/or
microvesicles. This method reduces personnel labor and media usage, both of which can be
costly expenditures. In this example, a hollow fiber cartridge was coated with an
extracellular matrix (ECM) protein coating. Non-limiting examples of appropriate ECM and
other coatings also appropriate for use with this method include fibronectin, gelatin,
vitronectin, matrigel, and collagen. 10-100 million stem cells were seeded onto the coated
hollow fiber cartridge. Cells were grown in expansion media: 5-20% FBS in basal media
with 0-5% L-Glut, with a gas mixture of 20% oxygen, 5% CO2, and 75% nitrogen.

Althernatively, cells may be cultured at lower percentages of oxygen (between 1% and 20%),
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with CO2 at 5%. Following several days of cell expansion, the media is switched to isolation
media, basal media with 0-5% L-Glut, with a gas mixture of 1-20% oxygen, 5% CO2 with
the balance being nitrogen. After 15-96 hours, exosomes and/or microvesicles are harvested
from the resulting conditioned media. Exosomes and/or microvesicles may be isolated from
the conditioned media either by TFF or by direct isolation using 100-300 kDa membrane
filtration devices (e.g. VivaSpin) using centrifugal force of 500-6000 x g.

[0243] Cells cultured in a hollow fiber reactor system generate much higher yields of
exosomes and/or microvesicles as compared to standard tissue culture flasks (FIG. 12).
Further, use of the hollow fiber reactor system generates exosomes and/or microvesicles of
canonical morphology and diameter. Exosomes may be quantified using a protein
concentration kit (e.g. DC assay) and/or using a NanoSight machine. Size distribution of
exosomes 1s obtained using a NanoSight machine or other particle analyzer such as Izon or
flow cytometer. Electron microscopy is used to demonstrate that the exosomes are of
canonical morphology and size. Further validation may be performed with in vitro assays
including a migration assay, tubule formation, and immune modulation (e.g. mixed

lymphocyte reaction) prior to in vivo studies.
Example 4 - Lyopholization of cell-derived vesicles

[0244] In some embodiments, lyophilization of cell-derived vesicles of the present
disclosure is practiced with use of a condenser, a vacuum pump, and a freeze-dryer. In the
above methods, the manifold is assembled to ensure that a good vacuum (100 pbar or less) is
achieved. The condenser should be set to —50°C or lower. Concentrated exosome and/or
microvesicle solution is dispensed into microcentrifuge tubes or other suitable containers
appropriate for the scale of the condense, vacuum pump, and/or freeze dryer used. The tubes
should not be more than 33% full. The lid of the tubes is pierced with a hole or removed and
replaced with Parafilm or other covering pierced with several holes. The microcentrifuge
tubes are snap frozen by any method well known in the art, e.g. dipping until partially
submersed in liquid nitrogen or dry/acetone or alternatively freezing in a suitable spark-proof
deep freezer set to negative 40°C or lower. Once frozen, tubes are placed into a Quickfit
style round-bottom flask or other suitable container for the size of tubes used. The outside of

glass is cooled to —60°C or below and attached to the manifold. The vacuum is applied and
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checked to ensure that it achieved returns to below 100 ubar. Samples are then allowed to
completely warm to room temperature overnight (approximately 16 hours) or less for volatile
solvents. Following this warming, the vacuum is released by switching the manifold valve
slowly to prevent material ablating from the tubes. In some embodiments, the system is left
on and fractions are dried over several days before the condenser is thawed out. In some
embodiments, multiple flasks on a manifold are used and different flasks are removed at

different times depending on when they have completed drying.
Anti-Inflammatory Therapies

[0245] Without being bound by theory, there are 4 broad classes for MSC exosomes’
mechanism of action: A) anti-inflammatory, B) regeneration, C) anti-fibrotic, D)
neuroprotective. These categories can be interrelated and/or overlap. Cell-derived vesicles
manufactured as described herein are used to treat the following diseases or conditions: (1)
multiple sclerosis, (2) neuroinflammatory disease, (3) muscle injuries, (4) radiation tissue
damage, (5) stroke, (6) traumatic brain injury, (7) myocardial infarction, (8) graft versus host
disease, (9) Parkinson’s disease, (10) Alzheimer’s, (11) inflammatory bowel disease, (12)
Huntington’s disease, (13) amyotrophic lateral sclerosis, (14) Bahcet’s disease, (15)
sarcopenia, (16) aging, (17) spinal cord injury, (18) wound repair, and (19) dysphagia.
Without being bound by theory, disease or conditions numbered (1-19) are treated through
the cell-derived vesicles’ anti-inflammatory mechanism. Without being bound by theory,
disease or conditions numbered (1-7, 9-10, 12-13, 15, 17-19) are treated through the cell-
derived vesicles’ regenerative mechanism. Without being bound by theory, disease or
conditions numbered (3-7, 17-19) are treated through the anti-fibrotic mechanism. Without
being bound by theory, disease or conditions numbered (1-6, 9-10, 12-13 and 15-17) are

treated through the neuroprotective mechanism,
Example S - Stroke

[0246] To establish a rat model of stroke with middle cerebral artery occlusion (MCAOQO),
rats are first anesthetized using inhaled isofurane (3% for induction followed by 2% for
maintenance). Fur on the incision site is removed using Nair and skin is cleaned and
sterilized sequentially with sterile PBS, 75% ethanol and betadine. A midline neck incision is

made and the soft tissues are pulled apart. The left common carotid artery (LCCA) is
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carefully dissected free from the surrounding nerves (without harming the vagal nerve) and a
ligature is made using 6.0/7.0 suture. 5.0 suture can also be used. The left external carotid
artery (LECA) is then separated and a second knot is made. Next, the left internal carotid
artery (LICA) is isolated and a knot is prepared with a 6.0 filament. After obtaining a good
view of the left internal carotid artery (LICA) and the left pterygopalatine artery (LPA), both
arteries are clipped, using a microvascular clip. A small hole is cut in the LCCA before it
bifurcates to the LECA and the LICA. A monofilament made of 8.0 nylon coated with
silicon hardener mixture is then introduced into the LICA, until it stops at the clip. Attention
has to be paid not to enter the occipital artery. The clipped arteries are opened while the
filament is inserted into the LICA to occlude the origin of the LMCA in the circle of Willis.
The third knot on the LICA 1is closed to fix the filament in position.

[0247] Using the above MCAQO model, Applicants demonstrated the therapeutic effects of
exosomes in a rat model of stroke. To test whether exosomes are taken up by relevant target
cell populations, MSC-Stroke exosomes are prepared by exposing MSCs to conditions that
mimic the microenvironment experienced by MSC’s upon injection into tissues affected by
ischemia-related diseases (hypoxia, serum deprivation). Human bone marrow aspirates from
young adult, non-smoking males were obtain from Lonza (Allendale, NJ). For MSC isolation
and expansion, bone marrow aspirates were passed through 90 um pore strainers for isolation
of bone spicules. Then, the strained bone marrow aspirates were diluted with equal volume
of phosphate-buftfered saline (PBS) and centrifuged over Ficoll (GE Healthcare, Waukesha,
WI) for 30 minutes at 700g. Next, mononuclear cells and bone spicules were plated in plastic
culture flasks, using minimum essential media o (MEM-a) (HyClone Thermo Scientific,
Waltham, MA) supplemented with 10% fetal bovine serum (FBS; Atlanta Biologicals,
Lawrenceville, GA) that had been screened for optimal MSC growth. After 2 days, non-
adherent cells were removed by 2-3 washing steps with PBS. After passage 2 MSCs were
expanded in 20% FBS and MSCs from passages 5-6 were used for experimentation. For
serum starvation, MSCs were washed 3 times with PBS and cultured in exosome isolation
media consisting of OptiMEM without phenol red with 1% L-Glut (IC) (Life Technologies,
Carlsbad, CA) for 40 hours. For serum starvation plus low oxygen conditions (PAD) MSC
were cultured in exosome isolation media under 1% oxygen tension for 40 hours. Pooled

human HUVECS were purchased from Lonza (Allendale, NJ) and cultured according to
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manufacturers instructions using EndoGRO-LS Complete media from Millipore (Billerica,

MA).

[0248] MSCs were washed 3 times with PBS and switched to exosome isolation media;
either 20% FBS media that was pre-cleared of exosomes via 18 hour 120,000 x g
centrifugation, or OptiMEM (Life Technologies, Carlsbad, CA) and were conditioned for 40
hours prior to vesicle isolation. Microvesicles (MV) were isolated as described herein.
Briefly conditioned media was cleared of cells and cell debris via centrifugation (500 x g and
1000 x g respectively), then spun at 17,000 x g pellet to isolate MVs. Exosomes were
isolated as described herein. Briefly, for proteomics studies exosomes were isolated using
0.22 um filtration to get rid of cells, cell debris and microvesicles prior to being spun at
120,000 x g for 2 hours, the pellet was then washed with 39 mLs of PBS and spun again at
120,000 x g for 2 hours. All ultracentrifuge steps were performed with a Ti70 rotor in
polyallomer quick seal tubes (Beckman Coulter, Brea, CA). Vesicle concentration was
determined using DC assay (BioRad, Hercules, CA) and size distribution assessed using

NanoSight LM10HS (Malvern, Amesbury, MA).

[0249] To assess the ability of MSC exosomes to influence a target cell population,
exosomes were labeled with a fluorescent label and exposed to human primary endothelial
cells. Uptake of exosomes can be observed after 1 hour using fluorescence microscopy. This
result demonstrates that exosomes are absorbed by cells that are therapeutic targets for human
treatment of ischemic stroke. Further, exposure of target cell populations (e.g. endothelial
cells) to MSC-Stroke exosomes induces migration within 6 hours and tubule formation within
15 hours, demonstrating that exosomes are capable of inducing an angiogenic effect, an

important feature of a potential therapeutic for stroke.

[0250] Exosome treatment is capable of inducing therapeutic responses in the MCAO
model. MSC-stroke derived exosomes (100 pg/mL) can be injected intracranially, intra-
arterially, or intravenously into MCAO rats. Treatment with exosomes improved rat
performance in a cylinder test of asymmetric paw usage and resulted in a reduction of the
inflammatory cytokine IL-1p in area surrounding the stroke infarct. This data indicates the

robustness and reproducibility of the exosomes’ ability produce stroke-relevant therapeutic
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effects (e.g. functional recovery via the motor skills assay and reduction in inflammation) by

multiple routes of delivery.
Example 7 - Exosome uptake and cell proliferation

[0251] Exosomes will exert their function on cells that they are able to effectively interact
with. Applicants investigated the ability of various cell types (muscle stem cells, kidney
epithelial cells, and neural cells) to take up exosomes of the present disclosure. Applicants
specifically labeled the lipid membrane of exosomes with a fluorescent dye and added them
to the culture media of the cells. After one hour of co-incubation with the labeled exosomes,
the media was removed, the cells were washed 3 times with PBS, the cells then were
quantitatively assessed for the presence of the exosome-conjugated fluorescent dye. The
negative control was the fluorescent “labeling” of just PBS to ensure there were no artifacts
from dye aggregation due to the sample processing steps involved with labeling the
exosomes. Analysis of the cells via flow cytometry clearly showed that the majority (>80%)
of cells from each group were positive for the presence of exosomes (data not shown). This
demonstrates that exosomes are readily taken up by many cell types within one hour.
Applicants also demonstrated that MSC-stroke derived exosomes are taken up by primary
endothelial cells and induce migration and tubule formation. MSC-stroke exosomes labeled
with PKH26 were exposed to human primary endothelial cells (HUVECs) for 1 hour and
stained with nuclear Hoechst. MSC-Stroke induced migration of HUVECs within 6 hours
(Calcein AM) T-test *=p<0.05. (FIG. 14).

[0252] After tissues are damaged, the body tries to repair this damaged tissue. During this
process, localized stem cells are activated to aid in this tissue repair process. The ability of
the formulation of exosomes disclosed herein to induce the proliferation of a type of tissue
resident stem cell, myoblasts, which are a common type of muscle stem cell was tested (FIG.
15). Muscle stem cells were stimulated with increasing doses of exosomes for 24-hours and
assessed their ability to induce the proliferation of myoblasts by determining the presence of
a marker for cells in a proliferative state (Ki67) using flow cytometry. Without being bound
by theory, this data demonstrates that this formulation of exosomes induces stem cell
proliferation in a dose dependent manner, which is an indication of their intrinsic tissue

healing properties.
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Example 8 - Inflammation

[0253] The exosome formulation disclosed herein was tested for its ability to diminish an
inflammatory response in vitro, using a canonical inflammation assay called the mixed
lymphocyte reaction. Primary white blood cells (lymphocytes) were isolated from fresh
human blood and cultured in vitro. These immune cells were then stimulated with an antigen
(PHA) derived from bacteria to stimulate a strong immune response. During this immune
response to the bacterial based antigen (PHA), the cells responsible for the inflammation
response proliferate, which is a canonical process of inflammation. Therefore, the degree to
which the cells proliferate is an indication of how strongly inflammation has been induced.
Without being bound by theory, this data demonstrates that primary human lymphocytes’
inflammatory response to a bacterial antigen (PHA) is diminished when co-stimulated with
the exosome formulation disclosed herein in a dose dependent manner, indicating potent anti-
inflammatory properties of the exosomes (FIG. 16). Additionally, this experiment used
lyophilized exosomes, instead of freshly thawed exosomes, demonstrating that lyophilized

exosomes maintain their functionality as measured by their anti-inflammatory properties.

[0254] The anti-inflammatory properties of freshly thawed exosomes were compared to
lyophilized exosomes, on a dose for dose basis using the same mixed lymphocyte reaction
assay as described above (FIG. 17). Without being bound by theory, this data established
that the exosome formulation disclosed herein retains its anti-inflammatory properties post-
lyophilization. This is a critical piece of data demonstrating the feasibility of
commercialization. The lyophilized product will be substantially cheaper to store and ship
and be readily available for clinicians and patients alike to administer therapy without the
need for cumbersome use of liquid nitrogen tanks needed for most stem cell based

therapeutics.
Example 9 — T-Regulatory Cell Proliferation

[0255] Exosomes induce T-regulatory cell proliferation. A specific T-cell assay was used
to determine the mechanism of action for the exosomes’ anti-inflammatory properties. T-
regulatory cells (Tregs) are a type of immune cell with potent anti-inflammatory properties.
The exosome formulation disclosed herein was tested for its ability to activate Tregs using

flow cytometry. As shown in FIG. 18, the exosomes induced Treg activation in a dose
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dependent manner. Without being bound by theory, these results indicate that the exosome
formulation disclosed herein mediates its anti-inflammatory properties through the activation

of T-regs.
Example 10 — Exosomes Reduce Cell Death Due to Oxidative Stress

[0256] Exosomes reduce cell death due to oxidative stress. Oxidative stress is elevated in
areas of tissue damage and induces cellular stress and cell death. The exosome formulation
disclosed herein was tested for its ability to increase the survivorship of stem cells
(myoblasts) exposed to high levels of oxidative stress (300 uM H,0,). Stem cells were
exposed to high levels of oxidative stress for 1 hour and subsequently probed for a marker of
cell death (Annexin V) with or with co-stimulation with the exosome formulation (data not
shown). Applicants determined that the high dose of exosomes was able to reduce stem cell
death upon exposure to high levels of oxidative stress. The positive control was a media with
high levels of antioxidants added to counteract the oxidative stress. Without being bound by
theory, this data indicates that the exosome formulation disclosed herein contributes to tissue

healing and cell survival by assisting cells cope with oxidative stress.

Example 11 - Lyophilized Exosomes Induce Comparable Levels of Anti-Inflammatory

and Neuroprotective Cytokines

[0257] The exosome formulation disclosed herein was tested for its ability to modify the
expression of various cytokines by primary human immune cells (lymphocytes). Fresh
lymphocytes were isolated from human blood and cultured them in vitro. The lymphocytes
were then stimulated with exosomes. A Quantibody array was used to quantitatively assess
cytokine expression of the cells after 24-hours (FIGS. 19-21). Without being bound by
theory, this data indicates that the exosomes reduce the expression of key inflammatory
cytokines and induces the expression of critical anti-inflammatory cytokines in primary
human lymphocytes. Additionally, this data demonstrates that the modulation of cytokine
expression is comparable between freshly thawed and lyophilized exosomes. The cytokines
tested in this assay are: IL-11, G-CSF, Eotaxin, IL-4, IL-7, MCSF, 1L-12p70, IL-1a, BLC,
IL-8, GM-CSF, MIP-1d, IL-2, IL-15, IL-13, IFNg, IL-6sR, IL-16, IL-1b, IL-1ra, MIP-1b,
TNFb, IL-17, IL-12p40, PDGF-BB, IL-5, IL-6, Eotaxin-2, TNF R, IL-10, MCP-1, I-309,
TNFa, RANTES, MIP-1a, MIG, TNF RIL, TIMP-1, ICAM-1, and TIMP-2 (FIGS. 19-21).
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[0258] Applicants also determined that MSC-exosomes are anti-inflammatory and induce
Tregs. MSC-exosomes reduced inflammation and activated Tregs in vitro. Primary human
lymphocytes activated with PHA, immediately followed by treatment with either MSC-
exosomes or vehicle control. 48 hours post-treatment, cytokine expression of the conditioned
media was assessed via Quantibody array analysis and proliferation status was evaluated via
flow cytometry analysis of Ki67 expression. In a Treg activation assay, treatment with MSC-
exosomes for 48 hours significantly increased the number of Tregs detected via flow

cytometry by over 3 fold (data not shown).
Example 12 - Multiple Sclerosis

[0259] Multiple sclerosis affects about 2.5 million people worldwide and although there are
currently several approved treatments, most of these treatments are limited in their
application due to side effects and eflicacy in only minor sub-populations of MS patients. In
addition, none of the currently available treatments is regenerative in nature. Thus, there is a
need in the art to address these underlying issues. There are several methods to establish pre-

clinical and clinical efficacy. Example 12 describes several of these methods,

[0260] For humanization studies one can obtain human mobilized CD34+ cells from a
commercial source, and transplant them into sublethally irradiated, naive newborn 2-5 day
NRG mice intrahepatically. The mice are then transplanted with 250,000 total cells in a total
volume no greater than 30 ul with an insulin syringe. Pups are placed on their backs and the
syringe with the cells is inserted into the liver. The cells are then injected and the syringe is
removed. The recipient mice are returned to their mothers and housed in autoclaved cages
with sterile food and water to minimize the risk of infection. At 12 weeks
posttransplantation, mice are bled via the tail vein (one capillary collected) following
accepted guidelines, e.g., the UC Davis IACUC guidelines for blood collection. Engraftment

of the human cells is evaluated.

[0261] For the EAE induction model, 5-18 week old mice are weighed and marked by ear
punch or tail markings. Mice are injected subcutaneous (SC) with 300 g of myelin
oligodendrocyte glycoprotein (MOG) 35-55 in 200 ul of Complete Freund's Adjuvant (CFA)
containing 4mg/ml killed Mycobacterium tuberculosis H37Ra over two sites at the back (100

ul in each site) only on fay 0. Pertussis toxin (250 ng in 100 ) is given i.p. on days 0 and 2

-105-



WO 2018/226758 PCT/US2018/036149

post-immunization (p.i.). Some mice will receive CFA without MOG for control purposes.
Mice are weighed and clinically scored on day 0, 2 and 5, then daily starting on day 7 up to
day 28. For studies that go beyond day 28, the mice will be weighed and scored 3x weekly
until up to week 9. In certain experiments to examine the effect of various treatments mice
are treated with IV or IP injections of various treatments as described below. Clinical scoring
is a follows: (limp tail=1; waddle=2; paresis in one hind leg=2.5; paresis in both hind legs=3;
paresis in 1 hindleg and paralysis in the other=3.5; paralysis in both hind legs=4;
moribund=4.5; dead=5).

[0262] For perfusion studies, mice are perfused on day 7, 10, 14, 21, or 28 after
immunization. For perfusion, mice will undergo anesthesia followed by tissue fixation. Mice
are anesthetized with an injection of ketamine and xylazine i.p. When anesthesia is profound
(determined by the lack of withdrawal response to foot compression), the skin from the upper
abdomen and thorax is removed. The thoracic cage is then excised by cutting up from the
abdomen and through the diaphragm and the rib cage removed to expose the heart. The
perfusion needle is inserted into the left ventricle and the right atrium is snipped to allow
blood returning to the heart to drain, prior to perfusion with saline followed by fixative. After
perfusion, the central nervous system (brain and spinal cord) is removed for further

immunohistochemical processing.

[0263] For mRNA studies, or flow cytometry studies, mice are euthanized by C0,. When
respiration has ceased, mice are perfused following the procedure for perfusion except that
the mica are perfused with 20 ml of saline alone. After saline perfusion, the brain, spinal
cord, spleen and lymph nodes are removed for mRNA isolation procedures or flow

cytometric analyses.

[0264] Each of the following studies can be performed on both wild-type (WT) and
humanized mice in separate experiments. Dosing is calculated based previous studies in and
other published reports. Injection volumes for various treatments are 50 ul, however, timing
and dosing of treatment injections may be re-evaluated and modified based on the findings
from preliminary studies. Mice are weighed and clinically scored as stated above. Post-
mortem tissues are evaluated via qPCR, RNA-seq, immunohistochemical analysis and/or

flow cytometry analysis.
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[0265] The purpose of dosing studies is to evaluate the efficacy of 3 different doses of MSC
derived exosomes injected prior to the onset of symptoms in the EAE model. Mice are IV or
IP injected with the following study design on day 4 following initial immunization injection:
1) CFA alone negative control, 2) CFA-MOG +vehicle control (PBS), 3) CFA-MOG +low
dose exosomes (50 pg), 4) med dose exosomes (200 1g), 5) hi dose exosomes (800 pug). 12

mice/arm.

[0266] Standard of Care Comparison to evaluate the efficacy of MSC derived exosomes as
compared to and in combination with a standard of care treatment for MS, copaxone, injected
prior to the onset of symptoms in the EAE model. Mice are IV or IP injected with the
following study design on day 4 following initial immunization injection: 1) CFA alone
negative control, 2) CFA-MOG + vehicle control (PBS), 3) CFA-MOG + low dose exosomes
(200 png), 4) hi dose exosomes (800 pg), 5) CFA-MOG + copaxone (HED 1.6 mg), 6) CFA-

MOG + medium dose copaxone (0.5mg) +medium dose exosomes (200 Lg), 12 mice/arm.

[0267] Augmented exosome study can be done to assess the efficacy of exosomes that have
been enhanced by augmenting their trophic factor contents. Mice are IV or IP injected with
the following study design on day 4 following initial immunization injection: 1) CFA alone
negative control, 2) CFA-MOG +vehicle control (PBS), 3) CFA-MOG +augmented
exosomes I, 4) augmented exosomes II, 5) CFAMOG +augmented exosomes Ill, 6) CFA-
MOG +augmented exosomes IV, 7) CFA-MOG augmented exosomes V, 12 mice/arm.

[0268] Immune cell invasion study, TP1 can be done to evaluate the effects of exosome
treatment on immune cell invasion in the CNS at an early time point in the progression of
disease (day 14). For flow studies animals are perfused but not fixed as stated above at the
end of the study. Mice are IV or IP injected with the following study design on day 14
following initial immunization injection: 1) CFA alone negative control, 2) CFA-MOG +

vehicle control (PBS), 3) CFA-MOG + low dose exosomes (50 Lg), 4) CFA-MOG + high

dose exosomes (BOO Lg), 12 animals/arm

[0269] Immune cell invasion study, TP2 can be done to evaluate the effects of exosome
treatment on immune cell invasion in the CNS at a later time point in the progression of
disease (day 21). For flow studies, animals will be perfused but not fixed as stated above at

the end of the study. Mice are I'V or IP injected with the following study design on day 21
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following initial immunization injection: 1) CFA alone negative control, 2) CFA-MOG
+vehicle control (PBS), 3) CFA-MOG +low dose exosomes (50 ug), 4) CFA-MOG +high

dose exosomes (BOO [1g), 12 animals/arm.

[0270] Exosome studies and the studies described below were performed with exosome
preparations prepared as described above, without the addition of any exogenous agents to

the culture conditions.

[0271] For exosome uptake assays, mExo were labeled with the lipophilic fluorochromatic
dye, Cell Mask Green, according to manufacturer’s instructions. Cells were exposed to 100
ug/ml of CellMask labelled exosomes for one hour then washed with PBS to eliminate excess
exosomes. Cells were then analyzed using flow cytometry gating on FITC. T-tests were
used to test for significance of mExo as compared to negative controls (PBS with CellMask

Green dye).

[0272] For lymphocytes assays, lymphocytes were isolated from fresh human peripheral
blood using Ficol separation and cultured in RPMI with 20% premium select FBS, 10ng IL-2,
1% L-glutamine and 1% Pen-Strep. For antigen-induced lymphocyte proliferation assay,
lymphocytes were treated with 5 pg/ml phytohaemagglutinin (PHA) with 100 ug/ml mExo or
vehicle control (PBS) treatment for 48 hours. Cells were then fixed, permeablized and
stained with a primary monoclonal, fluorochrome conjugated (phycoerythrin) antibody

against the canonical proliferation marker, PE-Ki67. Cells were subsequently analyzed using

a flow cytometry.

[0273] For Treg activation assay, lymphocytes were isolated as above and cultured in
medium containing 1pLg/ml anti CD3, 1pg/ml anti CD28, 10% PS-FBS, 1% L-glutamine, 1%
Pen-Strep, 1% sodium pyruvate, 1% HEPES, 50nM B-mercaptoethanol, 1X NEAA and 10
ng/ml IL-2. Lymphocytes were treated with exosomes or vehicle control (PBS) for 48 hours
and analyzed via flow cytometry for canonical Treg surface markers CD4 and CD25 using

primary monoclonal, fluorochrome conjugated antibodies. See FIGS. 18

[0274] For quantibody arrays, multiplexed ELISA arrays from Ray Biotech (Quantibody
Arrays) were used to assess exosome modulation of lymphocyte secreted cytokines during

the antigen induced lymphocyte proliferation assay. Lymphocyte activation assay was
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performed as described above, except conditioned medium was obtained from treated cells
just prior to the take down of the study. Conditioned medium was quantitatively assessed for
the presence of 40 cytokines using Quantibody Arrays per manufacturer’s instructions. See

FIG. 19-21.

[0275] For glial restricted precursor cells and bioassays,p rimary rat glial restricted
precursor cells (GRPs) were purchased from Thermo Fisher and cultured in Neurobasal
medium with 10 ng/ml bFGF, 10 ng/ml PDGF-AA, GS22 Supplement and GlutaMax. Cells
were treated with 100 ug exosomes and assessed for proliferation using both a colorimetric
metabolic assay (CCK-8), with immunohistochemical verification via nuclear staining with
DAPI and imaging on a fluorescent microscope. See FIG. 23. For differentiation assays
GRPs are treated with 100 ug/ml exosomes or vehicle control (PBS) for 5 days prior to
evaluation for both early (Nestin, CNP) and late markers (Olig2, MBP) of oligodendrocyte
differentiation using flow cytometry. Primary monoclonal antibodies were used in
conjunction with fluorochrome conjugated secondary antibodies prior to flow cytometry

analysis. See FIG 23.

[0276] The exosome prepartions were also used for the study of the relapse remitting
mouse model of multiple sclerosis: Female SJL/J mice were purchased from Jackson
Laboratory and immunized with 200 pg of proteolipid protein from Complete Freund’s
Adjuvant Emulsion and pertussis toxin on Day 0 according to manufacturer’s instructions
(Hooke Labs) to present RRMS phenotype (EAE model). See FIG. 24. Immediately prior to
the onset of clinical symptoms (progressive paralysis starting from the tail and migrating
anteriorly) on Day 9 mice were administered via tail vein injection 250 pg of exosomes (n=
18) or vehicle control (PBS) (n=21) and evaluated daily for clinical scores by a blinded
observer for the duration of the study. Clinical scores ranges from 0 to 5. 0= no phenotype,
0.5=tail end can lift for a few seconds before limping, 1= partial or complete limp tail, 2=
waddle, 2.5= paresis in one hind limb, 3= paresis in both hind limbs, 3.5= paresis in one hind
limb and paralysis in the other hind limb, 4= paralysis in both hindlimbs, 4.5= moribund, 5=
death. Clinical scores evaluated using a repeated measures test to assess significance over
time and across groups. See FIG. 25. At the end of the study on day 35, mice were
euthanized, perfused with PBS and tissues were harvested for flow cytometry and

immunohistochemical analysis. Brains were disassociated using the Brain Disassociation Kit
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according to manufacturer’s instruction (Miltenyi) and stained with primary monoclonal,
fluorochrome conjugated antibodies against immune cell surface markers of T regulatory
cells and evaluated using flow cytometry. Spinal cords were fixed in formalin for a day, and
dehydrated in 30% sucrose for two days. Then the spinal cords were cryopreserved and
sectioned at 30 micron for immunohistochemical analysis. Spinal cord sections were stained
for myelin (Fluoromyelin), microglial (IBA1) and astrocyte (GFAP) activation markers using
fluorochrome conjugated primary antibodies and imaged on a Keyence BZ-9000 fluorescent

microscope. See FIGS. 26, 27 and 28.

[0277] To study therapeutic efficacy of the exosome preparations on progressive MS, CD1
(Charles River) and C57BL/6 (Jackson Labs) mice are used, aged from 6-15 weeks old.
Intradermally inject the mice with MOG-CFA emulsion (Hooke Labs). About 25 pl of
emulsion is intradermally injected on the outside of each hind limb, for a total of 50 ul per
mouse, while mice are under anesthesia, 2-3% isoflurane (Halocarbon). On Day 12-14, a
surgery scope is used to perform intracranial stereotaxic injection of 1 il of mycobacterium
tuberculosis (H37Ra) suspended in sterile saline while mice are under anesthesia, (2-3%
isoflurane (Halocarbon)) via heat pulled glass capillary needle (Sigma) while mice are kept at
appropriate body temperature with a heating pad. Suture cranial incision with silk sutures.
On days 21-28, mice are administered 300 g of exosome preparations or vehicle control
(saline) via tail vein injection. On day 28-42 mice are euthanized via pentobarbital and
perfused with fresh PFA prior to processing of brains for immunohistological analysis.
Brains are placed in OCT (Tissue Tek) and frozen with a combination of isopentane and dry
ice. Blocks are sectioned at 30 wm increments with a cryostat (ThermoFisher) prior to
staining with primary antibodies against: IBA1, GFAP, NeuN, Map2, CD19, CD4, CD25 or
Olig2 incubated overnight and stained with fluorochrome conjugated secondary antibodies
for one hour prior to imaging on a fluorescent microscope with stich function (Keyence).
The resulting images of the brains lesions and associated pathology are quantified using
ImagelJ analysis. To determine and evaluate clinical efficacy, one can use a primary end
point will the percentage of patients with disability progression confirmed at 12 weeks in a
time-to-event analysis or evaluation via Expanded Disability Status Scale or evaluation via

Multiple Sclerosis Functional Composite scores over a 12 week up to 28 week period.
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Example 14 — Radiation Induced Soft Tissue Damage

[0278] C57BL/6 mice (000664), aged 8-12 weeks old, are purchased from Jackson
Laboratory and are exposed to 50Gy of external beam x-ray radiation delivered (Elekta linear
accelerator) which is focused on one hindlimb while under anesthesia (pentobarbital). Mice
are given access to both nutrigels and hydrogels (Clear H20). Animals are weighed and
clinically observed for ulcerations twice weekly. Minor ulcerations were treated with topical
antibiotic ointment. Animals were administered 300 ig MSC-derived exosomes or vehicle
control (saline) via tail vein injection on week 1 post irradiation. Motor skills assessment was
performed weekly via TreadScan (CleverSys), balance beam, fireman pole and open field
(Columbus Instruments), and evaluated until the end of study up to week 10. At the end of
the study, mice are euthanized, perfused prior to extraction of hindlimb skin and muscle
tissue processing for cryosectioning, during which tissues are embedded in OCT (Tissue Tek)
and frozen on a combination of isopentane and dry ice. Tissue blocks are sectioned on
cryostat (ThermoFisher) at 30 um increments and stained with Sirus Red (Sigma) and Fast
Green (Sigma), or antibodies against collagen, vimentin or laminin (incubated overnight)
followed by fluorchrome conjugated secondary antibodies (incubated one hour). Slides are
dehydrated with sequential ethanol baths and then coverslip mounted with Permount (Fisher
Chemical), prior to imaging on brightfield (Keyence) or fluorescent microscope (Keyence).

Images can be quantified with ImageJ analysis.

[0279] For head and neck cancers, passive and stimulated saliva production, and clinical
assessment of dysphagia via videofluoroscopy, CT scanning, endoscopic examination, MRI,
chest radiography, transnasal esophagoscopy, cervical auscultation, blood tests including
thyroid-stimulating hormone, vitamin B-12, and creatine kinase can be used to evaluate

clinical efficacy.

[0280] For other forms of cancer such as breast cancer, reduction in fibrotic scarring may
be a potential endpoint (eg skin elasticity). For sarcomas, one can evaluate clinical efficacy

by assessing motor skills assessments.

[0281] As the efficacy of this therapy is clinical evaluated, one of skill in the art may be
able to increase doses of irradiation which can be really helpful, as present radiation doses are

determined based on a smaller subset of patients that are extra radiation sensitive. There are
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no biomarkers for this population, so radiologists administer radiation in fractions suited
toward this population, which is some cases limits the efficacy of the treatment of more

aggressive tumors.
Equivalents

[0282] Unless otherwise defined, all technical and scientific terms used herein have the
same meaning as commonly understood by one of ordinary skill in the art to which this

invention belongs.

[0283] The inventions illustratively described herein may suitably be practiced in the
absence of any element or elements, limitation or limitations, not specifically disclosed

2% ¢

herein. Thus, for example, the terms “comprising,” “including,

29 CC

containing,” etc. shall be
read expansively and without limitation. Additionally, the terms and expressions employed
herein have been used as terms of description and not of limitation, and there is no intention
in the use of such terms and expressions of excluding any equivalents of the features shown
and described or portions thereof, but it is recognized that various modifications are possible

within the scope of the invention claimed.

[0284] Thus, it should be understood that although the present invention has been
specifically disclosed by preferred embodiments and optional features, modification,
improvement and variation of the inventions embodied therein herein disclosed may be
resorted to by those skilled in the art, and that such modifications, improvements and
variations are considered to be within the scope of this invention. The materials, methods,
and examples provided here are representative of preferred embodiments, are exemplary, and

are not intended as limitations on the scope of the invention.

[0285] The invention has been described broadly and generically herein. Each of the
narrower species and subgeneric groupings falling within the generic disclosure also form
part of the invention. This includes the generic description of the invention with a proviso or
negative limitation removing any subject matter from the genus, regardless of whether or not

the excised material is specifically recited herein.

[0286] All publications, patent applications, patents, and other references mentioned herein

are expressly incorporated by reference in their entirety, including all formulas and figures, to
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the same extent as if each were incorporated by reference individually. In case of conflict,

the present specification, including definitions, will control.

