(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2017/161010 A1

21 September 2017 (21.09.2017) WIPO | PCT
(51) International Patent Classification: (81) Designated States (uniess otherwise indicated, for every
CO7K 1/30 (2006.01) GOIN 1/34 (2006.01) kind of national protection available): AE, AG, AL, AM,
CI2N 15/90 (2006.01) GOIN 1/38 (2006.01) AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
C12Q 1/68 (2006.01) GOIN 33/50 (2006.01) BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DJ, DK, DM,
. .. DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
(21) International Application Number: HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KH, KN,
PCT/US2017/022544 KP, KR, KW, KZ, LA, LC, LK, LR, LS, LU, LY, MA,
(22) International Filing Date: MD, ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG,
15 March 2017 (15.03.2017) NI, NO, NZ, OM, PA, PE, PG, PH, PL, PT, QA, RO, RS,
) RU, RW, SA, SC, SD, SE, SG, SK, SL, SM, ST, SV, SY,
(25) Filing Language: English TH, TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN,
(26) Publication Language: English ZA,IM, ZW.
(30) Priority Data: (84) Designated States (uniess otherwise indicated, for every
62/308,805 15 March 2016 (15.03.2016) Us kind Of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,
(71) Applicant: CODIAK BIOSCIENCES, INC. [US/US]; TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,
500 Technology Square, 9th Floor, Cambridge, Massachu- TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
setts 02139 (US). DK, EE, ES, FL FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
(72) Inventors: LOTVALL, Jan; Codiak BioSciences, Inc., LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
500 Technology Square, 9th Floor, Cambridge, Massachu- SM, TR), OAPL (BF, BJ, CF, CG, CL CM, GA, GN, GQ,
gy Square, ’ Jage, Vas: GW, KM, ML, MR, NE, SN, TD, TG).
setts 02139 (US). JANG, Su, Chul; Codiak BioSciences, > > > s
Inc., 500 Technology Square, 9th Floor, Cambridge, Mas- Declarations under Rule 4.17:
sachusetts 02139 (US). —  of inventorship (Rule 4.17(iv))
(74) Agents: SUN, Dangqiong et al.; Fenwick & West LLP, 801

California Street, Mountain View, CA 94041 (US).

Published:

with international search report (Art. 21(3))

2017/161.010 A1 | 01000 0 00 O O

(54) Title: THERAPEUTIC MEMBRANE VESICLES

Figure 1

K/

Antibody or aptamer
conjugation

X
et
o4

Elution

Sub-populations of EV

(57) Abstract: The present invention relates to a method for producing membrane vesicles from extracellular vesicles or organelles
and therapeutic membrane vesicles produced by such method. The invention further relates to therapeutic membrane vesicles, a
method of treating a metabolic disorder by using such vesicles and such vesicles for use in therapy, such as in treatment of a meta-

o bolic disorder. The invention further relates to a method of producing a membrane vesicle from an organelle. In addition, the present
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invention relates to a method of separating a sub-population of extracellular vesicles from an extracellular vesicle bulk.
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THERAPEUTIC MEMBRANE VESICLES

TECHNICAL FIELD

[0001] The present invention relates to the field of production of membrane vesicles, in
particular production of therapeutic membrane vesicles. Morcover, the present invention
relates o therapeuiic use of such membrane vesicles for targeted delivery of therapeutic

compounds.

BACKGROUND OF THE INVENTION

[0002] Extracellular vesicles such as exosomes, ectosomes, microvesicles and apoptotic
bodies are known o be released by many cells in the human body, and can shattle functional
RNA molecules as well as protens to other cells. The cargo of these extracellular vesicles is
protected from extracellular enzyvmes and the immune system by a lipid membrane bilayer. It
has previcusly been suggested that extracellular vesicles such as exosomes can be utilized for
the delivery of functional molecules, including therapeutic nucleotides to discased cells, such
as cancer celis, cancerous tissues and inflammatory cells.

[0003] Scveral technologies have been proposed for loading of exosomes or microvesicles
with for example therapeutic RNA cargo for delivery to the inside of a recipient cell
{Alvarez-Erviti L. ef o/ Nat Biotechnol. 2011 Apr.29(4):341-5; Ohno S. er a/., Mol Ther.
2013 Jan;21(1):185-91; EP2010663). Conmmon to ail these technologies is that they utilize
relatively “intact” vesicles. The vesicles can be considered intact in that they carry the
molecules they nommally carry, apart from any specific cargo they have been loaded with, for
example stRNAs or microRNAs.

[0004] Although much work has previously been done, the field of extracellular vesicles is
not yet fully explored. The full therapeutic potential of such vesicles still remains to be
realized.

SUMMARY OF THE INVENTION

[0005] It is an object of the present disclosure to provide new therapeutic membrang
vesicles which can be used for targeted delivery of therapeutic compounds. A further object

is use of the thus provided vesicles in therapy.
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[0006] It is an object of the present disclosure to provide new methods for producing
membrane vesicles, inclading those for therapeutic use. Such methods mchude inser alia
methods for 1solating specitic membrane vesicles and for providing membrane vesicles with a
pre-determined molecular content.

[0007] These and other objects, which are evident to the skilled person from the present
disclosure, are met by the different aspects of the invention as claimed in the appended claims
and as generally disclosed herein.

[0008] As used herein, the term “extracellular vesicle™ refers to a cell-derived vesicle
comprising a membrane that encloses an internal space. Extracellular vesicles comprise all
membrane-bound vesicles that have a smaller diameter than the cell from which they are
derived. Generally extracellular vesicles range m diameter from 20nm to 1000nm, and can
comprise various macromolecular cargo either within the internal space, displayed on the
external surface of the extracellular vesicle. and/or spanning the membrane. Said cargo can
comprise nucleic acids, proteins, carbohydrates, lipids, small molecules, and/or combinations
thercot. By way of example and without limitation, extracellnlar vesicles include apoptotic
bodies, fragments of cells, vesicles derived from cells by direct or indirect mamipulation {e.g.,
by serial extrusion or treatment with alkaline solutions), vesiculated organclies, and vesicles
produced by living cells {e.g., by direct plasma membrane budding or fusion of the late
endosome with the plasma membrane). Extracellular vesicles can be derived from a living or
dead organism, explanted tissues or organs, and/or cultured cells.

[0009] As used herein, the term “nanovesicle” refers to a cell-derived small (between 20-
250 nm in diameter, more preferably 30-150nm in diameter) vesicle compnsing a membrang
that encloses an internal space, and which is generated from said cell by direct or indirect
manipulation such that said nanovesicle would not be produced by said producer cell without
said manipulation. Appropriate manipulations of said producer cell include but are not
Iimited to senal extrusion, treatment with alkaline solutions, somcation, or combinations
thereof The production of nancvesicles can, in some instances, result in the destruction of
said producer cell. Preferably, populations of nanovesicles are substantially free of vesicles
that are dertved from producer cells by way of direct budding from the plasma membrane or
fusion of the late endosome with the plasma membrane. The nanovesicle comprises lipid or
fatty acid and polypeptide, and optionally comprises a payload {e.g. a therapeutic agent), a
receiver {e.g. atargeting moiety), a polyvnucleotide (e.g. anucleic acid, RNA, or INA), a
sugar {e.g. a simple sugar, polysaccharide, or glvean) or other molecules. The nanovesicle,

once it i3 derived from a producer cell according to said manipulation, can be isolated from

[
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the producer cell based on its size, density, biochemical parameters, or a combination thercof.
Unless otherwise specified, the term “membrane vesicle” or “therapeutic membrane vesicie”
refers to a type of nanovesicle.
[0010] As used herein, the term “exosome” refers to a cell-denived small (between 20-300
nm in diameter, more preferably 40-200nm in diameter} vesicle comprising a membrane that
encloses an internal space, and which is generated from said cell by direct plasma membrane
budding or by fusion of the late endosome with the plasma membrane. Generally, production
of exosomes does not result 1 the destruction of the prodacer cell. The exosome comprises
Lipid or fatty acid and polypeptide, and optionally comprises a payload {e.g. a therapeutic
agent), a receiver {e.g. a targeting moicty), a polvoucieotide {e.g. a nucleic acid, RNA, or
DNA), a sugar {e.g. a simple sugar, polysaccharide, or glycan) or other molecules. The
exosome can be derived from a producer cell, and isolated from the producer cell based on its
size, density. biochemical parameters, or a combination thereof.
[0011] As used herein, the term “organclie” means a specialized subunit within a cell that
has a specific function. Individual organelies are usually separately enclosed within their own
Lipid bilavers, i.e. membranes. Non-limiting, exemplary organclles include chloroplasts, the
endoplasmic reticulum, flageltum, Golgi apparatus, mitochondrnia, endosome, lvsosome,
vacuole and the nucleus.
[0012] As used herein, the term “epitope specific binder” means a moleculs that binds to a
specific cpitope. An epitope is the part of an antigen that is recognized by the immune
system, specifically by antibodics, B cells, or T cells, phage, or aptamers. An “epitope
specific binder” can or cannot be further bound to, for example, a surface of a bead.
Examples of epitope specific binders include antibodies, B cells, or T cells, or aptamers.
[0013] As used herein, the term “membrane” means biological membranes, 1.¢. the outer
coverings of cells and organelies that allow passage of certain compounds. In some contexts,
the term “membrane” can refer to a lipid bilayer that at one time bounded an extraceliular
vesicle or organelle and enclosed an intravesicular or organcllar content and that
subsequently was opened to expose the interior contents of the extracellular vesicle or
organclle and dissociate those contents from the opened membrane.
[0014] According to one aspect, a method s provided for producing membrane vesicles
COmMprising:

a. providing extraceliular vesicles or organelles;

b. opening said extracellular vesicles or said organclles by treatment with an

aqueous sohution having a pH of from 9 t¢ 14 tc obtain membranes;

