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PROCESS FOR PREPARING EXTRACELLULAR VESICLES

CROSS-REFERENCE TO RELATED APPLICATIONS
[0001] This application claims the benefit of U.S. Provisional Patent Application No.
62/822,013, filed March 21, 2019; U.S. Provisional Patent Application No. 62/835,436, filed April
17, 2019; U.S. Provisional Patent Application No. 62/903,524, filed September 20, 2019; U.S.
Provisional Patent Application No. 62/946,895, filed December 11, 2019; and U.S. Provisional
Patent Application No. 62/984,141, filed March 2, 2020, each of which is incorporated herein by

reference in its entirety.

REFERENCE TO SEQUENCE LISTING SUBMITTED
ELECTRONICALLY VIA EFS-WEB

[0002] The content of the electronically submitted sequence listing (Name:
4000 035PCO5_SequenceListing ST25 txt, Size: 54,038 bytes; and Date of Creation: March 17,

2020) submitted in this application is incorporated herein by reference in its entirety.

FIELD OF DISCLOSURE

[0003] The present disclosure provides multistep chromatographic methods for preparing
extracellular vesicles (EVs). The methods are effective in preparing high-quality EVs on a large

scale.

BACKGROUND OF DISCLOSURE

[0004] Extracellular vesicles (EVs) are important mediators of intercellular
communication. They are also important biomarkers in the diagnosis of many diseases, such as
cancer. As drug delivery vehicles, EVs offer many advantages over traditional drug delivery
methods, especially for gene therapy. The use of EVs for therapeutic purposes requires that EVs
be free or mostly free of impurities including, but not limited to, undesirable host cell proteins,
DNA, carbohydrates, and lipids. Current purification methods do not offer sufficient selectivity to

remove significant amounts of these impurities so additional processes are desired to improve

purity.
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[0005] Furthermore, synthetic nano- and/ or micro-carriers such as EVs often struggle to
meet clinical expectations because of heterogeneity in their physicochemical parameters that
confer targeting efficiency, immune evasion, and controlled drug release. This is mainly due to the
complexity of nanoparticle properties (composition, size, shape, rigidity, surface charge,
hydrophilicity, stability, and ligand type and density), payload properties (drug type, solubility,
loading, potency, dosing, immune response, and release kinetics), and in vivo physiological barriers
to nanoparticle trafficking (immune surveillance, particle extravasation, tissue targeting, tissue
penetration, and cellular uptake). Although a considerable amount of effort has been made,
effective methods for isolating discrete sub-populations of EVs (especially at scale) are not yet
readily available.

[0006] In addition, therapeutic use of EVs requires larger-scale production and preparation
of EVs. The heterogeneity and complexity of EVs make it difficult and costly to provide EVs in a
large amount, while ensuring their quality. Inherent variability of the production and preparation
process make it both expensive and unpredictable.

[0007] Therefore, effective and efficient methods for large-scale production, isolation

and/or sub-fractionation of EVs are needed to enable use of EVs for therapeutic purposes.

SUMMARY OF DISCLOSURE

[0008] In some aspects, the present disclosure provides a method of preparing purified
extracellular vesicles (EVs) from a sample comprising EVs comprising: (i) contacting the sample
with a cation exchange chromatography (CEX) resin ("CEX-process") and (ii) contacting the
sample with an anion exchange chromatography (AEX) resin ("AEX-process").

[0009] In a first embodiment of the first aspect, the CEX process is performed prior to the
AEX process. In a second embodiment of the first aspect, the pH of the CEX process is the same
as the pH of the AEX process. In a third embodiment of the first aspect, the pH of the CEX process
is lower than the pH of the AEX process. In a fourth embodiment of the first aspect, the CEX
process is in a flow-through mode.