[0287] Other embodiments are set forth within the following claims.
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SEQUENCE LISTING

SEQ ID NO:1 - miR-150- 1 ctceccatgg cectgtetee caaccettgt accagtgctg ggetcagace
ctggtacagg cctgggggac agggacctgg ggac

SEQID NO:2 - miR-126 - 1 cgctggegac gggacattat tacttttggt acgcgetgtg acacttcaaa
ctcgtaccgt gagtaataat gcgecgteca cggea

SEQ ID NO:3 - miR-296
1 aggacccttc cagagggcece ccectcaate ctgttgtecc taattcagag ggttgggoteg

61 aggctctcct gaagggctct

SEQ ID NO4 - let-7
1 tgggatgagg tagtaggttg tatagtttta gggtcacace caccactggg agataactat

61 acaatctact gtctttccta

SEQ ID NO:5 - PDGFR-A

1 aagagcaaaa agcgaaggceg caatctggac actgggagat tcggagegea gggagtttga
61 gagaaacttt tattttgaag agaccaaggt tgaggggoegg cttatttcct gacagctatt
121 tacttagagc aaatgattag ttttagaagg atggactata acattgaatc aattacaaaa
181 cgcggttttt gagececatta ctgttggage tacagggaga gaaacagagg aggagactgc
241 aagagatcat tggaggccgt gggcacgctc tttactccat gtgtgggaca ttcattgegg
301 aataacatcg gaggagaagt ttcccagage tatggggact tcccatcegg cgttectggt
361 cttaggctgt cttctcacag ggetgagect aatcetetge cagettteat tacectctat
421 ccttccaaat gaaaatgaaa aggttgtgca getgaattca tecttttete tgagatgett
481 tggggagagt gaagtgagcet ggeagtacce catgtctgaa gaagagaget ccgatgtgga
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541 aatcagaaat gaagaaaaca acagcggcct ttttgtgacg gtcttggaag tgagcagtgc
601 ctcggeggec cacacagggt tgtacacttg ctattacaac cacactcaga cagaagagaa
661 tgagcttgaa ggcaggceaca tttacatcta tgtgccagac ccagatgtag cctttgtace
721 tctaggaatg acggattatt tagtcatcgt ggaggatgat gattctgeca ttataccttg

781 tcgcacaact gatcccgaga ctectgtaac cttacacaac agtgaggggg tggtacctge
841 ctcctacgac agcagacagg getttaatgg gaccttcact gtagggcecct atatctgtga
901 ggccaccgtc aaaggaaaga agttccagac catcccattt aatgtttatg ctttaaaage
961 aacatcagag ctggatctag aaatggaagc tcttaaaacc gtgtataagt caggggaaac
1021 gattgtggtc acctgtgctg tttttaacaa tgaggtggtt gaccttcaat ggacttacce
1081 tggagaagtg aaaggcaaag gcatcacaat gctggaagaa atcaaagtce catccatcaa
1141 attggtgtac actttgacgg tccccgagge cacggtgaaa gacagtggag attacgaatg
1201 tgctgeecge caggetacca gggaggtcaa agaaatgaag aaagtcacta tttctgteca
1261 tgagaaaggt ttcattgaaa tcaaacccac cttcagecag ttggaagcetg tcaacctgea
1321 tgaagtcaaa cattttgttg tagaggtgcg ggcctaccca ccteccagga tatcctgget
1381 gaaaaacaat ctgactctga ttgaaaatct cactgagatc accactgatg tggaaaagat
1441 tcaggaaata aggtatcgaa gcaaattaaa gectgatccgt gctaaggaag aagacagtgg
1501 ccattatact attgtagctc aaaatgaaga tgctgtgaag agctatactt ttgaactgtt
1561 aactcaagtt ccttcatcca ttctggactt ggtcgatgat caccatggcet caactggggg
1621 acagacggtg aggtgcacag ctgaaggcac geegettect gatattgagt ggatgatatg
1681 caaagatatt aagaaatgta ataatgaaac ttcctggact attttggcca acaatgtctc
1741 aaacatcatc acggagatcc actcccgaga caggagtace gtggagggce gtgtgacttt
1801 cgccaaagtg gaggagacca tcgeegtgeg atgectggct aagaatctee ttggagetga
1861 gaaccgagag ctgaagctgg tggctcccac cetgegttct gaactcacgg tggctgctge

1921 agtcctggtg ctgttggtga ttgtgatcat ctcacttatt gtectggttg tcatttggaa
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1981 acagaaaccg aggtatgaaa ttcgctggag ggetcattgaa tcaatcagee cagatggaca
2041 tgaatatatt tatgtggacc cgatgcagct gecttatgac tcaagatggg agtttccaag
2101 agatggacta gtgcttggtc gggtcttggge gtctggageg tttgggaagg tggttgaagg
2161 aacagcctat ggattaagece ggtcccaacc tgtcatgaaa gttgecagtga agatgcetaaa
2221 acccacggec agatccagtg aaaaacaagce tctcatgtct gaactgaaga taatgactca
2281 cctggggcca catttgaaca ttgtaaactt gectgggagec tgecaccaagt caggecccat
2341 ttacatcatc acagagtatt gcttctatgg agatttggtc aactatttge ataagaatag
2401 ggatagcttc ctgagccacc acccagagaa geccaaagaaa gagetggata tetttggatt
2461 gaaccctget gatgaaagca cacggagcta tgttatttta tcttttgaaa acaatggtga
2521 ctacatggac atgaagcagg ctgatactac acagtatgtc cccatgctag aaaggaaaga
2581 ggtttctaaa tattccgaca tccagagatce actctatgat cgtccagect catataagaa
2641 gaaatctatg ttagactcag aagtcaaaaa cctcctttca gatgataact cagaaggect
2701 tactttattg gatttgttga gcttcaccta tcaagttgee cgaggaatgg agtttttgge
2761 ttcaaaaaat tgtgtccacc gtgatctgge tgctegeaac gtectectgg cacaaggaaa
2821 aattgtgaag atctgtgact ttggcctgge cagagacatc atgcatgatt cgaactatgt
2881 gtcgaaaggce agtaccttte tgeecgtgaa gtggatggct cctgagagea tetttgacaa
2941 cctctacacc acactgagtg atgtctggte ttatggeatt ctgctctggg agatcttttc
3001 ccttggtggc accecttace ccggeatgat ggtggattct actttctaca ataagatcaa
3001 gagtgggtac cggatggcca agectgacca cgetaccagt gaagtctacg agatcatggt
3121 gaaatgctgg aacagtgage cggagaagag accctecttt taccacctga gtgagattgt
3181 ggagaatctg ctgcctggac aatataaaaa gagttatgaa aaaattcacc tggacttcct
3241 gaagagtgac catcctgcetg tggeacgeat gegtgtggac tcagacaatg catacattgg
3301 tgtcacctac aaaaacgagg aagacaagct gaaggactgg gagggtogtc tggatgagea

3361 gagactgagc getgacagtg getacatcat tectetgect gacattgace ctgtecctga
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3421 ggaggaggac ctgggcaaga ggaacagaca cagetcgeag acctctgaag agagtgccat
3481 tgagacgggt tccagcagtt ccaccttcat caagagagag gacgagacca ttgaagacat
3541 cgacatgatg gatgacatcg gcatagactc ttcagacctg gtggaagaca gettcctgta
3601 actggcggat tcgaggggtt ccttccactt ctggggecac ctetggatee cgttcagaaa
3661 accactttat tgcaatgcag aggttgagag gaggacttgg ttgatgttta aagagaagtt
3721 cccagecaag ggectegggg agegttctaa atatgaatga atgggatatt ttgaaatgaa
3781 ctttgtcagt gttgcctett geaatgecte agtageatct cagtggtgtg tgaagtttgg
3841 agatagatgg ataagggaat aataggccac agaaggtgaa ctttgtgctt caaggacatt
3901 ggtgagagtc caacagacac aatttatact gcgacagaac ttcagcattg taattatgta
3961 aataactcta accaaggctg tgtttagatt gtattaacta tcttctttgg acttctgaag
4021 agaccactca atccatccat gtacttcect cttgaaacct gatgtcaget getgttgaac
4081 tttttaaaga agtgcatgaa aaaccatttt tgaaccttaa aaggtactgg tactatagca
4141 ttttgctate ttttttagtg ttaaagagat aaagaataat aattaaccaa ccttgtttaa

4201 tagatttggg tcatttagaa gcctgacaac tcattttcat attgtaatct atgtttataa

4261 tactactact gttatcagta atgctaaatg tgtaataatg taacatgatt tccctccaga
4321 gaaagcacaa tttaaaacaa tccttactaa gtaggtgatg agtttgacag tttttgacat
4381 ttatattaaa taacatgttt ctctataaag tatggtaata gctttagtga attaaattta

4441 gttgagcata gagaacaaag taaaagtagt gttgtccagg aagtcagaat ttttaactgt
4501 actgaatagg ttccccaatc catcgtatta aaaaacaatt aactgecctce tgaaataatg
4561 ggattagaaa caaacaaaac tcttaagtcc taaaagttct caatgtagag gcataaacct
4621 gtgctgaaca taacttctca tgtatattac ccaatggaaa atataatgat cagcaaaaag
4681 actggatttg cagaagtttt tttttttttt ttcttcatge ctgatgaaag ctttggcgac

4741 cccaatatat gtattttttg aatctatgaa cctgaaaagg gtcagaagga tgcccagaca

4801 tcagcctcct tetttcacce cttaccccaa agagaaagag tttgaaactc gagaccataa
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4861 agatattctt tagtggaggc tggatgtgca ttageetgga tectcagttc tcaaatgtgt
4921 gtggcagcca ggatgactag atcctgggtt tccatecttg agattctgaa gtatgaagte
4981 tgagggaaac cagagtctgt atttttctaa actccctgge tgttetgate ggecagtttt
5041 cggaaacact gacttaggtt tcaggaagtt gccatgggaa acaaataatt tgaactttgg
5101 aacagggttg gcattcaacc acgcaggaag cctactattt aaatccttgg cttcaggtta
5161 gtgacattta atgccatcta getagcaatt gecgaccttaa tttaactttc cagtcttage
5221 tgaggctgag aaagctaaag tttggttttg acaggttttc caaaagtaaa gatgctactt
5281 cccactgtat gggggagatt gaactttcce cgtcteeegt cttctgecte ccactecata
5341 ccecegecaag gaaaggceatg tacaaaaatt atgcaattca gtgttccaag tctetgtgta
5401 accagctcag tgttttggtg gaaaaaacat tttaagtttt actgataatt tgaggttaga
5461 tgggaggatg aattgtcaca tctatccaca ctgtcaaaca ggttggetotg gottcattgg
5521 cattctttge aatactgctt aattgetgat accatatgaa tgaaacatgg getgtgatta
5581 ctgcaatcac tgtgcetatcg gcagatgatg ctttggaaga tgcagaagea ataataaagt
5641 acttgactac ctactggtgt aatctcaatg caagccccaa ctttcttatc caacttttte
5701 atagtaagtg cgaagactga gccagattgg ccaattaaaa acgaaaacct gactaggttc
5761 tgtagagcca attagacttg aaatacgttt gtgtttctag aatcacagcet caagcattct
5821 gtttatcget cactcteect tgtacagect tattttgttg gtgctttgca ttttgatatt

5881 gctgtgagece ttgcatgaca tcatgaggee ggatgaaact tctcagteca geagtttcca
5941 gtcctaacaa atgetcccac ctgaatttgt atatgactgce atttgtgtgt gtatgtatat
6001 tttcagcaaa ttccagattt gtttcctttt ggectectge aaagtctcca gaagaaaatt
6001 tgccaatctt tcctacttte tatttttatg atgacaatca aagccggect gagaaacact
6121 atttgtgact ttttaaacga ttagtgatgt ccttaaaatg tggtctgeca atctgtacaa
6181 aatggtccta tttttgtgaa gagggacata agataaaatg atgttataca tcaatatgta

6241 tatatgtatt tctatataga cttggagaat actgccaaaa catttatgac aagctgtatc
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6301 actgccttcg tttatatttt tttaactgtg ataatcccca caggcacatt aactgttgea
63601 cttttgaatg tccaaaattt atattttaga aataataaaa agaaagatac ttacatgttc
6421 ccaaaacaat ggtgtggtga atgtgtgaga aaaactaact tgatagggtc taccaataca
6481 aaatgtatta cgaatgccecc tgttcatgtt tttgttttaa aacgtgtaaa tgaagatctt

6541 tatatttcaa taaatgatat ataatttaaa gtta

SEQ ID NO:6
PDGFR-B
1 ctcctgagge tgecageage cageagtgac tgecegecct atctgggace caggateget

61 ctgtgagcaa cttggageca gagaggagat caacaaggag gaggagagag ccggecccte
121 agecctgetg cccageagea gectgtgete geectgecea acgeagacag ccagacccag
181 ggcggeccect ctggeggcete tgctectecce gaaggatgct tggggagtga ggcgaagetg
241 ggccegctect ctecectaca geageeccct tectecatee ctetgttete ctgagectte
301 aggagcctge accagtectg cetgtectte tactcagcetg ttacccacte tgggaccage
361 agtctttctg ataactggga gagggcagta aggaggactt cctggagggg gtgactgtee
421 agagcetgga actgtgecca caccagaage catcageage aaggacacca tgeggcettee
481 gggtgcgatg ccagetetgg cectcaaagg cgagcetgetg ttgetgtete tectgttact
541 tctggaacca cagatctcte agggectggt cgtcacacce ccggggecag agettgtect
601 caatgtctcc agcaccttcg ttctgacctg ctcgggttea getccggtgg tgtgggaacg
661 gatgtcccag gageccecac aggaaatgge caaggeccag gatggeacct tetccagegt
721 gctcacactg accaacctca ctgggetaga cacgggagaa tacttttgea cccacaatga
781 ctccegtgga ctggagaccg atgageggaa acggetctac atctttgtge cagatceccac
841 cgtgggcttc ctccctaatg atgeccgagga actattcate tttctcacgg aaataactga

901 gatcaccatt ccatgccgag taacagacce acagetggtg gtgacactge acgagaagaa
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961 aggggacgtt gcactgectg tcecectatga tcaccaacgt ggcttttctg gtatctttga

1021 ggacagaagc tacatctgca aaaccaccat tggggacagg gaggtggatt ctgatgecta
1081 ctatgtctac agactccagg tgtcatccat caacgtctcet gtgaacgeag tgcagactgt
1141 ggtccgecag ggtgagaaca tcaccctcat gtgcattgtg atcgggaatg aggtggtcaa
1201 cttcgagtgg acatacccee gcaaagaaag tgggcggctg gtggagecgg tgactgactt
1261 cctcttggat atgecttace acatcecgete catectgeac atcecccagtg ccgagttaga
1321 agactcgggg acctacacct gcaatgtgac ggagagtgte aatgaccatc aggatgaaaa
1381 ggccatcaac atcaccgtgg ttgagagegg ctacgtgegg ctectgggag aggtggecac
1441 actacaattt gctgagetge atcggagecg gacactgeag gtagtgttcg aggectacee
1501 accgcccact gteetgtggt tcaaagacaa ccgeaccctg ggegacteca gegetggega
1561 aatcgccectg tccacgegea acgtgtcgga gacceggtat gtgtcagage tgacactggt
1621 tcgegtgaag gtggcagagg ctggecacta caccatgegg gecttccatg aggatgctga
1681 ggtccagcte tecttccage tacagatcaa tgteectgte cgagtgetgg agetaagtga
1741 gagccaccct gacagtgggg aacagacagt ccgetgtegt ggecggggea tgeeccagee
1801 gaacatcatc tggtctgcct gcagagacct caaaaggtgt ccacgtgage tgecgeecac
1861 gctgctgggg aacagttccg aagaggagag ccagetggag actaacgtga cgtactggga
1921 ggaggagcag gagtttgagg tggtgagcac actgegtetg cagecacgtgg atcggecact
1981 gtcggtgcge tgecacgetge gecaacgetgt gggecaggac acgcaggagg tcatcgtegt
2041 gccacactcc ttgeecttta aggtggtggt gatctcagee atectggece tggtggtect
2101 caccatcatc tcecttatca tectcatcat getttggeag aagaagecac gttacgagat
2161 ccgatggaag gtgattgagt ctgtgagctce tgacggccat gagtacatct acgtggacce
2221 catgcagctg ccctatgact ccacgtggga getgecgegg gaccagettg tgctgggacg
2281 caccctegge tetggggect ttgggcaggt ggtggaggcc acggetcatg gectgageca

2341 ttctcaggcece acgatgaaag tggccgtcaa gatgettaaa tccacagece gecageagtga
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2401 gaagcaagcc cttatgtcgg agctgaagat catgagtcac cttgggeccce acctgaacgt
2461 ggtcaacctg ttgggggcct gcaccaaagg aggacccatc tatatcatca ctgagtactg
2521 ccgctacgga gacctggtgg actacctgea ccgeaacaaa cacaccttee tgecageacca
2581 ctccgacaag cgecgeecge ccagegegga getctacage aatgetetge cegttgggct
2641 cceectgece agecatgtgt cettgaccgg ggagagegac ggtggctaca tggacatgag
2701 caaggacgag tcggtggact atgtgcccat getggacatg aaaggagacg tcaaatatge
2761 agacatcgag tcctccaact acatggeccce ttacgataac tacgttcect ctgeeectga
2821 gaggacctge cgagcaactt tgatcaacga gtctccagtg ctaagctaca tggacctegt
2881 gggcttcagce taccaggtgg ccaatggeat ggagtttctg gectccaaga actgegteca
2941 cagagacctg gcggctagga acgtgctcat ctgtgaagge aagetggtca agatctgtga
3001 ctttggectg getcgagaca tcatgeggga ctegaattac atctccaaag gecagceacctt
3001 tttgecttta aagtggatgg ctccggagag catcttcaac agectctaca ccaccctgag
3121 cgacgtgtgg tccttecggga tectgetetg ggagatctte accttgggtg geaccectta
3181 cccagagcetg cccatgaacg agcagttcta caatgecate aaacggggtt accgeatgge
3241 ccagcectgee catgectecg acgagatceta tgagatcatg cagaagtgct gggaagagaa
3301 gtttgagatt cggcccccct tetcccagcet ggtgetgett ctcgagagac tgttggecga
3361 aggttacaaa aagaagtacc agcaggtgga tgaggagttt ctgaggagtg accacccage
3421 catccttegg tecccaggecce gettgectgg gttecatgge ctecgatcte cectggacac
3481 cagctcegtce ctctatactg cecgtgcagee caatgagggt gacaacgact atatcatcee
3541 cctgectgac cccaaacceg aggttgetga cgagggecca ctggagggtt cccccagect
3601 agccagctee accctgaatg aagtcaacac ctectcaacc atctectgtg acagecccct
3661 ggagccccag gacgaaccag agccagagec ccagcettgag ctccaggtgg agecggagec
3721 agagctggaa cagttgcegg attcggggtg cectgegect cgggeggaag cagaggatag

3781 cttectgtag ggggctggece cctaccctge cetgectgaa geteececce tgecageace
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3841 cagcatctce tggectggece tgaccgggct tectgtcage caggetgecc ttatcagetg
3901 tccecttetg gaagctttet getectgacg tgttgtgcce caaaccetgg ggetggctta
3961 ggaggcaaga aaactgcagg ggecgtgace ageectetge ctccagggag gecaactgac
4021 tctgagccag ggttcceeca gggaactcag ttttcccata tgtaagatgg gaaagttagg
4081 cttgatgacc cagaatctag gattctctee ctggetgaca ggtggggaga ccgaateect
4141 ccctgggaag attcttggag ttactgaggt ggtaaattaa cttttttctg ttcagecage
4201 tacccctcaa ggaatcatag ctctetecte geacttttat ccacccagga getagggaag
4261 agaccctage ctceetgget getggctgag ctagggecta gecttgagea gtgttgecte
4321 atccagaaga aagccagtct cctecctatg atgecagtee ctgegtteee tggeccgage
4381 tggtctgggg ccattaggca gectaattaa tgetggagge tgagecaagt acaggacace
4441 cccagectge ageccttgee cagggeactt ggageacacg cagecatage aagtgectgt
4501 gteectgtec ttcaggecca tcagtectgg ggctttttet ttatcacect cagtcttaat

4561 ccatccacca gagtctagaa ggccagacgg geccegeate tgtgatgaga atgtaaatgt
4621 gccagtgtgg agtggccacg tgtgtgtgcce agtatatgge cctggetctg cattggacct
4681 gctatgaggc tttggaggaa tcectcacce tetetgggec tecagtttece cttcaaaaaa
4741 tgaataagtc ggacttatta actctgagtg ccttgecage actaacattc tagagtattce
4801 caggtggtte cacatttgtc cagatgaage aaggccatat accctaaact tccatectgg
4861 gggtcagetg ggctectggg agattccaga tcacacatca cactetgggg actcaggaac
4921 catgcccctt ccccaggecce ccageaagtc tcaagaacac agetgeacag gecttgactt
4981 agagtgacag ccggtgtcct ggaaageccce cagecagetge cccagggaca tgggaagace
5041 acgggacctc tttcactacc cacgatgacc tccgggggta tectgggcaa aagggacaaa
5101 gagggcaaat gagatcacct cctgcagecc accactccag cacctgtgee gaggtetgeg
5161 tcgaagacag aatggacagt gaggacagtt atgtcttgta aaagacaaga agcttcagat

5221 gggtacccca agaaggatgt gagaggtegg cgctttggag gtttgecect cacccaccag
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5281 ctgcceccate cetgaggeag cgetecatgg gggtatggtt ttgtcactge ccagacctag
5341 cagtgacatc tcattgtcce cageccagtg ggcattggag gtgccagggg agtcagggtt
5401 gtagccaaga cgcceccgea cggggaggegt tgggaagegge gtacaggaag ctcaaccect
5461 ctgggcacca accctgeatt gcaggttgge accttacttc cctgggatee ccagagttgg
5521 tccaaggagg gagagtggot tctcaatacg gtaccaaaga tataatcacc taggtttaca
5581 aatattttta ggactcacgt taactcacat ttatacagca gaaatgctat tttgtatget
5641 gttaagtttt tctatctgtg tacttttttt taagggaaag attttaatat taaacctggt
5701 gcttctcact cacaaaaa
SEQ ID NO:8
COLO6A3
1 aagccctgac tggtatcect ggecccagte cagtttggag ctcagtettc caccaaaggce

61 cgttcagttc tcctgggcte cagectectg caaggactge aagagtttte ctccgeaget

121 ctgagtctcc acttttttgg tggagaaagg ctgcaaaaag aaaaagagac geagtgagtg
181 ggaaaagtat gcatcctatt caaacctaat tgaatcgagg agcccaggga cacacgectt
241 caggtttgct caggggttca tatttggtgc ttagacaaat tcaaaatgag gaaacatcgg
301 cacttgcect tagtggecegt cttttgecte tttetetcag getttectac aactcatgee

361 cagcagcagc aagcagatgt caaaaatggt gcggcetgctg atataatatt tctagtggat
421 tcctettgga ccattggaga ggaacatttc caacttgttc gagagtttct atatgatgtt

481 gtaaaatcct tagctgtgge agaaaatgat ttccattttg ctctggteca gttcaacgga

541 aacccacata ccgagttcct gttaaatacg tatcgtacta aacaagaagt cctttctcat

601 atttccaaca tgtcttatat tgggggaacc aatcagactg gaaaaggatt agaatacata
661 atgcaaagcc acctcaccaa ggetgetgga agecgggecg gtgacggagt cectcaggtt
721 atcgtagtgt taactgatgg acactcgaag gatggecttg ctctgeecte ageggaactt

781 aagtctgctg atgttaacgt gtttgcaatt ggagttgage atgcagatga aggagegtta
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841 aaagaaatag caagtgaacc gctcaatatg catatgttca acctagagaa ttttacctca

901 cttcatgaca tagtaggaaa cttagtgtcc tgtgtgcatt catccgtgag tccagaaagg

961 gctggggaca cggaaaccct taaagacatc acagcacaag actctgetga cattatttte
1021 cttattgatg gatcaaacaa caccggaagt gtcaatttcg cagtcattct cgacttectt

1081 gtaaatctce ttgagaaact cccaattgga actcagcaga tccgagtggg getggtccag
1141 tttagcgatg agcccagaac catgttctee ttggacacct actccaccaa ggeccaggtt
1201 ctgggtgcag tgaaagccect cgggtttect ggtggogagt tggccaatat cggectecgee
1261 cttgatttcg tggtggagaa ccacttcacc cgggeagggg gcagecgcgt ggaggaagges
1321 gttccccagg tgetggtect cataagtgee gggectteta gtgacgagat tcgetacggg
1381 gtggtagcac tgaagcaggce tagegtgttc tcattcggece ttggagecca ggecgectee
1441 agggcagagc ttcagcacat agctaccgat gacaacttgg tgtttactgt cccggaattc
1501 cgtagctttg gggacctcca ggagaaatta ctgecgtaca ttgttggegt ggcccaaagg
1561 cacattgtct tgaaaccgcce aaccattgtc acacaagtca ttgaagtcaa caagagagac
1621 atagtcttce tggtggatgg ctcatctgea ctgggactgg ccaacttcaa tgccatcega
1681 gacttcattg ctaaagtcat ccagaggctg gaaatcggac aggatcttat ccaggtggcea
1741 gtggcccagt atgcagacac tgtgaggect gaattttatt tcaataccca tccaacaaaa
1801 agggaagtca taaccgetgt gecggaaaatg aagecectgg acggetegge cetgtacacg
1861 ggctctgcte tagactttgt tcgtaacaac ctattcacga gttcagecgg ctaccgggct
1921 gcegagggga ttectaaget tttggtgctg atcacaggtg gtaagtcect agatgaaate
1981 agccagcectg cccaggaget gaagagaage ageataatgg cctttgecat tgggaacaag
2041 ggtgccgatc aggctgagct ggaagagatc getttcgact ccteectggt gttcatceca
2101 gctgagttce gagecgeccc attgcaagge atgetgectg gettgetggce acctetcagg
2161 accctctctg gaaccectga agttcactca aacaaaaggg atatcatctt tettttggat

2221 ggatcagcca acgttggaaa aaccaatttc ccttatgtge gegactttgt aatgaaccta
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2281 gttaacagcc ttgatattgg aaatgacaat attcgtgttg gtttagtgca atttagtgac

2341 actcctgtaa cggagttctc tttaaacaca taccagacca agtcagatat ccttggtcat
2401 ctgaggcagc tgcagctcca gggaggttcg ggectgaaca caggetcage cctaagetat
2461 gtctatgcca accacttcac ggaagetgge ggecageagga tecgtgaaca cgtgecgeag
2521 cteetgette tgetcacage tgggceagtet gaggactect atttgcaage tgecaacgee
2581 ttgacacgcg cgggcatect gactttttgt gtgggagceta gccaggegaa taaggcagag
2641 cttgagcaga ttgcttttaa cccaagectg gtgtatctca tggatgattt cagetcectg
2701 ccagctttge ctcagcagcet gattcageece ctaaccacat atgttagtgg aggtgtggoag
2761 gaagtaccac tcgctcagec agagagcaag cgagacatte tgttectett tgacggctca
2821 gccaatcttg tgggcecagtt cectgttgte cgtgacttte tctacaagat tatcgatgag
2881 ctcaatgtga agccagaggg gacccgaatt geggtgecte agtacagega tgatgtcaag
2941 gtggagtcce gttttgatga gcaccagagt aagectgaga tectgaatcet tgtgaagaga
3001 atgaagatca agacgggcaa agccctcaac ctgggetacg cgetggacta tgcacagagg
3001 tacatttttg tgaagtctge tggecagecgg atcgaggate gagtgcttca gttectggtg
3121 ctgctggteg caggaaggtc atctgaccgt gtggatgggoc cagcaagtaa cctgaageag
3181 agtggggttg tgcctttcat cttccaagee aagaacgcag accctgetga gttagageag
3241 atcgtgctgt ctccagegtt tatcctggcet gecagagtege ttcccaagat tggagatett
3301 catccacaga tagtgaatct cttaaaatca gtgcacaacg gagcaccage accagtttca
3361 ggtgaaaagg acgtggtett tctgettgat ggctetgagg gegtcaggag cggctteect
3421 ctgttgaaag agtttgtcca gagagtggte gaaagectgg atgtgggocca ggaccgggte
3481 cgcgtggcecg tggtgcagta cagegaccgg accaggececg agttctacct gaattcatac
3541 atgaacaagc aggacgtcgt caacgetgte cgecagetga cectgetggg agggecgace
3601 cccaacaccg gggcegecct ggagtttgte ctgaggaaca tectggtcag ctetgeggga

3661 agcaggataa cagaaggtgt gccccagetg ctgatcgtee tcacggecga caggtetggg
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3721 gatgatgtgc ggaaccccte cgtggtegte aagaggggete gooctgtgcce cattggcatt

3781 ggcatcggga acgctgacat cacagagatg cagaccatct ccttcatcce ggactttgee
3841 gtggccattc ccacctttcg ccagetgggg accgtccaac aggteatcte tgagagggtg
3901 acccagctca cccgegagga getgageagg ctgeageegg tgttgcagece tetaccgage
3961 ccaggtgttg gtggcaagag ggacgtggtc tttctcatcg atgggteeca aagtgecggg
4021 cctgagttce agtacgttcg caccctcata gagaggctgg ttgactacct ggacgtgggc
4081 tttgacacca cccgggtggc tgtcatccag ttcagegatg accccaaggt ggagttectg
4141 ctgaacgccc attccagcaa ggatgaagtg cagaacgegg tgcageggct gaggeccaag
4201 ggagggcggc agatcaacgt gggcaatgee ctggagtacg tgtccaggaa catcttcaag
4261 aggccectgg ggagecgeat tgaagagggc gteccgeagt teetggtect catctegtet
4321 ggaaagtctg acgatgaggt ggacgacccg geggtggage tcaageagtt tggegtggce
4381 cctttcacga tcgeccaggaa cgecagaccag gaggagetgg tgaagatcte getgageecc
4441 gaatatgtgt tctcggtgag caccttccgg gagetgecca gectggagea gaaactgetg
4501 acgcccatca cgaccctgac ctcagageag atccagaagce tettagecag cactegetat
4561 ccacctccag cagttgagag tgatgctgca gacattgtct ttctgatcga cagetctgag
4621 ggagttaggc cagatggctt tgcacatatt cgagattttg ttagcaggat tgttcgaaga
4681 ctcaacatcg gceccagtaa agtgagagtt gggotegtge agttcageaa tgatgtette
4741 ccagaattct atctgaaaac ctacagatcc caggeccegg tgetggacge catacggege
4801 ctgaggctca gaggggggtc cccactgaac actggcaagg ctctcgaatt tgtggcaaga
4861 aacctctttg ttaagtctge ggggagtcge atagaagacg gggtgcccca acacctggte
4921 ctggtectgg gtggaaaate ccaggacgat gtgtccaggt tcgeccaggt gatcegttee
4981 tcgggcattg tgagtttagg ggtaggagac cggaacatcg acagaacaga getgcagace
5041 atcaccaatg accccagact ggtcttcaca gtgecgagagt tcagagagct tcccaacata

5101 gaagaaagaa tcatgaactc gtttggaccc tccgeageca ctectgeacce tccaggggte
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5161 gacaccccte ctecttcacg gecagagaag aagaaageag acattgtgtt cetgttggat
5221 ggttccatca acttcaggag ggacagtttc caggaagtgc ttegttttgt gtctgaaata
5281 gtggacacag tttatgaaga tggcgactce atccaagtgg ggcttgtcca gtacaactct
5341 gaccccactg acgaattctt cctgaaggac ttctctacca agaggceagat tattgacgec
5401 atcaacaaag tggtctacaa agggggaaga cacgccaaca ctaaggtggg cettgageac
5461 ctgcgggtaa accactttgt gectgaggea ggecagecgece tggaccageg ggteectcag
5521 attgcctttg tgatcacggg aggaaagtcg gtggaagatg cacaggatgt gagectggec
5581 ctcacccaga ggggggtcaa agtgtttect gttggagtga ggaatatcga ctcggaggag
5641 gttggaaaga tagcgtccaa cagegecaca gegttccgeg tgggeaacgt ccaggagetg
5701 tccgaactga gcgagcaagt tttggaaact ttgcatgatg cgatgceatga aaccctttge
5761 cctggtgtaa ctgatgetge caaagcettgt aatctggatg tgattctggg gtttgatggt
5821 tctagagacc agaatgtttt tgtgecccag aagggcttcg agtccaaggt ggacgcecate
5881 ttgaacagaa tcagccagat gcacagggtc agetgeageg gtggecgcete geccacegtg
5941 cgtgtgtcag tggtggccaa cacgeccteg ggeccggtgg aggcectttga ctttgacgag
6001 taccagccag agatgcetcga gaagttccgg aacatgegea gecageacce ctacgtecte
6061 acggaggaca ccctgaaggt ctacctgaac aagttcagac agtcctcgee ggacagegtg
6121 aaggtggtca ttcattttac tgatggagca gacggagatc tggctgattt acacagagcea
6181 tctgagaacc tccgecaaga aggagteegt gecttgatee tggtgggcct tgaacgagtg
6241 gtcaacttgg agcggctaat geatctggag tttgggcgag gotttatgta tgacaggeec
6301 ctgaggctta acttgctgga cttggattat gaactagegg agcagcettga caacattgee
6361 gagaaagctt getgtgggot tcectgcaag tgctetggge agaggggaga ccgegggece
6421 atcggcagcea tcgggccaaa gggtattect ggagaagacg getaccgagg ctatcctggt
6481 gatgagggte gacccggtga gegtggtecg cetggtgtga acggeactca aggtttccag

6541 ggctgeccgg gecagagagg agtaaagggc tetcggggat tcccaggaga gaagggcgaa
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6601 gtaggagaaa ttggactgga tggtctggat ggtgaagatg gagacaaagg attgectggt

6661 tcttctggag agaaagggaa tcctggaaga aggggtgata aaggacctcg aggagagaaa
6721 ggagaaagag gagatgttgg gattcgaggg gacccgggta acccaggaca agacagecag

6781 gagagaggac ccaaaggaga aaccggtgac ctcggeccca tgggtgtece agggagagat

6841 ggagtacctg gaggacctgg agaaactggg aagaatggte getttgeccg aaggggacce
6901 cccggagcta agggcaacaa gggeggtect ggecagecgg getttgagge agagcagggg

6961 accagaggtg cacagggccc agetggtect getggtecte cagggctgat aggagaacaa

7021 ggcatttctg gacctcgggg aageggaggt gecgetggtg ctecctggaga acgaggcaga
7081 accggtccac tgggaagaaa gggtgagece ggagagecag gaccaaaagg aggaatcggg
7141 aaccggggcc ctegtgggga gacgggagat gacgggagag acggagttgg cagtgaagga
7201 cgcagaggca aaaaaggaga aagaggattc cctggatacc caggaccaaa gggtaaccca
7261 ggtgaacctg ggctaaatgg aacaacagga cccaaaggea tcagaggecg aaggggaaat
7321 tcgggaccte cagggatagt tggacagaag ggagaccctg getacccagg accagetggt
7381 cccaagggca acaggggcga cteccatcgat caatgtgecce tcatccaaag catcaaagat
7441 aaatgccctt getgttacgg geecectggag tgeeeegtet tcccaacaga actagecttt

7501 gctttagaca cctctgaggg agtcaaccaa gacactttcg gecggatgeg agatgtggte
7561 ttgagtattg tgaatgacct gaccattget gagagcaact geccacgggg ggeccgggts
7621 gctgtggtca cctacaacaa cgaggtgace acggagatce ggtttgctga ctccaagagg
7681 aagtcggtce tcctggacaa gattaagaac cttcaggtgg ctetgacate caaacageag
7741 agtctggaga ctgccatgte gtttgtggee aggaacacat ttaagegtgt gaggaacgga
7801 ttcctaatga ggaaagtggce tgttttcttc agcaacacac ccacaagagce atccccacag

7861 ctcagagagg ctgtgctcaa getctcagat geggggatca cececttgtt ccttacaagg
7921 caggaagacc ggcagctcat caacgetttg cagatcaata acacagcagt ggggceatgeg

7981 cttgtcctge ctgecagggag agacctcaca gacttectgg agaatgtect cacgtgtcat
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8041 gtttgcttgg acatctgcaa catcgaccca tectgtggat ttggcagttg gaggecttee
8101 ttcagggaca ggagagcggc agggagegat gtggacatcg acatggcttt catcttagac
8161 agcgctgaga ccaccaccct gttccagttc aatgagatga agaagtacat agegtacctg
8221 gtcagacaac tggacatgag cccagatcce aaggectcee ageacttcge cagagtggcea
8281 gttgtgcagce acgcgececte tgagteegtg gacaatgeca geatgecace tgtgaaggtg
8341 gaattctcece tgactgacta tggetccaag gagaagetgg tggacttect cagcagggga
8401 atgacacagt tgcagggaac cagggcctta ggcagtgeca ttgaatacac catagagaat
8461 gtctttgaaa gtgecccaaa cccacgggac ctgaaaattg tggtectgat getgacgggc
8521 gaggtgccgg agecageagcet ggaggaggec cagagagtca tcctgecagge caaatgcaag
8581 ggctacttct tcgtggtect gggcattgge aggaaggtga acatcaagga ggtatacacc
8641 ttcgccagtg agecaaacga cgtettctte aaattagtgg acaagtccac cgagetcaac
8701 gaggagcctt tgatgcgett cgggaggctg ttgecatect tegtcageag tgaaaatgct
8761 ttttacttgt ccccagatat caggaaacag tgtgattggt tccaagggga ccaacccaca
8821 aagaaccttg tgaagtttgg tcacaaacaa gtaaatgttc cgaataacgt tacttcaagt
8881 cctacatcca acccagtgac gacaacgaag ccggtgacta cgacgaagec ggtgaccace
8941 acaacaaagc ctgtaaccac cacaacaaag cctgtgacta ttataaatca gecatctgtg
9001 aagccageeg ctgcaaagee ggeecctgeg aaacctgtgg ctgecaagece tgtggecaca
9061 aagatggcca ctgttagacc cccagtggeg gtgaagecag caacggeage gaagectgta
9121 gcagcaaagc cagcagctgt aagacceccee getgetgetg ctgecaaaace agtggegacce
9181 aagcctgagg tccctaggec acaggeagec aaaccagetg ccaccaagec agecaccact
9241 aagcccatgg ttaagatgtc ccgtgaagtc caggtgtttg agataacaga gaacagegec
9301 aaactccact gggagagggc tgageecceee ggtecttatt tttatgacct caccgtcace
9361 tcagcccatg atcagtcect ggttctgaag cagaacctca cggtcacgga cegegtcatt