(9]
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¢. removing ntravesicular or organellar content; and

d. re-assembling said membranes to form membrane vesicles.
[0015] 'The above-defined method provides membrane vesicles, produced from
extraceliular vesicles or organelles, that have been opened, released from their intravesicular
or organellar content, and then reassembled. Membrane vesicles produced in this way are
devoid of detnmental cargo that they can naturally contaim, including harmful endogenous
molecules such as DNA or nuclear membrane components, or any unwanted RNA specics,
enzymes or other proteins, as well as infectious components such as viruses, viras
components including virus genomic material and or prions or similar infectious constituents.
Removal of any naturally-occurring intravesicular confent from extracellular vesicles reduces
possible side-effects caused by such intravesicular content, and thus reduces the nisk of
unwanted cffects. Similarly, removal of any naturally-occurring organclar content from
organclies reduces possible side-effects caused by such organellar content, and thus reduces
the risk of unwanted effects.
[0016] By removal of any naturally-occcurring content, the membrane vesicles can be
loaded with a therapeuotic compound and thereby be used to induce a pure therapeutic effect.
While avoiding any potential negative side-effects that an intravesicular or organcliar content
can provide, the effect of the surface molecules 13 maintained. Removal of any inner content
in this way will preferably not affect the function of the membrane bound / surface bound
molecules. These are preferably maintained, bence their function are preferably mamtained.
The function of such membrane / surface molecules can be a targeting function or a
therapeutic function.
[0017] The therapeutic membrane vesicles as disclosed herein potentially solve multiple
problems with current extraceltular vesicle therapeutics, by for example optimizing vicld of
membrane vesicles {(compared with extracellular vesicles).
[0018] According to one embodiment of this aspect, the method 1s himited to extracellular
vesicles.
[0019] According to one embodiment of this aspect, the method s himited to organclies.
[0020] In some embodiments, step d of the method descnibed herein can be done by one or
more of sonication, mechanical vibration, extrusion through porous membranes, electnc
current and combinations thereof. Re-assembling membranes of opened extracelhular vesicles
or organeiles can accordingly be accomplished by sonication, mechanical vibration, extrusion
through porous membranes, clectric cirvent or combinations thercof. One or more of these

techniques can be emploved.
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[0021] In some embodiments, step d of the method described herein can be done by
sonication. Typically, the reassembly of membranes of opened extracellular vesicles or
organclles is done by sonication.
[0022] Said removing of intravesicular or organellar cargo molecules of siep ¢ of the
method described herein can be done by ultracentrifugation or density gradient
ultracentrifugation.
[0023] In some aspects, the method further comprises:

e. loading a cargo into said membrane vesicles, wherein step ¢ can be performed

concomutantly with or after step d.

[0024] Concomitantly with or after the step of re-assembling emptied vesicles or
organelies, the newly formed membrane vesicles can be loaded with very specific cargos,
including different types of svnthetic molecules and/or proteins or polypeptides with
intracellvlar or extracellular targets, or nucleotides that can influence the cell function,
phenotype, proliferation or viability, or proteins, peptides or hormones with similar function.
Proteins or polypeptides with mtracellular or extracellular targets include bioactive or
inhibitory polypeptides such as hormones, cyvtokines, chemokines, receptors, and enzymes.
Further examples of cargo are defined below.
[0025] 1n some embodiments, step ¢ of the method described herein can be done by
physical manipulation after step d, wherein said physical manipalation is sclected from
clectroporation, sonigation, mechanical vibration, extrusion through porous membrangs,
clectric current and combinations thercof Loading of cargo to vesicles formed by membranes
from opened extracellolar vesicles or organelles can be done by mixing, co-incubation,
clectroporation, sonication, mechanical vibration, extrusion through porous membranes,
clectric current and combinations thereof afier the reassembly of such membranes.
[0026] 1In some embodiments, said loading of step ¢ can be done concomitantly with step d.
A cargo of specific molecules is, for example, mixed with the opened {membrane) form of
the extracellular vesicles or oreanelles, followed by reassmembly to form a membrane vesicle
using ¢.g. any one of the above defined methods.
[0027] Said cargo can be selected from a svnthetic bioactive compound, a natural bioactive
compound, an antibacterial compound, an antiviral compound, a protein or a polypeptide, a
nucleotide, a genome editing system, microRNA, siRNA, long-non-coding RNA, antago-
miRs, morpholino, mRNA, t-RNA, y-RNA, RNA mimics, DNA, and combinations thereof.
Cargo loaded to nto membrane vesicles concomitantly or after the reassembly of the

membranes can be of many specific tvpes, such as RNA-interference molecuies (RNAI:

(¥4



WO 2017/161010 PCT/US2017/022544

microRNA or siRNA or long-non-coding RNA, antago-miRs, morpholine or any other
molecules that can have RNA-interfercnee function or that can block RNA or protein
function in the cell, including transcription factors), mRNA (messenger KNA 1o ful or
reduced length to produce a functional protein n a recipient cell), t-RNA, y-RNA, RNA
mimics, DNA molecules (to deliver either functional short DNA probes or whole DNA gene
sequences to replace or repress dysfunction in the recipient cell) enzyme inhibitors or other
small molecule drugs. It can also be natural or synthetic hormones, to e.g. optimize
mtracelular delivery, as well as synthetic small molecules with pharmacological function
within the cell cvioplasm or cell organelles or cell nucleus. It is contemplated that one or
more of these specific types of molecules can be loaded into the membrane vesicles, either
during their formation or after their formation.

[0028] Said cargo can be a compound related to anti-inflammatory function, pro-
inflammatory function, or cell migration. In one embodiment, said cargo is TGF-beta.
[0029] Said cargo can be a genome cditing svstem. The genome cditing system inchudes,
without limitation, a meganuclease system, a zine finger nuclease (ZFN) svstem, a
transcription activator-like effoctor nuclease (TALEN) system, and a clustered regularty
interspaced short pahindromic repeats (CRISPR) systermn. The CRISPR systern canbe a
CRISPR~Cas9 system. The CRISPR-Cas9 system comprises a nucleotide sequence encoding
a Cas?® protemn, a nucleotide sequence encoding a CRISPR RNA that hybridizes with the
target sequence (crRNA), and a nucleotide sequence encoding a trans-activating CRISPR
RNA {(tractRNA). The crRNA and the tractRNA can be fused into one guide RNA. The
components of the CRISPR-Cas system can be located i the same vector or in different
vectors. The CRISPR-Cas9 system can further comprise a nuclear localization signal (NLS).
[0030] Said cargo can be a microRNA or an siRNA that specifically binds to a transcript
encoding a mutated or non-mutated oncogene. The binding of the microRNA or the siRNA
can inhibit the mRNA transliation and protein synthesis of oncogenes. Sach oncogenes
include, but are not imited to, ABLL BLC1, BCL6, CBFAL CBL, CSFIR, ERBA ERBE,
EBRBZ, ETS1, ETSL ETV6, FGR, FOX, FYN, HCR, HRAS, JUN, KRAS, LCK, LYN,
MDM?2, MLL, MYB, MYC, MYCLL, MYCN, NRAS, PIMI, PML, RET, SRC, TAL1L,
TCL3, and YES. In one embodiment, the oncogene 1s a mutated KRAS, for example KRAS
G128, KRAS G120, or KRAS G12V. In another embodiment, the oncogene is a Myc, such
as N-Myc, c-Myc, or L-Mye.

[0031] The therapeutic membrane vesicles can have at least one physiological property

different from the population of extracellular vesicles or organelles from which said
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membrane vesicles derive, wherein the physiological property 1s related to one or more of!
biodistribution, cellular aptake, half-life, pharmacodynamics, potency, dosing, immune
response, loading cfficiency, stability, or reactivity to other compounds. The different
physiological property can be measured by vanous methods known in the art. The different
physiological property can be improved targeting efficiency, improved delivery, or an
increase in therapeutic cargo to a recipient cell, organ, or subject. The cargo can be loaded
mto the membrane vesicle more cfficientlv than the cargo is loaded into extracellvar vesicles
or organclles from which said membrane vesicles are derived.
[0032] Said extracellular vesicles can be a sub-population of extraceliular vesicles derived
from an extracelular vesicle bulk, or wherein said organelles are one sub-type of organclle
derived from a plurality of organclies.
[0033] The released vesicles from any cell, or from any tissue, include a cloud of vesicles
with different content, different surface molecules and in some cases from different cellular
origin. A sub-population of extracellular vesicles can have very specific characteristics with
regard to for example surface molecules, functions and targets. Such extracellular vesicles
can originate from the cell membrane, the Golgi-apparatus, the endoplasmic reticulom, the
nucleus or mitochondria.
[0034] Sinularly, specific sub-tyvpes of organelles can be derived from the plurality of
organelle types present in a cell. For example, a phurality of organelles can be removed from
a cell lysate by conventional techniques such as density gradient approaches. Ong or more
specific sub-types of organclies can subsequently be 1solated, e. g. by employment of
techniques as disclosed herein. Specific sub-types of organelies which are contemplated for
use in the present method include the Golgi-apparatus, the endoplasmic reticubum, the
lvsosome, the endosome, the nucleus or mitochondria.
[0035] 1in some aspects, the method comprises prior to step a:
contacting an epitope specific binder with said extracellular vesicle bulk or said
organclles; and separating a sab-population of extracellular vesicles or sub-type of
organciles from said extracellular vesicle bulk or plurality of organelles.
[0036] As each subgroup of vesicles can carry very distinet molecules both on their surface
as well as intravesicular cargo, they can be separated by positive solation and/or negative
isclation from other vesicles by epitope specific binding techniques. Typically, epitope
specific binders for 1solation can be one or more of a specific antibody, phage or an aptamer.
Separation of organelies or vesicles of different sub-ccliular origin from each other can