[0010] In a fifth embodiment of the first aspect, the pH of the CEX process is lower at least
by 0.1, at least by 0.2, at least by 0.3, at least by 0.4, at least by 0.5, at least by 0.6, at least by 0.7,
at least by 0.8, at least by 0.9, at least by 1.0, at least by 1.1, at least by 1.2, at least by 1.3, at least
by 1.4, at least by 1.5, at least by 1.6, at least by 1.7, at least by 1.8, at least by 1.9, at least by 2.0,
at least by 2.1, at least by 2.2, at least by 2.3, at least by 2.4, at least by 2.5, at least by 2.6, at least
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by 2.7, at least by 2.8, at least by 2.9, at least by 3.0, at least by 3.1, at least by 3.2, at least by 3.3,
at least by 3.4, at least by 3.5, at least by 3.6, at least by 3.7, at least by 3.8, at least by 3.9, at least
by 4.0, at least by 4.1, at least by 4.2, at least by 4.3, at least by 4.4, at least by 4.5, at least by 4.6,
at least by 4.7, at least 4.8, at least by 4.9, or at least by 5.0 than the pH of the AEX process.
[0011] In a sixth embodiment of the first aspect:
(a) the pH of the CEX process is between 5 and 6 and the pH of the AEX process is between
6 and 7;
(b) the pH of the CEX process is between 5 and 6 and the pH of the AEX process is between
7 and 8;
(c) the pH of the CEX process is between 5 and 6 and the pH of the AEX process is between
8 and 10;
(d) the pH of the CEX process is between 5 and 6 and the pH of the AEX process is between
8 and 9;
(e) the pH of the CEX process is between 5 and 6 and the pH of the AEX process is between
9 and 10;
(f) the pH of the CEX process is between 6 and 7 and the pH of the AEX process is between
7 and 8;
(g) the pH of the CEX process is between 6 and 8 and the pH of the AEX process is between
8 and 10;
(h) the pH of the CEX process is between 7 and 8 and the pH of the AEX process is between
8 and 9;
(1) the pH of the CEX process is between 7 and 8 and the pH of the AEX process is between
9 and 10;
(j) the pH of the CEX process is between 8 and 9 and the pH of the AEX process is between
9 and 10;
(k) the pH of the CEX process is between 6 and 7 and the pH of the AEX process is between
8 and 9; or
(I) the pH of the CEX process is between 6 and 7 and the pH of the AEX process is between
9 and 10.
[0012] In a seventh embodiment of the first aspect, the method further comprises
contacting the AEX-processed sample with a mixed-mode chromatography, hydrophobic charge

induction chromatography, or a hydrophobic interaction chromatography. In an eighth
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embodiment of the first aspect, the method further comprises contacting the AEX-processed
sample with a mixed-mode chromatography.
[0013] In a ninth embodiment of the first aspect, the sample is run in the following
sequence:
(2) CEX-AEX-MMC;
(b) CEX-MMC-AEX;
(c) AEX-CEX-MMC;
(d) AEX-MMC-CEX;
(e) MMC-CEX-AEX; or
(f) MMC-AEX-CEX.
[0014] In a tenth embodiment of the first aspect, the CEX process is repeated at least two
times, at least three times, at least four times, at least five times, or at least six times. In an eleventh
embodiment of the first aspect, the AEX process is repeated at least two times, at least three times,
at least four times, or at least five times.
[0015] In a second aspect, the present disclosure provides a method of preparing EVs
comprising:
(a) contacting a sample which comprises the EVs with an anion exchange chromatography
(AEX) resin, thereby obtaining an AEX-processed sample, and
(b) contacting the AEX-processed sample with a mixed-mode chromatography (MMC) resin,
thereby obtaining an MM-processed sample.
[0016] In a first embodiment of the second aspect, the sample has been processed by a
cation exchange chromatography (CEX) process prior to the AEX process. In a second
embodiment of the second aspect, the MMC process immediately follows the AEX process.
[0017] In a third aspect, the present disclosure provides a method of preparing extracellular
vesicles (EVs) comprising:
(a) contacting a sample which comprises the EVs with a CEX resin, thereby obtaining a CEX-
processed sample, and
(b) contacting the CEX-processed sample with a MMC resin, thereby obtaining an MMC-
processed sample,
wherein the sample is processed by an anion exchange chromatography between the CEX process
and the MMC process.
[0018] In a fourth aspect, the present disclosure provides a method of preparing EVs