9421 ggaggcctge tecgetgggea gacataccat gtggetgtgg tetgctacct gaggtetcag
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9481 gtcagagcca cctaccacgg aagtttcagt acaaagaaat ctcageccce acctccacag
9541 ccagcaaggt cagcttctag ttcaaccatc aatctaatgg tgagcacaga accattgget
9601 ctcactgaaa cagatatatg caagttgccg aaagacgaag gaacttgcag ggatttcata
9661 ttaaaatggt actatgatcc aaacaccaaa agctgtgcaa gattctggta tggaggttat
9721 ggtggaaacg aaaacaaatt tggatcacag aaagaatgtg aaaaggtttg cgetectgtg
9781 ctcgecaaac ccggagtcat cagtgtgatg ggaacctaag cgtgggtggc caacatcata
9841 tacctcttga agaagaagga gtcagccatc gecaacttgt ctetgtagaa geteccgggtg
9901 tagattccct tgcactgtat catttcatge tttgatttac actcgaactc gggagggaac
9961 atcctgetge atgacctatc agtatggtgc taatgtgtet gtggaccecte getctetgte
10021 tccaggcagt tctetcgaat actttgaatg ttgtgtaaca gttagecact getggtgttt
10081 atgtgaacat tcctatcaat ccaaattcee tetggagttt catgttatge ctgttgcagg
10141 caaatgtaaa gtctagaaaa taatgcaaat gtcacggcta ctctatatac ttttgettgg
10201 ttcatttttt ttcectttta gttaagceatg actttagatg ggaagcectgt gtatcgtgga
10261 gaaacaagag accaactttt tcattccctg cccccaattt cccagactag atttcaaget
10321 aattttcttt ttctgaagece tctaacaaat gatctagttc agaaggaagce aaaatccctt
10381 aatctatgtg caccgttggg accaatgect taattaaaga atttaaaaaa gttgtaatag
10441 agaatatttt tggcattcct ctaatgttgt gtgttttttt tttgtgtete ctggaggogag
10501 gggatttaat tttaatttta aaatgtttag gaaatttata caaagaaact ttttaataaa

10561 gtatattgaa agtttcctgg gaaaaaaaaa aaaaaaaaa

SEQ ID NO: 9
EDIL3
1 ctctgtttgt acacagtgeg ctceceggegg cecgeteget cecctecage tcacgettca

61 ttgttctcca agtcagaagce cccgeagecg ccgegeggag aacagegaca gecgagegee
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121 cggtcegect gtetgeeggt gggtetgect geeegegeag cagacceggg gegeecgesg
181 gagceegege cecegeecgece gegectetge cgggacccac ccgeagegga gggctgagec
241 cgeceggegge teccecggage tcaccecacct ccgegegecg gagegraggec aaaaggegag
301 gaaaggctcc tctetttagt caccactctc geectctcca agaatttgtt taacaaageg

361 ctgaggaaag agaacgtctt cttgaattct ttagtagggg cggagtctge tgctgeectg

421 cgctgcecacce teggetacac tgeectecge gacgaccect gaccagecgg ggteacgtee
481 gggagacggg atcatgaagc getcggtage cgtetggete ttggtegggce tcagectegg
541 tgtcceccag ttcggeaaag gtgatatttg tgatcccaat ccatgtgaaa atggaggtat

601 ctgtttgcca ggattggctg atggttectt ttcctgtgag tgteccagatg gettcacaga

661 ccccaactgt tctagtgttg tggaggttge atcagatgaa gaagaaccaa cttcagcagg
721 tccctgeact cctaatccat gecataatgg aggaacctgt gaaataagtg aagcataccg
781 aggggataca ttcataggct atgtttgtaa atgtccccga ggatttaatg ggattcactg

841 tcagcacaac ataaatgaat gcgaagttga gccttgecaaa aatggtggaa tatgtacaga
901 tcttgttgct aactattcct gtgagtgcce aggegaattt atgggaagaa attgtcaata

961 caaatgctca ggcccactgg gaattgaagg tggaattata tcaaaccage aaatcacage
1021 ttcctctact caccgagctc tttttggact ccaaaaatgg tatcectact atgeacgtcet

1081 taataagaag gggcttataa atgcgtggac agctgcagaa aatgacagat ggccgtggat
1141 tcagataaat ttgcaaagga aaatgagagt tactggtgtg attacccaag gagccaagag
1201 gattggaagc ccagagtata taaaatccta caaaattgec tacagtaatg atggaaagac
1261 ttgggcaatg tacaaagtga aaggcaccaa tgaagacatg gtgtttcgtg gaaacattga
1321 taacaacact ccatatgcta actctttcac accccccata aaagetcagt atgtaagact
1381 ctatcceccaa gtttgtcgaa gacattgcac tttgcgaatg gaacttcttg getgtgaact
1441 gtcgggttgt tctgagecte tgggtatgaa atcaggacat atacaagact atcagatcac

1501 tgccteccage atcttcagaa cgetcaacat ggacatgttc acttgggaac caaggaaage
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1561 tcggctggac aagcaaggca aagtgaatge ctggacctct ggccacaatg accagtcaca
1621 atggttacag gtggatcttc ttgttccaac caaagtgact ggcatcatta cacaaggage
1681 taaagatttt ggtcatgtac agtttgttgg ctcctacaaa ctggcettaca geaatgatgg
1741 agaacactgg actgtatacc aggatgaaaa gcaaagaaaa gataaggttt tccagggaaa
1801 ttttgacaat gacactcaca gaaaaaatgt catcgaccct cccatctatg cacgacacat
1861 aagaatcctt ccttggtect ggtacgggag gatcacattg cggtcagage tgetgggctg
1921 cacagaggag gaatgagggg aggctacatt tcacaaccct cttcectatt tccctaaaag
1981 tatctccatg gaatgaactg tgcaaaatct gtaggaaact gaatggtttt tttttttttt

2041 tcatgaaaaa gtgctcaaat tatggtaggc aactaacggt gtttttaagg gggtctaage
2101 ctgecttttc aatgatttaa tttgatttta ttttatccgt caaatctctt aagtaacaac

2161 acattaagtg tgaattactt ttctctcatt gtttcctgaa ttattcgeat tggtagaaat

2221 atattaggga aagaaagtag ccttcttttt atagcaagag taaaaaagtc tcaaagtcat
2281 caaataagag caagagttga tagagctttt acaatcaata ctcacctaat tctgataaaa
2341 ggaatactgc aatgttagca ataagttttt ttcttctgta atgactctac gttatcctgt

2401 ttccctgtge ctaccaaaca ctgtcaatgt ttattacaaa attttaaaga agaatatgta
2461 acatgcagta ctgatattat aattctcatt ttactttcat tatttctaat aagagattat

2521 gtgacttctt tttcttttag ttctattcta cattcttaat attgtatatt acctgaataa

2581 ttcaattttt ttctaattga atttcctatt agttgactaa aagaagtgtc atgtttactc

2641 atatatgtag aacatgactg cctatcagta gattgatctg tatttaatat tcgttaatta
2701 aatctgcagt tttatttttg aaggaagcca taactattta atttccaaat aattgcttca

2761 taaagaatcc catactctca gtttgcacaa aagaacaaaa aatatatatg tctctttaaa
2821 tttaaatctt catttagatg gtaattacat atccttatat ttactttaaa aaatcggctt

2881 atttgtttat tttataaaaa atttagcaaa gaaatattaa tatagtgctg catagtttgg

2941 ccaagcatac tcatcatttc tttgttcage tccacatttc ctgtgaaact aacatcttat
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3001 tgagatttga aactggtggt agtttcccag gaaggcacag gtggagttat ttgtgagaag
3001 caaagtgttt actaatgaca aagtagtaaa ccattttcaa gatgaaaact gatttctatt
3121 tattttgctt caaaggtcct gaaaaaataa geaattatca taacaatttg ttattgatac
3181 tggaggtttc attgacatgt ctctcaaatt aaagctcaca ctgectccat aaaagtctte
3241 aacatctaat ttataagctt tacaagtatt tattttataa ggcttagaca gaattattgg
3301 agttttaaat taagtgtatt ggaaaagaaa ggatggtatg tgtatgaaat gttaagatce
3361 tacgcaacac tgctattttt ttcctttaat atttgtgctg cataacaaaa gecactagac
3421 tgttactgtc ttgtctgtee atgtgttaac agcatttctt aatgatgtat atatggagtg
3481 gtcttcaatc atagtgaaga atttaaagag aaagtcaatt gtattggcat ttttaataag
3541 aacaaaatta gttcgtctaa ggggactggc tggccacata tttgttectt geccatatge
3601 tttctacttc ttgttcttat tatgaaatta tgaatttgaa gectctgaaa tggtgatcag
36601 ttttcaacat ctttcaaaaa caaaattact atttcctcca tattgecttt tttagataac
3721 tttaaagtta ggattttaaa atatttgtaa ctggctaaat tttaaagtcg tgacaaataa
3781 ttacttaggt tcagaaatat acacacactt actctttage cagtttcttt caaggtttac
3841 tgtcccatca gatatctage cattttectt tgcaaattac ataccttctt aagagtgtat
3901 ttttaagatt attacttacg ctttatgatg atatagtttt tcaaaattat ttatagcttc

3961 atatgatgtt ttgtaatttt ttctattgat acctgtttta aaaatatttt ccaaggaagt
4021 tgattaaaat tatatttgtt accttttaga aaaagcattg aaatgagttt ctcttgettt
4081 ttcattttce ctetgettta tatgetctte gecaatacate atgtccaacg ggatacctat
4141 tgttctcatg acacccaaaa ttgatgagag caaaggggtc gecaccatatg gaaatgttga
4201 aaactattgt aaagtagtat tatgaagtag cttttgtgtc attcatgtcg atgacatgaa
4261 agtgaagtaa atttattcta tgtaaattca cactaaaacc agtacagtac cataagtaga
4321 atacatgtaa gaatcaccta gtcttcacta tattgagtaa atataacatg ctaattttac

4381 aattaatgaa actaaacttt taaacatctc cattatatct acatcctttt gaaggtattt

-133-



WO 2018/226758 PCT/US2018/036149

4441 atcatagttg ccaattttaa ttttaggatt gactttctct ttctgaatga cttcataaag
4501 tttggtgtga attttgaaga cttgggttac taatgattgt atctttgcta gtcaacaact
4561 tatgaaatat actcaatgcg tctgatgtgt cattaagtgc agaaataact aagacacaaa
4621 taacctttgc aaaccttcaa getgtgtaat attccaatgt tgttttttte tttgtatata
4681 tacttatatc acgtaggatg taaaaccagt atgaccttgt ctagtctcca aacttaaaat

4741 aaacttttga aaagctggga aaaaaaaaaa a

SEQ ID NO: 10
EGFR
1 cceeggegea gegeggeege ageagectee gecceeecgea cggtgtgage geccgacgcg

61 gccgaggegg cecggagtece gagetagece cggeggecge cgecgeccag accggacgac
121 aggccaccte gtcggegtee geccgagtee ccgectegee gecaacgeca caaccaccge
181 gcacggcececc ctgactccgt ccagtattga tcgggagage cggagegage tettecgggga
241 gcagcgatge gaccctcegg gacggecggg geagegcetece tggegetget ggetgegcte
301 tgcecggega gtegggctet ggaggaaaag aaagtttgee aaggeacgag taacaagete
361 acgcagttgg geacttttga agatcatttt ctcagectce agaggatgtt caataactgt
421 gaggtggtce ttgggaattt ggaaattace tatgtgcaga ggaattatga tetttectte
481 ttaaagacca tccaggaggt ggctggttat gtectcattg cectcaacac agtggagega
541 attcctttgg aaaacctgea gatcatcaga ggaaatatgt actacgaaaa ttcctatgec
601 ttagcagtct tatctaacta tgatgcaaat aaaaccggac tgaaggagcet geccatgaga
661 aatttacagg aaatcctgcea tggegecgtg cggttcagea acaaccctge cetgtgeaac
721 gtggagagcea tccagtggeg ggacatagte ageagtgact ttctcageaa catgtegatg
781 gacttccaga accacctggg cagetgecaa aagtgtgate caagetgtee caatgggage

841 tgctggggte caggagagga gaactgecag aaactgacca aaatcatctg tgeccageag
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901 tgcteccggge getgeegtgg caagtecece agtgactget geccacaacca gtgtgetgea
961 ggctgcacag geeceececggga gagegactge ctggtetgee geaaattccg agacgaagec
1021 acgtgcaagg acacctgccc cccacteatg ctctacaace ccaccacgta ccagatggat
1081 gtgaaccccg agggcaaata cagetttggt gecacctgeg tgaagaagtg tececgtaat
1141 tatgtggtea cagatcacgg ctegtgegte cgagectgtg gggccgacag ctatgagatg
1201 gaggaagacg gegtecgeaa gtgtaagaag tgegaagggc cttgecgeaa agtgtgtaac
1261 ggaataggta ttggteaatt taaagactca ctctccataa atgctacgaa tattaaacac
1321 ttcaaaaact gcacctccat cagtggegat ctccacatee tgecggtggec atttaggggt
1381 gactccttca cacatactcc tectetggat ccacaggaac tggatattct gaaaaccgta
1441 aaggaaatca cagggttttt gctgattcag gettggectg aaaacaggac ggacctccat
1501 gcctttgaga acctagaaat catacgcgge aggaccaage aacatggtca gttttetett
1561 gcagtcgtca gectgaacat aacatccttg ggattacgcet cectcaagga gataagtgat
1621 ggagatgtga taatttcagg aaacaaaaat ttgtgctatg caaatacaat aaactggaaa
1681 aaactgtttg ggacctccgg tcagaaaacc aaaattataa gcaacagagg tgaaaacage
1741 tgcaaggcca caggecaggt ctgecatgec ttgtgetecee ccgagggctg ctggggceccg
1801 gagcccaggg actgegtcete ttgecggaat gtcagecgag gecagggaatg cgtggacaag
1861 tgcaaccttc tggagggtea gccaagggag tttgtggaga actctgagtg catacagtge
1921 cacccagagt gectgecteca ggecatgaac atcacctgea caggacgggg accagacaac
1981 tgtatccagt gtgcccacta cattgacgge ccccactgeg tcaagacctg cccggeagga
2041 gtcatgggag aaaacaacac cctggtctgg aagtacgcag acgecggeca tgtgtgecac
2101 ctgtgccate caaactgeac ctacggatge actgggccag gtcttgaagg ctgtccaacg
2161 aatgggccta agatccegte catcgecact gggatggtee gogccctect cttgetgetg
2221 gtggtggccce tggggatcgg cetettcatg cgaaggegece acatcgttcg gaagegeacg

2281 ctgcggaggc tgetgecagga gagggagcett gtggagectce ttacacccag tggagaaget
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2341 cccaaccaag ctctcttgag gatcttgaag gaaactgaat tcaaaaagat caaagtgctg
2401 ggcteeggtg cgttcggeac ggtgtataag ggactctgga tcccagaagg tgagaaagtt
2461 aaaattcccg tcgctatcaa ggaattaaga gaagcaacat ctccgaaage caacaaggaa
2521 atcctcgatg aagectacgt gatggecage gtggacaace cccacgtgtg cecgectgetg
2581 ggcatctgece tcaccteccac cgtgeagete atcacgeage tcatgecctt cggetgecte
2641 ctggactatg tccgggaaca caaagacaat attggcetcee agtacctget caactggtgt
2701 gtgcagatcg caaagggcat gaactacttg gaggaccgtc gettggtgea ccgegacctg
2761 gcagccagga acgtactggt gaaaacaccg cagceatgtca agatcacaga ttttgggctg
2821 gccaaactgce tgggtgcgga agagaaagaa taccatgecag aaggaggcaa agtgectate
2881 aagtggatgg cattggaatc aattttacac agaatctata cccaccagag tgatgtctgg
2941 agctacgggg tgaccgtttg ggagttgatg acctttggat ccaagcecata tgacggaate
3001 cctgecageg agatctecte catcctggag aaaggagaac gectcectca gecacccata
3001 tgtaccatcg atgtctacat gatcatggtc aagtgctgga tgatagacge agatagtcge
3121 ccaaagttcc gtgagttgat catcgaattc tccaaaatgg cccgagacce ccagegetac
3181 cttgtcattc agggggatga aagaatgcat ttgccaagte ctacagactce caacttctac
3241 cgtgccctga tggatgaaga agacatggac gacgtggtgg atgecgacga gtacctcate
3301 ccacagcagg gcttcttcag cageccctee acgtcacgga ctecectect gagetetetg
3361 agtgcaacca gcaacaattc caccgtggct tgcattgata gaaatgggct gcaaagetgt
3421 cccatcaagg aagacagctt cttgcagega tacagctcag accccacagg cgecttgact
3481 gaggacagca tagacgacac cttccteeca gtgectgaat acataaacca gtecgtteee
3541 aaaaggcccg ctggetetgt gcagaatect gtctatcaca atcagectct gaacceegeg
3601 cccagcagag acccacacta ccaggaccce cacagceactg cagtgggeaa ccccgagtat
3661 ctcaacactg tccageccac ctgtgtcaac agcacattcg acagecctge ccactgggec

3721 cagaaaggca gccaccaaat tagectggac aaccctgact accageagga cttettteee
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3781 aaggaagcca agccaaatgg catctttaag ggctccacag ctgaaaatge agaataccta
3841 agggtcgcge cacaaagcag tgaatttatt ggagcatgac cacggaggat agtatgagec
3901 ctaaaaatcc agactctttc gatacccagg accaagccac agcaggtcct ccatcccaac
3961 agccatgecc geattagete ttagacccac agactggttt tgcaacgttt acaccgacta
4021 gccaggaagt acttccacct cgggceacatt ttgggaagtt geattecttt gtcttcaaac
4081 tgtgaagcat ttacagaaac gcatccagca agaatattgt ccctttgage agaaatttat
4141 ctttcaaaga ggtatatttg aaaaaaaaaa aaagtatatg tgaggatttt tattgattgg
4201 ggatcttgga gtttttcatt gtcgetattg atttttactt caatgggctc ttccaacaag

4261 gaagaagctt gctggtagea cttgetacce tgagttcate caggeccaac tgtgagcaag
4321 gagcacaagc cacaagtctt ccagaggatg cttgattcca gtggttctge ttcaaggett
4381 ccactgcaaa acactaaaga tccaagaagg ccttcatgge cccageagge cggatcggta
4441 ctgtatcaag tcatggcagg tacagtagga taagccactc tgteecttce tgggcaaaga
4501 agaaacggag gggatggaat tcttecttag acttactttt gtaaaaatgt cceccacggta
4561 cttactcccce actgatggac cagtggtttc cagtcatgag cgttagactg acttgtttgt
4621 cttccattcc attgttttga aactcagtat getgececectg tettgetgte atgaaatcag

4681 caagagagga tgacacatca aataataact cggattccag cccacattgg attcatcage
4741 atttggacca atagcccaca getgagaatg tggaatacct aaggatagea cegettttgt
4801 tctcgcaaaa acgtatctce taatttgagg ctcagatgaa atgcatcagg tectttgggg
4861 catagatcag aagactacaa aaatgaagct gctctgaaat ctectttage catcacccca
4921 accccccaaa attagtttgt gttacttatg gaagatagtt ttctectttt acttcactte

4981 aaaagctttt tactcaaaga gtatatgttc cctccaggtc agetgeceee aaacceccte
5041 cttacgcttt gtcacacaaa aagtgtctct gecttgagtce atctattcaa geacttacag
5101 ctctggccac aacagggcat tttacaggtg cgaatgacag tagcattatg agtagtgtgg

5161 aattcaggta gtaaatatga aactagggtt tgaaattgat aatgctttca caacatttge
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5221 agatgtttta gaaggaaaaa agttccttce taaaataatt tctctacaat tggaagattg
5281 gaagattcag ctagttagga gcccaccttt tttcctaate tgtgtgtgece ctgtaacctg
5341 actggttaac agcagtcctt tgtaaacagt gttttaaact ctcctagtca atatccacce
5401 catccaattt atcaaggaag aaatggttca gaaaatattt tcagcctaca gttatgttca
5461 gtcacacaca catacaaaat gttccttttg cttttaaagt aatttttgac tcccagatca
5521 gtcagagccc ctacagcatt gttaagaaag tatttgattt ttgtctcaat gaaaataaaa
5581 ctatattcat ttccactcta aaaaaaaaaa aaaaaa
SEQ ID NO: 11 - FGFR
1 gccacaggeg cggegtecte ggeggeggge ggcagetage gggagecggg acgecggtec

61 agccgcageg cgeggaggaa ceegggtatg ccgggagetg ggeggecacg teeggteggg
121 accgagaccc ctcgtagege attgeggega cetegectte cccggeegeg agegegecge
181 tgcttgaaaa gecegeggaac ccaaggactt ttetceggte cgageteggg gegeeeegea
241 ggcgeacggt accegtgetg cagetgggcea cgecgeggeg ccggggecte cgeaggegee
301 ggcctgegtt ctggaggagg ggggcacaag gtetggagac cccgggtege ggacgggage
361 ccteececcg ceccgectee gegaccaget cecgetecatt gtteccgece ggetggagge
421 geegageacc gagegegeeg ggagtegage geeggeegeg agetettgeg accecgecag
481 acccgaacag agcccggggg ccggrgegga gecgggacge gggeacacgg cetcgeacaa
541 gccacgggca ctetcccgag geggaaccte cacgecgage gagggtcagt ttgaaaagga
601 ggatcgagct cactgtggag tatccatgga gatgtggage cttgtcacca acctctaact

661 gcagaactgg gatgtggagce tggaagtgcc tectettetg ggetgtgctg gtcacageca

721 cactctgeac cgetaggecg tecccgacct tgectgaaca ageccagecc tggggageee
781 ctgtggaagt ggagtcctte ctggtecace ceggtgacct getgeagett cgetgtegge

841 tgcgggacga tgtgcagage atcaactgge tgcgggacgg ggtacagetg gcggaaagea

901 accgcacccg catcacaggg gaggaggteg aggtgcagga ctecgtgece geagacteeg
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961 gcctctatge ttgegtaace agecageccct ccggaagtga caccacctac ttetccgtea
1021 atgtttcaga tgctcteecc tectcggagg atgatgatga tgatgatgac tectettcag
1081 aggagaaaga aacagataac accaaaccaa accccgtage tccatattgg acatccccag
1141 aaaagatgga aaagaaattg catgcagtec cggetgecaa gacagtgaag ttcaaatgec
1201 cttccagtgg gaccccaaac cccacactge getggttgaa aaatggcaaa gaattcaaac
1261 ctgaccacag aattggaggc tacaaggtce gttatgecac ctggagcatc ataatggact
1321 ctgtggtecc ctctgacaag ggcaactaca cctgeattgt ggagaatgag tacggeagea
1381 tcaaccacac ataccagctg gatgtcgtgg ageggteccce tcaccgecce atcctgcaag
1441 cagggttgcc cgccaacaaa acagtggecce tgggtagcaa cgtggagttc atgtgtaagg
1501 tgtacagtga cccgecagecg cacatccagt ggetaaagea catcgaggtg aatgggagea
1561 agattggccc agacaacctg ccttatgtce agatcttgaa gactgetgga gttaatacca
1621 ccgacaaaga gatggaggtg cttcacttaa gaaatgtctc ctttgaggac gcaggggagt
1681 atacgtgctt ggcgggtaac tctatcggac teteccatea ctetgeatgg ttgacegtte
1741 tggaagccect ggaagagagg ccggcagtga tgacctegece cetgtacctg gagatcatca
1801 tctattgcac aggggcectte ctcatctect geatggtggg gteggteate gtctacaaga
1861 tgaagagtgg taccaagaag agtgacttcc acagccagat ggetgtgeac aagetggeca
1921 agagcatccc tetgegeaga caggtaacag tgtetgetga ctecagtgea tecatgaact
1981 ctggggttct tctggttcge ccatcacgge tetectecag tgggacteee atgetageag
2041 gggtctctga gtatgagett cccgaagacce ctegetggga getgectegg gacagactgg
2101 tcttaggcaa accectggga gagggctgct ttgggcaggt gatgttggca gaggctatcg
2161 ggctggacaa ggacaaacce aaccgtgtga ccaaagtggc tgtgaagatg ttgaagtcgg
2221 acgcaacaga gaaagacttg tcagacctga tctcagaaat ggagatgatg aagatgatcg
2281 ggaagcataa gaatatcatc aacctgetgg gggcctgcac gecaggatggt cecttgtatg

2341 tcatcgtgga gtatgectec aagggeaacce tgegggagta cetgecaggee cggaggecce
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2401 cagggctgga atactgctac aaccccagec acaacccaga ggageagcete tectccaagg
2461 acctggtgtc ctgegectac caggtggece gaggeatgga gtatctggec tccaagaagt
2521 gcatacaccg agacctggea geccaggaatg tcctggtgac agaggacaat gtgatgaaga
2581 tagcagactt tggcctcgea cgggacattc accacatcga ctactataaa aagacaacca
2641 acggccgact gectgtgaag tggatggcac ccgaggcatt atttgaccgg atctacacce
2701 accagagtga tgtgtggtct ttcggggtec tectgtggga gatcttcact ctgggeggct
2761 ccccatacce cggtgtgcct gtggaggaac ttttcaagcet getgaaggag ggtcaccgea
2821 tggacaagcc cagtaactge accaacgagc tgtacatgat gatgecgggac tgetggeatg
2881 cagtgccectc acagagacce accttcaage agetggtgga agacctggac cgeatcgtgg
2941 ccttgacctc caaccaggag tacctggacc tgtccatgee cetggaccag tactcceeca
3001 gctttccega caccecggage tetacgtgct cetcagggga ggattecgte ttctetcatg
3061 agccgcetgee cgaggagecc tgectgeece gacaccecage ccagettgec aatggeggac
3121 tcaaacgccg ctgactgeca ceccacacgee ctecccagac tecacegtea getgtaacce
3181 tcacccacag ccectgectg ggeecaccac ctgteegtee ctgtecectt tectgetgge
3241 aggagccggce tgectacagg ggcecttectg tgtggectge cttcacceca ctcagetcac
3301 ctcteectee acctectete cacctgetgg tgagaggtec aaagaggeag atctttgetg
3361 ccagccactt catccectee cagatgttgg accaacacee cteectgeeca ccaggeactg
3421 cctgagggca gggagtegoa gecaatgaac aggeatgcaa gtgagagctt cctgagcttt
3481 ctectgtegg tttggtetgt tttgecttca cecataagee cetegeacte tggtggcagg
3541 tgcttgtect cagggctaca gecagtaggga ggtcagtect tcgagecacg attgaaggtg
3601 acctctgeee cagataggte gtgccagtgg cttattaatt ccgatactag tttgetttge

3661 tgaccaaatg cctggtacca gaggatggtg aggcgaaggc aggttgggog cagtgttgtg
3721 geetggggcece agecaacact ggggctetgt atatagetat gaagaaaaca caaagttgat

3781 aaatctgagt atatatttac atgtcttttt aaaagggtcg ttaccagaga tttacccatc
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3841 ggtaagatgc tcctggtggc tgggaggcat cagttgetat atattaaaaa caaaaaaaaa
3901 a
SEQ ID NO: 12 - FN1
1 atcaaacaga aatgactatt gaaggcttgc agcccacagt ggagtatgtg gttagtgtct

61 atgctcagaa tccaagegga gagagtcage ctetggttca gactgeagta accaacattg
121 atcgccctaa aggactggca ttcactgatg tggatgtcga ttccatcaaa attgettggg
181 aaagcccaca ggggcaagtt tccaggtaca gggtgaccta ctcgagecct gaggatggaa
241 tccatgagct attccctgea cetgatggtg aagaagacac tgcagagetg caaggectca
301 gaccgggttc tgagtacaca gtcagtgtgg ttgccttgea cgatgatatg gagagecage
361 ccctgattgg aacccagtce acagctattc ctgeaccaac tgacctgaag ttcactcagg
421 tcacacccac aagectgage geccagtgga caccacccaa tgttcagete actggatate
481 gagtgcgggt gacccccaag gagaagaccg gaccaatgaa agaaatcaac cttgetectg
541 acagctcatc cgtggttgta tcaggactta tggtggccac caaatatgaa gtgagtgtct
601 atgctcttaa ggacactttg acaagcagac cagctcaggg tgttgtcacce actctggaga
661 atgtcagccc accaagaagg getcgtgtga cagatgetac tgagaccace atcaccatta
721 gctggagaac caagactgag acgatcactg gettccaagt tgatgecgtt ccagecaatg
781 gccagactce aatccagaga accatcaagce cagatgtcag aagctacacc atcacaggtt
841 tacaaccagg cactgactac aagatctacc tgtacacctt gaatgacaat gctcggaget
901 cccectgtggt catcgacgec tccactgeca ttgatgeacc atccaacctg cgtttectgg
961 ccaccacacc caattccttg ctggtatcat ggcagecgece acgtgecagg attaccggct
1021 acatcatcaa gtatgagaag cctgggtcte ctcccagaga agtggteect cggececegee
1081 ctggtgtcac agaggctact attactggee tggaaccggg aaccgaatat acaatttatg
1141 tcattgccct gaagaataat cagaagagceg ageccctgat tggaaggaaa aagacagacg

1201 agcttceeca actggtaacc cttccacace ccaatcttca tggaccagag atcttggatg
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1261 ttccttccac agttcaaaag accccttteg tcacccacee tgggtatgac actggaaatg
1321 gtattcagct tcctggeact tctggtcage aacccagtgt tgggcaacaa atgatctttg
1381 aggaacatgg ttttaggcgg accacaccge ccacaacggce cacccccata aggeatagge
1441 caagaccata cccgecgaat gtaggteagg aaatccaaat tggtcacatt cccagggaag
1501 atgtagacta tcacctgtac ccacacggtc cggggctcaa tccaaatgece tctacaggac
1561 aagaagctct ctctcagaca accatctcat gggecccatt ccaggacact tctgagtaca
1621 tcatttcatg tcatcctgtt ggcactgatg aagaaccctt acagttcagg gttcctggaa
1681 cttctaccag tgcgactctg acaggectca ccagaggtge cacctacaac atcatagtgg
1741 aggcactgaa agaccagcag aggcataagg ttcgggaaga ggttgttace gtgggcaact
1801 ctgtcaacga aggcttgaac caacctacgg atgactcgtg ctttgacccce tacacagttt
1861 cccattatge cgttggagat gagtggeaac gaatgtctga atcaggcttt aaactgttgt
1921 gccagtgctt aggcetttgga agtggtcatt tcagatgtga ttcatctaga tggteccatg
1981 acaatggtgt gaactacaag attggagaga agtgggaccg tcagggagaa aatggecaga
2041 tgatgagctg cacatgtctt gggaacggaa aaggagaatt caagtgtgac cctcatgagg
2101 caacgtgtta cgatgatggg aagacatacc acgtaggaga acagtggcag aaggaatatc
2161 tcggtgccat ttgetectge acatgetttg gaggecageg gggcetggegce tgtgacaact
2221 gccgeagace tgggggtgaa cccagtcecg aaggeactac tggecagtee tacaaccagt
2281 attctcagag ataccatcag agaacaaaca ctaatgttaa ttgcccaatt gagtgcttca
2341 tgcctttaga tgtacaggct gacagagaag attcccgaga gtaa
SEQ ID NO: 13 - MFGES
1 agtccgecte tggecagett gggeggageg cacggecagt gggaggtact gagecgectg
61 atttattccg gtcccagagg agaaggegece agaaccecge ggggtetgag cageccageg
121 tgccecattec agegeccgeg tececgeage atgeecgegee ceegeetget ggeegegetg

181 tgcggegege tgetetgege cecccagecte ctegtegeee tggatatetg ttccaaaaac
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241 ccctgecaca acggtggttt atgegaggag atttcccaag aagtgegagg agatgtettc
301 ccctegtaca cetgeacgtg cettaaggge tacgegggea accactgtga gacgaaatgt
361 gtcgagccac tgggectgga gaatgggaac attgecaact cacagatcge cgectegtet
421 gtgcgtgtea ccttettggg tttgcageat tgggteceegg agetggeccg cetgaaccge
481 gcaggcatgg tcaatgectg gacacccage agcaatgacg ataacccctg gatccaggtg
541 aacctgctge ggaggatgtg ggtaacaggt gtggtgacgce agggtaccag cegettggee
601 agtcatgagt acctgaaggc cttcaaggtg gectacagece ttaatggaca cgaattcgat
661 ttcatccatg atgttaataa aaaacacaag gagtttgtgg gtaactggaa caaaaacgcg
721 gtgcatgtca acctgtttga gaccectgtg gaggcetcagt acgtgagatt gtaccccacg
781 agctgccaca cggectgeac tetgegcettt gagetactgg getgtgaget gaacggatge
841 gccaatccce tgggectgaa gaataacagce atcecctgaca agcagatcac ggectccage
901 agctacaaga cctggggctt geatctettc agetggaacc cctectatge acggetggac
961 aagcagggca acttcaacge ctgggttgcg gggagcetacg gtaacgatca gtggetgecag
1021 gtggacctgg getectcgaa ggaggtgaca ggcatcatca cccagggggc cegtaacttt
1081 ggctctgtee agtttgtgge atcctacaag gttgectaca gtaatgacag tgecgaactgg
1141 actgagtacc aggaccccag gactggeage agtaagatct tcectggeaa ctgggacaac
1201 cactcccaca agaagaactt gtttgagacg cccatcctgg ctegetatgt gegceatectg
1261 cctgtagect ggecacaaccg catcgeectg cgectggage tectgggctg ttagtggcca
1321 cctgecacce ccaggtcette ctgettteca tgggeecget geetettgge ttetcageee
1381 ctttaaatca ccatagggct ggggactggge caaggggagg gtgttcagag gcageaccac
1441 cacacagtca ccccteecte cetetttece accctecacc tectcacggge cetgeeccag
1501 ccectaagece cegtececta acceccagte cteactgtec tgttttetta ggeactgagg

1561 gatctgagta ggtctgggat ggacaggaaa gggcaaagta gggcgtgtgg tttcectgee

1621 cctgteecgga cecgecgatee caggtgegtg tgtetetgte tetectagee cetetetcac
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1681 acatcacatt cccatggtgg cctcaagaaa ggeeccggaag cgecaggctg gagataacag
1741 cctettgeee gteggecectg cgteggecect ggggtaccat gtggecacaa ctgetgtggc

1801 cccectgtece caagacactt ceecttgtet cectggttge ctetettgee cettgtectg

1861 aagcccageg acacagaagg gggtegoacg gotctatggg gagaaaggga gegaggteag

1921 aggagggcat gggttggcag ggtgggacgtt tggggccctc tatgetggct tttcacccca

1981 gaggacacag gcagcttcca aaatatattt atcttcttca cgggaaaaaa aaaaaaaaaa
2041 aa
SEQ ID NO: 14 - LGALS3BP
1 aatcgaaagt agactctttt ctgaagcatt tcctgggatc agectgacca cgctccatac

61 tgggagaggc ttctgggtca aaggaccagt ctgcagaggg atcctgtggce tggaagegag
121 gaggctccac acggecgttg cagetaccge agecaggate tgggeatcca ggeacggeca
181 tgacccctee gaggctctte tgggtgtgge tgctggttec aggaacccaa ggegtgaacg
241 atggtgacat gcggcetggee gatggggacg ccaccaacca gggecgegtg gagatcttet
301 acagaggcca gtggggcact gtgtgtgaca acctgtggga cctgactgat geccagegteg
361 tctgeeggge cetgggcttc gagaacgeca cccaggetet gggeagaget gectteggge
421 aaggatcagg ccccatcatg ctggatgagg tccagtgeac gggaaccgag gectcactgg
481 ccgactgcaa gtceetggge tggetgaaga geaactgecag gecacgagaga gacgcetggtg
541 tggtctgeac caatgaaacc aggagcaccce acaccctgga cctctccagg gagetetegg
601 aggcccttgg ccagatcttt gacagccage ggggcetgega cetgtecate agegtgaatg
661 tgcagggcga ggacgecctg ggcttetgtg gecacacggt catcctgact gecaacctgg
721 aggcccagge cctgtggaag gagecgggea geaatgtcac catgagtgtg gatgctgagt
781 gtgtgcecat ggtcagggac cttetcaggt acttctactc ccgaaggatt gacatcacce
841 tgtcgtcagt caagtgcttc cacaagcetgg cctetgecta tggggcecagg cagetgeagg