provide purified extracelular vesicles or organclles having specific characteristics. Such
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specific characteristics can include a desirable molecular cargo as mentioned above, and/or
an ability to be taken up by targeted cells for delivery of for example surface molecules
and/or cargo molecules to said targeted cells. An epitope specific binder can also be chosen
such that an unwanted sub-population ts bound, which sub-population can thus be removed
from the extracellolar bulk, by so called negative isolation.
[0037] Said epitope specific binder can be an antibody against at least one mitochondrial
membrane protein, preferably MTCOZ protein. By using an antibody against a mitochondrial
membrane protein, preferably MTCO2, as the epitope specific binder, the 1solated sub-
population of extracellular vesicles have increased ATP synthase activity.
[0038] Said epitope specitic binder can be an antibody against the surface marker CD63.
By using an antibody against CD63 as the eptiope specific binder, the isolated sub-population
of extracellular vesicles can have redaced RNA content as compared to the extraceHular
vesicle bulk.
[0039] Included within the scope of this disclosure are therapeutic membrane vesicles
comprising:

vesicles formed from membranes, said membranes bemg derived from extracelbular

vesicles or organelies.
[0040] The therapeutic membrane vesicles as disclosed heren solve multiple problems with
current extracelular vesicle therapeutics, by for example improving targeting efficacy to a
recipient cell, organ or object. The therapeutic membrane vesicles mimic extraceltular
vesicles, such as exosomes, by their ability to interact with a recipiont cell via their surface
molecules. [t 18 to be understood that the therapeutic membrane vesicles are formed from
membranes dertved from extracellular vesicles or organelies. For instance, said membranes
can be derived from extracellular vesicles or organclles by opening of such extraceliular
vesicles or organelles. The resulting emptied therapeutic membrane vesicles can thus be
devotd of detrimental content that natural extracellular vesicles or organelles contain,
including harmful endogenous molecules such as DNA or nuclear membrane components, or
any unwanted RNA specics, enzymes or other proteins, as well as infectious components
such as viruses, virus components including virus genomic material and or prions or similar
mfectious constituents.
[0041] The therapeutic membrane vesicles can be loaded with a therapeutic cargo.
Therapeutic membrane vesicles comprising a loaded cargo minuce naturally-occurring
extraceltolar vesicles in that they have an ability to interact with a recipient cell via their

surface molecules, and to deliver their cargo to said recipient cell. Examples of therapeutic
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cargo that can be contained within a therapeutic membrane vesicle according to this aspect
are disclosed elsewhere herein, but can typically mclude one or more of a synthetic bicactive
compound, an antibacterial compound, an antiviral compound, a natural bicactive compound,
a protein, a nucleotide, a genome editing svstem, microRNA, siRNA| long-non-coding RNA,
antagomiRs, morpholineg, mRNA | +-RNA, v-RNA, RNA nmumics, DNA | and combinations
thereof.

[0042] Said therapeutic cargo can comprisc an enzyme that catalvzes the production of
ATP. Therapeutic membrane vesicles comprising an enzyme that catalyzes the production of
ATP, such as ATP gynthase, can have beneficial effects on metabolic conditions.

[0043] Said therapeutic cargo can comaprise a compound with the capability of mfluencing
the phenotype and/or function of mesenchymal stem cells such as to increase the anti-
inflammatory function of sard mesenchymal stem cells. Contacting mesenchymal stem cells
with therapeutic membrane vesicles compnsing TGF-beta can increase the migratory activity,
the wound healing activity, and the therapeutic cfficiency of such stem cells. Exposing
mesenchymal stem cells to therapeutic membrane vesicles comprising a compound with the
capability of mfluencing the phenotype and/or function of such stem cells can accordingly
increase the anti-inflammatory function of such stem cells. For example, such therapeutic
membrane vesicles can reduce the mflammation in a mouse model of asthma.

[0044] Said therapeutic cargo can comprise a compound related to anti-inflammatory
function, or a compouad related to pro-inflammatory function. Examples of compounds
related to anti-inflammatory function include 1L.-10, interferon alfa, interferon gamma and an
anti-inflammatory microRNA. Said anti-inflammatory microRNA 13 for example miR-146.
Examples of compounds related to pro-inflammatory function include TGF-beta, TNF-alfa,
1E~4, YL.-6, a toll-like receptor ligand and a pro-inflammatory microRNA. Said pro-
nflammatory microRNA 1s for example miR-10, =29, or -155).

[0045] The cargo can comprise a genome editing system, such as a CRISPR-Cas9 system.
The therapeutic membrane vesicles loaded with a CRISPR-Cas? system can be used to alter
gene expression and function for disease treatment, regenerative medicing, and tissue
cngineering.

[0046] The cargoe can be loaded into the membrane vesicles more efficiently than the cargo
is loaded into extraceluar vesicles or organclies from which said membrane vesicles are
derived. Removal of anvy naturally-occurring content, such as unwanted RNA species,

enzyvmes or other proteins, as well as infecticus components such as viruses, virus
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components inchuding virus genomic material and/or prions or similar infectious constituents,
of the membrane vesicle can avoud contamination or harm to the therapoutic cargo.
[0047] Said extracellular vesicles can represent a sub-population of an extracellular vesicle
bulk having a different sub-set of membrane and surface molecules than the extracellular
vesicle bulk. A sub-population of an extracellular vesicle bulk having a different sub-set of
membrane and surface molecules than the extracelhular vesicle bulk can have a more specific
cffect and thus fewer side effects. Examples of sub-populations of an extracellular vesicle
bulk are disclosed elsewhere herein. It 1s contemplated that membrane vesicles derived from
a specific sub-population of extraceHular vesicles can be particularly useful, e g due to the
presence of specific membrane and/or surface molecules, or for targeted delivery of a specific
therapeutic cargo.
[0048] In some aspects, organelles described herein represent a sub-type of organelles
derived from a plorality of oreanclies. Examples of sub-types of organglies derived from a
plurality of organelies are disclosed elsewhere herein. It is conteaplated that membrane
vesicies derived from a specitic sub-type of organelles can be particularly useful, e. 2. due to
the presence of specific membrane and/or surface molecules, for targeted delivery of a
specific therapeutic cargo.
[0049] M™Membrane vesicles can be characterized by at least one of

i, surface membrane molecules are wnverted;

1. at least one type of surface molecules with the capability of mmfluencing the
phenotype and function of mesenchymal stem cells such that the anti-
inflammatory function of said mesenchymal stem cells 1s increased;

iii.  at least one tvpe of surface marker common to extracellular vesicles is either
present or absent;

iv.  atleast one type of mitochondrial membrane surface molecule 1s present;

v.  atleast one type of nuclear membrane surface molecule 1s present; and

vi.  at least one type of membrane molecule from Golgi and/or Endoplasmic
reticulum is present.

[0050] Therapeutic membrane vesicles having their surface membrane molecules mverted
can allow them to directly deliver surface molecules with second messages, such as
intracellular signaling. Further, therapeutic membrane vesicles having surface molecules with
the capability of influencing the phenotype and/or function of mesenchymal stem cells can

increase the anti-inflammatory function of the mesenchymal stem cells,

16
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[0051] With reference to Example 4 and the common surface marker CD63, CD63 negative
extracelhular vesicles contain much RNA, whereas CD63 positive extraceliular vesicles are
devoid of RNA, which suggests that cach sub-population of extracelinlar vesicles has
different cargo and thus the ability 1o potentially induce a specific effect.

[0052] With reference to Example 3, the presence of one type of mitochondrial membrane
surface molecule, MTCO2, on a membrane vesicle gave a higher ATP gynthase activity. It is
thus assumed that membrane vesicles of other organellar origin such as maclear, Golgi or
endoplasmic reticulum origin, in a similar way display other properties or fimctions
depending on their different membrane surface molecules. Therapeutic membrane vesicles
having any one of the specitic characteristics as set out above can further be derived from a
particular sub-population of extracellular vesicles or a particular sub-type of organelies.
[0053] In some aspects as disclosed herein, said therapeutic membrane vesicles have a
capability of migrating through tissues. It has been shown that in certain instances, the
therapeutic membrane vesicles have taproved motility, as they can change their shape when
still not fixed. This results in visible shape-changes of cell-free vesicles i virre. This is
related to the presence 1n certain sub-population/sub-type of vesicles, of the motility protein,
actin, and associated proteins, the presence of which can be determined using vesicular
proteomics approaches.

[0054] The therapeutic membrane vesicles can have increased motility as compared to the
extraceliular vesicles or organciles from which said membrane vesicles are derived.

[0055] Extraccliular vesicles or organclies can originate from a cancer cell, a cancer cell
bine, an inflammatory cell, a structural cell, a neural/glial cell/oligedendrocyic ora
mesenchymal/embryonic stem cell.

[0056] Extracellular vesicles or organelles can be isolated from a normal or diseased tissue,
including a tumor, bone marrow, or immune cells 1solated from blood, lymph nodes or
spleen.

[0057) Membrane vesicles can be obtained by a method as defined in any one of the aspects
as disclosed herem.

[0058] Therapeutic membrane vesicles according to the aspects as disclosed herein can be
used in therapy. Therapeutic membrane vesicles according to the invention can solve multiple
problems with current extracellular vesicle therapeutics, by e. g, improving targeting efficacy,
delivery, and increasing therapeutic cargo to a recipient cell/organ/object. Therapeutic
membrane-vesicles could be said to mimic exosomes or any other extracellular vesicle by

mimicking the latter in their ability to interact with a recipient cell via their surface

It
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molecules, and/or to deliver a therapeutic cargo to a recipient cell. At the same time, the
therapeutic membrane vesicles differ from exosomes and other naturally-cocurring
extracelhular vesicles in that the former can mitigate possible contanination with unwanted
extraceliular vesicies with possible negative side effects, as well as any detnmental content
these can naturally contain. Moreover, the therapeutic membrane-vesicles can also be loaded
with antibiotics or antiviral molecules, to treat intracellular infections such as intracellular
hacteria, viruses or prions, including Epsten-Barr virus, HIV or any other infectious species.
[0059] Therapeutic membrane vesicles can be used in treatment of a metabolic disorder.
The therapeutic membrang vesicles can have the capacity to deliver enzymes important for
the production of ATP, such as the enzyme ATP synthase.

[0060] Therapeutic membrane vesicles can be used in a method of treating a disorder
comprising administering therapeutic membrane vesicles according to the invention to a
patient o need thereof.