comprising:
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(a) contacting a sample comprising the EVs with a CEX resin, thereby obtaining a CEX-
processed sample;
(b) contacting the CEX-processed sample with an AEX resin, thereby obtaining an AEX-
processed sample; and
(c) contacting the AEX-processed sample with an MMC resin, thereby obtaining an MMC-
processed sample,
wherein (a), (b), and (c) are in any order.
[0019] In a first embodiment of the fourth aspect, the AEX process immediately follows
the CEX process.
[0020] In a second embodiment of the fourth aspect, the MMC process immediately
follows the AEX process.
[0021] In a third embodiment of the fourth aspect, the pH of the CEX process is lower than
the pH of the AEX process and/or the MMC process. In a fifth embodiment of the fourth aspect,
the pH of the CEX process is lower at least by 0.1, at least by 0.2, at least by 0.3, at least by 0.4, at
least by 0.5, at least by 0.6, at least by 0.7, at least by 0.8, at least by 0.9, at least by 1.0, at least
by 1.1, at least by 1.2, at least by 1.3, at least by 1.4, at least by 1.5, at least by 1.6, at least by 1.7,
at least by 1.8, at least by 1.9, at least by 2.0, at least by 2.1, at least by 2.2, at least by 2.3, at least
by 2.4, at least by 2.5, at least by 2.6, at least by 2.7, at least by 2.8, at least by 2.9, at least by 3.0,
at least by 3.1, at least by 3.2, at least by 3.3, at least by 3.4, at least by 3.5, at least by 3.6, at least
by 3.7, at least by 3.8, at least by 3.9, or at least by 4.0 than the pH of the AEX process.
[0022] In a sixth embodiment of the fourth aspect:
(a) the pH of the CEX process is between 5 and 6 and the pH of the AEX process is between
6 and 7;
(b) the pH of the CEX process is between 5 and 6 and the pH of the AEX process is between
7 and 8;
(c) the pH of the CEX process is between 5 and 6 and the pH of the AEX process is between
8 and 10;
(d) the pH of the CEX process is between 5 and 6 and the pH of the AEX process is between
8 and 9;
(e) the pH of the CEX process is between 5 and 6 and the pH of the AEX process is between
9 and 10;
(f) the pH of the CEX process is between 6 and 7 and the pH of the AEX process is between
7 and 8;
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(g) the pH of the CEX process is between 6 and 8 and the pH of the AEX process is between
8 and 10;
(h) the pH of the CEX process is between 7 and 8 and the pH of the AEX process is between
8 and 9;
(1) the pH of the CEX process is between 7 and 8 and the pH of the AEX process is between
9 and 10;
(j) the pH of the CEX process is between 8 and 9 and the pH of the AEX process is between
9 and 10;
(k) the pH of the CEX process is between 6 and 7 and the pH of the AEX process is between
8 and 9; or
(I) the pH of the CEX process is between 6 and 7 and the pH of the AEX process is between
9 and 10.
[0023] In a seventh embodiment of the fourth aspect, the CEX process is in a flow-through
mode. In an eighth embodiment of the fourth aspect, the CEX process is repeated at least two times,
at least three times, at least four times, at least five times, or at least six times. In a ninth
embodiment of the fourth aspect, the AEX process is repeated at least two times, at least three
times, at least four times, or at least five times.
[0024] In a tenth embodiment of the fourth aspect, the sample comprising EVs has been
pretreated prior to the CEX process or the AEX process. In an eleventh embodiment of the fourth
aspect, the sample prior to pretreatment is in harvest media at a volume of about 100L, about 200L,
about 300L, abut 400L, about 500L, about 600L, about 700L, about 800L, about 900L, about
1000L , or about 2000L. In a twelfth embodiment of the fourth aspect, the sample is in harvest
media at a volume of about 500L. In a thirteenth embodiment of the fourth aspect, pretreatment
comprises, clarification step, nuclease treatment, ultrafiltration/diafiltration, or any combination
thereof. In a fifteenth embodiment of the fourth aspect, clarification comprises depth filtration,
centrifugation, acoustic separation, flocculation, or any combination thereof. In a sixteenth
embodiment of the fourth aspect, the method further comprises subjecting the sample to a depth
filtration prior to the CEX process, the AEX process, or both. In a seventeenth embodiment of the
fourth aspect, the process further comprises contacting the sample with a nuclease, thereby
obtaining a nuclease-treated sample, prior to the CEX process, the AEX process, or both. In an
eighteenth embodiment, the nuclease is a DNase, an RNase, or both. In a nineteenth embodiment,
the nuclease is BENZONASE®™ or DENARASE®. In some aspects, the sample is further contacted