901 gctactgege aagectcettt gecatcctee teccecagga ceectegtte cagatgeccec
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961 tggacctgta tgcctatgea gtggecacag gggacgecect getggagaag ctetgectac
1021 agttcctgge ctggaacttc gaggecttga cgecaggecga ggectggece agtgteecca
1081 cagacctgct ccaactgcetg ctgeccagga gegacctgge ggtgeccage gagetggeee
1141 tactgaaggce cgtggacacc tggagetggg gggagegtge ctecccatgag gaggtggagg
1201 gcttggtega gaagatccge ttecccatga tgeteectga ggagetcttt gagetgeagt
1261 tcaacctgtc cctgtactgg agecacgagg cectgttcca gaagaagact ctgecaggece
1321 tggaattcca cactgtgecce ttccagttge tggcecggta caaaggectg aacctcaccg
1381 aggataccta caagcceegg atttacacct cgeccacctg gagtgccttt gtgacagaca
1441 gttcctggag tgcacggaag tcacaactgg tctatcagte cagacggggg cetttggtca
1501 aatattcttc tgattacttc caagcecect ctgactacag atactacccc taccagtect
1561 tccagactce acaacaccee agcettectct tccaggacaa gagggtgtee tggteectgg
1621 tctacctcee caccatccag agetgetgga actacggcett ctectgetee tcggacgage
1681 tcectgtect gggectcace aagtetggeg getcagateg caccattgece tacgaaaaca
1741 aagccctgat getctgegaa gggetetteg tggcagacgt caccgatttc gagggctgga
1801 aggctgcgat tcccagtgece ctggacacca acagetcgaa gageacctee tecttceect
1861 gcecggeagg geacttcaac ggettecgea cggteatceg ceccttetac ctgaccaact
1921 cctcaggtgt ggactagacg gegtggecca agggtggtga gaaccggaga accccaggac
1981 gcccteactg caggeteccce tectecggcett cettectete tgeaatgace ttcaacaace
2041 ggccaccaga tgtcgececta ctcacctgag cgetcagcett caagaaatta ctggaaggct
2101 tccactaggg tccaccagga gttctcccac cacctcacca gtttccaggt ggtaageace
2161 aggacgccect cgaggttect ctgggatcce cccacagecce ctggtecagte tgeecttgte
2221 actggtctga ggtcattaaa attacattga ggttcctaca aaaaaaaaaa aaaaaaa

SEQ ID NO: 15 - TF

1 tgtgctcget getcagegeg cacccggaag atgaggceteg cegtgggage cetgetggte
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61 tgcgeegtee tggggctgtg tetggetgte cetgataaaa ctgtgagatg gtgtgcagtg

121 tcggagcatg aggecactaa gtgeccagagt ttccgegacc atatgaaaag cgtcattcca
181 tccgatggte ccagtgttac ttgtgtgaag aaagectect accttgattg catcagggec
241 attgcggcaa acgaagcgga tgctgtgaca ctggatgcag gtttggtgta tgatgettac
301 ttggctceca ataacctgaa gectgtggtg geagagttct atgggtcaaa agaggateca
361 cagactttct attatgctgt tgctgtggte aagaaggata gtggcttcca gatgaaccag

421 cttcgaggca agaagtcctg ccacacgggt ctaggeaggt ccgetgggtg gaacatcece
481 ataggcttac tttactgtga cttacctgag ccacgtaaac ctcttgagaa agcagtggec
541 aatttcttct cgggeagcetg tgeeecttgt geggatggga cggactteee ccagetgtgt
601 caactgtgtc cagggtgtgg ctgctccacc cttaaccaat acttcggceta ctcgggagec
661 ttcaagtgtc tgaaggatgg tgctggggat gtggectttg tcaageactc gactatattt

721 gagaacttgg caaacaaggc tgacagggac cagtatgagc tgetttgect agacaacacc
781 cggaagccgg tagatgaata caaggactgce cacttggecce aggtecctte tcataccgte
841 gtggcccgaa gtatgggegg caaggaggac ttgatctggg agettctcaa ccaggeccag
901 gaacattttg gcaaagacaa atcaaaagaa ttccaactat tcagctctce tcatgggaag
961 gacctgcetgt ttaaggactc tgcccacggg tttttaaaag tccccccaag gatggatgec
1021 aagatgtacc tgggctatga gtatgtcact gccatccgga atctacggga aggceacatge
1081 ccagaagccce caacagatga atgcaagcect gtgaagtggt gtecgetgag ccaccacgag
1141 aggctcaagt gtgatgagte gagtgttaac agtgtaggga aaatagagte tgtatcagea
1201 gagaccaccg aagactgcat cgccaagatce atgaatggag aagcetgatge catgagettg
1261 gatggagggt ttgtctacat agcgggcaag tgtggtetgg tgectgtett ggcagaaaac
1321 tacaataaga gcgataattg tgaggataca ccagaggceag ggtattttge tgtagcagtg
1381 gtgaagaaat cagcttctga cctcacctgg gacaatctga aaggcaagaa gtcetgecat

1441 acggcagttg gcagaaccgce tggctggaac atccccatgg geetgetcta caataagate

~146-



WO 2018/226758 PCT/US2018/036149

1501 aaccactgca gatttgatga atttttcagt gaaggttgte cccctgggte taagaaagac
1561 tccagtetct gtaagetgtg tatgggctca ggectaaacce tgtgtgaace caacaacaaa
1621 gagggatact acggctacac aggcgctttc aggtgtctgg ttgagaaggge agatgtggce
1681 tttgtgaaac accagactgt cccacagaac actgggggaa aaaaccctga tccatgggct
1741 aagaatctga atgaaaaaga ctatgagttg ctgtgccttg atggtaccag gaaacctgtg
1801 gaggagtatg cgaactgcca cctggecaga gececgaate acgetgtggt cacacggaaa
1861 gataaggaag cttgcgtcca caagatatta cgtcaacage agcacctatt tggaagcaac
1921 gtaactgact gctcgggcaa cttttgtttg ttccggtcgg aaaccaagga ccttetgtte
1981 agagatgaca cagtatgttt ggccaaactt catgacagaa acacatatga aaaatactta
2041 ggagaagaat atgtcaaggc tgttggtaac ctgagaaaat getccaccte atcactectg
2101 gaagcctgcea ctttccgtag accttaaaat ctcagaggta gggctgecac caaggtgaag
2161 atgggaacgc agatgatcca tgagtttgee ctggtttcac tggeccaagt ggtttgtgct
2221 aaccacgtct gtcttcacag ctctgtgttg ccatgtgtge tgaacaaaaa ataaaaatta

2281 ttattgattt tatatttc

SEQ ID NO: 16 - VEGFR
1 atggtcagct actgggacac cggggtectg ctgtgcgege tgetcagetg tetgettete

61 acaggatcta gttcaggttc aaaattaaaa gatcctgaac tgagtttaaa aggcacccag
121 cacatcatgc aagcaggcca gacactgceat ctccaatgea ggggggaage ageccataaa
181 tggtctttoe ctgaaatggt gagtaaggaa agcgaaagge tgageataac taaatctgec
241 tgtggaagaa atggcaaaca attctgcagt actttaacct tgaacacagce tcaagcaaac
301 cacactggct tctacagcetg caaatatcta getgtaccta cttcaaagaa gaaggaaaca
361 gaatctgcaa tctatatatt tattagtgat acaggtagac ctttcgtaga gatgtacagt

421 gaaatccceg aaattataca catgactgaa ggaagggagce tcgtcattce ctgecgggtt
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481 acgtcaccta acatcactgt tactttaaaa aagtttccac ttgacacttt gatccctgat

541 ggaaaacgca taatctggga cagtagaaag ggcttcatca tatcaaatge aacgtacaaa
601 gaaatagggc ttctgacctg tgaagcaaca gtcaatgggc atttgtataa gacaaactat
661 ctcacacatc gacaaaccaa tacaatcata gatgtccaaa taagcacacc acgeccagtc
721 aaattactta gaggccatac tcttgtecte aattgtactg ctaccactce cttgaacacg

781 agagttcaaa tgacctggag ttaccctgat gaaaaaaata agagagcttc cgtaaggega
841 cgaattgacc aaagcaattc ccatgccaac atattctaca gtgttcttac tattgacaaa
901 atgcagaaca aagacaaagg actttatact tgtcgtgtaa ggagtggacc atcattcaaa
961 tctgttaaca cctcagtgca tatatatgat aaagcattca tcactgtgaa acatcgaaaa
1021 cagcaggtgc ttgaaaccgt agctggcaag cggtettace ggcetctctat gaaagtgaag
1081 gcatttcect cgecggaagt tgtatggtta aaagatgggt tacctgegac tgagaaatct
1141 gctegctatt tgactcgtgg ctactcgtta attatcaagg acgtaactga agaggatgea
1201 gggaattata caatcttgct gagcataaaa cagtcaaatg tgtttaaaaa cctcactgec
1261 actctaattg tcaatgtgaa accccagatt tacgaaaagg ccgtgtcate gtttccagac
1321 ccggctetet acccactggg cagecagacaa atcctgactt gtaccgeata tggtatcect
1381 caacctacaa tcaagtggtt ctggcacccce tgtaaccata atcattccga agcaaggtgt
1441 gacttttgtt ccaataatga agagtcctct atcctggatg ctgacagcaa catgggaaac
1501 agaattgaga gcatcactca gcgcatggca ataatagaag gaaagaataa gatggctage
1561 accttggttg tggctgactc tagaatttct ggaatctaca tttgeatage ttccaataaa
1621 gttgggactg tgggaagaaa cataagcttt tatatcacag atgtgccaaa tgggtttcat
1681 gttaacttgg aaaaaatgcc gacggaagga gaggacctga aactgtcttg cacagttaac
1741 aagttcttat acagagacgt tacttggatt ttactgcgga cagttaataa cagaacaatg
1801 cactacagta ttagcaagca aaaaatggcc atcactaagg agcactccat cactcttaat

1861 cttaccatca tgaatgtttc cctgcaagat tcaggcacct atgectgecag agecaggaat
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1921 gtatacacag gggaagaaat cctccagaag aaagaaatta caatcagaga tcaggaagcea
1981 ccatacctce tgegaaacct cagtgatcac acagtggeca tcageagttc caccacttta
2041 gactgtcatg ctaatggtgt ccccgagect cagatcactt ggtttaaaaa caaccacaaa
2101 atacaacaag agcctggaat tattttagga ccaggaagca gcacgcetgtt tattgaaaga
2161 gtcacagaag aggatgaagg tgtctatcac tgcaaagceca ccaaccagaa gggctctgte
2221 gaaagttcag catacctcac tgttcaagga acctcggaca agtctaatct ggagcetgate
2281 actctaacat gcacctgtgt ggetgegact ctettetgge tectattaac cetetttate

2341 cgaaaaatga aaaggtcttc ttctgaaata aagactgact acctatcaat tataatggac
2401 ccagatgaag ttcctttgga tgagcagtgt gagcggctec cttatgatge cagcaagtgg
2461 gagtttgcee gggagagact taaactggge aaatcacttg gaagaggggc ttttggaaaa
2521 gtggttcaag catcagcatt tggcattaag aaatcaccta cgtgecggac tgtggctgtg
2581 aaaatgctga aagagggggc cacggecage gagtacaaag ctetgatgac tgagcetaaaa
2641 atcttgaccc acattggceca ccatctgaac gtggttaace tgctgggage ctgeaccaag
2701 caaggagggc ctctgatggt gattgttgaa tactgcaaat atggaaatct ctccaactac
2761 ctcaagagca aacgtgactt attttttctc aacaaggatg cagcactaca catggagect
2821 aagaaagaaa aaatggagcc aggcctggaa caaggcaaga aaccaagact agatagegtc
2881 accagcagcg aaagcetttge gagetccgge tttcaggaag ataaaagtct gagtgatgtt
2941 gaggaagagg aggattctga cggtttctac aaggagcecca tcactatgga agatctgatt
3001 tcttacagtt ttcaagtgge cagaggcatg gagttectgt cttccagaaa gtgcattcat
3001 cgggacctgg cagcgagaaa cattctttta tctgagaaca acgtggtgaa gatttgteat
3121 tttggecttg cccgggatat ttataagaac cccgattatg tgagaaaagg agatactcga
3181 cttectctga aatggatggc tectgaatct atctttgaca aaatctacag caccaagagce
3241 gacgtgtggt cttacggagt attgctgtgg gaaatcttct ccttaggtgg gtetecatac

3301 ccaggagtac aaatggatga ggacttttgc agtcgectga gggaaggcat gaggatgaga
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3361 gctectgagt actctactce tgaaatctat cagatcatge tggactgetg gecacagagac
3421 ccaaaagaaa ggccaagatt tgcagaactt gtggaaaaac taggtgattt gettcaagea
3481 aatgtacaac aggatggtaa agactacatc ccaatcaatg ccatactgac aggaaatagt
3541 gggtttacat actcaactcc tgecttetct gaggacttct tcaaggaaag tatttcaget
3601 ccgaagttta attcaggaag ctctgatgat gtcagatatg taaatgcttt caagttcatg
3661 agcctggaaa gaatcaaaac ctttgaagaa cttttaccga atgccaccte catgtttgat
3721 gactaccagg gcgacageag cactetgttg gectctecca tgetgaageg cttcacetgg
3781 actgacagca aacccaaggc ctcgctcaag attgacttga gagtaaccag taaaagtaag
3841 gagtcggggc tgtctgatgt cagcaggecc agtttctgee attccagcetg tgggcacgte
3901 agcgaaggca agcgcaggtt cacctacgac cacgetgage tggaaaggaa aatcgegtgc
3961 tgctceecge ceccagacta caactcggtg gtectgtact ccaccecace catctag

SEQ ID NO: 17 - miR-132

1 ccgceeccge gtetccaggg caaccgtgge tttcgattgt tactgtggga actggaggta

61 acagtctaca gccatggtcg ccecgeagea cgeecacgeg ©

SEQ ID NO: 18 - pCCLc-MNDU3¢-MIR 132-PGK-Tomato-WPRE

Features Nucleotide
MNDU3 promoter 4661 .. 5204
miR-132 5208 .. 5363
PGK promoter 5364 .. 5874
td-Tomato 5894 .. 7321
WPRE 7345 .. 7941

CAGGTGGCACTTTTCGGGGAAATGTGCGCGGAACCCCTATTTGTTTATTTTTCTAA
ATACATTCAAATATGTATCCGCTCATGAGACAATAACCCTGATAAATGCTTCAAT
AATATTGAAAAAGGAAGAGTATGAGTATTCAACATTTCCGTGTCGCCCTTATTCC
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CTTTTTTGCGGCATTTTGCCTTCCTGTTTTTGCTCACCCAGAAACGCTGGTGAAAG
TAAAAGATGCTGAAGATCAGTTGGGTGCACGAGTGGGTTACATCGAACTGGATC
TCAACAGCGGTAAGATCCTTGAGAGTTTTCGCCCCGAAGAACGTTTTCCAATGATGAGC
ACTTTTAAAGTTCTGCTATGTGGCGCGGTATTATCCCGTATTGACGCCGGGCAAGAGCA
ACTCGGTCGCCGCATACACTATTCTCAGAATGACTTGGTTGAGTACTCACCAGTCACAG
AAAAGCATCTTACGGATGGCATGACAGTAAGAGAATTATGCAGTGCTGCCATAACCAT
GAGTGATAACACTGCGGCCAACTTACTTCTGACAACGATCGGAGGACCGAAGGAGCTA
ACCGCTTTTTTGCACAACATGGGGGATCATGTAACTCGCCTTGATCGTTGGGAACCGGA
GCTGAATGAAGCCATACCAAACGACGAGCGTGACACCACGATGCCTGTAGCAATGGCA
ACAACGTTGCGCAAACTATTAACTGGCGAACTACTTACTCTAGCTTCCCGGCAACAATT
AATAGACTGGATGGAGGCGGATAAAGTTGCAGGACCACTTCTGCGCTCGGCCCTTCCGG
CTGGCTGGTTTATTGCTGATAAATCTGGAGCCGGTGAGCGTGGGTCTCGCGGTATCATT
GCAGCACTGGGGCCAGATGGTAAGCCCTCCCGTATCGTAGTTATCTACACGACGGGGAG
TCAGGCAACTATGGATGAACGAAATAGACAGATCGCTGAGATAGGTGCCTCACTGATT
AAGCATTGGTAACTGTCAGACCAAGTTTACTCATATATACTTTAGATTGATTTAAAACTT
CATTTTTAATTTAAAAGGATCTAGGTGAAGATCCTTTTTGATAATCTCATGACCAAAATC
CCTTAACGTGAGTTTTCGTTCCACTGAGCGTCAGACCCCGTAGAAAAGATCAAAGGATC
TTCTTGAGATCCTTTTTTTCTGCGCGTAATCTGCTGCTTGCAAACAAAAAAACCACCGCT
ACCAGCGGTGGTTTGTTTGCCGGATCAAGAGCTACCAACTCTTTTTCCGAAGGTAACTG
GCTTCAGCAGAGCGCAGATACCAAATACTGTCCTTCTAGTGTAGCCGTAGTTAGGCCAC
CACTTCAAGAACTCTGTAGCACCGCCTACATACCTCGCTCTGCTAATCCTGTTACCAGTG
GCTGCTGCCAGTGGCGATAAGTCGTGTCTTACCGGGTTGGACTCAAGACGATAGTTACC
GGATAAGGCGCAGCGGTCGGGCTGAACGGGGGGTTCGTGCACACAGCCCAGCTTGGAG
CGAACGACCTACACCGAACTGAGATACCTACAGCGTGAGCTATGAGAAAGCGCCACGC
TTCCCGAAGGGAGAAAGGCGGACAGGTATCCGGTAAGCGGCAGGGTCGGAACAGGAG
AGCGCACGAGGGAGCTTCCAGGGGGAAACGCCTGGTATCTTTATAGTCCTGTCGGGTTT
CGCCACCTCTGACTTGAGCGTCGATTTTTGTGATGCTCGTCAGGGGGGCGGAGCCTATG
GAAAAACGCCAGCAACGCGGCCTTTTTACGGTTCCTGGCCTTTTGCTGGCCTTTTGCTCA
CATGTTCTTTCCTGCGTTATCCCCTGATTCTGTGGATAACCGTATTACCGCCTTTGAGTG
AGCTGATACCGCTCGCCGCAGCCGAACGACCGAGCGCAGCGAGTCAGTGAGCGAGGAA
GCGGAAGAGCGCCCAATACGCAAACCGCCTCTCCCCGCGCGTTGGCCGATTCATTAATG
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CAGCTGGCACGACAGGTTTCCCGACTGGAAAGCGGGCAGTGAGCGCAACGCAATTAAT
GTGAGTTAGCTCACTCATTAGGCACCCCAGGCTTTACACTTTATGCTTCCGGCTCGTATG
TTGTGTGGAATTGTGAGCGGATAACAATTTCACACAGGAAACAGCTATGACCATGATTA
CGCCAAGCGCGCAATTAACCCTCACTAAAGGGAACAAAAGCTGGAGCTGCAAGCTTGG
CCATTGCATACGTTGTATCCATATCATAATATGTACATTITATATTGGCTCATGTCCAACA
TTACCGCCATGTTGACATTGATTATTGACTAGTTATTAATAGTAATCAATTACGGGGTCA
TTAGTTCATAGCCCATATATGGAGTTCCGCGTTACATAACTTACGGTAAATGGCCCGCCT
GGCTGACCGCCCAACGACCCCCGCCCATTGACGTCAATAATGACGTATGTTCCCATAGT
AACGCCAATAGGGACTTTCCATTGACGTCAATGGGTGGAGTATTTACGGTAAACTGCCC
ACTTGGCAGTACATCAAGTGTATCATATGCCAAGTACGCCCCCTATTGACGTCAATGAC
GGTAAATGGCCCGCCTGGCATTATGCCCAGTACATGACCTTATGGGACTTTCCTACTTG
GCAGTACATCTACGTATTAGTCATCGCTATTACCATGGTGATGCGGTTTTGGCAGTACAT
CAATGGGCGTGGATAGCGGTTTGACTCACGGGGATTTCCAAGTCTCCACCCCATTGACG
TCAATGGGAGTTTGTTTTGGCACCAAAATCAACGGGACTTTCCAAAATGTCGTAACAAC
TCCGCCCCATTGACGCAAATGGGCGGTAGGCGTGTACGGTGGGAGGTCTATATAAGCA
GAGCTCGTTTAGTGAACCGGGGTCTCTCTGGTTAGACCAGATCTGAGCCTGGGAGCTCT
CTGGCTAACTAGGGAACCCACTGCTTAAGCCTCAATAAAGCTTGCCTTGAGTGCTTCAA
GTAGTGTGTGCCCGTCTGTTGTGTGACTCTGGTAACTAGAGATCCCTCAGACCCTTTTAG
TCAGTGTGGAAAATCTCTAGCAGTGGCGCCCGAACAGGGACCTGAAAGCGAAAGGGAA
ACCAGAGGAGCTCTCTCGACGCAGGACTCGGCTTGCTGAAGCGCGCACGGCAAGAGGC
GAGGGGCGGCGACTGGTGAGTACGCCAAAAATTTTGACTAGCGGAGGCTAGAAGGAGA
GAGATGGGTGCGAGAGCGTCAGTATTAAGCGGGGGAGAATTAGATCGCGATGGGAAAA
AATTCGGTTAAGGCCAGGGGGAAAGAAAAAATATAAATTAAAACATATAGTATGGGCA
AGCAGGGAGCTAGAACGATTCGCAGTTAATCCTGGCCTGTTAGAAACATCAGAAGGCT
GTAGACAAATACTGGGACAGCTACAACCATCCCTTCAGACAGGATCAGAAGAACTTAG
ATCATTATATAATACAGTAGCAACCCTCTATTGTGTGCATCAAAGGATAGAGATAAAAGA
CACCAAGGAAGCTTTAGACAAGATAGAGGAAGAGCAAAACAAAAGTAAGACCACCGCACAG
CAAGCGGCCGCTGATCTTCAGACCTGGAGGAGGAGATATGAGGGACAATTGGAGAAGTGAA
TTATATAAATATAAAGTAGTAAAAATTGAACCATTAGGAGTAGCACCCACCAAGGCAA
AGAGAAGAGTGGTGCAGAGAGAAAAAAGAGCAGTGGGAATAGGAGCTTTGTTCCTTGG
GTTCTTGGGAGCAGCAGGAAGCACTATGGGCGCAGCCTCAATGACGCTGACGGTACAG
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GCCAGACAATTATTGTCTGGTATAGTGCAGCAGCAGAACAATTTGCTGAGGGCTATTGA
GGCGCAACAGCATCTGTTGCAACTCACAGTCTGGGGCATCAAGCAGCTCCAGGCAAGA
ATCCTGGCTGTGGAAAGATACCTAAAGGATCAACAGCTCCTGGGGATTTGGGGTTGCTC
TGGAAAACTCATTTGCACCACTGCTGTGCCTTGGAATGCTAGTTGGAGTAATAAATCTC
TGGAACAGATTGGAATCACACGACCTGGATGGAGTGGGACAGAGAAATTAACAATTAC
ACAAGCTTAATACACTCCTTAATTGAAGAATCGCAAAACCAGCAAGAAAAGAATGAAC
AAGAATTATTGGAATTAGATAAATGGGCAAGTTTGTGGAATTGGTTTAACATAACAAAT
TGGCTGTGGTATATAAAATTATTCATAATGATAGTAGGAGGCTTGGTAGGTTTAAGAAT
AGTTTTTGCTGTACTTTCTATAGTGAATAGAGTTAGGCAGGGATATTCACCATTATCGTT
TCAGACCCACCTCCCAACCCCGAGGGGACCCGACAGGCCCGAAGGAATAGAAGAAGAA
GGTGGAGAGAGAGACAGAGACAGATCCATTCGATTAGTGAACGGATCTCGACGGTATC
GATAAGCTAATTCACAAATGGCAGTATTCATCCACAATTTTAAAAGAAAAGGGGGGATT
GGGGGGTACAGTGCAGGGGAAAGAATAGTAGACATAATAGCAACAGACATACAAACT
AAAGAATTACAAAAACAAATTACAAAAATTCAAAATTTTCGGGTTTATTACAGGGACA
GCAGAGATCCAGTTTGGGAATTAGCTTGATCGATTAGTCCAATTTGTTAAAGACAGGAT
ATCAGTGGTCCAGGCTCTAGTTTTGACTCAACAATATCACCAGCTGAAGCCTATAGAGT
ACGAGCCATAGATAGAATAAAAGATTTTATTTAGTCTCCAGAAAAAGGGGGGAATGAA
AGACCCCACCTGTAGGTTTGGCAAGCTAGGATCAAGGTTAGGAACAGAGAGACAGCAG
AATATGGGCCAAACAGGATATCTGTGGTAAGCAGTTCCTGCCCCGGCTCAGGGCCAAG
AACAGTTGGAACAGCAGAATATGGGCCAAACAGGATATCTGTGGTAAGCAGTTCCTGC
CCCGGCTCAGGGCCAAGAACAGATGGTCCCCAGATGCGGTCCCGCCCTCAGCAGTTTCT
AGAGAACCATCAGATGTTTCCAGGGTGCCCCAAGGACCTGAAATGACCCTGTGCCTTAT
TTGAACTAACCAATCAGTTCGCTTCTCGCTTCTGTTCGCGCGCTTCTGCTCCCCGAGCTC
AATAAAAGAGCCCACAACCCCTCACTCGGCGCGATCTAGATCTCGAATCGAATTCGAGC
TCGGTACCCCCGCCCCCGCGTCTCCAGGGCAACCGTGGCTTTCGATTGTTACTGTGGGA
ACTGGAGGTAACAGTCTACAGCCATGGTCGCCCCGCAGCACGCCCACGCGCGATATCG
GGCCCGCGGTACCGTCGACTGCAGAATTCTACCGGGTAGGGGAGGCGCTTTTCCCAAGG
CAGTCTGGAGCATGCGCTTTAGCAGCCCCGCTGGCACTTGGCGCTACACAAGTGGCCTC
TGGCCTCGCACACATTCCACATCCACCGGTAGGCGCCAACCGGCTCCGTTCTTTGGTGG
CCCCTTCGCGCCACCTTCTACTCCTCCCCTAGTCAGGAAGTTCCCCCCCGCCCCGCAGCT
CGCGTCGTGCAGGACGTGACAAATGGAAGTAGCACGTCTCACTAGTCTCGTGCAGATGG
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ACAGCACCGCTGAGCAATGGAAGCGGGTAGGCCTTTGGGGCAGCGGCCAATAGCAGCT
TTGCTCCTTCGCTTTCTGGGCTCAGAGGCTGGGAAGGGGTGGGTCCGGGGGCGGGCTCA
GGGGCGGGCTCAGGGGCGGGGCGGGCGCCCGAAGGTCCTCCGGAGGCCCGGCATTCTC
GCACGCTTCAAAAGCGCACGTCTGCCGCGCTGTTCTCCTCTTCCTCATCTCCGGGCCTTT
CGACCATCTAGATCCACCGGTCGCCACCATGGTGAGCAAGGGCGAGGAGGTCATCAAA
GAGTTCATGCGCTTCAAGGTGCGCATGGAGGGCTCCATGAACGGCCACGAGTTCGAGAT
CGAGGGCGAGGGCGAGGGCCGCCCCTACGAGGGCACCCAGACCGCCAAGCTGAAGGT
GACCAAGGGCGGCCCCCTGCCCTTCGCCTGGGACATCCTGTCCCCCCAGTTCATGTACG
GCTCCAAGGCGTACGTGAAGCACCCCGCCGACATCCCCGATTACAAGAAGCTGTCCTTC
CCCGAGGGCTTCAAGTGGGAGCGCGTGATGAACTTCGAGGACGGCGGTCTGGTGACCG
TGACCCAGGACTCCTCCCTGCAGGACGGCACGCTGATCTACAAGGTGAAGATGCGCGG
CACCAACTTCCCCCCCGACGGCCCCGTAATGCAGAAGAAGACCATGGGCTGGGAGGCC
TCCACCGAGCGCCTGTACCCCCGCGACGGCGTGCTGAAGGGCGAGATCCACCAGGCCC
TGAAGCTGAAGGACGGCGGCCACTACCTGGTGGAGTTCAAGACCATCTACATGGCCAA
GAAGCCCGTGCAACTGCCCGGCTACTACTACGTGGACACCAAGCTGGACATCACCTCCC
ACAACGAGGACTACACCATCGTGGAACAGTACGAGCGCTCCGAGGGCCGCCACCACCT
GTTCCTGGGGCATGGCACCGGCAGCACCGGCAGCGGCAGCTCCGGCACCGCCTCCTCCG
AGGACAACAACATGGCCGTCATCAAAGAGTTCATGCGCTTCAAGGTGCGCATGGAGGG
CTCCATGAACGGCCACGAGTTCGAGATCGAGGGCGAGGGCGAGGGCCGCCCCTACGAG
GGCACCCAGACCGCCAAGCTGAAGGTGACCAAGGGCGGCCCCCTGCCCTTCGCCTGGG
ACATCCTGTCCCCCCAGTTCATGTACGGCTCCAAGGCGTACGTGAAGCACCCCGCCGAC
ATCCCCGATTACAAGAAGCTGTCCTTCCCCGAGGGCTTCAAGTGGGAGCGCGTGATGAA
CTTCGAGGACGGCGGTCTGGTGACCGTGACCCAGGACTCCTCCCTGCAGGACGGCACGC
TGATCTACAAGGTGAAGATGCGCGGCACCAACTTCCCCCCCGACGGCCCCGTAATGCAG
AAGAAGACCATGGGCTGGGAGGCCTCCACCGAGCGCCTGTACCCCCGCGACGGCGTGC
TGAAGGGCGAGATCCACCAGGCCCTGAAGCTGAAGGACGGCGGCCACTACCTGGTGGA
GTTCAAGACCATCTACATGGCCAAGAAGCCCGTGCAACTGCCCGGCTACTACTACGTGG
ACACCAAGCTGGACATCACCTCCCACAACGAGGACTACACCATCGTGGAACAGTACGA
GCGCTCCGAGGGCCGCCACCACCTGTTCCTGTACGGCATGGACGAGCTGTACAAGTAGG
CGGCCGGGGTCGACTGATCCGATAATCAACCTCTGGATTACAAAATTTGTGAAAGATTG
ACTGGTATTCTTAACTATGTTGCTCCTTTTACGCTATGTGGATACGCTGCTTTAATGCCTT
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TGTATCATGCTATTGCTTCCCGTATGGCTTTCATTTTCTCCTCCTTGTATAAATCCTGGTT
GCTGTCTCTTTATGAGGAGTTGTGGCCCGTTGTCAGGCAACGTGGCGTGGTGTGCACTG
TGTTTGCTGACGCAACCCCCACTGGTTGGGGCATTGCCACCACCTGTCAGCTCCTTTCCG
GGACTTTCGCTTTCCCCCTCCCTATTGCCACGGCGGAACTCATCGCCGCCTGCCTTGCCC
GCTGCTGGACAGGGGCTCGGCTGTTGGGCACTGACAATTCCGTGGTGTTGTCGGGGAAA
TCATCGTCCTTTCCTTGGCTGCTCGCCTGTGTTGCCACCTGGATTCTGCGCGGGACGTCC
TTCTGCTACGTCCCTTCGGCCCTCAATCCAGCGGACCTTCCTTCCCGCGGCCTGCTGCCG
GCTCTGCGGCCTCTTCCGCGTCTTCGCCTTCGCCCTCAGACGAGTCGGATCTCCCTTTGG
GCCGCCTCCCCGCATCGGATCAAATTCGAGCTCGGTACCTTTAAGACCAATGACTTACA
AGGCAGCTGTAGATCTTAGCCACTTTTTAAAAGAAAAGGGGGGACTGGAAGGGCTAAT
TCACTCCCAACGAAGACAAGATCTGCTTTTTGCTTGTACTGGGTCTCTCTGGTTAGACCA
GATCTGAGCCTGGGAGCTCTCTGGCTAACTAGGGAACCCACTGCTTAAGCCTCAATAAA
GCTTGCCTTGAGTGCTTCAAGTAGTGTGTGCCCGTCTGTTGTGTGACTCTGGTAACTAGA
GATCCCTCAGACCCTTTTAGTCAGTGTGGAAAATCTCTAGCAGTAGTAGTTCATGTCATC
TTATTATTCAGTATTTATAACTTGCAAAGAAATGAATATCAGAGAGTGAGAGGAACTTG
TTTATTGCAGCTTATAATGGTTACAAATAAAGCAATAGCATCACAAATTTCACAAATAA
AGCATTTTTTTCACTGCATTCTAGTTGTGGTTTGTCCAAACTCATCAATGTATCTTATCAT
GTCTGGCTCTAGCTATCCCGCCCCTAACTCCGCCCATCCCGCCCCTAACTCCGCCCAGTT
CCGCCCATTCTCCGCCCCATGGCTGACTAATTTTTTTTATTTATGCAGAGGCCGAGGCCG
CCTCGGCCTCTGAGCTATTCCAGAAGTAGTGAGGAGGCTTTTTTGGAGGCCTAGGCTTTT
GCGTCGAGACGTACCCAATTCGCCCTATAGTGAGTCGTATTACGCGCGCTCACTGGCCG
TCGTTTTACAACGTCGTGACTGGGAAAACCCTGGCGTTACCCAACTTAATCGCCTTGCA
GCACATCCCCCTTTCGCCAGCTGGCGTAATAGCGAAGAGGCCCGCACCGATCGCCCTTC
CCAACAGTTGCGCAGCCTGAATGGCGAATGGCGCGACGCGCCCTGTAGCGGCGCATTA
AGCGCGGCGGGTGTGGTGGTTACGCGCAGCGTGACCGCTACACTTGCCAGCGCCCTAGC
GCCCGCTCCTTTCGCTTTCTTCCCTTCCTTTCTCGCCACGTTCGCCGGCTTTCCCCGTCAA
GCTCTAAATCGGGGGCTCCCTTTAGGGTTCCGATTTAGTGCTTTACGGCACCTCGACCCC
AAAAAACTTGATTAGGGTGATGGTTCACGTAGTGGGCCATCGCCCTGATAGACGGTTTT
TCGCCCTTTGACGTTGGAGTCCACGTTCTTTAATAGTGGACTCTTGTTCCAAACTGGAAC
AACACTCAACCCTATCTCGGTCTATTCTTTTGATTTATAAGGGATTTTGCCGATTTCGGC
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CTATTGGTTAAAAAATGAGCTGATTTAACAAAAATTTAACGCGAATTTTAACAAAATAT
TAACGTTTACAATTTCC

Sequence ID No.: 19 -165A VEGF isoform

GAATTCG CCCTTCCTGA GATCACCGGT AGGAGGGCCA TCATGAACTT
TCTGCTGTCT TGGGTGCATT GGAGCCTTGC CTTGCTGCTC TACCTCCACC
ATGCCAAGTG GTCCCAGGCT GCACCCATGG CAGAAGGAGG AGGGCAGAAT
CATCACGAAG TGGTGAAGTT CATGGATGTC TATCAGCGCA GCTACTGCCA
TCCAATCGAG ACCCTGGTGG ACATCTTCCA GGAGTACCCT GATGAGATCG
AGTACATCTT CAAGCCATCC TGTGTGCCCC TGATGCGATG CGGGGGCTGC
TGCAATGACG AGGGCCTGGA GTGTGTGCCC ACTGAGGAGT CCAACATCAC
CATGCAGATT ATGCGGATCA AACCTCACCA AGGCCAGCAC ATAGGAGAGA
TGAGCTTCCT ACAGCACAAC AAATGTGAAT GCAGACCAAA GAAAGATAGA
GCAAGACAAG AAAATCCCTG TGGGCCTTGC TCAGAGCGGA GAAAGCATTT
GTTTGTACAA GATCCGCAGA CGTGTAAATG TTCCTGCAAA AACACAGACT
CGCGTTGCAA GGCGAGGCAG CTTGAGTTAA ACGAACGTAC TTGCAGATGT
GACAAGCCGA GGCGGTGAAA GGGCGAATTC
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What is claimed is:

1. A method for treating a disease or condition involving an inflammatory response or
related to inflammation in a subject in need thereof, comprising administering to the subject a
purified population of cell-derived vesicles, wherein the population is purified from a
population of stem cells cultured under conditions of hypoxia and low serum, and optionally

wherein the cell-derived vesicles comprise exosomes and/or microvesicles.