[0061] Therapeutic membrane vesicles can be used in a method of treating a metabolic
disorder comprising admimstering therapeutic membrane vesicles according to the vention,
to a paticnt in need thereof.

[0062] Therapeutic menmbrane vesicles can be used for targeted delivery of said therapeutic
cargo. Therapeutic membrane vesiclies produced from a sub-population of extraceliular
vesicles or organclles can have specific sarface molecules that enable them to reach specific
targets and deliver their therapeutic cargo, leading to a more specific treatment as well as the
delivery of specific therapeutic cargo. Therapeutic cargo can for example target intracchular
functions such as mutated or non-mutated oncogenes in malignant diseasc, or any other
intracethilar process or function including franscription factors, protein production, hormone
receptors, cytokines, membrane folding, cuergy production, proliferation, DNA replication,
or any other miracclular function. The therapeutic membrane vesicles can also be loaded
with antibiotics or antiviral molecules, 1o treat intracellular infections such as intracellular
bacteria, viruses or prions, including Epstem-Barr virus, HIV or any other infectious species.
[0063] Included m the scope of this disclosure 1s a method of producing a membrane

vesicle from an organelle comprising:

1]

lysing a cell to release cellular content;

a
b. separating said organclle from said cellular content; and

)

opening said organelle by treating said organelie with an aqueous solution
with pH 9 - 14 to obtain a membrang; and

d. re-asscmbling said membrane to form a membrane vesicle.
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[0064] Organelles that have been emptied of their content will be devoid of detrimental
cargo that they can naturally contain, mmchiding harmful endogenous molecules such as DNA
or nuclear membrane components, or any unwanted RNA species, enzymes or ather proteins,
as well as infectious components such as viruses, virus components including virus genonue
material and or prions or similar infectious constituents. Removing the content from
organelies can reduce possible side-cffects caused by such content and thus decrease possible
unwanted ctfects.
[0065] Said organelle can be a mitochondrion.
[0066] The method can further comprise:
¢. loading a cargo to said membrane vesicle, wherein step ¢ can be performed
concomitantly with or after step d.
[0067] Concomitantly with or afier the process of re-assembling emptied organclles, the
newly formed vesicles can be loaded with specific cargos, including different types of
synthetic molecules/chemicals and or proteins (including bioactive or inhibitory molecules
such as hormones, cviokines, chemokines, receptors, or enzymes) with intracellular or
extracelhular targets, or nucleotides that can influence the cell function, phenotype,
proliferation or viabifity, or proteins, peptides or hormones with similar function. Other
examples ot cargo that can be incorporated into the membrane vesicles are disclosed in
connection with other aspects. Membrane vesicles produced according to this aspect can be
useful in therapy, e.g. for targeted delivery of a particular therapeutic cargo.
[0068] Included i the scope of this disclosure is a method of producing membrane vesicles
from organelles comprising:
a. opening a cell by treating sard cell with an aqueous solution withpH 9 - 14 to
obtain a nuxture of membranes;
b. separating organcliar membranes from said mixiure of membranes; and
¢. re-assembling said organcllar membranes to form membrane vesicles.
[0069] The method can further comprise:
d. loading a cargo to said membrane vesicles, wherein step d can be performed
concomitantly with or after step ¢.
[0070] Examples of cargo that can be loaded into the membrane vesicles are disclosed
clsewhere herein. Membrane vesicles obtained by this method can preferably be used in
therapy. Likewise, exemplary methods for separating organcllar membrancs from mixtures

are disclosed herein, e. g by use of an epitope specific binder. In one embodiment, said
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separation further comprises separation of one or more sub-types of organelles from said
mixfure.
[0071] Included in the scope of this disclosure 15 a method of separating a sub-~population
ot extracellular vesicles from an exiracelivlar vesicle bulk, comprnising:

contacting an gpitope spectfic binder with said extracellular vesicle bulk; and

separating said sub-population of extracelular vesicles from said extracelhular vesicle
bulk.
[0072] The released vesicles from any cell, or from any fissue, include a cloud of vesicles
with different content, surface molecules and with cellular ongin. A sub-population of
extracelhular vesicles can have very specific characteristics and have less diversity with
regard to for example surface molecules, functions and targets. A subpopulation of
extraceliular vesicles can be separated by positive and/or negative separation with epitope
specific binders. Typically, the epitope specific binder can be an antibody, a phage, or an
aptamer.
[0073] The epitope specific binder can be an antibody against at least one mitochondnial
membrane protein, preferably MTCO2 protein. By using an antibody against a mitochondrnal
membrane protein as the epitope specific binder, preferably an antibody against MTCO?2, the
solated sub-population of extracelinlar vesicles can have mereased ATP synthase activity.
An isolated sub-population with an increased ATP synthase activity can be used {o treat a
metabolic disorder.
[0074] The epitope specific binder can be an antibody against the surface marker CD63.
The isolated sub-population of CD43 positive extracellular vesicles can have reduced RNA
content as compared to the extracellular vesicle bulk. An isolated sub-population with a
reduced RNA content can be used to deliver cargos with minimum RNA contamination.
[0075] Sub-popuiation of extraceliular vesicies can be separated for use in therapy. In
particular, the sub-population of extracellular vesicles can be separated by a method as
disclosed above.
[0076] A sub-population of extracellular vesicles can be produced for use in treatment of a
metabolic disorder. In particular, the sub-population of extracellular vesicles can be separated

by a method as disclosed above.
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Brief description of the drawines

[0077} The present invention will become more fully understood from the examples herein
below and the accompanving drawings which is given by way of dlustration only, and thus
are not limitative of the present nvention, and wherem:

[0078] Figure 1. Schematic illustration of isolation of a sub-population of extraceHular
vesicles (EVs) by specific binding technigue.

[0079] Figure 2. Mitochondnal membrane proteins and canonical EV marker proteins in
EV isolates detected with ELISA | indicating exastence of mitochondrial protein containing
sub-population of EVs.

[0080] Figure 3. Proteonmics results of sub-population of EVs. MTCO?2 contaming sub-
population of EVs show distinct protein profile and biclogical process. Figure 3A shows the
number of identified proteins in the respective EV sub-populations and the number of
identified proteins unique for cach sub-population or present in more than ong sub-
population. FACELA-EY and MTCO2-EV denote sub-population of EVs isolated by FACLA
and MTCO2 antibodies, respectively. Figure 3B shows the heat map analysis of identified
proteins in the sub-populations of EVs. Figure 3C shows the gone ontology (GO} analysis in
diffcrent groups based on relative guantification of proteins.

[0081] Figure 4. Mitochondrial protems enriched in MTCO2 containing sub-population of
EVs and the interaction of the proteins. Figure 4A shows the relative abundance of
mitochondrial proteins in different sub-populations of EVs. Figure 4B shows the interaction
of the nutochondrial proteins, with energy production machinery proteins, including subunits
of ATP synthase highlighted.

[0082] Figure 5. ATP synthase activity measurement of sub-population of EVs. MTCO2
containing sub-population of EVs has higher ATP synthase activity than non-isolated EVs.
[0083] Figure 6. isolation of CD63 positive EVs and the RNA profile of CD63 positive
EVs. Figure 6A shows the schematic drawing of the isolation of CD63 positive EVs and
CD63 negative EVs. Figure 6B presents RNA profile of CD63 positive and CD63 negative
EVs. CD63 negative EVs contain RNAs, whereas CD63 positive EVs do not. Figure 6C
presents the relative fold change between 1st round and 4th round of CD63 and RNA signal.
[0084] Figure 7. Sub-population of EVs contains active TGF-beta on the surface. TGF-beta
was co-localized with EV markers and could induce intracellular signaling on mesenchyvmal
stem cells. Figure 7A shows the vesicle markers TSG101 and CDE1 measured by Western
Blot and the TGF-beta lovel measured by ELISA i corresponding fractions. Figure 7B

presents the amount of total and active form of TGF-beta 1 fraction 2. Figure 7C shows the
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detection of the two fluoreacent signals from TGF-beta and CD63. Figare 7D presents the
detection of SMAD?2 phosphorvlation in mesenchymal stem cells after treatment with TGF-
beta contaiming EVs.

[0085] Figure 8. TGF-beta contaming EVs induce migration of mesenchymal stem cells
(MSCs} in vitro. Figure 8A presents microscopic images of MSC morphology change with or
without the treatment of TGF-beta contaming EVs. Figure 8B presents microscopic tmages of
MSC migration with or without the treatment of TGF-beta containing EVs. Figure 8C shows
the MSC migration results using a 48-well Boyden chamber. Figure 8D shows the MSC
invasion results using a 48-well Bovden chamber,

[0086] Figure 9. TGF-beta on EVs is more potent than froe TGF-beta for the mesenchymal
stem cell migration and signaling. Figure 9A shows numbers of nugrated MSCs treated with
TGF-beta containimg EVs compared with the same amount of free TGF-beta. Figure 9B
shows the phosphorylation of SMAD?2 in MSCs treated with TGF-beta containing EVs
compared with the same amount of free TGF-beta.

[0087] Figure 10. TGE-beta contaiming EVs increase migration and therapeutic potential of
mesenchymal stem cells i vivo. Figure 10A presents bioluminescence images of OVA
challenged mouse model or control mice after roceiving EV-treated or non-treated MSCs,
Figure 108 presents the eosinophils counts of OV A challenged mouse model or control mice
after receiving EV-treated or non-treated MSCs.

[0088] Figure 11 Maotidity of EVs revealed by {fluorescent microscopy.

[0089] Figure 12, Schematic tlustration of generation of ermptied EVs by removing
ntravesicular cargo.