2. The method of claim 1, wherein the inflammatory disease or condition is selected
from multiple sclerosis, primary and secondary progressive multiple sclerosis, relapsing
remitting multiple sclerosis, radiation-induced soft tissue damage, fralility, a
neuroinflammatory disease, muscle injuries, radiation tissue damage, stroke, brain
inflammatory disease, traumatic brain injury, myocardial infarction, graft versus host disease,
Parkinson’s disease, Alzheimer’s, inflammatory bowel disease, Huntington’s disease,
amyotrophic lateral sclerosis, Bahcet’s disease, sarcopenia, aging, spinal cord injury, wound

repair, or dysphagia, and optionally wherein the disease or condition excludes stroke.

3. The method of claim 1, wherein the inflammatory disease or condition is selected
from multiple sclerosis, primary and secondary progressive multiple sclerosis, or relapsing

remitting multiple sclerosis.

4. The method of claim 1, wherein the subject is administered at least one dose of cell-
derived vesicles selected from the group of: from between approximately 0.1 mg to about
1000 mg of cell-derived vesicle protein from the purified population, or of of approximately

50 mg of cell-derived vesicle protein from the purified population.

5. The method of claim 1, wherein the cell-derived vesicle protein is administered prior

to, simultaneously with, or after administration of an isolated stem cell.

6. The method of claim 1, wherein the purified population is administered by
intravenous injection, intrathecal injection, direct injection, intramuscular injection,

intracranial injection, or topically.

7. The method of claim 1, wherein the subject is a mammal, optionally a human patient.
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8. The method of claim 1, wherein the population of stem cells comprise one or more
populations selected from the group of adult stem cells, embryonic stem cells, embryonic-like

stem cells, neural stem cells, mesenchymal stem cells, or induced pluripotent stem cells.

9. The method of claim 1, wherein the population of stem cells comprises an adult stem

cells that are optionally a population of mesenchymal stem cells.

10. The method of claim 1, wherein the cell-derived vesicles further comprise at least one
exogenous nucleic acid and/or at least one exogenous protein, and optionally wherein the

exogenous nucleic acid encodes, or is, a micro RNA (miRNA).

11. The method of claim 10, wherein the miRNA is selected from the group of miR-150,
miR-126, miR-132, miR-296, or let-7.

12. The method of claim 10, wherein the exogenous protein is one or more of platelet
derived growth factor receptor (PDGFR), Collagen, Type 1, Alpha 2 (COL1A2), Collagen,
Type VI, Alpha 3 (COL6A3), EGF-like repeats- and discoidin i-like domains-containing
protein 3 (EDIL3), epidermal growth factor receptor (EGFR), fibroblast growth factor
receptor (FGFR), fibronectin (FN1), Milk fat globule-EGF factor 8 (MFGES), lectin,
galactoside-binding, soluble, 3 binding protein (LGALS3BP), nuclear factor-kappaB (NFkB),
or transferrin (TF), that optionally exclude VEGFR and/or VEGF.

13. The method of claim 1, wherein the cell-derived vesicles of the population comprise

one or more of miR-126, miR-132, miR-150, miR-210, miR-214, miR-296, or miR-424.

14. The method of claim 1, wherein the cell-derived vesicles of the population comprise

two or more of miR-126, miR-132, miR-150, miR-210, miR-214, miR-296, or miR-424.

15. The method of claim 1, wherein the cell-derived vesicles of the population comprise

three or more of miR-126, miR-132, miR-150, miR-210, miR-214, miR-296, or miR-424.

16. The method of claim 1, wherein the cell-derived vesicles of the population comprise

four or more of miR-126, miR-132, miR-150, miR-210, miR-214, miR-296, or miR-424.

17. The method of claim 1, wherein the cell-derived vesicles of the population comprise

five or more of miR-126, miR-132, miR-150, miR-210, miR-214, miR-296, or miR-424.
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18. The method of claim 1, wherein the cell-derived vesicles of the population comprise

six or more of miR-126, miR-132, miR-150, miR-210, miR-214, miR-296, or miR-424.

19. The method of claim 1, wherein the cell-derived vesicles of the population comprise

miR-126, miR-132, miR-150, miR-210, miR-214, miR-296, and miR-424.

20. The method of claim 1, wherein the cell-derived vesicles of the population comprise
one or more of 3,6-anhydro-D-galactose, 4-aminobutyric acid, 5'-deoxy-5'-
methylthioadenosine, S-methoxytryptamine, s-adenosylmethionine, s-adenosylhomocysteine,
adipic acid, aminomalonate, arabinose, aspartic acid, beta-alanine, cholesterol, citric acid,
creatinine, cysteine, cytidine-5-monophosphate, erythritol, fructose, fumaric acid,
galacturonic acid, glucose, glucose-1-phosphate, glucose-6-phosphate, glutamine, glyceric
acid, glycerol-alpha-phosphate, glycine, guanosine, hexitol, hexuronic acid, inosine,
isohexonic acid, isomaltose, lactamide, lactic acid, lactose, leucine, levoglucosan, maleimide,
malic acid, maltotriose, mannose, methanolphosphate, methionine, N-acetylaspartic acid, N-
acetyl-D-galactosamine, nicotinamide, N-methylalanine, oxoproline, pantothenic acid,
pentadecanoic acid, phenol, putrescine, pyruvic acid, ribitol, ribose, sorbitol, squalene,
succinic acid, threitol, threonic acid, threonine, thymine, trans-4-hydroxyproline, trehalose,

urea, uridine, valine, or xylitol.

21. The method of claim 1, wherein the cell-derived vesicles of the population comprise
two or more of 3,6-anhydro-D-galactose, 4-aminobutyric acid, 5'-deoxy-5'-
methylthioadenosine, S-methoxytryptamine, s-adenosylmethionine, s-adenosylhomocysteine,
adipic acid, aminomalonate, arabinose, aspartic acid, beta-alanine, cholesterol, citric acid,
creatinine, cysteine, cytidine-5-monophosphate, erythritol, fructose, fumaric acid,
galacturonic acid, glucose, glucose-1-phosphate, glucose-6-phosphate, glutamine, glyceric
acid, glycerol-alpha-phosphate, glycine, guanosine, hexitol, hexuronic acid, inosine,
isohexonic acid, isomaltose, lactamide, lactic acid, lactose, leucine, levoglucosan, maleimide,
malic acid, maltotriose, mannose, methanolphosphate, methionine, N-acetylaspartic acid, N-
acetyl-D-galactosamine, nicotinamide, N-methylalanine, oxoproline, pantothenic acid,
pentadecanoic acid, phenol, putrescine, pyruvic acid, ribitol, ribose, sorbitol, squalene,
succinic acid, threitol, threonic acid, threonine, thymine, trans-4-hydroxyproline, trehalose,

urea, uridine, valine, or xylitol.
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22. The method of claim 1, wherein the cell-derived vesicles of the population comprise
three or more of 3,6-anhydro-D-galactose, 4-aminobutyric acid, 5'-deoxy-5'-
methylthioadenosine, S-methoxytryptamine, s-adenosylmethionine, s-adenosylhomocysteine,
adipic acid, aminomalonate, arabinose, aspartic acid, beta-alanine, cholesterol, citric acid,
creatinine, cysteine, cytidine-5-monophosphate, erythritol, fructose, fumaric acid,
galacturonic acid, glucose, glucose-1-phosphate, glucose-6-phosphate, glutamine, glyceric
acid, glycerol-alpha-phosphate, glycine, guanosine, hexitol, hexuronic acid, inosine,
isohexonic acid, isomaltose, lactamide, lactic acid, lactose, leucine, levoglucosan, maleimide,
malic acid, maltotriose, mannose, methanolphosphate, methionine, N-acetylaspartic acid, N-
acetyl-D-galactosamine, nicotinamide, N-methylalanine, oxoproline, pantothenic acid,
pentadecanoic acid, phenol, putrescine, pyruvic acid, ribitol, ribose, sorbitol, squalene,
succinic acid, threitol, threonic acid, threonine, thymine, trans-4-hydroxyproline, trehalose,

urea, uridine, valine, or xylitol.

23. The method of claim 1, wherein the cell-derived vesicles of the population comprise
four or more of 3,6-anhydro-D-galactose, 4-aminobutyric acid, 5'-deoxy-5'-
methylthioadenosine, S-methoxytryptamine, s-adenosylmethionine, s-adenosylhomocysteine,
adipic acid, aminomalonate, arabinose, aspartic acid, beta-alanine, cholesterol, citric acid,
creatinine, cysteine, cytidine-5-monophosphate, erythritol, fructose, fumaric acid,
galacturonic acid, glucose, glucose-1-phosphate, glucose-6-phosphate, glutamine, glyceric
acid, glycerol-alpha-phosphate, glycine, guanosine, hexitol, hexuronic acid, inosine,
isohexonic acid, isomaltose, lactamide, lactic acid, lactose, leucine, levoglucosan, maleimide,
malic acid, maltotriose, mannose, methanolphosphate, methionine, N-acetylaspartic acid, N-
acetyl-D-galactosamine, nicotinamide, N-methylalanine, oxoproline, pantothenic acid,
pentadecanoic acid, phenol, putrescine, pyruvic acid, ribitol, ribose, sorbitol, squalene,
succinic acid, threitol, threonic acid, threonine, thymine, trans-4-hydroxyproline, trehalose,

urea, uridine, valine, or xylitol.

24, The method of claim 1, wherein the cell-derived vesicles of the population comprise
five or more of 3,6-anhydro-D-galactose, 4-aminobutyric acid, 5'-deoxy-5'-
methylthioadenosine, S-methoxytryptamine, s-adenosylmethionine, s-adenosylhomocysteine,
adipic acid, aminomalonate, arabinose, aspartic acid, beta-alanine, cholesterol, citric acid,
creatinine, cysteine, cytidine-5-monophosphate, erythritol, fructose, fumaric acid,
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galacturonic acid, glucose, glucose-1-phosphate, glucose-6-phosphate, glutamine, glyceric
acid, glycerol-alpha-phosphate, glycine, guanosine, hexitol, hexuronic acid, inosine,
isohexonic acid, isomaltose, lactamide, lactic acid, lactose, leucine, levoglucosan, maleimide,
malic acid, maltotriose, mannose, methanolphosphate, methionine, N-acetylaspartic acid, N-
acetyl-D-galactosamine, nicotinamide, N-methylalanine, oxoproline, pantothenic acid,
pentadecanoic acid, phenol, putrescine, pyruvic acid, ribitol, ribose, sorbitol, squalene,
succinic acid, threitol, threonic acid, threonine, thymine, trans-4-hydroxyproline, trehalose,

urea, uridine, valine, or xylitol.

25. The method of claim 1, wherein the cell-derived vesicles of the population comprise
six or more of 3,6-anhydro-D-galactose, 4-aminobutyric acid, 5'-deoxy-5'-
methylthioadenosine, S-methoxytryptamine, s-adenosylmethionine, s-adenosylhomocysteine,
adipic acid, aminomalonate, arabinose, aspartic acid, beta-alanine, cholesterol, citric acid,
creatinine, cysteine, cytidine-5-monophosphate, erythritol, fructose, fumaric acid,
galacturonic acid, glucose, glucose-1-phosphate, glucose-6-phosphate, glutamine, glyceric
acid, glycerol-alpha-phosphate, glycine, guanosine, hexitol, hexuronic acid, inosine,
isohexonic acid, isomaltose, lactamide, lactic acid, lactose, leucine, levoglucosan, maleimide,
malic acid, maltotriose, mannose, methanolphosphate, methionine, N-acetylaspartic acid, N-
acetyl-D-galactosamine, nicotinamide, N-methylalanine, oxoproline, pantothenic acid,
pentadecanoic acid, phenol, putrescine, pyruvic acid, ribitol, ribose, sorbitol, squalene,
succinic acid, threitol, threonic acid, threonine, thymine, trans-4-hydroxyproline, trehalose,

urea, uridine, valine, or xylitol.

26. The method of claim 1, wherein the cell-derived vesicles of the population comprise
seven or more of 3,6-anhydro-D-galactose, 4-aminobutyric acid, 5'-deoxy-5'-
methylthioadenosine, S-methoxytryptamine, s-adenosylmethionine, s-adenosylhomocysteine,
adipic acid, aminomalonate, arabinose, aspartic acid, beta-alanine, cholesterol, citric acid,
creatinine, cysteine, cytidine-5-monophosphate, erythritol, fructose, fumaric acid,
galacturonic acid, glucose, glucose-1-phosphate, glucose-6-phosphate, glutamine, glyceric
acid, glycerol-alpha-phosphate, glycine, guanosine, hexitol, hexuronic acid, inosine,
isohexonic acid, isomaltose, lactamide, lactic acid, lactose, leucine, levoglucosan, maleimide,
malic acid, maltotriose, mannose, methanolphosphate, methionine, N-acetylaspartic acid, N-
acetyl-D-galactosamine, nicotinamide, N-methylalanine, oxoproline, pantothenic acid,
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pentadecanoic acid, phenol, putrescine, pyruvic acid, ribitol, ribose, sorbitol, squalene,
succinic acid, threitol, threonic acid, threonine, thymine, trans-4-hydroxyproline, trehalose,

urea, uridine, valine, or xylitol.

27. The method of claim 1, wherein the cell-derived vesicles of the population comprise
eight or more of 3,6-anhydro-D-galactose, 4-aminobutyric acid, 5'-deoxy-5'-
methylthioadenosine, S-methoxytryptamine, s-adenosylmethionine, s-adenosylhomocysteine,
adipic acid, aminomalonate, arabinose, aspartic acid, beta-alanine, cholesterol, citric acid,
creatinine, cysteine, cytidine-5-monophosphate, erythritol, fructose, fumaric acid,
galacturonic acid, glucose, glucose-1-phosphate, glucose-6-phosphate, glutamine, glyceric
acid, glycerol-alpha-phosphate, glycine, guanosine, hexitol, hexuronic acid, inosine,
isohexonic acid, isomaltose, lactamide, lactic acid, lactose, leucine, levoglucosan, maleimide,
malic acid, maltotriose, mannose, methanolphosphate, methionine, N-acetylaspartic acid, N-
acetyl-D-galactosamine, nicotinamide, N-methylalanine, oxoproline, pantothenic acid,
pentadecanoic acid, phenol, putrescine, pyruvic acid, ribitol, ribose, sorbitol, squalene,
succinic acid, threitol, threonic acid, threonine, thymine, trans-4-hydroxyproline, trehalose,

urea, uridine, valine, or xylitol.

28. The method of claim 1, wherein the cell-derived vesicles of the population comprise
nine or more of 3,6-anhydro-D-galactose, 4-aminobutyric acid, 5'-deoxy-5'-
methylthioadenosine, S-methoxytryptamine, s-adenosylmethionine, s-adenosylhomocysteine,
adipic acid, aminomalonate, arabinose, aspartic acid, beta-alanine, cholesterol, citric acid,
creatinine, cysteine, cytidine-5-monophosphate, erythritol, fructose, fumaric acid,
galacturonic acid, glucose, glucose-1-phosphate, glucose-6-phosphate, glutamine, glyceric
acid, glycerol-alpha-phosphate, glycine, guanosine, hexitol, hexuronic acid, inosine,
isohexonic acid, isomaltose, lactamide, lactic acid, lactose, leucine, levoglucosan, maleimide,
malic acid, maltotriose, mannose, methanolphosphate, methionine, N-acetylaspartic acid, N-
acetyl-D-galactosamine, nicotinamide, N-methylalanine, oxoproline, pantothenic acid,
pentadecanoic acid, phenol, putrescine, pyruvic acid, ribitol, ribose, sorbitol, squalene,
succinic acid, threitol, threonic acid, threonine, thymine, trans-4-hydroxyproline, trehalose,

urea, uridine, valine, or xylitol.
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29. The method of claim 1, wherein the cell-derived vesicles of the population comprise
ten or more of 3,6-anhydro-D-galactose, 4-aminobutyric acid, 5'-deoxy-5'-
methylthioadenosine, S-methoxytryptamine, s-adenosylmethionine, s-adenosylhomocysteine,
adipic acid, aminomalonate, arabinose, aspartic acid, beta-alanine, cholesterol, citric acid,
creatinine, cysteine, cytidine-5-monophosphate, erythritol, fructose, fumaric acid,
galacturonic acid, glucose, glucose-1-phosphate, glucose-6-phosphate, glutamine, glyceric
acid, glycerol-alpha-phosphate, glycine, guanosine, hexitol, hexuronic acid, inosine,
isohexonic acid, isomaltose, lactamide, lactic acid, lactose, leucine, levoglucosan, maleimide,
malic acid, maltotriose, mannose, methanolphosphate, methionine, N-acetylaspartic acid, N-
acetyl-D-galactosamine, nicotinamide, N-methylalanine, oxoproline, pantothenic acid,
pentadecanoic acid, phenol, putrescine, pyruvic acid, ribitol, ribose, sorbitol, squalene,
succinic acid, threitol, threonic acid, threonine, thymine, trans-4-hydroxyproline, trehalose,

urea, uridine, valine, or xylitol.

30. The method of claim 1, wherein the cell-derived vesicles of the population comprise
one or more of Ceramide (d32:1), Ceramide (d33:1), Ceramide (d34:0), Ceramide (d34:1),
Ceramide (d34:2), Ceramide (d34:2), Ceramide (d36:1), Ceramide (d38:1), Ceramide
(d39:1), Ceramide (d40:0), Ceramide (d40:1), Ceramide (d40:2), Ceramide (d41:1),
Ceramide (d42:1), Ceramide (d42:2) B, Ceramide (d44:1), Fatty Acid (20:4), Fatty Acid
(22:0), Fatty Acid (22:6), Fatty Acid (24:0), Fatty Acid (24:1), glucosylceramides (d40:1),
glucosylceramides (d41:1), glucosylceramides (d42:1), glucosylceramides (d42:2),
Lysophosphatidylcholines (16:0), Lysophosphatidylcholines (18:0) A,
Lysophosphatidylcholines (18:1), lysophosphatidylethanolamine (20:4),
Phosphatidylcholines (32:1), Phosphatidylcholines (33:1), Phosphatidylcholines (34:0),
Phosphatidylcholines (34:1), Phosphatidylcholines (34:2), Phosphatidylcholines (35:2),
Phosphatidylcholines (36:1), Phosphatidylcholines (36:2), Phosphatidylcholines (36:3),
Phosphatidylcholines (38:2), Phosphatidylcholines (38:3), Phosphatidylcholines (38:5),
Phosphatidylcholines (38:6), Phosphatidylcholines (40:5), Phosphatidylcholines (40:6),
Phosphatidylcholines (40:7), Phosphatidylcholines (p-34:0), Phosphatidylcholines (0-34:1),
Phosphatidylethanolamines (34:1), Phosphatidylethanolamines (34:2),
Phosphatidylethanolamines (36:3), Phosphatidylethanolamines (36:4),
Phosphatidylethanolamines (38:4), B Phosphatidylethanolamines (38:6),
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Phosphatidylethanolamines (p-34:1), Phosphatidylethanolamines (0-34:2),
Phosphatidylethanolamines (p-36:1), Phosphatidylethanolamines (0-36:2),
Phosphatidylethanolamines (p-36:4), Phosphatidylethanolamines (0-36:5),
Phosphatidylethanolamines (p-38:4), Phosphatidylethanolamines (0-38:5),
Phosphatidylethanolamines (p-38:5), Phosphatidylethanolamines (0-38:6),
Phosphatidylethanolamines (p-38:6), Phosphatidylethanolamines (0-38:7),
Phosphatidylethanolamines (p-40:4), Phosphatidylethanolamines (0-40:5),
Phosphatidylethanolamines (p-40:5), Phosphatidylethanolamines (0-40:6),
Phosphatidylethanolamines (p-40:6), Phosphatidylethanolamines (0-40:7),
Phosphatidylethanolamines (p-40:7), Phosphatidylethanolamines (0-40:8), Sphingomyelin
(d30:1), Sphingomyelin (d32:0), Sphingomyelin (d32:2), Sphingomyelin (d33:1),
Sphingomyelin (d34:0), Sphingomyelin (d36:1), Sphingomyelin (d36:2), Sphingomyelin
(d38:1), Sphingomyelin (d40:1), Sphingomyelin (d40:2), Sphingomyelin (d41:1),
Sphingomyelin (d41:2), Sphingomyelin (d42:2), or B Sphingomyelin (d42:3).

31 The method of claim 1, wherein the cell-derived vesicles of the population comprise
two or more of Ceramide (d32:1), Ceramide (d33:1), Ceramide (d34:0), Ceramide (d34:1),
Ceramide (d34:2), Ceramide (d34:2), Ceramide (d36:1), Ceramide (d38:1), Ceramide
(d39:1), Ceramide (d40:0), Ceramide (d40:1), Ceramide (d40:2), Ceramide (d41:1),
Ceramide (d42:1), Ceramide (d42:2) B, Ceramide (d44:1), Fatty Acid (20:4), Fatty Acid
(22:0), Fatty Acid (22:6), Fatty Acid (24:0), Fatty Acid (24:1), glucosylceramides (d40:1),
glucosylceramides (d41:1), glucosylceramides (d42:1), glucosylceramides (d42:2),
Lysophosphatidylcholines (16:0), Lysophosphatidylcholines (18:0) A,
Lysophosphatidylcholines (18:1), lysophosphatidylethanolamine (20:4),
Phosphatidylcholines (32:1), Phosphatidylcholines (33:1), Phosphatidylcholines (34:0),
Phosphatidylcholines (34:1), Phosphatidylcholines (34:2), Phosphatidylcholines (35:2),
Phosphatidylcholines (36:1), Phosphatidylcholines (36:2), Phosphatidylcholines (36:3),
Phosphatidylcholines (38:2), Phosphatidylcholines (38:3), Phosphatidylcholines (38:5),
Phosphatidylcholines (38:6), Phosphatidylcholines (40:5), Phosphatidylcholines (40:6),
Phosphatidylcholines (40:7), Phosphatidylcholines (p-34:0), Phosphatidylcholines (0-34:1),
Phosphatidylethanolamines (34:1), Phosphatidylethanolamines (34:2),
Phosphatidylethanolamines (36:3), Phosphatidylethanolamines (36:4),
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Phosphatidylethanolamines (38:4), B Phosphatidylethanolamines (38:6),
Phosphatidylethanolamines (p-34:1), Phosphatidylethanolamines (0-34:2),
Phosphatidylethanolamines (p-36:1), Phosphatidylethanolamines (0-36:2),
Phosphatidylethanolamines (p-36:4), Phosphatidylethanolamines (0-36:5),
Phosphatidylethanolamines (p-38:4), Phosphatidylethanolamines (0-38:5),
Phosphatidylethanolamines (p-38:5), Phosphatidylethanolamines (0-38:6),
Phosphatidylethanolamines (p-38:6), Phosphatidylethanolamines (0-38:7),
Phosphatidylethanolamines (p-40:4), Phosphatidylethanolamines (0-40:5),
Phosphatidylethanolamines (p-40:5), Phosphatidylethanolamines (0-40:6),
Phosphatidylethanolamines (p-40:6), Phosphatidylethanolamines (0-40:7),
Phosphatidylethanolamines (p-40:7), Phosphatidylethanolamines (0-40:8), Sphingomyelin
(d30:1), Sphingomyelin (d32:0), Sphingomyelin (d32:2), Sphingomyelin (d33:1),
Sphingomyelin (d34:0), Sphingomyelin (d36:1), Sphingomyelin (d36:2), Sphingomyelin
(d38:1), Sphingomyelin (d40:1), Sphingomyelin (d40:2), Sphingomyelin (d41:1),
Sphingomyelin (d41:2), Sphingomyelin (d42:2), or B Sphingomyelin (d42:3).

32. The method of claim 1, wherein the cell-derived vesicles of the population comprise
three or more of Ceramide (d32:1), Ceramide (d33:1), Ceramide (d34:0), Ceramide (d34:1),
Ceramide (d34:2), Ceramide (d34:2), Ceramide (d36:1), Ceramide (d38:1), Ceramide
(d39:1), Ceramide (d40:0), Ceramide (d40:1), Ceramide (d40:2), Ceramide (d41:1),
Ceramide (d42:1), Ceramide (d42:2) B, Ceramide (d44:1), Fatty Acid (20:4), Fatty Acid
(22:0), Fatty Acid (22:6), Fatty Acid (24:0), Fatty Acid (24:1), glucosylceramides (d40:1),
glucosylceramides (d41:1), glucosylceramides (d42:1), glucosylceramides (d42:2),
Lysophosphatidylcholines (16:0), Lysophosphatidylcholines (18:0) A,
Lysophosphatidylcholines (18:1), lysophosphatidylethanolamine (20:4),
Phosphatidylcholines (32:1), Phosphatidylcholines (33:1), Phosphatidylcholines (34:0),
Phosphatidylcholines (34:1), Phosphatidylcholines (34:2), Phosphatidylcholines (35:2),
Phosphatidylcholines (36:1), Phosphatidylcholines (36:2), Phosphatidylcholines (36:3),
Phosphatidylcholines (38:2), Phosphatidylcholines (38:3), Phosphatidylcholines (38:5),
Phosphatidylcholines (38:6), Phosphatidylcholines (40:5), Phosphatidylcholines (40:6),
Phosphatidylcholines (40:7), Phosphatidylcholines (p-34:0), Phosphatidylcholines (0-34:1),
Phosphatidylethanolamines (34:1), Phosphatidylethanolamines (34:2),
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Phosphatidylethanolamines (36:3), Phosphatidylethanolamines (36:4),
Phosphatidylethanolamines (38:4), B Phosphatidylethanolamines (38:6),
Phosphatidylethanolamines (p-34:1), Phosphatidylethanolamines (0-34:2),
Phosphatidylethanolamines (p-36:1), Phosphatidylethanolamines (0-36:2),
Phosphatidylethanolamines (p-36:4), Phosphatidylethanolamines (0-36:5),
Phosphatidylethanolamines (p-38:4), Phosphatidylethanolamines (0-38:5),
Phosphatidylethanolamines (p-38:5), Phosphatidylethanolamines (0-38:6),
Phosphatidylethanolamines (p-38:6), Phosphatidylethanolamines (0-38:7),
Phosphatidylethanolamines (p-40:4), Phosphatidylethanolamines (0-40:5),
Phosphatidylethanolamines (p-40:5), Phosphatidylethanolamines (0-40:6),
Phosphatidylethanolamines (p-40:6), Phosphatidylethanolamines (0-40:7),
Phosphatidylethanolamines (p-40:7), Phosphatidylethanolamines (0-40:8), Sphingomyelin
(d30:1), Sphingomyelin (d32:0), Sphingomyelin (d32:2), Sphingomyelin (d33:1),
Sphingomyelin (d34:0), Sphingomyelin (d36:1), Sphingomyelin (d36:2), Sphingomyelin
(d38:1), Sphingomyelin (d40:1), Sphingomyelin (d40:2), Sphingomyelin (d41:1),
Sphingomyelin (d41:2), Sphingomyelin (d42:2), or B Sphingomyelin (d42:3).

33. The method of claim1, wherein the cell-derived vesicles of the population comprise
four or more of Ceramide (d32:1), Ceramide (d33:1), Ceramide (d34:0), Ceramide (d34:1),
Ceramide (d34:2), Ceramide (d34:2), Ceramide (d36:1), Ceramide (d38:1), Ceramide
(d39:1), Ceramide (d40:0), Ceramide (d40:1), Ceramide (d40:2), Ceramide (d41:1),
Ceramide (d42:1), Ceramide (d42:2) B, Ceramide (d44:1), Fatty Acid (20:4), Fatty Acid
(22:0), Fatty Acid (22:6), Fatty Acid (24:0), Fatty Acid (24:1), glucosylceramides (d40:1),
glucosylceramides (d41:1), glucosylceramides (d42:1), glucosylceramides (d42:2),
Lysophosphatidylcholines (16:0), Lysophosphatidylcholines (18:0) A,
Lysophosphatidylcholines (18:1), lysophosphatidylethanolamine (20:4),
Phosphatidylcholines (32:1), Phosphatidylcholines (33:1), Phosphatidylcholines (34:0),
Phosphatidylcholines (34:1), Phosphatidylcholines (34:2), Phosphatidylcholines (35:2),
Phosphatidylcholines (36:1), Phosphatidylcholines (36:2), Phosphatidylcholines (36:3),
Phosphatidylcholines (38:2), Phosphatidylcholines (38:3), Phosphatidylcholines (38:5),
Phosphatidylcholines (38:6), Phosphatidylcholines (40:5), Phosphatidylcholines (40:6),
Phosphatidylcholines (40:7), Phosphatidylcholines (p-34:0), Phosphatidylcholines (0-34:1),
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Phosphatidylethanolamines (34:1), Phosphatidylethanolamines (34:2),
Phosphatidylethanolamines (36:3), Phosphatidylethanolamines (36:4),
Phosphatidylethanolamines (38:4), B Phosphatidylethanolamines (38:6),
Phosphatidylethanolamines (p-34:1), Phosphatidylethanolamines (0-34:2),
Phosphatidylethanolamines (p-36:1), Phosphatidylethanolamines (0-36:2),
Phosphatidylethanolamines (p-36:4), Phosphatidylethanolamines (0-36:5),
Phosphatidylethanolamines (p-38:4), Phosphatidylethanolamines (0-38:5),
Phosphatidylethanolamines (p-38:5), Phosphatidylethanolamines (0-38:6),
Phosphatidylethanolamines (p-38:6), Phosphatidylethanolamines (0-38:7),
Phosphatidylethanolamines (p-40:4), Phosphatidylethanolamines (0-40:5),
Phosphatidylethanolamines (p-40:5), Phosphatidylethanolamines (0-40:6),
Phosphatidylethanolamines (p-40:6), Phosphatidylethanolamines (0-40:7),
Phosphatidylethanolamines (p-40:7), Phosphatidylethanolamines (0-40:8), Sphingomyelin
(d30:1), Sphingomyelin (d32:0), Sphingomyelin (d32:2), Sphingomyelin (d33:1),
Sphingomyelin (d34:0), Sphingomyelin (d36:1), Sphingomyelin (d36:2), Sphingomyelin
(d38:1), Sphingomyelin (d40:1), Sphingomyelin (d40:2), Sphingomyelin (d41:1),
Sphingomyelin (d41:2), Sphingomyelin (d42:2), or B Sphingomyelin (d42:3).

34. The method of claim 1, wherein the cell-derived vesicles of the population comprise
five or more of Ceramide (d32:1), Ceramide (d33:1), Ceramide (d34:0), Ceramide (d34:1),
Ceramide (d34:2), Ceramide (d34:2), Ceramide (d36:1), Ceramide (d38:1), Ceramide
(d39:1), Ceramide (d40:0), Ceramide (d40:1), Ceramide (d40:2), Ceramide (d41:1),
Ceramide (d42:1), Ceramide (d42:2) B, Ceramide (d44:1), Fatty Acid (20:4), Fatty Acid
(22:0), Fatty Acid (22:6), Fatty Acid (24:0), Fatty Acid (24:1), glucosylceramides (d40:1),
glucosylceramides (d41:1), glucosylceramides (d42:1), glucosylceramides (d42:2),
Lysophosphatidylcholines (16:0), Lysophosphatidylcholines (18:0) A,
Lysophosphatidylcholines (18:1), lysophosphatidylethanolamine (20:4),
Phosphatidylcholines (32:1), Phosphatidylcholines (33:1), Phosphatidylcholines (34:0),
Phosphatidylcholines (34:1), Phosphatidylcholines (34:2), Phosphatidylcholines (35:2),
Phosphatidylcholines (36:1), Phosphatidylcholines (36:2), Phosphatidylcholines (36:3),
Phosphatidylcholines (38:2), Phosphatidylcholines (38:3), Phosphatidylcholines (38:5),
Phosphatidylcholines (38:6), Phosphatidylcholines (40:5), Phosphatidylcholines (40:6),
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Phosphatidylcholines (40:7), Phosphatidylcholines (p-34:0), Phosphatidylcholines (0-34:1),
Phosphatidylethanolamines (34:1), Phosphatidylethanolamines (34:2),
Phosphatidylethanolamines (36:3), Phosphatidylethanolamines (36:4),
Phosphatidylethanolamines (38:4), B Phosphatidylethanolamines (38:6),
Phosphatidylethanolamines (p-34:1), Phosphatidylethanolamines (0-34:2),
Phosphatidylethanolamines (p-36:1), Phosphatidylethanolamines (0-36:2),
Phosphatidylethanolamines (p-36:4), Phosphatidylethanolamines (0-36:5),
Phosphatidylethanolamines (p-38:4), Phosphatidylethanolamines (0-38:5),
Phosphatidylethanolamines (p-38:5), Phosphatidylethanolamines (0-38:6),
Phosphatidylethanolamines (p-38:6), Phosphatidylethanolamines (0-38:7),
Phosphatidylethanolamines (p-40:4), Phosphatidylethanolamines (0-40:5),
Phosphatidylethanolamines (p-40:5), Phosphatidylethanolamines (0-40:6),
Phosphatidylethanolamines (p-40:6), Phosphatidylethanolamines (0-40:7),
Phosphatidylethanolamines (p-40:7), Phosphatidylethanolamines (0-40:8), Sphingomyelin
(d30:1), Sphingomyelin (d32:0), Sphingomyelin (d32:2), Sphingomyelin (d33:1),
Sphingomyelin (d34:0), Sphingomyelin (d36:1), Sphingomyelin (d36:2), Sphingomyelin
(d38:1), Sphingomyelin (d40:1), Sphingomyelin (d40:2), Sphingomyelin (d41:1),
Sphingomyelin (d41:2), Sphingomyelin (d42:2), or B Sphingomyelin (d42:3).

35. The method of claim 1, wherein the cell-derived vesicles of the population comprise
six or more of Ceramide (d32:1), Ceramide (d33:1), Ceramide (d34:0), Ceramide (d34:1),
Ceramide (d34:2), Ceramide (d34:2), Ceramide (d36:1), Ceramide (d38:1), Ceramide
(d39:1), Ceramide (d40:0), Ceramide (d40:1), Ceramide (d40:2), Ceramide (d41:1),
Ceramide (d42:1), Ceramide (d42:2) B, Ceramide (d44:1), Fatty Acid (20:4), Fatty Acid
(22:0), Fatty Acid (22:6), Fatty Acid (24:0), Fatty Acid (24:1), glucosylceramides (d40:1),
glucosylceramides (d41:1), glucosylceramides (d42:1), glucosylceramides (d42:2),
Lysophosphatidylcholines (16:0), Lysophosphatidylcholines (18:0) A,
Lysophosphatidylcholines (18:1), lysophosphatidylethanolamine (20:4),
Phosphatidylcholines (32:1), Phosphatidylcholines (33:1), Phosphatidylcholines (34:0),
Phosphatidylcholines (34:1), Phosphatidylcholines (34:2), Phosphatidylcholines (35:2),
Phosphatidylcholines (36:1), Phosphatidylcholines (36:2), Phosphatidylcholines (36:3),
Phosphatidylcholines (38:2), Phosphatidylcholines (38:3), Phosphatidylcholines (38:5),
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Phosphatidylcholines (38:6), Phosphatidylcholines (40:5), Phosphatidylcholines (40:6),
Phosphatidylcholines (40:7), Phosphatidylcholines (p-34:0), Phosphatidylcholines (0-34:1),
Phosphatidylethanolamines (34:1), Phosphatidylethanolamines (34:2),
Phosphatidylethanolamines (36:3), Phosphatidylethanolamines (36:4),
Phosphatidylethanolamines (38:4), B Phosphatidylethanolamines (38:6),
Phosphatidylethanolamines (p-34:1), Phosphatidylethanolamines (0-34:2),
Phosphatidylethanolamines (p-36:1), Phosphatidylethanolamines (0-36:2),
Phosphatidylethanolamines (p-36:4), Phosphatidylethanolamines (0-36:5),
Phosphatidylethanolamines (p-38:4), Phosphatidylethanolamines (0-38:5),
Phosphatidylethanolamines (p-38:5), Phosphatidylethanolamines (0-38:6),
Phosphatidylethanolamines (p-38:6), Phosphatidylethanolamines (0-38:7),
Phosphatidylethanolamines (p-40:4), Phosphatidylethanolamines (0-40:5),
Phosphatidylethanolamines (p-40:5), Phosphatidylethanolamines (0-40:6),
Phosphatidylethanolamines (p-40:6), Phosphatidylethanolamines (0-40:7),
Phosphatidylethanolamines (p-40:7), Phosphatidylethanolamines (0-40:8), Sphingomyelin
(d30:1), Sphingomyelin (d32:0), Sphingomyelin (d32:2), Sphingomyelin (d33:1),
Sphingomyelin (d34:0), Sphingomyelin (d36:1), Sphingomyelin (d36:2), Sphingomyelin
(d38:1), Sphingomyelin (d40:1), Sphingomyelin (d40:2), Sphingomyelin (d41:1),
Sphingomyelin (d41:2), Sphingomyelin (d42:2), or B Sphingomyelin (d42:3).