[0090] Figure 13. Characteristics of emptied EVs generated by removing intravesicular
cargo of extracellular vesicles. Figure 13A presents the size of EVs and emptied EVs
measured by ZetaView"PMX110. Figure 13B presents Western Blot results of selected
proteins in EVs and emptied EVs. Figure 13C shows the RNA content in EVs as measared by
Agilent Bivanalyzer. Figure 13D shows the RNA content in emptied EVs as measuared by
Agilent Bioanalyzer,

[0091] Figure 4. Electron micrograph of EV preparations treated with high pH (Figure

14 A} or revesicudated after sonication (Figure 14B)

[0092] Figure 15. Membrane vesicles are taken up by cultured celis through an active
endocytosis process. Figure 13A presents FACS analysis results of HEK293 cells after
incubation with Dil} labeled EVs. Figure 15B presents FACS analvsis results of HEK293

cells after mcubation with D0 labeled membrane vesicles. Figure 15C presents FACS
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analysis results of HEK293 cells affer incubation with Di0 labeled membranc vesicles at
37°C. Figure 15D presents FACS analysis results of HEK293 cells after incubation with Di0O
labeled membrane vesicles at 4°C.

[0093] Figure 16. Confocal microscope mmages of cultured cells afier being ncubated with
Huorescently labeled EVs or fhiorescently labeled membrane vesicles. Arrows indicate the
green fluorescence.

[0094] Figurc 17. Loading of siRNA molecules with high pH treatment compared with PBS
treatment. siIRNAg are loaded mto membrane vesicles more efficiently than into EVs,

[0095] Figure 18 Membrane vesicles encompass siRNA cargo in the humenal space. Figure
18A presents the number of siRNAs loaded in membrane vesicle with increasing
concentrations of siRNA 1n incubation media. Figure 18B shows the number of siRNAs
loaded m EVs and membrane vesicles. Figare 18C shows the number of siRNAs in EVs and
membrane vesicles with or without RNase A treatment.

[0096] Figurc 19 Confocal microscope images of cultured cells after incubation with
fluorescently labeled cholesterol siRNA . Membrane vesicles loaded with fluorescent siRNA
cargo are taken up by cultured cells. Arrows indicate the red flucrescence.

[0097] Figure 20. RNA profiles from isolated celiular organelles show that the RNA
content 18 similar to those of EVs.

[0098] List of abbreviations

Abbreviation Meaning

PBS Phosphate-buffercd saline

Tris Tris(thydroxymethyhaminomethane
EDTA Ethylenediaminetetraacetic acid

EY Extraceliular vesicle

BSA Bovine serum albumin

CD9% CD9 antigen, a cell surface glveoprotein
Chos3 CD63 molecule, CD63 antigen

CD81 Cluster of Differentiation 81

FACLA Fatty acid-CoA ligase 4

MTCO2 Mitochondrially encoded cytochrome ¢ oxidase I
HRP Horseradish peroxidase

HEPES 4-(2-hydroxyethyl)-1-piperazinecthanesulfonic acid
MES 2~{N-morpholingoethanesulfonic acid

M molar, molfliter

mM millimolar, millimol/liter

SBS sodium dodecyl sulfate

RNA nbonucleic acid

DNA deoxvribonucleie acid

TSG101 tamor susceptibility gene 101

TGF-beta transtorming growth factor beta

17



WO 2017/161010

SDS-PAGE

PCT/US2017/022544

sodivm dodecyl sulfate-polvacrylamide gel electrophoresis

TBS tris-buffered saline
Tween-20 Polvoxyethylene sorbitan monolaurate
AF647 Alexa fluor®™ 647 dve
PE Phycoervthrin
HMC-1 Human mast cell line-1
Triton X-100 polyoxyvethviene octyl phenyi ether
SMAD2 mothers against decapentaplegic homolog 2
DAPI 4' 6-diamidino-2-phenylindole
gPCR guantitative polymerase chain reaction
cDINA complementary DNA
EF1 clongation factor 1
LY2157299 Gulunisertib
MEM mintnm essential medium
ECM extracetlular matrix
OVA ovalbumin
NP40 nonyl phenoxvpolvethoxyiethanol
16s TRNA 165 ribosomal RNA
[8s rRNA 185 ribosomal RNA
EXAMPLES

Example 1. Isolation of sub-population of extracellular vesicles by specific binding
technique using mitochondrial membrane proteins
Materials and method,

[0099] Extracelbular vesicles (EVs) were isolated from Human Mast Cell ine (HMC-1} by

diffcrential ultracentrifugation. Briefly, cells were grown in media containing 10% exosome-
depleted fetal bovine serum tor 3 davs. Cell culture supematant was centrifuged at 300 x g
for 10 min and 16,500 x g for 20 min to remove cells and larger vesicles, respectively. The
supernatant was further ultracentrifoged at 118,000 x g for 3.5 hours to obtain the exosome-
enriched EVs. To obtain higher purity of EVs, buoyant density gradient with OptiPrep™
(Sigma-Aldrich, 5t Lows, MO) was conducted. EVs in PBS (1 mi) were nuxed with 60% of
todixanol (3 ml) and laid at the bottom of an ultracentrifuge tube. A discontinuous iodixansl
gradient {35, 30, 28, 26, 24, 22 20%; 1 mi cach, but 2 mi for 22%) 0 .25 M sucrose, 10 mM
Tris, and | mM EDTA was overlaid, and finally the tubes were filled to completion with
approximately 400 pl of PBS. Samples were ultracentrifuged at 178,000 = g for 16 hours.
Mixture of fractions 2 and 3 (from top)} were diluted with PBS (up tc 94 ml} and
ultracentrifuged at 118,000 x g for 3.5 hours. The pelleted EVs were resuspended in PBS.
[00100] First, exastence of mitochondrnial membrane proteins in the EV isolates was
confirmed by ELISA . EVs were coated on 96 well plates overmight at 4°C. Then the plate

was blocked with 1% BSA in PBS for 1 hour at room temperature and further incubated with
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antibodies against CDY, CD&1, FACL4A, or MTCO2 for 2 hours at room temperature. After
washing with PBS, HRP conjugated secondary antibodics were incubated for 1 hour at room
temperature. Plates were washed with PBS and then developed by colorimetric reaction of
HRP.
[00101] To isolate the mitochondrial proteins contaming sub-populations of EVs, specific
antibodics against mitochondrial membrane proteins were used as shown in Figure 1.
Antibodies of FACLA4 and MTCOZ were coupled to Dyvnabeads according 1o the
manufactarer’s mstructions {Thermo Fischer). Antibody coupled beads wers incubated with
EVs for 2 hours at room temperature. Unbound EVs were removed and washed with PBS
twice. Bead bound EVs were cluted with acidic washing buffer (10 ;M HEPES, 10 mM
MES, 120 mM NaCl, 0.5 mM MgCl2, 0.9 mM CaCl2, pH5).

esulls;
[00102] The markers of EVs, CB9 and CDR1, were detected with ELISA which is
mdicated by optical density (.1}, In addition, mitochondrial membrane proteins, FACLA4
and MTCO2, were detected (Figure 2). This result shows that mitochondrial membrane
proteins are present in the BV isolates and can be detected and isolated with those antibodies.
Example 2. Proteomic analysis of sub-population of extracellular vesicles

Materials and methods:

[00103] The proteome of solated mutochondna protein contaming sub-populations of EVs
were wdeatified by LC-ME/MS. Briefly, 10 ug of vesicles of non-isolated (EV), FACL4-
isolate (FACL4-EY), and MTCO2-isolated (MTCO2-EV) EVs were lysed with 2% SDS and
sonicated. Tryptic digestion of proteins was conducted by Filier Awded Sample Preparation.
Digested peptides were analyzed with an OrbiTrap mass spectrometer. Peak lists of MS data
were generated and peptides/proteins were identified and quantified using the MaxQuant
quantification tool with Andromeda search engine (version 1.5.2.8). The search parameters
used were as follows: enzyvme specificity, trypsin; varable modification, oxidation of
methionine (15.995 Da) and the carbamidomethylation of cysteine (37 021 Da); two missed
cleavages; 20 ppm for precursor ions tolerance and 4.5 ppm for fragment ions tolerance.
Homo sapiens reference proteome set from Swiss-Prot database (20196 entries),
contaminants, and reverse sequences were used for search. For peptide and protein
wdentification, 1% false discovery rate was determined by accumulating 1% of reverse
database hits. To obtain the quantitative data, label-free guantification (LFQ) with a

mintmum of two ratio counts was applied. Normalized LFQ intensity was obtained.

1o



WO 2017/161010 PCT/US2017/022544

Biological process terms of gene ontology (GO) analysis was obtained using DAVID
available at the david nciferf gov website (hittps://david noiferf gov/).

Results;

[00104] [In total, 449, 646, 839 proteins were identified from EV, FACL4-EV, and
MTCO2-EV, respectively. Overlapping proteins between samples 13 presented o Figure 3A.
In addition, heatmap analysis of vesicles is shown in Figure 3B. Based on relative
quantification of proteins, proteins were categorized in 3 different groups. Among them,
‘common’, ‘FACL4-EV cenrich’, ‘"MTCOZ-EV ennch’, and ‘FACLA/MTCOZ-EV ennch’
were further analyzed with gene ontology (Figure 3C}. Most of proteins were common in all
3 vesicles and EV and FACLA4-EV were very similar. However, MTCO2-EV was different
from the other 2 types of vesicles. Importantly, mitochondrial protein containing EVs were
enriched with metabolic process related proteins, compared with non-isolated EVs. These
results indicate that sub-populations of EVs have different protein cargos and can thus
mediate different biological functions.

[00105] Mitochondrial proteins were identificd with higher abundance in MTCQ2-EV
compared with the other 2 types of vesicles (Figure 4A) and were physically bound to cach
other (Figure 48). Importantly, encrgy production machinery proteins including subunits of
ATP synthase were found in MTCO2-EV (Figure 4B).