36. The method of claim 1, wherein the cell-derived vesicles of the population comprise
seven or more of Ceramide (d32:1), Ceramide (d33:1), Ceramide (d34:0), Ceramide (d34:1),
Ceramide (d34:2), Ceramide (d34:2), Ceramide (d36:1), Ceramide (d38:1), Ceramide
(d39:1), Ceramide (d40:0), Ceramide (d40:1), Ceramide (d40:2), Ceramide (d41:1),
Ceramide (d42:1), Ceramide (d42:2) B, Ceramide (d44:1), Fatty Acid (20:4), Fatty Acid
(22:0), Fatty Acid (22:6), Fatty Acid (24:0), Fatty Acid (24:1), glucosylceramides (d40:1),
glucosylceramides (d41:1), glucosylceramides (d42:1), glucosylceramides (d42:2),
Lysophosphatidylcholines (16:0), Lysophosphatidylcholines (18:0) A,
Lysophosphatidylcholines (18:1), lysophosphatidylethanolamine (20:4),
Phosphatidylcholines (32:1), Phosphatidylcholines (33:1), Phosphatidylcholines (34:0),
Phosphatidylcholines (34:1), Phosphatidylcholines (34:2), Phosphatidylcholines (35:2),
Phosphatidylcholines (36:1), Phosphatidylcholines (36:2), Phosphatidylcholines (36:3),
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Phosphatidylcholines (38:2), Phosphatidylcholines (38:3), Phosphatidylcholines (38:5),
Phosphatidylcholines (38:6), Phosphatidylcholines (40:5), Phosphatidylcholines (40:6),
Phosphatidylcholines (40:7), Phosphatidylcholines (p-34:0), Phosphatidylcholines (0-34:1),
Phosphatidylethanolamines (34:1), Phosphatidylethanolamines (34:2),
Phosphatidylethanolamines (36:3), Phosphatidylethanolamines (36:4),
Phosphatidylethanolamines (38:4), B Phosphatidylethanolamines (38:6),
Phosphatidylethanolamines (p-34:1), Phosphatidylethanolamines (0-34:2),
Phosphatidylethanolamines (p-36:1), Phosphatidylethanolamines (0-36:2),
Phosphatidylethanolamines (p-36:4), Phosphatidylethanolamines (0-36:5),
Phosphatidylethanolamines (p-38:4), Phosphatidylethanolamines (0-38:5),
Phosphatidylethanolamines (p-38:5), Phosphatidylethanolamines (0-38:6),
Phosphatidylethanolamines (p-38:6), Phosphatidylethanolamines (0-38:7),
Phosphatidylethanolamines (p-40:4), Phosphatidylethanolamines (0-40:5),
Phosphatidylethanolamines (p-40:5), Phosphatidylethanolamines (0-40:6),
Phosphatidylethanolamines (p-40:6), Phosphatidylethanolamines (0-40:7),
Phosphatidylethanolamines (p-40:7), Phosphatidylethanolamines (0-40:8), Sphingomyelin
(d30:1), Sphingomyelin (d32:0), Sphingomyelin (d32:2), Sphingomyelin (d33:1),
Sphingomyelin (d34:0), Sphingomyelin (d36:1), Sphingomyelin (d36:2), Sphingomyelin
(d38:1), Sphingomyelin (d40:1), Sphingomyelin (d40:2), Sphingomyelin (d41:1),
Sphingomyelin (d41:2), Sphingomyelin (d42:2), or B Sphingomyelin (d42:3).

37. The method of claim 1, wherein the cell-derived vesicles of the population comprise
eight or more of Ceramide (d32:1), Ceramide (d33:1), Ceramide (d34:0), Ceramide (d34:1),
Ceramide (d34:2), Ceramide (d34:2), Ceramide (d36:1), Ceramide (d38:1), Ceramide
(d39:1), Ceramide (d40:0), Ceramide (d40:1), Ceramide (d40:2), Ceramide (d41:1),
Ceramide (d42:1), Ceramide (d42:2) B, Ceramide (d44:1), Fatty Acid (20:4), Fatty Acid
(22:0), Fatty Acid (22:6), Fatty Acid (24:0), Fatty Acid (24:1), glucosylceramides (d40:1),
glucosylceramides (d41:1), glucosylceramides (d42:1), glucosylceramides (d42:2),
Lysophosphatidylcholines (16:0), Lysophosphatidylcholines (18:0) A,
Lysophosphatidylcholines (18:1), lysophosphatidylethanolamine (20:4),
Phosphatidylcholines (32:1), Phosphatidylcholines (33:1), Phosphatidylcholines (34:0),
Phosphatidylcholines (34:1), Phosphatidylcholines (34:2), Phosphatidylcholines (35:2),
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Phosphatidylcholines (36:1), Phosphatidylcholines (36:2), Phosphatidylcholines (36:3),
Phosphatidylcholines (38:2), Phosphatidylcholines (38:3), Phosphatidylcholines (38:5),
Phosphatidylcholines (38:6), Phosphatidylcholines (40:5), Phosphatidylcholines (40:6),
Phosphatidylcholines (40:7), Phosphatidylcholines (p-34:0), Phosphatidylcholines (0-34:1),
Phosphatidylethanolamines (34:1), Phosphatidylethanolamines (34:2),
Phosphatidylethanolamines (36:3), Phosphatidylethanolamines (36:4),
Phosphatidylethanolamines (38:4), B Phosphatidylethanolamines (38:6),
Phosphatidylethanolamines (p-34:1), Phosphatidylethanolamines (0-34:2),
Phosphatidylethanolamines (p-36:1), Phosphatidylethanolamines (0-36:2),
Phosphatidylethanolamines (p-36:4), Phosphatidylethanolamines (0-36:5),
Phosphatidylethanolamines (p-38:4), Phosphatidylethanolamines (0-38:5),
Phosphatidylethanolamines (p-38:5), Phosphatidylethanolamines (0-38:6),
Phosphatidylethanolamines (p-38:6), Phosphatidylethanolamines (0-38:7),
Phosphatidylethanolamines (p-40:4), Phosphatidylethanolamines (0-40:5),
Phosphatidylethanolamines (p-40:5), Phosphatidylethanolamines (0-40:6),
Phosphatidylethanolamines (p-40:6), Phosphatidylethanolamines (0-40:7),
Phosphatidylethanolamines (p-40:7), Phosphatidylethanolamines (0-40:8), Sphingomyelin
(d30:1), Sphingomyelin (d32:0), Sphingomyelin (d32:2), Sphingomyelin (d33:1),
Sphingomyelin (d34:0), Sphingomyelin (d36:1), Sphingomyelin (d36:2), Sphingomyelin
(d38:1), Sphingomyelin (d40:1), Sphingomyelin (d40:2), Sphingomyelin (d41:1),
Sphingomyelin (d41:2), Sphingomyelin (d42:2), or B Sphingomyelin (d42:3).

38. The method of claim 1, wherein the cell-derived vesicles of the population comprise
nine or more of Ceramide (d32:1), Ceramide (d33:1), Ceramide (d34:0), Ceramide (d34:1),
Ceramide (d34:2), Ceramide (d34:2), Ceramide (d36:1), Ceramide (d38:1), Ceramide
(d39:1), Ceramide (d40:0), Ceramide (d40:1), Ceramide (d40:2), Ceramide (d41:1),
Ceramide (d42:1), Ceramide (d42:2) B, Ceramide (d44:1), Fatty Acid (20:4), Fatty Acid
(22:0), Fatty Acid (22:6), Fatty Acid (24:0), Fatty Acid (24:1), glucosylceramides (d40:1),
glucosylceramides (d41:1), glucosylceramides (d42:1), glucosylceramides (d42:2),
Lysophosphatidylcholines (16:0), Lysophosphatidylcholines (18:0) A,
Lysophosphatidylcholines (18:1), lysophosphatidylethanolamine (20:4),
Phosphatidylcholines (32:1), Phosphatidylcholines (33:1), Phosphatidylcholines (34:0),

-171-



WO 2018/226758 PCT/US2018/036149

Phosphatidylcholines (34:1), Phosphatidylcholines (34:2), Phosphatidylcholines (35:2),
Phosphatidylcholines (36:1), Phosphatidylcholines (36:2), Phosphatidylcholines (36:3),
Phosphatidylcholines (38:2), Phosphatidylcholines (38:3), Phosphatidylcholines (38:5),
Phosphatidylcholines (38:6), Phosphatidylcholines (40:5), Phosphatidylcholines (40:6),
Phosphatidylcholines (40:7), Phosphatidylcholines (p-34:0), Phosphatidylcholines (0-34:1),
Phosphatidylethanolamines (34:1), Phosphatidylethanolamines (34:2),
Phosphatidylethanolamines (36:3), Phosphatidylethanolamines (36:4),
Phosphatidylethanolamines (38:4), B Phosphatidylethanolamines (38:6),
Phosphatidylethanolamines (p-34:1), Phosphatidylethanolamines (0-34:2),
Phosphatidylethanolamines (p-36:1), Phosphatidylethanolamines (0-36:2),
Phosphatidylethanolamines (p-36:4), Phosphatidylethanolamines (0-36:5),
Phosphatidylethanolamines (p-38:4), Phosphatidylethanolamines (0-38:5),
Phosphatidylethanolamines (p-38:5), Phosphatidylethanolamines (0-38:6),
Phosphatidylethanolamines (p-38:6), Phosphatidylethanolamines (0-38:7),
Phosphatidylethanolamines (p-40:4), Phosphatidylethanolamines (0-40:5),
Phosphatidylethanolamines (p-40:5), Phosphatidylethanolamines (0-40:6),
Phosphatidylethanolamines (p-40:6), Phosphatidylethanolamines (0-40:7),
Phosphatidylethanolamines (p-40:7), Phosphatidylethanolamines (0-40:8), Sphingomyelin
(d30:1), Sphingomyelin (d32:0), Sphingomyelin (d32:2), Sphingomyelin (d33:1),
Sphingomyelin (d34:0), Sphingomyelin (d36:1), Sphingomyelin (d36:2), Sphingomyelin
(d38:1), Sphingomyelin (d40:1), Sphingomyelin (d40:2), Sphingomyelin (d41:1),
Sphingomyelin (d41:2), Sphingomyelin (d42:2), or B Sphingomyelin (d42:3).

39. The method of claim 1, wherein the cell-derived vesicles of the population comprise
ten or more of Ceramide (d32:1), Ceramide (d33:1), Ceramide (d34:0), Ceramide (d34:1),
Ceramide (d34:2), Ceramide (d34:2), Ceramide (d36:1), Ceramide (d38:1), Ceramide
(d39:1), Ceramide (d40:0), Ceramide (d40:1), Ceramide (d40:2), Ceramide (d41:1),
Ceramide (d42:1), Ceramide (d42:2) B, Ceramide (d44:1), Fatty Acid (20:4), Fatty Acid
(22:0), Fatty Acid (22:6), Fatty Acid (24:0), Fatty Acid (24:1), glucosylceramides (d40:1),
glucosylceramides (d41:1), glucosylceramides (d42:1), glucosylceramides (d42:2),
Lysophosphatidylcholines (16:0), Lysophosphatidylcholines (18:0) A,
Lysophosphatidylcholines (18:1), lysophosphatidylethanolamine (20:4),
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Phosphatidylcholines (32:1), Phosphatidylcholines (33:1), Phosphatidylcholines (34:0),
Phosphatidylcholines (34:1), Phosphatidylcholines (34:2), Phosphatidylcholines (35:2),
Phosphatidylcholines (36:1), Phosphatidylcholines (36:2), Phosphatidylcholines (36:3),
Phosphatidylcholines (38:2), Phosphatidylcholines (38:3), Phosphatidylcholines (38:5),
Phosphatidylcholines (38:6), Phosphatidylcholines (40:5), Phosphatidylcholines (40:6),
Phosphatidylcholines (40:7), Phosphatidylcholines (p-34:0), Phosphatidylcholines (0-34:1),
Phosphatidylethanolamines (34:1), Phosphatidylethanolamines (34:2),
Phosphatidylethanolamines (36:3), Phosphatidylethanolamines (36:4),
Phosphatidylethanolamines (38:4), B Phosphatidylethanolamines (38:6),
Phosphatidylethanolamines (p-34:1), Phosphatidylethanolamines (0-34:2),
Phosphatidylethanolamines (p-36:1), Phosphatidylethanolamines (0-36:2),
Phosphatidylethanolamines (p-36:4), Phosphatidylethanolamines (0-36:5),
Phosphatidylethanolamines (p-38:4), Phosphatidylethanolamines (0-38:5),
Phosphatidylethanolamines (p-38:5), Phosphatidylethanolamines (0-38:6),
Phosphatidylethanolamines (p-38:6), Phosphatidylethanolamines (0-38:7),
Phosphatidylethanolamines (p-40:4), Phosphatidylethanolamines (0-40:5),
Phosphatidylethanolamines (p-40:5), Phosphatidylethanolamines (0-40:6),
Phosphatidylethanolamines (p-40:6), Phosphatidylethanolamines (0-40:7),
Phosphatidylethanolamines (p-40:7), Phosphatidylethanolamines (0-40:8), Sphingomyelin
(d30:1), Sphingomyelin (d32:0), Sphingomyelin (d32:2), Sphingomyelin (d33:1),
Sphingomyelin (d34:0), Sphingomyelin (d36:1), Sphingomyelin (d36:2), Sphingomyelin
(d38:1), Sphingomyelin (d40:1), Sphingomyelin (d40:2), Sphingomyelin (d41:1),
Sphingomyelin (d41:2), Sphingomyelin (d42:2), or B Sphingomyelin (d42:3).

40. The method of claim 1, wherein the cell-derived vesicles of the population comprise
one or more of CD9, HSPAS, PDCD6IP, GAPDH, ACTB, ANXA2, CD63, SDCBP, ENOI,
HSP90AAI1, TSG101, PKM, LDHA, EEF1A1, YWHAZ, PGK 1, EEF2, ALDOA, ANXAS,
FASN, YWHAE, CLTC, CD81, ALB, VCP, TPI1, PPIA, MSN, CFL1, PRDX1, PFNI,
RAPIB, ITGB1, HSPAS5, SLC3A2, GNB2, ATP1A1, WHAQ, FLOT1, FLNA, CLIC],
CDC42, CCT2, A2M, YWHAG, RAC1, LGALS3BP, HSPA1A, GNAI2, ANXA1, RHOA,
MFGES, PRDX2, GDI2, EHD4, ACTN4, YWHAB, RAB7A, LDHB, GNAS, TFRC,
RABSC, ANXA6, ANXA11l, KPNB1, EZR, ANXA4, ACLY, TUBAIC, RAB14,
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HIST2H4A, GNB1, UBA1, THBS1, RAN, RABSA, PTGFRN, CCT5, CCT3, BSG, RABSB,
RABIA, LAMP2, ITGA6, GSN, FN1, YWHAH, TKT, TCP1, STOM, SLC16A1, or RABSA

proteins.

41. The method of claim 1, wherein the cell-derived vesicles of the population comprise
two or more of CD9, HSPAS, PDCD6IP, GAPDH, ACTB, ANXA2, CD63, SDCBP, ENOI,
HSP90AAI1, TSG101, PKM, LDHA, EEF1A1, YWHAZ, PGK 1, EEF2, ALDOA, ANXAS,
FASN, YWHAE, CLTC, CD81, ALB, VCP, TPI1, PPIA, MSN, CFL1, PRDX1, PFNI,
RAPIB, ITGB1, HSPAS5, SLC3A2, GNB2, ATP1A1, WHAQ, FLOT1, FLNA, CLIC],
CDC42, CCT2, A2M, YWHAG, RAC1, LGALS3BP, HSPA1A, GNAI2, ANXA1, RHOA,
MFGES, PRDX2, GDI2, EHD4, ACTN4, YWHAB, RAB7A, LDHB, GNAS, TFRC,
RABSC, ANXA6, ANXA11l, KPNB1, EZR, ANXA4, ACLY, TUBAIC, RAB14,
HIST2H4A, GNB1, UBA1, THBS1, RAN, RABSA, PTGFRN, CCT5, CCT3, BSG, RABSB,
RABIA, LAMP2, ITGA6, GSN, FN1, YWHAH, TKT, TCP1, STOM, SLC16A1, or RABSA

proteins.

42. The method of claim 1, wherein the cell-derived vesicles of the population comprise
three or more of CD9, HSPAS, PDCD6IP, GAPDH, ACTB, ANXA2, CD63, SDCBP, ENOI,
HSP90AAI1, TSG101, PKM, LDHA, EEF1A1, YWHAZ, PGK 1, EEF2, ALDOA, ANXAS,
FASN, YWHAE, CLTC, CD81, ALB, VCP, TPI1, PPIA, MSN, CFL1, PRDX1, PFNI,
RAPIB, ITGB1, HSPAS5, SLC3A2, GNB2, ATP1A1, WHAQ, FLOT1, FLNA, CLIC],
CDC42, CCT2, A2M, YWHAG, RAC1, LGALS3BP, HSPA1A, GNAI2, ANXA1, RHOA,
MFGES, PRDX2, GDI2, EHD4, ACTN4, YWHAB, RAB7A, LDHB, GNAS, TFRC,
RABSC, ANXA6, ANXA11l, KPNB1, EZR, ANXA4, ACLY, TUBAIC, RAB14,
HIST2H4A, GNB1, UBA1, THBS1, RAN, RABSA, PTGFRN, CCT5, CCT3, BSG, RABSB,
RABIA, LAMP2, ITGA6, GSN, FN1, YWHAH, TKT, TCP1, STOM, SLC16A1, or RABSA

proteins.

43, The method of claim 1, wherein the cell-derived vesicles of the population comprise
four or more of CD9, HSPAS, PDCD6IP, GAPDH, ACTB, ANXA2, CD63, SDCBP, ENOI,
HSP90AAI1, TSG101, PKM, LDHA, EEF1A1, YWHAZ, PGK 1, EEF2, ALDOA, ANXAS,
FASN, YWHAE, CLTC, CD81, ALB, VCP, TPI1, PPIA, MSN, CFL1, PRDX1, PFNI,
RAPIB, ITGB1, HSPAS5, SLC3A2, GNB2, ATP1A1, WHAQ, FLOT1, FLNA, CLIC],
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CDC42, CCT2, A2M, YWHAG, RAC1, LGALS3BP, HSPA1A, GNAI2, ANXA1, RHOA,
MFGES, PRDX2, GDI2, EHD4, ACTN4, YWHAB, RAB7A, LDHB, GNAS, TFRC,
RABS5C, ANXA6, ANXA11, KPNBI, EZR, ANXA4, ACLY, TUBAIC, RAB14,
HIST2H4A, GNB1, UBA1, THBS1, RAN, RAB5A, PTGFRN, CCTS, CCT3, BSG, RAB5B,
RABIA, LAMP2, ITGA6, GSN, FN1, YWHAH, TKT, TCP1, STOM, SLC16A1, or RABSA

proteins.

44, The method of claim 1, wherein the cell-derived vesicles of the population comprise
five or more of CD9, HSPAS, PDCD6IP, GAPDH, ACTB, ANXA2, CD63, SDCBP, ENOI,
HSP90AAI1, TSG101, PKM, LDHA, EEF1A1, YWHAZ, PGK 1, EEF2, ALDOA, ANXAS,
FASN, YWHAE, CLTC, CD81, ALB, VCP, TPI1, PPIA, MSN, CFL1, PRDX1, PFNI,
RAPIB, ITGB1, HSPAS5, SLC3A2, GNB2, ATP1A1, WHAQ, FLOT1, FLNA, CLIC],
CDC42, CCT2, A2M, YWHAG, RAC1, LGALS3BP, HSPA1A, GNAI2, ANXA1, RHOA,
MFGES, PRDX2, GDI2, EHD4, ACTN4, YWHAB, RAB7A, LDHB, GNAS, TFRC,
RABSC, ANXA6, ANXA11l, KPNB1, EZR, ANXA4, ACLY, TUBAIC, RAB14,
HIST2H4A, GNB1, UBA1, THBS1, RAN, RABSA, PTGFRN, CCT5, CCT3, BSG, RABSB,
RABIA, LAMP2, ITGA6, GSN, FN1, YWHAH, TKT, TCP1, STOM, SLC16A1, or RABSA

proteins.

45. The method of claim 1, wherein the cell-derived vesicles of the population comprise
six or more of CD9, HSPAS, PDCD6IP, GAPDH, ACTB, ANXA2, CD63, SDCBP, ENOI,
HSP90AAI1, TSG101, PKM, LDHA, EEF1A1, YWHAZ, PGK 1, EEF2, ALDOA, ANXAS,
FASN, YWHAE, CLTC, CD81, ALB, VCP, TPI1, PPIA, MSN, CFL1, PRDX1, PFNI,
RAPIB, ITGB1, HSPAS5, SLC3A2, GNB2, ATP1A1, WHAQ, FLOT1, FLNA, CLIC],
CDC42, CCT2, A2M, YWHAG, RAC1, LGALS3BP, HSPA1A, GNAI2, ANXA1, RHOA,
MFGES, PRDX2, GDI2, EHD4, ACTN4, YWHAB, RAB7A, LDHB, GNAS, TFRC,
RABSC, ANXA6, ANXA11l, KPNB1, EZR, ANXA4, ACLY, TUBAIC, RAB14,
HIST2H4A, GNB1, UBA1, THBS1, RAN, RABSA, PTGFRN, CCT5, CCT3, BSG, RABSB,
RABIA, LAMP2, ITGA6, GSN, FN1, YWHAH, TKT, TCP1, STOM, SLC16A1, or RABSA

proteins.

46. The method of claim 1, wherein the cell-derived vesicles of the population comprise

seven or more of CD9, HSPAS, PDCD6IP, GAPDH, ACTB, ANXA2, CD63, SDCBP,
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ENO1, HSP90AA1, TSG101, PKM, LDHA, EEF1A1, YWHAZ, PGK1, EEF2, ALDOA,
ANXAS5, FASN, YWHAE, CLTC, CD81, ALB, VCP, TPI1, PPIA, MSN, CFL1, PRDXI,
PFN1, RAPIB, ITGB1, HSPAS, SLC3A2, GNB2, ATP1A1, WHAQ, FLOTI, FLNA,
CLIC1, CDC42, CCT2, A2M, YWHAG, RAC1, LGALS3BP, HSPA1A, GNAI2, ANXALI,
RHOA, MFGES, PRDX2, GDI2, EHD4, ACTN4, YWHAB, RAB7A, LDHB, GNAS, TFRC,
RABS5C, ANXA6, ANXA11, KPNBI, EZR, ANXA4, ACLY, TUBAIC, RAB14,
HIST2H4A, GNB1, UBA1, THBS1, RAN, RAB5A, PTGFRN, CCTS, CCT3, BSG, RAB5B,
RABIA, LAMP2, ITGA6, GSN, FN1, YWHAH, TKT, TCP1, STOM, SLC16A1, or RABSA

proteins.

47. The method of claim 1, wherein the cell-derived vesicles of the population comprise
eight or more of CD9, HSPA8, PDCD6IP, GAPDH, ACTB, ANXA2, CD63, SDCBP, ENO1,
HSP90AAI1, TSG101, PKM, LDHA, EEF1A1, YWHAZ, PGK 1, EEF2, ALDOA, ANXAS,
FASN, YWHAE, CLTC, CD81, ALB, VCP, TPI1, PPIA, MSN, CFL1, PRDX1, PFNI,
RAPIB, ITGB1, HSPAS5, SLC3A2, GNB2, ATP1A1, WHAQ, FLOT1, FLNA, CLIC],
CDC42, CCT2, A2M, YWHAG, RAC1, LGALS3BP, HSPA1A, GNAI2, ANXA1, RHOA,
MFGES, PRDX2, GDI2, EHD4, ACTN4, YWHAB, RAB7A, LDHB, GNAS, TFRC,
RABSC, ANXA6, ANXA11l, KPNB1, EZR, ANXA4, ACLY, TUBAIC, RAB14,
HIST2H4A, GNB1, UBA1, THBS1, RAN, RABSA, PTGFRN, CCT5, CCT3, BSG, RABSB,
RABIA, LAMP2, ITGA6, GSN, FN1, YWHAH, TKT, TCP1, STOM, SLC16A1, or RABSA

proteins.

48. The method of claim 1, wherein the cell-derived vesicles of the population comprise
nine or more of CD9, HSPAS, PDCD6IP, GAPDH, ACTB, ANXA2, CD63, SDCBP, ENOI,
HSP90AAI1, TSG101, PKM, LDHA, EEF1A1, YWHAZ, PGK 1, EEF2, ALDOA, ANXAS,
FASN, YWHAE, CLTC, CD81, ALB, VCP, TPI1, PPIA, MSN, CFL1, PRDX1, PFNI,
RAPIB, ITGB1, HSPAS5, SLC3A2, GNB2, ATP1A1, WHAQ, FLOT1, FLNA, CLIC],
CDC42, CCT2, A2M, YWHAG, RAC1, LGALS3BP, HSPA1A, GNAI2, ANXA1, RHOA,
MFGES, PRDX2, GDI2, EHD4, ACTN4, YWHAB, RAB7A, LDHB, GNAS, TFRC,
RABSC, ANXA6, ANXA11l, KPNB1, EZR, ANXA4, ACLY, TUBAIC, RAB14,
HIST2H4A, GNB1, UBA1, THBS1, RAN, RABSA, PTGFRN, CCT5, CCT3, BSG, RABSB,
RABIA, LAMP2, ITGA6, GSN, FN1, YWHAH, TKT, TCP1, STOM, SLC16A1, or RABSA

proteins.
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49. The method of claim 1, wherein the cell-derived vesicles of the population comprise
ten or more of CD9, HSPAS, PDCD6IP, GAPDH, ACTB, ANXA2, CD63, SDCBP, ENOI,
HSP90AAI1, TSG101, PKM, LDHA, EEF1A1, YWHAZ, PGK 1, EEF2, ALDOA, ANXAS,
FASN, YWHAE, CLTC, CD81, ALB, VCP, TPI1, PPIA, MSN, CFL1, PRDX1, PFNI,
RAPIB, ITGB1, HSPAS5, SLC3A2, GNB2, ATP1A1, WHAQ, FLOT1, FLNA, CLIC],
CDC42, CCT2, A2M, YWHAG, RAC1, LGALS3BP, HSPA1A, GNAI2, ANXA1, RHOA,
MFGES, PRDX2, GDI2, EHD4, ACTN4, YWHAB, RAB7A, LDHB, GNAS, TFRC,
RABSC, ANXA6, ANXA11l, KPNB1, EZR, ANXA4, ACLY, TUBAIC, RAB14,
HIST2H4A, GNB1, UBA1, THBS1, RAN, RABSA, PTGFRN, CCT5, CCT3, BSG, RABSB,
RABIA, LAMP2, ITGA6, GSN, FN1, YWHAH, TKT, TCP1, STOM, SLC16A1, or RABSA

proteins.

50. The method of claim 1, wherein the cell-derived vesicles of the population comprise
one or more of FN1, EDIL3 ,TF, ITGB1, VCAN, ANXA2, MFGES, TGB1, TGFB2,
TGFBRI1, TGBFR2, TGFBI, TGFBRAP1, BASP1, COL1, COL6, GAPDH, ITGA3, FBN1,
ITGAV, ITGB5, NOTCH2, SDCBP, HSPA2, HSPAS, NT5E, MRGPRF, RTN4, NEFM,
INA, NRP1, HSPA9, FBN1, BSG, PRPH, FBLN1, PARP4, FLNA, YBXI, EVA1B,
ADAM10, HSPG2, MCAM, POSTN, GNB2, GNB1, ANPEP, ADAMY, ATP1A1, CSPG4,
EHD2, PXDN, SERPINE2, CAV1, PKM, GNB4, NPTN, CCT2, LGALS3BP, or MVP

proteins.

51. The method of claim 1, wherein the cell-derived vesicles of the population comprise
two or more of FN1, EDIL3 ,TF, ITGB1, VCAN, ANXA2, MFGES, TGB1, TGFB2,
TGFBRI1, TGBFR2, TGFBI, TGFBRAP1, BASP1, COL1, COL6, GAPDH, ITGA3, FBN1,
ITGAV, ITGB5, NOTCH2, SDCBP, HSPA2, HSPAS, NT5E, MRGPRF, RTN4, NEFM,
INA, NRP1, HSPA9, FBN1, BSG, PRPH, FBLN1, PARP4, FLNA, YBXI, EVA1B,
ADAM10, HSPG2, MCAM, POSTN, GNB2, GNB1, ANPEP, ADAMY, ATP1A1, CSPG4,
EHD2, PXDN, SERPINE2, CAV1, PKM, GNB4, NPTN, CCT2, LGALS3BP, or MVP

proteins.

52. The method of claim 1, wherein the cell-derived vesicles of the population comprise
three or more of FN1, EDIL3 ,TF, ITGB1, VCAN, ANXA2, MFGES, TGB1, TGFB2,
TGFBRI1, TGBFR2, TGFBI, TGFBRAP1, BASP1, COL1, COL6, GAPDH, ITGA3, FBN1,

-177-



WO 2018/226758 PCT/US2018/036149

ITGAV, ITGB5, NOTCH2, SDCBP, HSPA2, HSPAS, NT5E, MRGPRF, RTN4, NEFM,
INA, NRP1, HSPA9, FBN1, BSG, PRPH, FBLN1, PARP4, FLNA, YBX1, EVAIB,
ADAM10, HSPG2, MCAM, POSTN, GNB2, GNB1, ANPEP, ADAMO9, ATP1A1, CSPG4,
EHD2, PXDN, SERPINE2, CAV1, PKM, GNB4, NPTN, CCT2, LGALS3BP, or MVP

proteins.

53. The method of claim 1, wherein the cell-derived vesicles of the population comprise
four or more of FN1, EDIL3 ,TF, ITGB1, VCAN, ANXA2, MFGES, TGB1, TGFB2,
TGFBRI1, TGBFR2, TGFBI, TGFBRAP1, BASP1, COL1, COL6, GAPDH, ITGA3, FBN1,
ITGAV, ITGB5, NOTCH2, SDCBP, HSPA2, HSPAS, NT5E, MRGPRF, RTN4, NEFM,
INA, NRP1, HSPA9, FBN1, BSG, PRPH, FBLN1, PARP4, FLNA, YBXI, EVA1B,
ADAM10, HSPG2, MCAM, POSTN, GNB2, GNB1, ANPEP, ADAMY, ATP1A1, CSPG4,
EHD2, PXDN, SERPINE2, CAV1, PKM, GNB4, NPTN, CCT2, LGALS3BP, or MVP

proteins.

54. The method of claim 1, wherein the cell-derived vesicles of the population comprise
five or more of FN1, EDIL3 ,TF, ITGB1, VCAN, ANXA2, MFGES, TGB1, TGFB2,
TGFBRI1, TGBFR2, TGFBI, TGFBRAP1, BASP1, COL1, COL6, GAPDH, ITGA3, FBN1,
ITGAV, ITGB5, NOTCH2, SDCBP, HSPA2, HSPAS, NT5E, MRGPRF, RTN4, NEFM,
INA, NRP1, HSPA9, FBN1, BSG, PRPH, FBLN1, PARP4, FLNA, YBXI, EVA1B,
ADAM10, HSPG2, MCAM, POSTN, GNB2, GNB1, ANPEP, ADAMY, ATP1A1, CSPG4,
EHD2, PXDN, SERPINE2, CAV1, PKM, GNB4, NPTN, CCT2, LGALS3BP, or MVP

proteins.

55. The method of claim 1, wherein the cell-derived vesicles of the population comprise
six or more of FN1, EDIL3 ,TF, ITGB1, VCAN, ANXA2, MFGES, TGB1, TGFB2,
TGFBRI1, TGBFR2, TGFBI, TGFBRAP1, BASP1, COL1, COL6, GAPDH, ITGA3, FBN1,
ITGAV, ITGB5, NOTCH2, SDCBP, HSPA2, HSPAS, NT5E, MRGPRF, RTN4, NEFM,
INA, NRP1, HSPA9, FBN1, BSG, PRPH, FBLN1, PARP4, FLNA, YBXI, EVA1B,
ADAM10, HSPG2, MCAM, POSTN, GNB2, GNB1, ANPEP, ADAMY, ATP1A1, CSPG4,
EHD2, PXDN, SERPINE2, CAV1, PKM, GNB4, NPTN, CCT2, LGALS3BP, or MVP

proteins.

-178-



WO 2018/226758 PCT/US2018/036149

56. The method of claim 1, wherein the cell-derived vesicles of the population comprise
seven or more of FN1, EDIL3 ,TF, ITGB1, VCAN, ANXA2, MFGES, TGB1, TGFB2,
TGFBRI1, TGBFR2, TGFBI, TGFBRAP1, BASP1, COL1, COL6, GAPDH, ITGA3, FBN1,
ITGAV, ITGB5, NOTCH2, SDCBP, HSPA2, HSPAS, NT5E, MRGPRF, RTN4, NEFM,
INA, NRP1, HSPA9, FBN1, BSG, PRPH, FBLN1, PARP4, FLNA, YBXI, EVA1B,
ADAM10, HSPG2, MCAM, POSTN, GNB2, GNB1, ANPEP, ADAMY, ATP1A1, CSPG4,
EHD2, PXDN, SERPINE2, CAV1, PKM, GNB4, NPTN, CCT2, LGALS3BP, or MVP

proteins.

57. The method of claim 1, wherein the cell-derived vesicles of the population comprise
eight or more of FN1, EDIL3 ,TF, ITGB1, VCAN, ANXA2, MFGES, TGB1, TGFB2,
TGFBRI1, TGBFR2, TGFBI, TGFBRAP1, BASP1, COL1, COL6, GAPDH, ITGA3, FBN1,
ITGAV, ITGB5, NOTCH2, SDCBP, HSPA2, HSPAS, NT5E, MRGPRF, RTN4, NEFM,
INA, NRP1, HSPA9, FBN1, BSG, PRPH, FBLN1, PARP4, FLNA, YBXI, EVA1B,
ADAM10, HSPG2, MCAM, POSTN, GNB2, GNB1, ANPEP, ADAMY, ATP1A1, CSPG4,
EHD2, PXDN, SERPINE2, CAV1, PKM, GNB4, NPTN, CCT2, LGALS3BP, or MVP

proteins.

58. The method of claim 1, wherein the cell-derived vesicles of the population comprise
nine or more of FN1, EDIL3 ,TF, ITGB1, VCAN, ANXA2, MFGES, TGB1, TGFB2,
TGFBRI1, TGBFR2, TGFBI, TGFBRAP1, BASP1, COL1, COL6, GAPDH, ITGA3, FBN1,
ITGAV, ITGB5, NOTCH2, SDCBP, HSPA2, HSPAS, NT5E, MRGPRF, RTN4, NEFM,
INA, NRP1, HSPA9, FBN1, BSG, PRPH, FBLN1, PARP4, FLNA, YBXI, EVA1B,
ADAM10, HSPG2, MCAM, POSTN, GNB2, GNB1, ANPEP, ADAMY, ATP1A1, CSPG4,
EHD2, PXDN, SERPINE2, CAV1, PKM, GNB4, NPTN, CCT2, LGALS3BP, or MVP

proteins.