Example 3. ATP synthase activity of sub-population of extracellular vesicles

Muaterials and methods:

[00106] OUne of the MTCO2-EV ennched mitochondrial proteins which were found from
LC-MS/MS was ATP synthase. The activity of ATP synthase was tested with ATP svnthase
enzyme activity microplate assay kit {Abcam) according to the manufacturer’s instructions.
Non-isolated BV, MTCO2-EY, and MTCO2-unbound EVY were subjected to the test and the
relative activity was measured.

esulls:
[00107] Compared with non-isslated EV, MTCO2-EV has around 2 fold higher ATP
synthase activity {(Figure 5). In addition, MTCOZ-unbound EY has slightlv reduced ATP
synthase activity, although this s not statistically significant. This result suggests that
mitochondrial protein containing sub-population of EVs are enriched with active ATP

synthase.
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Example 4. Isolation and RNA profiling of CD63-positive extracellular vesicles

Materials and methods:

[00108] (163 is a classical marker for EVs. We used anti-CD63 coated magnetic beads to
capture a CD63 positive BV subset. 100 ug of EVs were incubated with 107 magnetic beads
{Life-technology, 10606D} overnight at 4 degree with gentle rotation (Figure 6A). Beads
were removed and fresh beads were added. These steps were repeated for 3 more times.
Later, C363 positive EVs on beads and CD63 negative superatant were subjected to RNA
1solation using Exigon total plant and animal cells kit as per manufacture recommendations.
RNA size profiles were compared using bicanalyzer with nano-chip. Gain of EVs associated
proteins or EVs associated RNA signal bounded on CD63 beads was evaluated by measuring
the gain i CD63 fluorescent signal in EVa bounded beads and RNA measurements from
round the first and the fourth round of capture.

Results;

[00109] Cur finding indicated that bioanalyvser RNA profile showed no/un-detectable traces
of RNA m CD63 posiive EVs (Figure 6B). This suggests presence of CID63 positive EVs
subsets do not contain any detectable RNA. Whereas the CD63 negative EVs had majority of
RNA nucleotides present in bead unbounded form.

[00110] To further confirm the capture of CD63 positive EVs on beads we measured the
mean flhucrescence signal of CD63 using flow cyvtometry and RNA from first round of captore
and 4th round of capture. From the ratio between st round and 4th round of U363 and RNA
signal showed ~30 9% and ~0.3 % increase respectively (Figure 6C). Taken together this data
indicate that CD63 positive EVs devoid of RNA that are usually considered to be the part of
EVs.

Example 5. Sub-population of extracellular vesicles contain TGF-beta

Muaterials, methods and results:

[00111] EVs were isolated from HMC-1 by differential ultracentrifugation as described in
example 1. After OptiPrep™ gradient, cach fraction was obtained. Vesicle markers (TSG101
and CD81) and TGF-beta level were measured by Western Blot and ELISA, respectively. For
the Western Blot, each fraction of OptiPrep™ gradient were subjected to SDS-PAGE and
transferred onto Nitrocellulose membranes. Membranes were blocked with 5% BSA in TBS
containing $.05% Tween-20 and incubated with primary antibodies for overnight at 4 degree.
After washing with TBS containing 8.05% Tween-20, HRP conjugated secondary antibodies

for 1 hour at room temperature. Jmmunoreactive bands were visualized. Levels of TGF-beta
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1 {total and active form} in vesicles were performed using a TGF beta 1 ELISA Ready-SET-
Go kat (eBioscience, Affymetrix, Inc) according to the instruction of the manufacturer.
[00112] Both TSGI01 and CD81 were found in fraction 2 mostly but also in other fractions
(Figure 7A4). In addition, most of TGF-beta was found in fraction 2 with active form of TGF-
beta (Figure 7TA and 7B). These results show that EVs harbor active TGF-beta.

[00113] Colocalization of EVs and TGF-beta, flucrescent correlation spectrometry was
conducted. Freshly isolated EVs were labeled with TGFbeta-AF647 and CD63-PE. The
labeled EVs were loaded from bottom on OptiPrep™ cushion (0, 20, 30, 30 %) and
centrifuged at 40,000 rpm for 4 hours (SW40-T1 Rotor) to separate them from free unbound
dve. The lipid labeled vesicles were collected from 20-30 % and washed in PBS for 120,000
x g for 3.5 hours. Washed pellet was subjected to custom designed two color fluorescent
correlations spectroscopy svstem with configuration microscope system. As shown in Figure
7C, two fluorescent signals from TGF-beta and CD63 were detected at the same time points,
mmplicating that EVs harbor TGF-beta on their surface.

[00114] MNext, activity of TGF-beta on vesicles was examined by {reating them to
mesenchymal stem cells (MSCs). MSCs were grown to 70-80% confluence. After washing
with PBS, EVs from HMC-1 cells (100 pg/ml) were treated. At 0, 5, 15, and 30 minutes after
treatment, downstream signal of TGF-beta was analvzed by Western Blot. One of important
TGF-beta downstream signal molecules, SMAD?2, was phosphorviated with time-dependent
manner {Figure 78).

[00115] In sunwmary, EVs harbor active TGF-beta on their surface. TGF-beta can induce
the intercellular signaling via TGF-beta type-1 receptor and SMAD2.

Example 6, TGF-beta containing sub-population of extracellular vesicles induce
migration of MSCs in vifro with higher activity than free TGF-beta

Muaterials, methods and results:

[00116] MSCs were treated with EVs and their morphology change was observed with
microscopy {(Figure 8A}. Cells were more elongated afier treatment. MSCs were grown to 70-
%0% contluence in 6 well plates and the monolayer cells were scratched with a 1 ol pipette
tip across the center of wells. After washed with PBS, MEM plain medivm with or without
EVs from HMC-1 cells {100 ug/mi) was added to plates. Migratory cells from the scratched
boundary were imaged after 24 and 48 hours. EV-treated M5Cs showed increased wound
healing activity compared with non-treated MSCs (Figure 8B}

[00117] MSCs nugration and invasion were evaluated using a 48-well Bovden chamber

{Neuroprobe Inc). Cells (53000 cells/well} were sceded to the bottom compartment and was
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separated from the upper part by a polvcarbonate membrane with 8 ym pores. The membrane
was pre-coated with $.1% gelatin or 200 pg/ml ECM Gel from Engelbreth-Holm-Swarm
murine sarcoma { Sigma-Aldrich). Afier seeding, cells were allowed to adhere onto the
membrane by inverting the chamber assembly upside down for 3.5 hours. Later the chamber
was placed in correct orientation and EVs were added m the upper compartment. After
incubation for 12 hours at 37°C, the membrane was removed and cells on the migrated sides
were fixed in methanol (10 nuns), and stained with Giemsa (Histolab) for 1 hour. Cell from
the non-migrated side were wiped out before imaging. Three ficlds at 40 x magnification
were imaged. Migration and mmvasion of MSCs were significantly increased by EV treatment
in dose-dependent manner (Figure 8C and 813}, This migratory activity was higher if MSCs
were treated with EVs, compared with same amount of free TGF-beta (Figure 9A).
Furthermore, phosphorvlation of SMADZ2 was prolonged in EV-treated MSCs (Figare 9B).
[00118] Colectively, TGF-beta containing sub-population of EVg induce the MSC
migratory activity i vitro and this activity is more potent if TGF-beta 1s localized in the EVs.
Example 7. TGF-beta containing sub-population of extracellular vesicles increase
migration and therapeutic efficacy of MSCs in vivo

Materials and methods:

[00119] OV A challenged mouse model of lung inflammation was used to evaluate the
migration and therapeutic potential of EV-treated MSCs. Intra-peritoncal {(1.p} injection OVA
(8 ug/body) were performed to sensitized mousc on day 1. Un three consecutive days (14, 15
and 16 day) the mouse was intra-nasally {in} exposed to 100 pg/body OVA (OVA/OVA
group) or with PBS (OVA/PBS). On Day 17 post sensitization mouse from each group
recetved 0.3 Million MSCs (expressing constitutive Luciferase and Green Fluorescent
Protein} that are cither incubated or not incubated with EVs for 48 hours. Afier 10 mins, 30
ming and 60 mins, bioluminescence {photons/sec/cm?} from whole body of the mice was
acquired with IVIS spectrum {Caliper Life Sciences). Three days later, mice were sacrificed
and cosinophils in Bronchoalveolar lavage (BAL) fluid were counted.

[00120] Mugration of MSCs to the nflamed hung tissue was higher in EV-treated MSCs
compare with non-treated MSCs in OVA/OVA group at 10, 30, and 60 mimistes (Figure 10A).
However, there was no difference between EV-treated and non-treated MSCs in OVA/PBS
group. After 3 days of injection, therapeutic activity of MSCs was evaluated by eosinophils
counting in BAL fluid. As compared with non-treated MSCs injected mice, EV-treated MSCs

injected mice showed lower cosinophils numbers 0 OVA/OVA group (Figure 10B). These
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results suggest that TGF-beta contaiming EVs increase the miugratory activity of MSCs toward
inflamed tissue, thereby enhance the therapeutic efficacy of MSCs.

Exampie 8, Motility of sub-population of extraceliular vesicles

Materials and methods:

[00121] EV was pelleted down at16,500 x g, re-suspended and further diluted m PB5S. A

volume of 100 ul was then placed i the center of a glass bottom culture dish (35 mm petri
dish, 14 mima microwell, no. 1.0 coverglass (1.13-1.16 mny), MatTek Corporation) and lefi to
sediment for 15 minutes at room temyperature. The glass bottom dish was then gently washed
three times with PBS. PKH67 dye dihited in Diluent C (Sigma-Aldrich) 1:1000 was added to
the center of the glass bottom dish in a volume of 500 pl and leff to incubate for 5 minutes at
room temperature. The dishes were then again gently washed three times with PBS after
which the sample was immediately evaluated under the microscope (Axic Observer Z1,
Zeigs). Time-lapse photos were acquired with 30 second intervals over a period of 8 minutes
to monitor the motility of vesicles in the sample.