59. The method of claim 1, wherein the cell-derived vesicles of the population comprise
ten or more of FN1, EDIL3 ,TF, ITGB1, VCAN, ANXA2, MFGES, TGB1, TGFB2,
TGFBRI1, TGBFR2, TGFBI, TGFBRAP1, BASP1, COL1, COL6, GAPDH, ITGA3, FBN1,
ITGAV, ITGB5, NOTCH2, SDCBP, HSPA2, HSPAS, NT5E, MRGPRF, RTN4, NEFM,
INA, NRP1, HSPA9, FBN1, BSG, PRPH, FBLN1, PARP4, FLNA, YBXI, EVA1B,
ADAM10, HSPG2, MCAM, POSTN, GNB2, GNB1, ANPEP, ADAMY, ATP1A1, CSPG4,
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EHD2, PXDN, SERPINE2, CAV1, PKM, GNB4, NPTN, CCT2, LGALS3BP, or MVP

proteins.

60. The method of claim 1, wherein the cell-derived vesicles of the population comprise
one or more of FBLN2, TIMP1, NID1, IGFBP3, LTBP1, DUSP3, ITGAV, LAMAS,
COL1A1, NOTCH2, NRG1, ERBB2, COL4A2, LDLR, TSB, MMP2, TIMP2, TPI,
ACVRIB, INHBA , EGFR, APH1A, NCSTN, TGFB2, SPARC, TGFB1, F2, SERPINEI,
SDC4, SDC3, ACAN, IFI16, MMP14, PLAT, COL18A1, NOTCH3, DSP, PKP4,
SERPINE2, SRGN, NRP2, EPHA2, ITGAS5, NRP1, PLAU, SERPINB6, CLEC3B, CD47,
SDC1, PSMA7, ENG, S100A13, TIMP3, TMED10, TGFBI, CTGF, DCN, ITGB3,
PDGFRA, JAG1, TGFBR2, PLAUR, PDGFRB, FYN, THY1, HSPG2, TENC1, TGFBRI,
PLXNAI, LRP1, STATI, CXCL12, VCAN, MET, FN1, CD36, STAT3, THBS1, FGFR1,
GRB14, FGB, API5, HAPLN1, RECK, LAMC1, CYR61, GPC1, IGFBP4, ITGA4, MFAP2,
SDC2, EFNB2, FGA, PLXND1, ADAM17, ADAM9, ANPEP, EPHB1, PPP2R5D,
ANTXR2, IGFBP7, COL6A3, LAMB3, ADAMTS1, ADAM10, A2M, EFNB1, ITGA3,
CLU, KHSRP, or EFEMP1 proteins associated with angiogenesis.

61. The method of claim 1, wherein the cell-derived vesicles of the population comprise
two or more of FBLN2, TIMP1, NID1, IGFBP3, LTBP1, DUSP3, ITGAV, LAMAS,
COL1A1, NOTCH2, NRG1, ERBB2, COL4A2, LDLR, TSB, MMP2, TIMP2, TPI,
ACVRIB, INHBA , EGFR, APH1A, NCSTN, TGFB2, SPARC, TGFB1, F2, SERPINEI,
SDC4, SDC3, ACAN, IFI16, MMP14, PLAT, COL18A1, NOTCH3, DSP, PKP4,
SERPINE2, SRGN, NRP2, EPHA2, ITGAS5, NRP1, PLAU, SERPINB6, CLEC3B, CD47,
SDC1, PSMA7, ENG, S100A13, TIMP3, TMED10, TGFBI, CTGF, DCN, ITGB3,
PDGFRA, JAG1, TGFBR2, PLAUR, PDGFRB, FYN, THY1, HSPG2, TENC1, TGFBRI,
PLXNAI, LRP1, STATI, CXCL12, VCAN, MET, FN1, CD36, STAT3, THBS1, FGFR1,
GRB14, FGB, API5, HAPLN1, RECK, LAMC1, CYR61, GPC1, IGFBP4, ITGA4, MFAP2,
SDC2, EFNB2, FGA, PLXND1, ADAM17, ADAM9, ANPEP, EPHB1, PPP2R5D,
ANTXR2, IGFBP7, COL6A3, LAMB3, ADAMTS1, ADAM10, A2M, EFNB1, ITGA3,
CLU, KHSRP, or EFEMP1 proteins associated with angiogenesis.

62. The method of claim 1, wherein the cell-derived vesicles of the population comprise

three or more of FBLN2, TIMP1, NID1, IGFBP3, LTBP1, DUSP3, ITGAV, LAMAS,
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COL1A1, NOTCH2, NRG1, ERBB2, COL4A2, LDLR, TSB, MMP2, TIMP2, TPI,
ACVRIB, INHBA , EGFR, APH1A, NCSTN, TGFB2, SPARC, TGFB1, F2, SERPINEI,
SDC4, SDC3, ACAN, IFI16, MMP14, PLAT, COL18A1, NOTCH3, DSP, PKP4,
SERPINE2, SRGN, NRP2, EPHA2, ITGAS5, NRP1, PLAU, SERPINB6, CLEC3B, CD47,
SDC1, PSMA7, ENG, S100A13, TIMP3, TMED10, TGFBI, CTGF, DCN, ITGB3,
PDGFRA, JAG1, TGFBR2, PLAUR, PDGFRB, FYN, THY1, HSPG2, TENC1, TGFBRI,
PLXNAI, LRP1, STATI, CXCL12, VCAN, MET, FN1, CD36, STAT3, THBS1, FGFR1,
GRB14, FGB, API5, HAPLN1, RECK, LAMC1, CYR61, GPC1, IGFBP4, ITGA4, MFAP2,
SDC2, EFNB2, FGA, PLXND1, ADAM17, ADAM9, ANPEP, EPHB1, PPP2R5D,
ANTXR2, IGFBP7, COL6A3, LAMB3, ADAMTS1, ADAM10, A2M, EFNB1, ITGA3,
CLU, KHSRP, or EFEMP1 proteins associated with angiogenesis.

63. The method of claim 1, wherein the cell-derived vesicles of the population comprise
four or more of FBLN2, TIMP1, NID1, IGFBP3, LTBP1, DUSP3, ITGAV, LAMAS,
COL1A1, NOTCH2, NRG1, ERBB2, COL4A2, LDLR, TSB, MMP2, TIMP2, TPI,
ACVRIB, INHBA , EGFR, APH1A, NCSTN, TGFB2, SPARC, TGFB1, F2, SERPINEI,
SDC4, SDC3, ACAN, IFI16, MMP14, PLAT, COL18A1, NOTCH3, DSP, PKP4,
SERPINE2, SRGN, NRP2, EPHA2, ITGAS5, NRP1, PLAU, SERPINB6, CLEC3B, CD47,
SDC1, PSMA7, ENG, S100A13, TIMP3, TMED10, TGFBI, CTGF, DCN, ITGB3,
PDGFRA, JAG1, TGFBR2, PLAUR, PDGFRB, FYN, THY1, HSPG2, TENC1, TGFBRI,
PLXNAI, LRP1, STATI, CXCL12, VCAN, MET, FN1, CD36, STAT3, THBS1, FGFR1,
GRB14, FGB, API5, HAPLN1, RECK, LAMC1, CYR61, GPC1, IGFBP4, ITGA4, MFAP2,
SDC2, EFNB2, FGA, PLXND1, ADAM17, ADAM9, ANPEP, EPHB1, PPP2R5D,
ANTXR2, IGFBP7, COL6A3, LAMB3, ADAMTS1, ADAM10, A2M, EFNB1, ITGA3,
CLU, KHSRP, or EFEMP1 proteins associated with angiogenesis.

64. The method of claim 1, wherein the cell-derived vesicles of the population comprise
five or more of FBLN2, TIMP1, NID1, IGFBP3, LTBP1, DUSP3, ITGAV, LAMAS,
COL1A1, NOTCH2, NRG1, ERBB2, COL4A2, LDLR, TSB, MMP2, TIMP2, TPI,
ACVRIB, INHBA , EGFR, APH1A, NCSTN, TGFB2, SPARC, TGFB1, F2, SERPINEI,
SDC4, SDC3, ACAN, IFI16, MMP14, PLAT, COL18A1, NOTCH3, DSP, PKP4,
SERPINE2, SRGN, NRP2, EPHA2, ITGAS5, NRP1, PLAU, SERPINB6, CLEC3B, CD47,
SDC1, PSMA7, ENG, S100A13, TIMP3, TMED10, TGFBI, CTGF, DCN, ITGB3,
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PDGFRA, JAG1, TGFBR2, PLAUR, PDGFRB, FYN, THY1, HSPG2, TENC1, TGFBRI,
PLXNAI, LRP1, STATI, CXCL12, VCAN, MET, FN1, CD36, STAT3, THBS1, FGFR1,
GRB14, FGB, API5, HAPLN1, RECK, LAMC1, CYR61, GPC1, IGFBP4, ITGA4, MFAP2,
SDC2, EFNB2, FGA, PLXND1, ADAM17, ADAM9, ANPEP, EPHB1, PPP2R5D,
ANTXR2, IGFBP7, COL6A3, LAMB3, ADAMTS1, ADAM10, A2M, EFNB1, ITGA3,
CLU, KHSRP, or EFEMP1 proteins associated with angiogenesis.

65. The method of claim 1, wherein the cell-derived vesicles of the population comprise
six or more of FBLN2, TIMP1, NID1, IGFBP3, LTBP1, DUSP3, ITGAV, LAMAS,
COL1A1, NOTCH2, NRG1, ERBB2, COL4A2, LDLR, TSB, MMP2, TIMP2, TPI,
ACVRIB, INHBA , EGFR, APH1A, NCSTN, TGFB2, SPARC, TGFB1, F2, SERPINEI,
SDC4, SDC3, ACAN, IFI16, MMP14, PLAT, COL18A1, NOTCH3, DSP, PKP4,
SERPINE2, SRGN, NRP2, EPHA2, ITGAS5, NRP1, PLAU, SERPINB6, CLEC3B, CD47,
SDC1, PSMA7, ENG, S100A13, TIMP3, TMED10, TGFBI, CTGF, DCN, ITGB3,
PDGFRA, JAG1, TGFBR2, PLAUR, PDGFRB, FYN, THY1, HSPG2, TENC1, TGFBRI,
PLXNAI, LRP1, STATI, CXCL12, VCAN, MET, FN1, CD36, STAT3, THBS1, FGFR1,
GRB14, FGB, API5, HAPLN1, RECK, LAMC1, CYR61, GPC1, IGFBP4, ITGA4, MFAP2,
SDC2, EFNB2, FGA, PLXND1, ADAM17, ADAM9, ANPEP, EPHB1, PPP2R5D,
ANTXR2, IGFBP7, COL6A3, LAMB3, ADAMTS1, ADAM10, A2M, EFNB1, ITGA3,
CLU, KHSRP, or EFEMP1 proteins associated with angiogenesis.

60. The method of claim 1, wherein the cell-derived vesicles of the population comprise
seven or more of FBLN2, TIMP1, NID1, IGFBP3, LTBP1, DUSP3, ITGAV, LAMAS,
COL1A1, NOTCH2, NRG1, ERBB2, COL4A2, LDLR, TSB, MMP2, TIMP2, TPI,
ACVRIB, INHBA , EGFR, APH1A, NCSTN, TGFB2, SPARC, TGFB1, F2, SERPINEI,
SDC4, SDC3, ACAN, IFI16, MMP14, PLAT, COL18A1, NOTCH3, DSP, PKP4,
SERPINE2, SRGN, NRP2, EPHA2, ITGAS5, NRP1, PLAU, SERPINB6, CLEC3B, CD47,
SDC1, PSMA7, ENG, S100A13, TIMP3, TMED10, TGFBI, CTGF, DCN, ITGB3,
PDGFRA, JAG1, TGFBR2, PLAUR, PDGFRB, FYN, THY1, HSPG2, TENC1, TGFBRI,
PLXNAI, LRP1, STATI, CXCL12, VCAN, MET, FN1, CD36, STAT3, THBS1, FGFR1,
GRB14, FGB, API5, HAPLN1, RECK, LAMC1, CYR61, GPC1, IGFBP4, ITGA4, MFAP2,
SDC2, EFNB2, FGA, PLXND1, ADAM17, ADAM9, ANPEP, EPHB1, PPP2R5D,

-182-



WO 2018/226758 PCT/US2018/036149

ANTXR2, IGFBP7, COL6A3, LAMB3, ADAMTS1, ADAM10, A2M, EFNB1, ITGA3,
CLU, KHSRP, or EFEMP1 proteins associated with angiogenesis.

67. The method of claim 1, wherein the cell-derived vesicles of the population comprise
eight or more of FBLN2, TIMP1, NID1, IGFBP3, LTBP1, DUSP3, ITGAV, LAMAS,
COL1A1, NOTCH2, NRG1, ERBB2, COL4A2, LDLR, TSB, MMP2, TIMP2, TPI,
ACVRIB, INHBA , EGFR, APH1A, NCSTN, TGFB2, SPARC, TGFB1, F2, SERPINEI,
SDC4, SDC3, ACAN, IFI16, MMP14, PLAT, COL18A1, NOTCH3, DSP, PKP4,
SERPINE2, SRGN, NRP2, EPHA2, ITGAS5, NRP1, PLAU, SERPINB6, CLEC3B, CD47,
SDC1, PSMA7, ENG, S100A13, TIMP3, TMED10, TGFBI, CTGF, DCN, ITGB3,
PDGFRA, JAG1, TGFBR2, PLAUR, PDGFRB, FYN, THY1, HSPG2, TENC1, TGFBRI,
PLXNAI, LRP1, STATI, CXCL12, VCAN, MET, FN1, CD36, STAT3, THBS1, FGFR1,
GRB14, FGB, API5, HAPLN1, RECK, LAMC1, CYR61, GPC1, IGFBP4, ITGA4, MFAP2,
SDC2, EFNB2, FGA, PLXND1, ADAM17, ADAM9, ANPEP, EPHB1, PPP2R5D,
ANTXR2, IGFBP7, COL6A3, LAMB3, ADAMTS1, ADAM10, A2M, EFNB1, ITGA3,
CLU, KHSRP, or EFEMP1 proteins associated with angiogenesis.

68. The method of claim 1, wherein the cell-derived vesicles of the population comprise
nine or more of FBLN2, TIMP1, NID1, IGFBP3, LTBP1, DUSP3, ITGAV, LAMAS,
COL1A1, NOTCH2, NRG1, ERBB2, COL4A2, LDLR, TSB, MMP2, TIMP2, TPI,
ACVRIB, INHBA , EGFR, APH1A, NCSTN, TGFB2, SPARC, TGFB1, F2, SERPINEI,
SDC4, SDC3, ACAN, IFI16, MMP14, PLAT, COL18A1, NOTCH3, DSP, PKP4,
SERPINE2, SRGN, NRP2, EPHA2, ITGAS5, NRP1, PLAU, SERPINB6, CLEC3B, CD47,
SDC1, PSMA7, ENG, S100A13, TIMP3, TMED10, TGFBI, CTGF, DCN, ITGB3,
PDGFRA, JAG1, TGFBR2, PLAUR, PDGFRB, FYN, THY1, HSPG2, TENC1, TGFBRI,
PLXNAI, LRP1, STATI, CXCL12, VCAN, MET, FN1, CD36, STAT3, THBS1, FGFR1,
GRB14, FGB, API5, HAPLN1, RECK, LAMC1, CYR61, GPC1, IGFBP4, ITGA4, MFAP2,
SDC2, EFNB2, FGA, PLXND1, ADAM17, ADAM9, ANPEP, EPHB1, PPP2R5D,
ANTXR2, IGFBP7, COL6A3, LAMB3, ADAMTS1, ADAM10, A2M, EFNB1, ITGA3,
CLU, KHSRP, or EFEMP1 proteins associated with angiogenesis.

69. The method of claim 1, wherein the cell-derived vesicles of the population comprise

ten or more of FBLN2, TIMP1, NID1, IGFBP3, LTBP1, DUSP3, ITGAV, LAMAS,
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COL1A1, NOTCH2, NRG1, ERBB2, COL4A2, LDLR, TSB, MMP2, TIMP2, TPI,
ACVRIB, INHBA , EGFR, APH1A, NCSTN, TGFB2, SPARC, TGFB1, F2, SERPINEI,
SDC4, SDC3, ACAN, IFI16, MMP14, PLAT, COL18A1, NOTCH3, DSP, PKP4,
SERPINE2, SRGN, NRP2, EPHA2, ITGAS5, NRP1, PLAU, SERPINB6, CLEC3B, CD47,
SDC1, PSMA7, ENG, S100A13, TIMP3, TMED10, TGFBI, CTGF, DCN, ITGB3,
PDGFRA, JAG1, TGFBR2, PLAUR, PDGFRB, FYN, THY1, HSPG2, TENC1, TGFBRI,
PLXNAI, LRP1, STATI, CXCL12, VCAN, MET, FN1, CD36, STAT3, THBS1, FGFR1,
GRB14, FGB, API5, HAPLN1, RECK, LAMC1, CYR61, GPC1, IGFBP4, ITGA4, MFAP2,
SDC2, EFNB2, FGA, PLXND1, ADAM17, ADAM9, ANPEP, EPHB1, PPP2R5D,
ANTXR2, IGFBP7, COL6A3, LAMB3, ADAMTS1, ADAM10, A2M, EFNB1, ITGA3,
CLU, KHSRP, or EFEMP1 proteins associated with angiogenesis.

70. The method of claim 1, wherein the cell-derived vesicles of the population comprise
one or more of TGFBL, TGFB1, TGFBR2, TGFBR1, TGFB2, TGFBRAP1, ADAM17,
ARG, CD274, EIF2A, EPHB2, HLA-DRA, ELAVLI1, IRAK1, LGALS1, PSME4, STATI,

or STAT3 proteins associated with immune modulation.

71. The method of claim 1, wherein the cell-derived vesicles of the population comprise
two or more of TGFBL, TGFB1, TGFBR2, TGFBR1, TGFB2, TGFBRAP1, ADAM17,
ARG, CD274, EIF2A, EPHB2, HLA-DRA, ELAVLI1, IRAK1, LGALS1, PSME4, STATI,

or STAT3 proteins associated with immune modulation.

72. The method of claim 1, wherein the cell-derived vesicles of the population comprise
three or more of TGFBIL, TGFB1, TGFBR2, TGFBR1, TGFB2, TGFBRAP1, ADAM17,
ARG, CD274, EIF2A, EPHB2, HLA-DRA, ELAVLI1, IRAK1, LGALS1, PSME4, STATI,

or STAT3 proteins associated with immune modulation.

73. The method of claim 1, wherein the cell-derived vesicles of the population comprise
four or more of TGFBI, TGFB1, TGFBR2, TGFBR1, TGFB2, TGFBRAP1, ADAM17,
ARG, CD274, EIF2A, EPHB2, HLA-DRA, ELAVLI1, IRAK1, LGALS1, PSME4, STATI,

or STAT3 proteins associated with immune modulation.

74. The method of claim 1, wherein the cell-derived vesicles of the population comprise

five or more of TGFBL, TGFB1, TGFBR2, TGFBR1, TGFB2, TGFBRAP1, ADAM17,
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ARGI, CD274, EIF2A, EPHB2, HLA-DRA, ELAVL1, IRAK1, LGALS1, PSME4, STATI,

or STAT3 proteins associated with immune modulation.

75. The method of claim 1, wherein the cell-derived vesicles of the population comprise
six or more of TGFBIL, TGFB1, TGFBR2, TGFBR1, TGFB2, TGFBRAP1, ADAM17,
ARG, CD274, EIF2A, EPHB2, HLA-DRA, ELAVLI1, IRAK1, LGALS1, PSME4, STATI,

or STAT3 proteins associated with immune modulation.

76. The method of claim 1, wherein the cell-derived vesicles of the population comprise
seven or more of TGFBI, TGFB1, TGFBR2, TGFBR1, TGFB2, TGFBRAP1, ADAM17,
ARG, CD274, EIF2A, EPHB2, HLA-DRA, ELAVLI1, IRAK1, LGALS1, PSME4, STATI,

or STAT3 proteins associated with immune modulation.

77. The method of claim 1, wherein the cell-derived vesicles of the population comprise
eight or more of TGFBI, TGFB1, TGFBR2, TGFBR1, TGFB2, TGFBRAP1, ADAM17,
ARG, CD274, EIF2A, EPHB2, HLA-DRA, ELAVLI1, IRAK1, LGALS1, PSME4, STATI,

or STAT3 proteins associated with immune modulation.

78. The method of claim 1, wherein the cell-derived vesicles of the population comprise
nine or more of TGFBI, TGFB1, TGFBR2, TGFBR1, TGFB2, TGFBRAP1, ADAM17,
ARG, CD274, EIF2A, EPHB2, HLA-DRA, ELAVLI1, IRAK1, LGALS1, PSME4, STATI,

or STAT3 proteins associated with immune modulation.

79. The method of claim 1, wherein the cell-derived vesicles of the population comprise
ten or more of TGFBI, TGFB1, TGFBR2, TGFBR1, TGFB2, TGFBRAP1, ADAM17,
ARG, CD274, EIF2A, EPHB2, HLA-DRA, ELAVLI1, IRAK1, LGALS1, PSME4, STATI,

or STAT3 proteins associated with immune modulation.

80. The method of claim 1, wherein the cell-derived vesicles of the population comprise
one or more of EDIL3, TF, ITGB1, ANXA2, MFGES, TGB1, TGBFR2, BASP1, COLI,
COL6, GAPDH, FBN1, ITGB5, SDCBP, HSPA2, HSPAS, NTSE, MRGPRF, RTN4, NEFM,
INA, HSPAO, FBN1, BSG, PRPH, FBLN1, PARP4, FLNA, YBX1, EVAIB, MCAM,
POSTN, GNB2, GNB1, ATP1A1, CSPG4, EHD2, PXDN, CAV1, PKM, GNB4, NPTN,
CCT2, LGALS3BP, or MVP therapeutic proteins.
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81. The method of claim 1, wherein the cell-derived vesicles of the population comprise
two or more of EDIL3, TF, ITGB1, ANXA2, MFGES, TGB1, TGBFR2, BASP1, COLI,
COL6, GAPDH, FBN1, ITGB5, SDCBP, HSPA2, HSPAS, NTSE, MRGPRF, RTN4, NEFM,
INA, HSPAO, FBN1, BSG, PRPH, FBLN1, PARP4, FLNA, YBX1, EVAIB, MCAM,
POSTN, GNB2, GNB1, ATP1A1, CSPG4, EHD2, PXDN, CAV1, PKM, GNB4, NPTN,
CCT2, LGALS3BP, or MVP therapeutic proteins.

82. The method of claim 1, wherein the cell-derived vesicles of the population comprise
three or more of EDIL3, TF, ITGB1, ANXA2, MFGES, TGB1, TGBFR2, BASP1, COLI,
COL6, GAPDH, FBN1, ITGB5, SDCBP, HSPA2, HSPAS, NTSE, MRGPRF, RTN4, NEFM,
INA, HSPAO, FBN1, BSG, PRPH, FBLN1, PARP4, FLNA, YBX1, EVAIB, MCAM,
POSTN, GNB2, GNB1, ATP1A1, CSPG4, EHD2, PXDN, CAV1, PKM, GNB4, NPTN,
CCT2, LGALS3BP, or MVP therapeutic proteins.

83. The method of claim 1, wherein the cell-derived vesicles of the population comprise
four or more of EDIL3, TF, ITGB1, ANXA2, MFGES, TGB1, TGBFR2, BASP1, COLI,
COL6, GAPDH, FBN1, ITGB5, SDCBP, HSPA2, HSPAS, NTSE, MRGPRF, RTN4, NEFM,
INA, HSPAO, FBN1, BSG, PRPH, FBLN1, PARP4, FLNA, YBX1, EVAIB, MCAM,
POSTN, GNB2, GNB1, ATP1A1, CSPG4, EHD2, PXDN, CAV1, PKM, GNB4, NPTN,
CCT2, LGALS3BP, or MVP therapeutic proteins.

84. The method of claim 1, wherein the cell-derived vesicles of the population comprise
five or more of EDIL3, TF, ITGB1, ANXA2, MFGES, TGB1, TGBFR2, BASP1, COLI,
COL6, GAPDH, FBN1, ITGB5, SDCBP, HSPA2, HSPAS, NTSE, MRGPRF, RTN4, NEFM,
INA, HSPAO, FBN1, BSG, PRPH, FBLN1, PARP4, FLNA, YBX1, EVAIB, MCAM,
POSTN, GNB2, GNB1, ATP1A1, CSPG4, EHD2, PXDN, CAV1, PKM, GNB4, NPTN,
CCT2, LGALS3BP, or MVP therapeutic proteins.

85. The method of claim 1, wherein the cell-derived vesicles of the population comprise
six or more of EDIL3, TF, ITGB1, ANXA2, MFGES, TGB1, TGBFR2, BASP1, COL1,
COL6, GAPDH, FBN1, ITGB5, SDCBP, HSPA2, HSPAS, NTSE, MRGPRF, RTN4, NEFM,
INA, HSPAO, FBN1, BSG, PRPH, FBLN1, PARP4, FLNA, YBX1, EVAIB, MCAM,
POSTN, GNB2, GNB1, ATP1A1, CSPG4, EHD2, PXDN, CAV1, PKM, GNB4, NPTN,
CCT2, LGALS3BP, or MVP therapeutic proteins.
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86. The method of claim 1, wherein the cell-derived vesicles of the population comprise
seven or more of EDIL3, TF, ITGB1, ANXA2, MFGES, TGB1, TGBFR2, BASP1, COLI,
COL6, GAPDH, FBN1, ITGB5, SDCBP, HSPA2, HSPAS, NTSE, MRGPRF, RTN4, NEFM,
INA, HSPAO, FBN1, BSG, PRPH, FBLN1, PARP4, FLNA, YBX1, EVAIB, MCAM,
POSTN, GNB2, GNB1, ATP1A1, CSPG4, EHD2, PXDN, CAV1, PKM, GNB4, NPTN,
CCT2, LGALS3BP, or MVP therapeutic proteins.

87. The method of claim 1, wherein the cell-derived vesicles of the population comprise
eight or more of EDIL3, TF, ITGB1, ANXA2, MFGES, TGB1, TGBFR2, BASP1, COL1,
COL6, GAPDH, FBN1, ITGB5, SDCBP, HSPA2, HSPAS, NTSE, MRGPRF, RTN4, NEFM,
INA, HSPAO, FBN1, BSG, PRPH, FBLN1, PARP4, FLNA, YBX1, EVAIB, MCAM,
POSTN, GNB2, GNB1, ATP1A1, CSPG4, EHD2, PXDN, CAV1, PKM, GNB4, NPTN,
CCT2, LGALS3BP, or MVP therapeutic proteins.

88. The method of claim 1, wherein the cell-derived vesicles of the population comprise
nine or more of EDIL3, TF, ITGB1, ANXA2, MFGES, TGB1, TGBFR2, BASP1, COLI,
COL6, GAPDH, FBN1, ITGB5, SDCBP, HSPA2, HSPAS, NTSE, MRGPRF, RTN4, NEFM,
INA, HSPAO, FBN1, BSG, PRPH, FBLN1, PARP4, FLNA, YBX1, EVAIB, MCAM,
POSTN, GNB2, GNB1, ATP1A1, CSPG4, EHD2, PXDN, CAV1, PKM, GNB4, NPTN,
CCT2, LGALS3BP, or MVP therapeutic proteins.

89. The method of claim 1, wherein the cell-derived vesicles of the population comprise
ten or more of EDIL3, TF, ITGB1, ANXA2, MFGES, TGB1, TGBFR2, BASP1, COLI,
COL6, GAPDH, FBN1, ITGB5, SDCBP, HSPA2, HSPAS, NTSE, MRGPRF, RTN4, NEFM
INA, HSPAO, FBN1, BSG, PRPH, FBLN1, PARP4, FLNA, YBX1, EVAIB, MCAM,
POSTN, GNB2, GNB1, ATP1A1, CSPG4, EHD2, PXDN, CAV1, PKM, GNB4, NPTN,
CCT2, LGALS3BP, or MVP therapeutic proteins.

2

90. The method of claim 1, wherein the cell-derived vesicles comprise one or more of
SERPINE1, ADAM17, ARG1, CD274, EIF2A, EPHB2, HLA-DRA, ELAVLI, IRAKI,
LGALS1, PSME4, STAT1, STAT3, TGFB1, TGFB2, TGFBR1, TGFBR2, TGFBI, FBN1,
HSP90AB1, SDCBP, LTBP1, JAK1, PIK3C2A, GRB2, HRAS, RAF1, MAP2K 1, MAPK3,
TYK2, STAT3, STAT1, STAT3, CRIP2, IL6ST, JAK2, CD274, or SQSTM1 proteins.
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91. The method of claim 1, wherein the cell-derived vesicles comprise two or more of
SERPINE1, ADAM17, ARG1, CD274, EIF2A, EPHB2, HLA-DRA, ELAVLI, IRAKI,
LGALS1, PSME4, STAT1, STAT3, TGFB1, TGFB2, TGFBR1, TGFBR2, TGFBI, FBN1,
HSP90AB1, SDCBP, LTBP1, JAK1, PIK3C2A, GRB2, HRAS, RAF1, MAP2K 1, MAPK3,
TYK2, STAT3, STAT1, STAT3, CRIP2, IL6ST, JAK2, CD274, or SQSTM1 proteins.

92. The method of claim 1, wherein the cell-derived vesicles comprise three or more of
SERPINE1, ADAM17, ARG1, CD274, EIF2A, EPHB2, HLA-DRA, ELAVLI, IRAKI,
LGALS1, PSME4, STAT1, STAT3, TGFB1, TGFB2, TGFBR1, TGFBR2, TGFBI, FBN1,
HSP90AB1, SDCBP, LTBP1, JAK1, PIK3C2A, GRB2, HRAS, RAF1, MAP2K 1, MAPK3,
TYK2, STAT3, STAT1, STAT3, CRIP2, IL6ST, JAK2, CD274, or SQSTM1 proteins.

93. The method of claim 1, wherein the cell-derived vesicles comprise four or more of
SERPINE1, ADAM17, ARG1, CD274, EIF2A, EPHB2, HLA-DRA, ELAVLI, IRAKI,
LGALS1, PSME4, STAT1, STAT3, TGFB1, TGFB2, TGFBR1, TGFBR2, TGFBI, FBN1,
HSP90AB1, SDCBP, LTBP1, JAK1, PIK3C2A, GRB2, HRAS, RAF1, MAP2K 1, MAPK3,
TYK2, STAT3, STAT1, STAT3, CRIP2, IL6ST, JAK2, CD274, or SQSTM1 proteins.

94, The method of claim 1, wherein the cell-derived vesicles comprise five or more of
SERPINE1, ADAM17, ARG1, CD274, EIF2A, EPHB2, HLA-DRA, ELAVLI, IRAKI,
LGALS1, PSME4, STAT1, STAT3, TGFB1, TGFB2, TGFBR1, TGFBR2, TGFBI, FBN1,
HSP90AB1, SDCBP, LTBP1, JAK1, PIK3C2A, GRB2, HRAS, RAF1, MAP2K 1, MAPK3,
TYK2, STAT3, STAT1, STAT3, CRIP2, IL6ST, JAK2, CD274, or SQSTM1 proteins.

95.  The method of claim 1, wherein the cell-derived vesicles comprise six or more of
SERPINE1, ADAM17, ARG1, CD274, EIF2A, EPHB2, HLA-DRA, ELAVLI, IRAKI,
LGALS1, PSME4, STAT1, STAT3, TGFB1, TGFB2, TGFBR1, TGFBR2, TGFBI, FBN1,
HSP90AB1, SDCBP, LTBP1, JAK1, PIK3C2A, GRB2, HRAS, RAF1, MAP2K 1, MAPK3,
TYK2, STAT3, STAT1, STAT3, CRIP2, IL6ST, JAK2, CD274, or SQSTM1 proteins.

96. The method of claim 1, wherein the cell-derived vesicles comprise seven or more of
SERPINE1, ADAM17, ARG1, CD274, EIF2A, EPHB2, HLA-DRA, ELAVLI, IRAKI,
LGALS1, PSME4, STAT1, STAT3, TGFB1, TGFB2, TGFBR1, TGFBR2, TGFBI, FBN1,
HSP90AB1, SDCBP, LTBP1, JAK1, PIK3C2A, GRB2, HRAS, RAF1, MAP2K 1, MAPK3,
TYK2, STAT3, STAT1, STAT3, CRIP2, IL6ST, JAK2, CD274, or SQSTM1 proteins.
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97. The method of claim 1, wherein the cell-derived vesicles comprise eight or more of
SERPINE1, ADAM17, ARG1, CD274, EIF2A, EPHB2, HLA-DRA, ELAVLI, IRAKI,
LGALS1, PSME4, STAT1, STAT3, TGFB1, TGFB2, TGFBR1, TGFBR2, TGFBI, FBN1,
HSP90AB1, SDCBP, LTBP1, JAK1, PIK3C2A, GRB2, HRAS, RAF1, MAP2K 1, MAPK3,
TYK2, STAT3, STAT1, STAT3, CRIP2, IL6ST, JAK2, CD274, or SQSTM1 proteins.

98.  The method of claim 1, wherein the cell-derived vesicles comprise nine or more of
SERPINE1, ADAM17, ARG1, CD274, EIF2A, EPHB2, HLA-DRA, ELAVLI, IRAKI,
LGALS1, PSME4, STAT1, STAT3, TGFB1, TGFB2, TGFBR1, TGFBR2, TGFBI, FBN1,
HSP90AB1, SDCBP, LTBP1, JAK1, PIK3C2A, GRB2, HRAS, RAF1, MAP2K 1, MAPK3,
TYK2, STAT3, STAT1, STAT3, CRIP2, IL6ST, JAK2, CD274, or SQSTM1 proteins.

99. The method of claim 1, wherein the cell-derived vesicles comprise ten or more of
SERPINE1, ADAM17, ARG1, CD274, EIF2A, EPHB2, HLA-DRA, ELAVLI, IRAKI,
LGALS1, PSME4, STAT1, STAT3, TGFB1, TGFB2, TGFBR1, TGFBR2, TGFBI, FBN1,
HSP90AB1, SDCBP, LTBP1, JAK1, PIK3C2A, GRB2, HRAS, RAF1, MAP2K 1, MAPK3,
TYK2, STAT3, STAT1, STAT3, CRIP2, IL6ST, JAK2, CD274, or SQSTM1 proteins.

100. The method of claim 1, wherein the cell-derived vesicles comprise one or more of
SERPINE1, ADAM17, ARG1, CD274, EIF2A, EPHB2, HLA-DRA, ELAVLI, IRAKI,
LGALS1, PSME4, STAT1, STAT3, TGFB1, TGFB2, TGFBR1, TGFBR2, TGFBI, FBN1,
HSP90AB1, SDCBP, LTBP1, JAK1, PIK3C2A, GRB2, HRAS, RAF1, MAP2K 1, MAPK3,
TYK2, CRIP2, IL6ST, JAK2, SQSTM1, DDX3X, PRMTS5, SLC9A3R1, XPO1, TRAF3IP2,
SPAG9, DIAPHI, CCDC22, PDCD6, PRPF40A, STAM2, TRIO, ERLIN2, AP2A2, MPZL1
AP2A1, EGFR, LMNA, EIF2S1, FYN, CDK1, NPM1, LYN, THBSI, ANXAS, RRAS,
PCNA, SRC, XRCC6, HNRNPL, H2AFX, PRKCA, DDXS5, PLCG1, FLNA, UBAL,
S100A1, RPS3, SP100, AHCY, CFL1, F2R, RPA1, APEX1, MAPK 1, EPHA2, PPP2R1A,
PIF, PHB, NF2, LRPPRC, MSH2, CBXS5, IQGAP1, TMED10, DNM2, VCP, EIF3B, EIF3E,
ACTB, RPL26, SUMO2, PPP1CA, RAP1A, RAC1, AP2B1, PPP2CA, CSNK2A1, SIRPA,
DAB2, CDK5, CLTC, CAV1, PRDX1, C1QBP, SREBF2, TRO, CHD3, TRIM28, SF3B2,
ADAMY, ADAMI5, PIN1, RIPK 1, HDAC1, CUL2, EIF3A, FHL2, SMC1A, KPNBI,
TMED2, SEC23B, CPSF6, WLS, DAB2IP, MICAL3, HUWEI, ABI1, RPTOR, CCAR2,
COMMDI, ARFGAP1, HSPH1, HDAC2, DDX17, RAD50, UPF1, COPS5, USP7,

2
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RHBDF1, AP2M1, EIF3C, PHB2, MAP1LC3B, SPNS1, PTPN23, CBXS, PDLIM?7,
DACT1, NXF1, MYO6, PA2G4, RUVBL1, THRAP3, ACOT9, CD2AP, or RBMSA

proteins.