Resulis:

[00122] EVs that were labeled with PKHG67 dye were visualized with green fluorescent
signal and changed their morphology over a period of times (Figure 11). This result indicates
that a sub-population of EVs has motile activity,

[00123] Example 9. Generation of emptied EV by removing intravesicular carge of
extraceliular vesicles

Materials and meihods:

[00124] Schematic illustration of generation of therapeutic membrane vesicles is shown in
Figure 12, EVs from HMC-1 cells were incubated with high pH solution (200 mM sodium
carbonate, at pH 11} for 2 hours at room temperature. To collect the membrane only,
OptiPrep™ density gradient was conducted. Sample was mixed with 60% OptiPrep™ to
make 45% OptiPrep™. Mixed 45% OptiPrep™ was laid on the bottom and overlaid with 10
and 30% OptiPrep™. Sample was ultracentrifuged at 100,000 x g for 2 hours. Membranes
were obtained from mterface of 10 and 30% OptiPrep. Isolated membranes were re-
vesiculated by sonication.

Resulis;

[00125] 'The size of EVs and emptied EV which was measured using ZetaView®™ PMX 110
(Particle Matrix) was sinilar and showed median size at 124 and 122 nm, respectively
(Figure 13A). Intravesicular cargo, proteins and RNA, were analyzed by Western Blot and

Bicanalyzer, respectively. Emptied EVs had reduced intravesicular proteins, beta-actin and
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TSG10L, but still contained the membrane protein CD&1 (Figure 13B). Farthermore, EVs
contained abundant RNA (Figure 13C), but emapticd EVs contained almost no RNA as
measured by Agilent Bioanalyzer (Figure 131). Additionally, electron microscopy confirmed
that EV membranes collected after high pH treatment did not form vesicles (Figure 14A},
while EVs that were processed and re-vesiculated by sonication readily formed vesicles with
typical exosomes characteristics {Figure 14B). From these results, we could conclude that
membrane of EVs without intravesicular cargo can be obtained by high pH treatment and can
be reassembled.

Example 10, Cellular uptake of re-vesiculated membrane vesicles

Materials and methods:

[00126] EVs from HEK293T celis were incubated with high pH solution (200 mM sodium

carbonate {ag.)}, at pH 11} for 2 hours at room temperature. To label the membrane, Hpophilic
dye, Ih {5 uM), was added and incubated for 1 hour at room teraperature. The sample was
subsequently mixed with 60% (w/V) todixanol to obtain a sample solution containing 45%
{(w/V}) iodixanol. The sample solution was placed at the bottom of a centrifuge tube and a
10% (w/V} todixanol solution followed by a 30% (w/V} 1odixanol solution were added on top
of the sample solution to form a density gradient. The tube with its contents was subsequently
ultracentrifuged at 100,000 x g for 2 hours to obtain membranes from the interface between
the 10% (w/V) and the 30% (w/V) iodixanol laver. The isolated membranes were subjected
to sonication to reassemble membrane vesicles. At the same time, EVs from HEK293T cells
were incubated with BiG (5 uM) and punfied by an iodixanol density gradicnt as described
above but without high pH treatment. The number of membrane vesicles and EVs was
measured by ZetaView® instruments.

[00127] For FACS analysis, HEK293T cells (1 x 10° cells) were seeded on 24 well plates
and incubated overnight. Dhitterent number of Di0 labeled membrane vesicles or EVs were
incubated with the cells for 1 hour at 37 or 4°C. Cells were washed with PBS once,
trypsinized, and then fixed by 4% paraformaldehyde for 10 min at room temperature. D0
signal in the cells was analvzed by FACS.

[00128] For confocal microscopy, HEK293T cells (1 x 10° cells) were seeded on glass
cover slips on 24 well plates and incubated overnight. IhO labeled membrane vesicles (1 x
10%/mb) or EVs (1 x 10%/ml) were incubated for different time points (3, 6, 12, 24 hours) at
37°C. Cells were stained with CellMask Decp Red Plasma membrane staining dye for 10 min

at 37°C. Cells were washed with PBS once and fixed by 4% paraformaldchyde for 10 nun at

N2
Wn
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room temperature. Glass cover slips were mounted on slides with ProLong® Diamond
Antifade Mountant with DAPL Fluorescence was cbserved by confocal microscopy.

Results;

[00129] FACS data showed that both EVs and membrane vesicles were efficiently taken up
by the recipient HEK293T cells after a 1 hour mncubation. Membrane vesicles showed higher
Huorescent signal compared to EVs (Figures 15A-B). This uptake was totally abolished by
4°C jncubation, which suggests that uptake is involved with active endocytosis mechanism
(Figures 13C-D).

[00130] Confocal data showed that both membrane vesicles and EVs were taken up by
HEK2937T cells, but uptake of membrane vesicles was faster than EVs (Figure 16).

Example 11. Loading cholesterol-siRNA into membrane vesicles

Materials and methods:

[00131] EVs from HEK293 cells were diluted to 1x10'/ml and incubated in either PBS or

0.1M sodium bicarbonate pH 11 for two hours at room temperature. The proparations were
pelleted at 100,000 x g for 15 min at 4°C and the resulting peliet was washed once and
resuspended in PBS. The two preparations were incubated with increasing amounts of Alexa
647-labeled s1RNA targeting luciferase, ranging from 0.5uM to 5uM. For the EVs suspended
n PBS, the preparations were muxed at 37°C for 1 hour at 450 RPM. Each sample was then
spun at 100,000 x g for 15 minutes to pellet the EVs, the supematant was removed, and the
pellet was resuspended in PBS. Forthe EVs treated at phll, the preparations were sonicated
for 30 mimutes and purified on an iodixanol gradient as described in Example 10, above. Al
samples were resuspended i PBS and aliquoted in a 96-well plate, which was analyvzed for
total fluorescence signal (excitation at 6470m, cmission at 675nm) and plotted against an
Alexa 647 standard curve.

Results;

[00132] As shown in Figure 17, both the EVs resuspended in PBS and the EVs treated at
pHIl bind the fluorescent siRNA in a dose-dependent manner. At all concentrations
measured, the EVs treated at pH 11 had a higher thuorescent signal than the EVs in PBS. At
the highest siRNA concentration used (5uM), the pH11 vesicles contained about 1,100
siRNA molecules per vesicle compared to about 800 siRNA molecules per vesicle for the
PBS vesicles. These results indicate that treating EV's with high pH allows for higher loading

efficiency than unmodified EVs.
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Example 12, Lumenal protection of siRNA in high pH treated membrane vesicles
Marterials and methods:

[00133] EVs from HEK293T celis were incubated with high pH solution (200 mM sodium

carbonate (aq.}, at pH 11) for 2 hours at room temperature. Different concentration (0, 0.6, 2,
6, 20, 60 uM) of Cy3-labeled cholesterol-siRNAs against cMyc were added and incubated for
1 hour at 37°C. Membranes were isolated by iodixanol density gradient as described above.
The 1solated membranes were subjected to sonication to reassembic membrane vesicles. The
number of membrane vesicles was measured by ZetaView" instruments. The number of
siRNAs on membrane vesicles was calculated using by fitting to a fluorescence intensity
standard curve, which was measured by Varioscan mstrument at excitation/emission of 650
/670 nm.

[00134] EVs from HEK293T ¢celis were incubated with Cy3-labeled cholesterol-siRNAs
(60 uMj} for 1 hour at 37°C and purified by an wodixanol gradient as described above. The
number of siRNAs was calculated with same method as described above.

[00135] Membrane vesicles and EVs loaded with Cy3-labeled cholesterol-siRNAg (60 uM)
were incubated with RNase A {10 pe/ml} for 20 min at 37°C, and then further isolated by
todixanol density gradient. The remaining fluorescent intensity was measured and number of
siRMNAs was calculated.

Results:

[00136] Loading of membrane vesicles was highly dependent on the siRNA concentration.
As shown 1n Figure 18A, the average number of siRNA molecules per membrane vesicle
reached as high as ~10,000 when the membrane vesicles were used at the highest
concentration of 60uM. At this concentration, membrane vesicles were loaded with sitRNA
more ctficiently than EVs (Figure 18B). importantly, a significant amount of the siRNA
signal associated with EVs was removed after RNase A treatment, while the siRNA signal
from membrane vesicles was more moderately reduced after RNase A treatment (Figure
18} These results suggest that the membrane vesicles incorporated the siRNA both onto the
vesicle surface as well as within the lumen of the vesicle, while EVs only incorporated the
siRNA onto their outer surface. This method demonstrates that membrane vesicles can be
more efficiently loaded with macromolecular cargo than EVs.

Example 13. Uptake of cholesterol-siRNA loaded membrane vesicles

Materials and methods:

[00137] Membrane vesicles were loaded with Cy3-labeled cholesterol-stRNAg (60 uM) as

described in Example 12, above. HEK2937T cells (1 x 10° cells) were seeded on glass cover
P g
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stips on 24 well plates and mecubated overmight. Membrane vesicles loaded with the siRNA (5
x 10%ml) were incubated for different durations (3, 6, 12, 24 hours) at 37°C. Cells were
washed with PBS once and fixed by 4% paraformaldchvde for 10 min at room temperature.
Glass cover slips were mounted on shides with ProLong® Diamond Antifade Mountant with
DAPI Fluorescence was observed on confocal microscopy.

[00138] Fluorescent signal in the cvioplasm of the recipient cclls was observed most
intensely at 3 and 6 howrs after treatment, but was decreased at 12 and 24 hours (Figure 19},
The kinetics of fluorescent siRNA uptake signal was similar to the uptake of membrane
vesicles as described m Example 10, above. This result indicates that membrane vesicles
loaded with siRNAs were efficiently delivered to the cyioplasm of recipient cells.

Example 14. Isolation of organelles from cells

Muaterials and methods:

[00139] Crude organelle preparations were made from HMC-1 cells. Bricfly, cells were
washed with PBS and suspended 1n ice cold buffer-f {150 mM Na(l, 50 mM HEPES pH 74
and 25 ug/mi Digitoning for 20 munutes in ice and then centrifuged at 2,000 x g to pellet the
cells. This pellet was incubated with Buffer-if (150 mM NaCl, 50 mM HEPES pH 7 4 and
196 NP40) for 40 minutes m ice and centrifuged at 7,000 x g to pellet nuclei and cellular
debns. The supernatant containing crude membrane-bound organclles was enriched in
Endoplasmic reticulum {ER), Golgi, Mitochondria and some nuclear luminal proteins. Thig
fraction was nuixed with 60% iodixano! and loaded below various percentages of OptiPrep™
to form a density gradient (0, 20, 22, 24, 26, 28, 30, 35 and 50%;} and ultracentrifuged for 16
hours at 178,000 x g Ten fractions {top 1o bottom)} were collected and subjected to RNA
isolation using Exigon total plant and animal cells kit (Exiqon}. Distribution of RNA traces
across various floating densities was determined by Bioanalvzer profile.

esulls:
[00140] As shown in Figure 20, the distribution of RNA i the gradient was quite broad
and RNA traces were found across the gradient. Interestingly, long ENA (16s and 185 tRNA)
sequences were enriched in low density fractions but short RNA stretches were highly
enriched in high density fractions. The overall distribution of crude organclies was sinnlar to
the RNA profiles scen from EV preparations. This RNA-based distribution data shows that

cellular organclies contribute to a subset of EVs in a mixed EV population.
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CLAIMS
L A method for producing membrane vesicles comprising:
a. providing extracellular vesicles or organelles;
b. opening said extracellular vesicles or said organelles by treatment with an
aqueous solution having a pH ranging from 9 to 14 to obtain membranes;
c. removing intravesicular or organcllar content; and
d. re-assembling said membranes to form membrane vesicles.
2. The method according to claim 1, wherein step d is done by one or more of

sonication, mechanical vibration, extrusion through porous membranes, electric

current and combinations thereof

(7S]

The method according to claim 1 or 2, further comprising:

2. loading a cargo into said membrane vesicles, wherein step e can be performed

concomitantly with or after step d.

4 The method according to claim 3, wherein step ¢ is done by physical manipulation
after step d, wherein said phvsical manipulation is selected from clectroporation,
sonication, mechanical vibration, extrusion through porous membranes, application of

electric current and combinations thereof.

5. The method according to claim 3 or 4, wherein said cargo is selected from a synthetic
bioactive compound, a natural bicactive compound, an antibactenal compound, an
antiviral compound, a protein, a nucleotide, a genome editing system, microRNA,
siRNA, long-non-~coding RNA, antago-miRs, morpholino, mRNA, t-ENA, v-RNA,
RNA numics, DNA, and combinations thereof

6. The method according to clapm 5, wherein said cargo 18 TGF-beta.

~3

The method according to claim 5, wherein said genome editing system s g CRISPR
system.
8. The method according to claim 7, wherein said CRISPR system 1s CRISPR-Cas9

system.

O

The method of claim 5, wherein said microRNA or said siRNA specifically binds to a
transcript encoding a mutated or non-mutated oncogene.

14 The method of claim 9, wherein said oncogene is KRAS G12D, KRAS G12C,
KRASGI2V, N-Myc, c-Mye, or L-Mye.
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1l

12.

14.

16.

17.

i8.

19.

21

The method according to any one of the preceding claims, wherein said membrang
vesicles have at least one physiological property different from the population of
extracelular vesicles or organclles from which said membrane vesicles derive,
wherein the physiological property is related to one or more of: biodistubution,
cellufar uptake, halftlife, pharmacodynamics, potency, dosing, tmmune response,
loading efficiency, stability, or reactivity to other compounds.

The method according to claim 11, wherein said different physiological property 1s
mproved targeting efficiency, mmproved delivery, or an increase in therapeutic cargo
to a recipient cell, organ, or subject.

The method according to any one of claims 3-12, wherein said cargo 1s loaded mito
said membrane vesicles more efficiently than said cargo is loaded mito extracellular
vesicles or organelles from which said membrane vesicles are derived.

The method according to any one of the preceding claims, wherein said extracellular
vesicles are a sub-population of extraceliular vesicles derived from an extracellular
vesicle bulk, or wherein said organclies are one sub-tvpe of organclle denived from a
plurality of organclies.

The method according to claim 14, further comprising pror to step a:

contacting an epitope specific binder with said exiraceltular vesicle bulk or said
organelles; and separating said sub-population of extracellular vesicles or sub-type of
organclles from said extracelludar vesicle bulk or plurality of organelles,

The method according to claim 15, wherein said epitope specitic binder is an
antibody, phage or an aptamer.

The method according to claim 16, wherein said epitope specific binder is an antibody
agamnst at least onc mitochondrial membrane protein, preferably MTCOZ protein.
The method according to claim 16, wherein said epitope specific binder is an antibody
against the surface marker CD63.

Therapeutic membrane vesicles comprising:

vesicles formed from membranes, said membranes being derived from extraccliular
vesicles or organelies.

The therapeutic membrane vesicles according to claim 19, wherein said membrane
vesicles are loaded with a therapeutic cargo.

The therapeutic membrane vesicles according to claim 20, wherein said therapeutic
cargo comprises one or more therapeutic compounds selected from a synthetic

bicactive compound, a natural bicactive compound, an antibacterial compound, an

30
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antiviral compound, a protein, a nucleotide, a genome editing system, microRNA |
siRNA, long-non-coding RNA, antagomiRs, morpholino, mRNA, -RNA, y-RNA,
RNA mumics, DNA, and combinations thercof.

22, The therapeutic membrane vesicles according to claim 20 or 21, wherein said
therapeutic cargo comprises an enzyme that catalyzes the production of ATP.

23. The therapeutic membrane vesicles according to claim 22, wherein said enzyme is
A'TP synthasc.

24, The therapeutic membrane vesicle according to claim 20 or 21, wherein said
therapeutic cargo comprises a compound with the capability of influencing the
phenotype and/or function of mesenchymal stern cells such as to increase the
migration or anti-inflammatory function of said mesenchymal stem cells.

25, The therapeutic membrane vesicles according to claim 20 or 21, wherein said
therapeutic cargo comprises a compound relaied to anti-inflammatory function, or a

compound related to pro~inflammatory function.

DD
<2

The therapeutic membrane vesicles according to claim 24 or 25, wherein said

therapeutic cargo is TGF-beta.

~

The therapeutic membrane vesicles according to claim 20 or 21, wherein said

therapeutic cargo comprises a genome editing system,

2% 'The therapeutic membrane vesicles according to claim 27, wherein the genome
editing system is a CRISPR system.

29, The therapeutic membrang vesicles according to claim 28, wherein the CRISPR
system 1s CRISPR-Cas9 system.

30, The therapeutic membrane vesicles according to any of claims 20-29, wherein said
cargo is loaded into said membrane vesicles more efficiently than said cargo is loaded
nto extraceliular vesicies or organeiles from which said membrane vesicles are
derived.

31, The therapeutic membrane vesicles according to any one of claims 19-30, wherein

said extraceliular vesicles are a sub-population of an extracellular vesicie bulk having

a different sub-set of membrane and surface molecules than the extracellular vesicle

bulk, or wherein said organelles are one sub-type of organclle bulk having a different

sub-set of membrane and surface maolecules than the organelie bulk.

(5]
N

The therapeutic membrane vesicles according to claim 3 1, wherein said membrane

vesicles are characterized by at least one of

31
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i surface membrane molecules are mverted,

4. at least one type of surface molecules with the capability of influencing the
phenotype and function of mesenchymal stem cells such that the anti-

inflammmatory function of said mesenchymal stem cells is increased;

it at least one type of surface marker common to extracellular vesicles is either

present or absent;

v, at least one type of mitochondrial membrane surface molecule 1s present;
V. at least one type of nuclear membrane surface molecule 1s present; and
Vi, at least one tvpe of membrane molecule from Golgi and/or Endoplasmic

reticulum is present.

33 The therapeutic membrane vesicles according to any one of claims 19-32, wherein
said therapeutic membrane vesicles have a capability of migrating through tissucs.

34, The therapeutic membrane vesicles according to any one of claims 19-33, wheremn
said membrane vesicles have increased motility as compared to the extracellular
vesicles or organclics from which said membrane vesicles are denved.

35, The therapeutic membrane vesicles according to any one of claims 19-34, wherein
satd extracellular vesicles or organelles originate from a cancer cell, a cancer cell line,
an inflammatory cell, a structural cell, a neoral/ghial cell/oligodendrocyte ora
mesenchymal/embryonic stem cell.

36.  The therapeutic membrane vesicles according to any one of claims 19-33, wheremn
said extracellular vesicles or organelles have been isolated from a normal or diseased
tissugc, including a tumor, bone marrow, or inunune colls isolated from blood, Ivmph
nodes or spleen.

37.  The therapeutic membrane vesicles according to any ong of claims 19-36 wherein said
membrang vesicles are obtainable by a method as defined in any one of claims 1-18.

38.  Therapeutic membrane vesicles according to any one of claims 19-37 foruse in
therapy.

39, 'Therapeutic membranc vesicles according to any one of claims 19-38 for use in
treatment of a metabolic disorder.

40. A method of treating a metabolic disorder comprising administering therapeutic

membrane vesicles according to any one of claims 19-39, {0 a patient in need thereof.
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41, Use of therapeutic membrane vesicles according to any one of claims 20-40 for
targeted delivery of said therapeutic cargo.

42, A method of separating a sub-population of extraceliular vesicles from an
extracellular vesicle bulk, comprising
contacting an gpitope spectfic binder with said extracellular vesicle bulk; and
separating said sub-population of extracclular vesicles from said extracelhular vesicle
bulk.

43, The method according to claim 42, wherein said epitope specific binder i1s an
antibody, a phage, or an aptamer.

44, The method according to claim 43, whercin said epitope specific binder is an antibody
against at least one mitochondrial membrane protein, preferably MTCO2 protein.

45, 'The method according to claim 43, wherein said epitope specific binder s an antibody
agamst CD63.

46.  The method according to claim 45, wherein said sub-population of extraceliular
vesicles has reduced RNA content as compared to said extraceliular vesicle bulk.

47 A sub-population of extraceliular vesicles produced accordimg to any one of claims
42-46, for use in therapy.

48, A sub-population of extracelluiar vesicles produced according to any one of claims

42-46, for use n treatment of a metabolic disorder.
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