101.  The method of claim 1, wherein the cell-derived vesicles comprise two or more of
SERPINE1, ADAM17, ARG1, CD274, EIF2A, EPHB2, HLA-DRA, ELAVLI, IRAKI,
LGALS1, PSME4, STAT1, STAT3, TGFB1, TGFB2, TGFBR1, TGFBR2, TGFBI, FBN1,
HSP90AB1, SDCBP, LTBP1, JAK1, PIK3C2A, GRB2, HRAS, RAF1, MAP2K 1, MAPK3,
TYK2, CRIP2, IL6ST, JAK2, SQSTM1, DDX3X, PRMTS5, SLC9A3R1, XPO1, TRAF3IP2,
SPAG9, DIAPHI, CCDC22, PDCD6, PRPF40A, STAM2, TRIO, ERLIN2, AP2A2, MPZL1,
AP2A1, EGFR, LMNA, EIF2S1, FYN, CDK1, NPM1, LYN, THBSI, ANXAS, RRAS,
PCNA, SRC, XRCC6, HNRNPL, H2AFX, PRKCA, DDXS5, PLCG1, FLNA, UBAL,
S100A1, RPS3, SP100, AHCY, CFL1, F2R, RPA1, APEX1, MAPK 1, EPHA2, PPP2R1A,
PIF, PHB, NF2, LRPPRC, MSH2, CBXS5, IQGAP1, TMED10, DNM2, VCP, EIF3B, EIF3E,
ACTB, RPL26, SUMO2, PPP1CA, RAP1A, RAC1, AP2B1, PPP2CA, CSNK2A1, SIRPA,
DAB2, CDK5, CLTC, CAV1, PRDX1, C1QBP, SREBF2, TRO, CHD3, TRIM28, SF3B2,
ADAMY, ADAMI5, PIN1, RIPK 1, HDAC1, CUL2, EIF3A, FHL2, SMC1A, KPNBI,
TMED2, SEC23B, CPSF6, WLS, DAB2IP, MICAL3, HUWEI, ABI1, RPTOR, CCAR2,
COMMDI, ARFGAP1, HSPH1, HDAC2, DDX17, RAD50, UPF1, COPS5, USP7,
RHBDF1, AP2M1, EIF3C, PHB2, MAP1LC3B, SPNS1, PTPN23, CBXS, PDLIM7,
DACTI1, NXF1, MYO6, PA2G4, RUVBL1, THRAP3, ACOT9, CD2AP, or RBMSA

proteins.

102.  The method of claim 1, wherein the cell-derived vesicles comprise three or more of
SERPINE1, ADAM17, ARG1, CD274, EIF2A, EPHB2, HLA-DRA, ELAVLI, IRAKI,
LGALS1, PSME4, STAT1, STAT3, TGFB1, TGFB2, TGFBR1, TGFBR2, TGFBI, FBN1,
HSP90AB1, SDCBP, LTBP1, JAK1, PIK3C2A, GRB2, HRAS, RAF1, MAP2K 1, MAPK3,
TYK2, CRIP2, IL6ST, JAK2, SQSTM1, DDX3X, PRMTS5, SLC9A3R1, XPO1, TRAF3IP2,
SPAG9, DIAPHI, CCDC22, PDCD6, PRPF40A, STAM2, TRIO, ERLIN2, AP2A2, MPZL1,
AP2A1, EGFR, LMNA, EIF2S1, FYN, CDK1, NPM1, LYN, THBSI, ANXAS, RRAS,
PCNA, SRC, XRCC6, HNRNPL, H2AFX, PRKCA, DDXS5, PLCG1, FLNA, UBAL,
S100A1, RPS3, SP100, AHCY, CFL1, F2R, RPA1, APEX1, MAPK 1, EPHA2, PPP2R1A,
PIF, PHB, NF2, LRPPRC, MSH2, CBXS5, IQGAP1, TMED10, DNM2, VCP, EIF3B, EIF3E,
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ACTB, RPL26, SUMO2, PPP1CA, RAP1A, RAC1, AP2B1, PPP2CA, CSNK2A1, SIRPA,
DAB2, CDKS5, CLTC, CAV1, PRDX1, C1QBP, SREBF2, TRO, CHD3, TRIM28, SF3B2,
ADAMY, ADAM15, PIN1, RIPK 1, HDAC1, CUL2, EIF3A, FHL2, SMC1A, KPNBI,
TMED2, SEC23B, CPSF6, WLS, DAB2IP, MICAL3, HUWE!, ABI1, RPTOR, CCAR2,
COMMD]1, ARFGAP1, HSPH1, HDAC2, DDX17, RAD50, UPF1, COPS5, USP7,
RHBDF1, AP2M1, EIF3C, PHB2, MAPILC3B, SPNS1, PTPN23, CBXS, PDLIM?7,
DACT1, NXF1, MYO6, PA2G4, RUVBL1, THRAP3, ACOT9, CD2AP, or RBMSA

proteins.

103.  The method of claim 1, wherein the cell-derived vesicles comprise four or more of
SERPINE1, ADAM17, ARG1, CD274, EIF2A, EPHB2, HLA-DRA, ELAVLI, IRAKI,
LGALS1, PSME4, STAT1, STAT3, TGFB1, TGFB2, TGFBR1, TGFBR2, TGFBI, FBN1,
HSP90AB1, SDCBP, LTBP1, JAK1, PIK3C2A, GRB2, HRAS, RAF1, MAP2K 1, MAPK3,
TYK2, CRIP2, IL6ST, JAK2, SQSTM1, DDX3X, PRMTS5, SLC9A3R1, XPO1, TRAF3IP2,
SPAG9, DIAPHI, CCDC22, PDCD6, PRPF40A, STAM2, TRIO, ERLIN2, AP2A2, MPZL1,
AP2A1, EGFR, LMNA, EIF2S1, FYN, CDK1, NPM1, LYN, THBSI, ANXAS, RRAS,
PCNA, SRC, XRCC6, HNRNPL, H2AFX, PRKCA, DDXS5, PLCG1, FLNA, UBAL,
S100A1, RPS3, SP100, AHCY, CFL1, F2R, RPA1, APEX1, MAPK 1, EPHA2, PPP2R1A,
PIF, PHB, NF2, LRPPRC, MSH2, CBXS5, IQGAP1, TMED10, DNM2, VCP, EIF3B, EIF3E,
ACTB, RPL26, SUMO2, PPP1CA, RAP1A, RAC1, AP2B1, PPP2CA, CSNK2A1, SIRPA,
DAB2, CDK5, CLTC, CAV1, PRDX1, C1QBP, SREBF2, TRO, CHD3, TRIM28, SF3B2,
ADAMY, ADAMI5, PIN1, RIPK 1, HDAC1, CUL2, EIF3A, FHL2, SMC1A, KPNBI,
TMED2, SEC23B, CPSF6, WLS, DAB2IP, MICAL3, HUWEI, ABI1, RPTOR, CCAR2,
COMMDI, ARFGAP1, HSPH1, HDAC2, DDX17, RAD50, UPF1, COPS5, USP7,
RHBDF1, AP2M1, EIF3C, PHB2, MAP1LC3B, SPNS1, PTPN23, CBXS, PDLIM7,
DACTI1, NXF1, MYO6, PA2G4, RUVBL1, THRAP3, ACOT9, CD2AP, or RBMSA

proteins.

104. The method of claim 1, wherein the cell-derived vesicles comprise five or more of
SERPINE1, ADAM17, ARG1, CD274, EIF2A, EPHB2, HLA-DRA, ELAVLI, IRAKI,
LGALS1, PSME4, STAT1, STAT3, TGFB1, TGFB2, TGFBR1, TGFBR2, TGFBI, FBN1,
HSP90AB1, SDCBP, LTBP1, JAK1, PIK3C2A, GRB2, HRAS, RAF1, MAP2K 1, MAPK3,
TYK2, CRIP2, IL6ST, JAK2, SQSTM1, DDX3X, PRMTS5, SLC9A3R1, XPO1, TRAF3IP2,
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SPAGY, DIAPH1, CCDC22, PDCD6, PRPF40A, STAM2, TRIO, ERLIN2, AP2A2, MPZL1,
AP2A1, EGFR, LMNA, EIF2S1, FYN, CDK1, NPMI, LYN, THBSI, ANXAS, RRAS,
PCNA, SRC, XRCC6, HNRNPL, H2AFX, PRKCA, DDX5, PLCG1, FLNA, UBAI,
S100A1, RPS3, SP100, AHCY, CFL1, F2R, RPA1, APEX1, MAPK 1, EPHA2, PPP2RIA,
PIF, PHB, NF2, LRPPRC, MSH2, CBX5, IQGAP1, TMED10, DNM2, VCP, EIF3B, EIF3E,
ACTB, RPL26, SUMO2, PPP1CA, RAP1A, RAC1, AP2B1, PPP2CA, CSNK2A1, SIRPA,
DAB2, CDKS5, CLTC, CAV1, PRDX1, C1QBP, SREBF2, TRO, CHD3, TRIM28, SF3B2,
ADAMY, ADAM15, PIN1, RIPK 1, HDAC1, CUL2, EIF3A, FHL2, SMC1A, KPNBI,
TMED2, SEC23B, CPSF6, WLS, DAB2IP, MICAL3, HUWE!, ABI1, RPTOR, CCAR2,
COMMD]1, ARFGAP1, HSPH1, HDAC2, DDX17, RAD50, UPF1, COPS5, USP7,
RHBDF1, AP2M1, EIF3C, PHB2, MAPILC3B, SPNS1, PTPN23, CBXS, PDLIM?7,
DACT1, NXF1, MYO6, PA2G4, RUVBL1, THRAP3, ACOT9, CD2AP, or RBMSA

proteins.

105. The method of claim 1, wherein the cell-derived vesicles comprise six or more of
SERPINE1, ADAM17, ARG1, CD274, EIF2A, EPHB2, HLA-DRA, ELAVLI, IRAKI,
LGALS1, PSME4, STAT1, STAT3, TGFB1, TGFB2, TGFBR1, TGFBR2, TGFBI, FBN1,
HSP90AB1, SDCBP, LTBP1, JAK1, PIK3C2A, GRB2, HRAS, RAF1, MAP2K 1, MAPK3,
TYK2, CRIP2, IL6ST, JAK2, SQSTM1, DDX3X, PRMTS5, SLC9A3R1, XPO1, TRAF3IP2,
SPAG9, DIAPHI, CCDC22, PDCD6, PRPF40A, STAM2, TRIO, ERLIN2, AP2A2, MPZL1,
AP2A1, EGFR, LMNA, EIF2S1, FYN, CDK1, NPM1, LYN, THBSI, ANXAS, RRAS,
PCNA, SRC, XRCC6, HNRNPL, H2AFX, PRKCA, DDXS5, PLCG1, FLNA, UBAL,
S100A1, RPS3, SP100, AHCY, CFL1, F2R, RPA1, APEX1, MAPK 1, EPHA2, PPP2R1A,
PIF, PHB, NF2, LRPPRC, MSH2, CBXS5, IQGAP1, TMED10, DNM2, VCP, EIF3B, EIF3E,
ACTB, RPL26, SUMO2, PPP1CA, RAP1A, RAC1, AP2B1, PPP2CA, CSNK2A1, SIRPA,
DAB2, CDK5, CLTC, CAV1, PRDX1, C1QBP, SREBF2, TRO, CHD3, TRIM28, SF3B2,
ADAMY, ADAMI5, PIN1, RIPK 1, HDAC1, CUL2, EIF3A, FHL2, SMC1A, KPNBI,
TMED2, SEC23B, CPSF6, WLS, DAB2IP, MICAL3, HUWEI, ABI1, RPTOR, CCAR2,
COMMDI, ARFGAP1, HSPH1, HDAC2, DDX17, RAD50, UPF1, COPS5, USP7,
RHBDF1, AP2M1, EIF3C, PHB2, MAP1LC3B, SPNS1, PTPN23, CBXS, PDLIM7,
DACTI1, NXF1, MYO6, PA2G4, RUVBL1, THRAP3, ACOT9, CD2AP, or RBMSA

proteins.
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106. The method of claim 1, wherein the cell-derived vesicles comprise seven or more of
SERPINE1, ADAM17, ARG1, CD274, EIF2A, EPHB2, HLA-DRA, ELAVLI, IRAKI,
LGALS1, PSME4, STAT1, STAT3, TGFB1, TGFB2, TGFBR1, TGFBR2, TGFBI, FBN1,
HSP90AB1, SDCBP, LTBP1, JAK1, PIK3C2A, GRB2, HRAS, RAF1, MAP2K 1, MAPK3,
TYK2, CRIP2, IL6ST, JAK2, SQSTM1, DDX3X, PRMTS5, SLC9A3R1, XPO1, TRAF3IP2,
SPAG9, DIAPHI, CCDC22, PDCD6, PRPF40A, STAM2, TRIO, ERLIN2, AP2A2, MPZL1,
AP2A1, EGFR, LMNA, EIF2S1, FYN, CDK1, NPM1, LYN, THBSI, ANXAS, RRAS,
PCNA, SRC, XRCC6, HNRNPL, H2AFX, PRKCA, DDXS5, PLCG1, FLNA, UBAL,
S100A1, RPS3, SP100, AHCY, CFL1, F2R, RPA1, APEX1, MAPK 1, EPHA2, PPP2R1A,
PIF, PHB, NF2, LRPPRC, MSH2, CBXS5, IQGAP1, TMED10, DNM2, VCP, EIF3B, EIF3E,
ACTB, RPL26, SUMO2, PPP1CA, RAP1A, RAC1, AP2B1, PPP2CA, CSNK2A1, SIRPA,
DAB2, CDK5, CLTC, CAV1, PRDX1, C1QBP, SREBF2, TRO, CHD3, TRIM28, SF3B2,
ADAMY, ADAMI5, PIN1, RIPK 1, HDAC1, CUL2, EIF3A, FHL2, SMC1A, KPNBI,
TMED2, SEC23B, CPSF6, WLS, DAB2IP, MICAL3, HUWEI, ABI1, RPTOR, CCAR2,
COMMDI, ARFGAP1, HSPH1, HDAC2, DDX17, RAD50, UPF1, COPS5, USP7,
RHBDF1, AP2M1, EIF3C, PHB2, MAP1LC3B, SPNS1, PTPN23, CBXS, PDLIM7,
DACTI1, NXF1, MYO6, PA2G4, RUVBL1, THRAP3, ACOT9, CD2AP, or RBMSA

proteins.

107. The method of claim 1, wherein the cell-derived vesicles comprise eight or more of
SERPINE1, ADAM17, ARG1, CD274, EIF2A, EPHB2, HLA-DRA, ELAVLI, IRAKI,
LGALS1, PSME4, STAT1, STAT3, TGFB1, TGFB2, TGFBR1, TGFBR2, TGFBI, FBN1,
HSP90AB1, SDCBP, LTBP1, JAK1, PIK3C2A, GRB2, HRAS, RAF1, MAP2K 1, MAPK3,
TYK2, CRIP2, IL6ST, JAK2, SQSTM1, DDX3X, PRMTS5, SLC9A3R1, XPO1, TRAF3IP2,
SPAG9, DIAPHI, CCDC22, PDCD6, PRPF40A, STAM2, TRIO, ERLIN2, AP2A2, MPZL1,
AP2A1, EGFR, LMNA, EIF2S1, FYN, CDK1, NPM1, LYN, THBSI, ANXAS, RRAS,
PCNA, SRC, XRCC6, HNRNPL, H2AFX, PRKCA, DDXS5, PLCG1, FLNA, UBAL,
S100A1, RPS3, SP100, AHCY, CFL1, F2R, RPA1, APEX1, MAPK 1, EPHA2, PPP2R1A,
PIF, PHB, NF2, LRPPRC, MSH2, CBXS5, IQGAP1, TMED10, DNM2, VCP, EIF3B, EIF3E,
ACTB, RPL26, SUMO2, PPP1CA, RAP1A, RAC1, AP2B1, PPP2CA, CSNK2A1, SIRPA,
DAB2, CDK5, CLTC, CAV1, PRDX1, C1QBP, SREBF2, TRO, CHD3, TRIM28, SF3B2,
ADAMY, ADAMI5, PIN1, RIPK 1, HDAC1, CUL2, EIF3A, FHL2, SMC1A, KPNBI,
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TMED2, SEC23B, CPSF6, WLS, DAB2IP, MICAL3, HUWE!, ABI1, RPTOR, CCAR2,
COMMD]1, ARFGAP1, HSPH1, HDAC2, DDX17, RAD50, UPF1, COPS5, USP7,
RHBDF1, AP2M1, EIF3C, PHB2, MAPILC3B, SPNS1, PTPN23, CBXS, PDLIM?7,
DACT1, NXF1, MYO6, PA2G4, RUVBL1, THRAP3, ACOT9, CD2AP, or RBMSA

proteins.

108.  The method of claim 1, wherein the cell-derived vesicles comprise nine or more of
SERPINE1, ADAM17, ARG1, CD274, EIF2A, EPHB2, HLA-DRA, ELAVLI, IRAKI,
LGALS1, PSME4, STAT1, STAT3, TGFB1, TGFB2, TGFBR1, TGFBR2, TGFBI, FBN1,
HSP90AB1, SDCBP, LTBP1, JAK1, PIK3C2A, GRB2, HRAS, RAF1, MAP2K 1, MAPK3,
TYK2, CRIP2, IL6ST, JAK2, SQSTM1, DDX3X, PRMTS5, SLC9A3R1, XPO1, TRAF3IP2,
SPAG9, DIAPHI, CCDC22, PDCD6, PRPF40A, STAM2, TRIO, ERLIN2, AP2A2, MPZL1,
AP2A1, EGFR, LMNA, EIF2S1, FYN, CDK1, NPM1, LYN, THBSI, ANXAS, RRAS,
PCNA, SRC, XRCC6, HNRNPL, H2AFX, PRKCA, DDXS5, PLCG1, FLNA, UBAL,
S100A1, RPS3, SP100, AHCY, CFL1, F2R, RPA1, APEX1, MAPK 1, EPHA2, PPP2R1A,
PIF, PHB, NF2, LRPPRC, MSH2, CBXS5, IQGAP1, TMED10, DNM2, VCP, EIF3B, EIF3E,
ACTB, RPL26, SUMO2, PPP1CA, RAP1A, RAC1, AP2B1, PPP2CA, CSNK2A1, SIRPA,
DAB2, CDK5, CLTC, CAV1, PRDX1, C1QBP, SREBF2, TRO, CHD3, TRIM28, SF3B2,
ADAMY, ADAMI5, PIN1, RIPK 1, HDAC1, CUL2, EIF3A, FHL2, SMC1A, KPNBI,
TMED2, SEC23B, CPSF6, WLS, DAB2IP, MICAL3, HUWEI, ABI1, RPTOR, CCAR2,
COMMDI, ARFGAP1, HSPH1, HDAC2, DDX17, RAD50, UPF1, COPS5, USP7,
RHBDF1, AP2M1, EIF3C, PHB2, MAP1LC3B, SPNS1, PTPN23, CBXS, PDLIM7,
DACTI1, NXF1, MYO6, PA2G4, RUVBL1, THRAP3, ACOT9, CD2AP, or RBMSA

proteins.

109.  The method of claim 1, wherein the cell-derived vesicles comprise ten or more of
SERPINE1, ADAM17, ARG1, CD274, EIF2A, EPHB2, HLA-DRA, ELAVLI, IRAKI,
LGALS1, PSME4, STAT1, STAT3, TGFB1, TGFB2, TGFBR1, TGFBR2, TGFBI, FBN1,
HSP90AB1, SDCBP, LTBP1, JAK1, PIK3C2A, GRB2, HRAS, RAF1, MAP2K 1, MAPK3,
TYK2, CRIP2, IL6ST, JAK2, SQSTM1, DDX3X, PRMTS5, SLC9A3R1, XPO1, TRAF3IP2,
SPAG9, DIAPHI, CCDC22, PDCD6, PRPF40A, STAM2, TRIO, ERLIN2, AP2A2, MPZL1,
AP2A1, EGFR, LMNA, EIF2S1, FYN, CDK1, NPM1, LYN, THBSI, ANXAS, RRAS,
PCNA, SRC, XRCC6, HNRNPL, H2AFX, PRKCA, DDXS5, PLCG1, FLNA, UBAL,
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S100A1, RPS3, SP100, AHCY, CFL1, F2R, RPA1, APEX1, MAPK 1, EPHA2, PPP2RIA,
PIF, PHB, NF2, LRPPRC, MSH2, CBX5, IQGAP1, TMED10, DNM2, VCP, EIF3B, EIF3E,
ACTB, RPL26, SUMO2, PPP1CA, RAP1A, RAC1, AP2B1, PPP2CA, CSNK2A1, SIRPA,
DAB2, CDKS5, CLTC, CAV1, PRDX1, C1QBP, SREBF2, TRO, CHD3, TRIM28, SF3B2,
ADAMY, ADAM15, PIN1, RIPK 1, HDAC1, CUL2, EIF3A, FHL2, SMC1A, KPNBI,
TMED2, SEC23B, CPSF6, WLS, DAB2IP, MICAL3, HUWE!, ABI1, RPTOR, CCAR2,
COMMD]1, ARFGAP1, HSPH1, HDAC2, DDX17, RAD50, UPF1, COPS5, USP7,
RHBDF1, AP2M1, EIF3C, PHB2, MAPILC3B, SPNS1, PTPN23, CBXS, PDLIM?7,
DACT1, NXF1, MYO6, PA2G4, RUVBL1, THRAP3, ACOT9, CD2AP, or RBMSA

proteins.

110.  The method of claim 1, wherein the purified population of cell-derived vesicles is

substantially homogeneous.

111.  The method of claim 1, wherein the purified population of cell-derived vesicles is

heterogeneous.

112.  The method of claim 1, wherein the population comprise a concentration of purified
cell-derived vesicles from about 0.5 micrograms to about 5000 micrograms of exosome

and/or microvesicle protein purified from about approximately 10° stem cells.

113.  The method of claim 1, wherein the population comprise a concentration of purified
cell-derived vesicles of less than about 300 micrograms of exosome and/or microvesicle

protein collected per approximately 10° stem cells.

114. The method of claim 1, wherein the population comprise a concentration of purified

cell-derived vesicles is less than about 200 micrograms per 10° stem cells.

115. The method of claim 1, wherein the average diameter of the cell-derived vesicles in

the population is from about 0.1 nm to about about 1000 nm.

116. The method of claim 1, wherein the average diameter of the cell-derived vesicles in

the population is less than 100 nm.

117. The method of claim 1, wherein the average diameter of the cell-derived vesicles in

the population is less than 50 nm.
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118. The method of claim 1, wherein the average diameter of the cell-derived vesicles in

the population is less than about 40 nm.

119.  The method of claim 1, wherein the cell-derived vesicles have been purified from by a

method comprising filtration, optionally tangential flow filtration.

120. The method of claim 1, further comprising administering one or more agents selected

from an anti-inflammatory agent, a neurotrophic factor, or an angiogenesis agent.

121.  The ¢ method of claim 120, wherein the anti-inflammatory agent is selected from

TGFB, IL-2, IL-17, IL-35, or IL-37.

122, The method of claim 120, wherein the neurotrophic factors is selected from BDNF,
NGF, Neurotrophin-3, FGF2, CTNF, GDNF, IGF2, HGF, Noggin, or T3.

123.  The method of claim 120, wherein the angiogenesis agent is selected from FGF1,
FGF2, HGF, VEGF, PDGF, EGF, TGFB, or WNT1.

124.  The method of any one of claims 120-123, wherein the concentration of the agent is

from about 5 ng/mL to about 1 ug/mL.
125. The method of any one of claims 120-124, further comprising an isolated stem cell.

126. The method of claim 125, wherein the stem cell is selected from the group of an adult
stem cell, an embryonic stem cell, an induced pluripotent stem cell, an embryonic-like stem

cell, a mesenchymal stem cell, or a neural stem cell.

127. A composition comprising a highly purified population of cell-derived vesicles and
one or more agents selected from an anti-inflammatory agent, a neurotrophic factor, or an
angiogenesis agent, wherein the cell-derived vesicles are purified from a population of stem

cells cultured under conditions of hypoxia and low serum conditions.

128.  The composition of claim 127, wherein the anti-inflammatory agent is selected from

TGFB, IL-2, IL-17, IL-35, or IL-37.

129.  The composition of claim 127, wherein the neurotrophic factors is selected from
BDNF, NGF, Neurotrophin-3, FGF2, CTNF, GDNF, IGF2, HGF, Noggin, or T3.

130. The composition of claim 127, wherein the angiogenesis agent is selected from FGF1,
FGF2, HGF, VEGF, PDGF, EGF, TGFB, or WNT1.
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131.  The composition of any one of claims 127-130, wherein the concentration of agent is

from about 5 to about 500 ng/mL.
132.  The composition of any one of claims 127-131, further comprising a carrier.

133.  The composition of claim 132, wherein the carrier is a pharmaceutically acceptable

carrier.

134.  The composition of any one of claims 127-133, further comprising an isolated stem

cell.

135.  The composition of claim 134, wherein the stem cell is selected from the group of an
adult stem cell, an embryonic stem cell, an induced pluripotent stem cell, an embryonic-like

stem cell, a mesenchymal stem cell, or a neural stem cell.

136. A method for promoting angiogenesis in a subject in need thereof comprising

administering to the subject the composition of any one of claims 127-135.

137.  The method of claim 136, wherein the subject is administered at least one dose of
between approximately 0.1 mg and 1000 mg of cell-derived vesicle protein in the purified

population.

138.  The method of claim 136, wherein the subject is administered at least one dose of

approximately 50 mg of cell-derived vesicle protein in the purified population.

139.  The method of claim 136, wherein the composition of any one of claims 127-135 is

administered prior to or after administration of an isolated stem cell.

140.  The method of claim 136, wherein the composition of any one of claims 127-135 is

administered simultaneously with an isolated stem cell.

141.  The method of claim 136, wherein the composition of any one of claims 127-135 is
administered by intravenous injection, intrathecal injection, direct injection, intramuscular
injection, intracranial injection, or topically.

142,  The method of claim 136, wherein the subject is a mammal, optionally a human

patient.

143. A method for treating peripheral arterial disease or stroke comprising administering to

a subject the composition of any one of claims 127-135.
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144,  The method of claim 143, wherein the subject is administered at least one dose of

from about 0.1 mg to about 200 mg of cell-derived vesicle protein of the purified population.

145. The method of claim 143, wherein the subject is administered at least one dose of

approximately 50 mg of cell-derived vesicle protein of the purified population.

146.  The method of claim 143, wherein the composition of any one of claims 127-135 is

administered prior to or after administration of a stem cell.

147.  The method of claim 143, wherein the composition of any one of claims 127-135 is

administered simultaneously with the stem cell.

148.  The method of claim 143, wherein the composition of any one of claims 127-135 is

administered by intravenous injection.

149.  The method of claim 143, wherein the composition of any one of claims 127-135 is

administered topically.

150. The method of claim 143, wherein the subject is a mammal, optionally a human

patient.

151. A method for treating a dermal wound in a subject comprising administering to the

subject the composition of any one of claims 127-135.

152.  The method of claim 151, wherein the subject is administered at least one dose of

from about 0.1 mg to about 200 mg of cell-derived vesicle protein of the purified population.

153. The method of claim 151, wherein the subject is administered at least one dose of

approximately 50 mg of cell-derived vesicle protein.

154.  The method of claim 151, wherein the composition of any one of claims 127-135 is

administered prior to or after administration of an isolated stem cell.

155.  The method of claim 151, wherein the composition of any one of claims 127-135 is

administered simultaneously with an isolated stem cell.

156.  The method of claim 151, wherein the composition of any one of claims 127-135 is

administered topically.
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157. The method of claim 151, wherein the subject is a mammal, optionally a human

patient.

158. A method for purifying a population of cell-derived vesicles, comprising: applying a
tangential flow filtration to conditioned media produced by a population of isolated stem cells
cultured in the presence of, or contacted with one or more agents selected from an
inflammatory agent, a neurotrophic factor, or an angiogenesis agent; and optionally further
concentrating the cell-derived vesicle containing fraction to provide a purified population of

cell-derived vesicles.

159.  The method of claim 158, wherein the inflammatory agent is selected from TNFa, IL-
6, IL-17, IL-1p, IFNy, or LPS.

160. The method of claim 158, wherein the neurotrophic factor is selected from T3, FGF2,
Noggin, BDNF, NGF, HGF, CTNF, GDNF, IGF2, or Neurotrophin-3.

161. The method of claim 158, wherein the angiogenesis factor is selected from FGF2,

VEGF, PDGF, HGF, FGF1, EGF, TGFB, or WNTI.

162.  The method of claim 158, wherein the one or more agents is selected from TNFa,

Noggin, or T3.
163. A method for purifying a population of cell-derived vesicles, comprising:

(a) applying a tangential flow filtration to conditioned media produced by a
population of isolated stem cells to isolate a cell-derived vesicles containing fraction;

and optionally

(b) concentrating the cell-derived vesicle containing fraction to provide a purified

population of cell-derived vesicles; and further optionally

(©) adding one or more agents selected from an anti-inflammatory agent, a
neurotrophic factor, or an angiogenesis agent to the purified population of cell-derived

vesicles.

164. The method of claim 163, wherein the anti-inflammatory agent is selected from

TGFB, IL-2, IL-17, IL-35, or IL-37.
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165. The method of claim 163, wherein the neurotrophic factors is selected from BDNF,
NGF, Neurotrophin-3, FGF2, CTNF, GDNF, IGF2, HGF, Noggin, or T3.

166. The method of claim 163, wherein the angiogenesis agent is selected from FGF1,
FGF2, HGF, VEGF, PDGF, EGF, TGFB, or WNT1.

167.  The method of any one of claims 163-166, wherein the concentration of the one or

more agents is from about 5 to about 100 ng/mL.

168.  The method of any one of claims 163-166, wherein the concentration of the one or

more agents is from about 10 ng/mL to about 1 pg/mL.

169.  The method of any one of claims 163-168, further comprising removing cell debris

and other contaminates prior to concentrating the cell-derived vesicle containing fraction.

170. The method of any one of claims 163-169, wherein the population of stem cells are

pre- cultured under hypoxic and low serum conditions prior for up to about 72 hours.

171.  The method of any one of claims 163-170, wherein filtration is performed using an

approximately 200 nanometer filter.

172.  The method of any one of claims 163-171, wherein the isolated stem cells are one or
more of adult stem cells, embryonic stem cells, embryonic-like stem cells, neural stem cells,

or induced pluripotent stem cells.
173.  The method of claim 172, wherein the stem cells are mesenchymal stem cells.

174.  The method of claim 170, where the hypoxic conditions are independently from about

1% to about 15% CO; and from about 0.05% to about 20% oxygen tension.

175. The method of claim 170, wherein the low serum conditions are serum free

conditions.

176.  The method of any of claims 163-175, wherein the tangential flow filtration unit is
between about 50 kilodalton and about 750 kilodalton nominal molecular weight limit

filtration unit.

177.  The method of any one of claims 163-175, wherein the tangential flow filtration unit

is about a 100 kilodalton nominal molecular weight limit filtration unit.
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178.  The method of any one of claims 163-175, wherein the tangential flow filtration unit

is about a 300 kilodalton nominal molecular weight limit filtration unit.

179.  The method of any one of claims 163-178, wherein the concentration step is

performed using a filtration device.

180. The method of claim 179, wherein the filtration device is an approximately 100

kilodalton nominal molecular weight limit filtration device.

181.  The method of claim 179, wherein the filtration device is an approximately 300

kilodalton nominal molecular weight limit filtration device.

182. The method of any one of claims 163-181, further comprising formulating the
purified population of cell-derived vesicles by mixing the population with a carrier and/or a

stabilizer.

183. The method of any one of claims 163-182, further comprising drying, freezing or

freeze drying the purified population of cell-derived vesicles.

184. A population of cell-derived vesicles obtainable from the method of any one of claims

163-183.

185. A dried, lyophilized or frozen composition comprising the composition of any one of

claims 127-135 or the population of claim 184.

186. A kit comprising the population of claim 184 and instructions for use.

187. A method for large-scale purification of a population of cell-derived vesicles,
comprising:

(a) contacting a population of isolated stem cells cultured in a bioreactor with one
or more agents selected from an inflammatory agent, a neurotrophic factor, or an

angiogenesis agent;

(b) applying a tangential flow filtration to conditioned media produced by the
population of isolated stem cells to isolate a cell-derived vesicles containing fraction;

and

(©) concentrating the cell-derived vesicle containing fraction to provide a purified

population of cell-derived vesicles.
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188.  The method of claim 187, wherein the inflammatory agent is selected from TNFa, IL-
6, IL-17, IL-1p, IFNy, or LPS.

189.  The method of claim 187, wherein the neurotrophic factor is selected from T3, FGF2,
Noggin, BDNF, NGF, HGF, CTNF, GDNF, IGF2, or Neurotrophin-3.

190. The method of claim 187, wherein the angiogenesis factor is selected from FGF2,

VEGF, PDGF, HGF, FGF1, EGF, TGFB, or WNTI.

191.  The method of claim 187, wherein the one or more agents is selected from TNFa,

Noggin, or T3.

192. A method for large-scale purification of a population of cell-derived vesicles,
comprising:
(a) applying a tangential flow filtration to conditioned media produced by a

population of isolated stem cells cultured in a bioreactor to isolate a cell-derived

vesicles containing fraction;

(b) concentrating the cell-derived vesicle containing fraction to provide a purified

population of cell-derived vesicles; and

(©) adding one or more agents selected from an anti-inflammatory agent, a
neurotrophic factor, or an angiogenesis agent to the purified population of cell-derived

vesicles.

193.  The method of claim 192, wherein the anti-inflammatory agent is selected from
TGF, IL-2, IL-17, IL-35, or IL-37.
194, The method of claim 192, wherein the neurotrophic factors is selected from BDNF,

NGF, Neurotrophin-3, FGF2, CTNF, GDNF, IGF2, HGF, Noggin, or T3.

195. The method of claim 192, wherein the angiogenesis agent is selected from FGF1,
FGF2, HGF, VEGF, PDGF, EGF, TGFB, or WNT1.

196.  The method of any one of claims 192-195, wherein the concentration of the one or

more agents is from about 5 to about 100 ng/mL.

197.  The method of any one of claims 192-195, wherein the concentration of the one or

agents is from about 10 ng/mL to about 1 pg/mL.
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198.  The method of any one of claims 192-197, wherein the bioreactor is a hollow fiber

bioreactor.

199.  The method of any one of claims 192-198, wherein the population of stem cells is pre-

cultured under hypoxic and low serum conditions for up to about 72 hours.

200. A method for treating a disease or condition related to an inflammatory response or
inflammation in a subject in need thereof comprising administering to the subject a purified
population of cell-derived vesicles prepared by culturing stem cells producing the cell-
derived vesicles under conditions of hypoxia and low serum conditions, and optionally

wherein the cell-derived vesicles comprise exosomes and/or microvesicles.

201.  The method of claim 200, wherein the disease or condition is selected from the group
of: multiple sclerosis, neuroinflammatory disease, muscle injuries, radiation tissue damage,
stroke, traumatic brain injury, myocardial infarction, graft versus host disease, Parkinson’s
disease, Alzheimer’s, inflammatory bowel disease, Huntington’s disease, amyotrophic lateral

sclerosis, Bahcet’s disease, sarcopenia, aging, spinal cord injury, wound repair, or dysphagia.
2 2 2 2 2

202. The method of claim 200 or 201, wherein the subject is administered at least one dose
of between approximately 0.1 mg and 1000 mg of cell-derived vesicle protein of the purified

population.

203. The method of claim 200 or 201, wherein the subject is administered at least one dose

of approximately 50 mg of cell-derived vesicle protein of the purified population.

204. The method of claim 200 or 201, wherein the purified population of cell derived

vesicles is administered prior to or after administration of an isolated stem cell.

205. The method of claim 200 or 201, wherein the purified population of cell derived

vesicles is administered simultaneously with an isolated stem cell.

206. The method of claim 200 or 201, wherein the purified population is administered by
intravenous injection, intrathecal injection, direct injection, intramuscular injection,

intracranial injection, or topically.

207. The method of claim 200 or 201, wherein the subject is a mammal, optionally a

human patient.
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