with magnesium. In some aspects, the magnesium is at a concentration of 0.0lmM to about
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100mM. In some aspects, the sample is further contacted with EDTA. In some aspects, the EDTA
is present at a concentration of from about 0.001M to about 1M. In some aspects, the EDTA is
present at a concentration of about 0.01M.

[0025] In a twentieth embodiment of the fourth aspect, the method further comprises
subjecting the sample to one or more filtrations prior to or during the CEX, after the CEX, or both.
In a twenty-first embodiment, the one or more filtrations prior to or during the CEX have a filter
smaller than 0.55microns, 0.5 microns, 0.45 microns, 0.4 microns, 0.35 microns, 0.3 microns, or
0.25 microns. In a twenty-second embodiment, the one or more filtrations after the CEX have a
filter smaller than 0.35 microns, 0.3 microns, or 0.25 microns. In a twenty-third embodiment, the
one or more filtrations comprise an ultrafiltration and/or diafiltration (UF/DF) prior to the CEX
process, the AEX process, or both. In a twenty-fourth embodiment, the UF/DF comprises a first
tangential flow filtration (TFF1).In a twenty-fifth embodiment, the TFF1 has a filter having a
molecular weight cutoff of at least about 300 kDa, at least about 400 kDa, at least about S00 kDa,
at least about 600 kDa, at least about 700 kDa, at least about 800 kDa, at least about 900 kDa, at
least about 1000 kDa, at least about 1100 kDa, or at least about 1200 kDa. In a twenty-sixth
embodiment, the TFF1 is repeated at least two times, at least three times, at least four times, at
least five times, at least six times, at least seven times, at least eight times, at least nine times, at
least 10 times, at least 11 times, at least 12 times, at least 13 times, at least 14 times, at least 15
times, at least 16 times, at least 17 times, at least 18 times, at least 19 times, at least 20 times, at
least 21 times, at least 22 times, at least 23 times, at least 24 times, at least 25 times, at least 26
times, at least 27 times, at least 28 times, at least 29 times, at least 30 times, at least 31 times, at
least 32 times, at least 33 times, at least 34 times, or at least 35 times. In a twenty-seventh
embodiment of the fourth aspect, the method further comprises filtering the TFF1-filtered sample
through an adsorptive depth filter.

[0026] In a twenty-eighth embodiment, the method further comprises subjecting the MMC
processed sample to an ultrafiltration and/or diafltration (UF/DF). In a twenty-ninth embodiment,
the UF/DF is a second tangential flow filtration (TFF2). In a thirtieth embodiment, the TFF2 has a
filter having a molecular cut off of having a molecular weight cutoff of at least about 300 kDa, at
least about 400 kDa, at least about 500 kDa, at least about 600 kDa, at least about 700 kDa, at least
about 800 kDa, at least about 900 kDa, at least about 1000 kDa, at least about 1100 kDa, or at least
about 1200 kDa. In a thirty-first embodiment, the TFF2 is not repeated.

[0027] In a fifth aspect, the present disclosure provides a method of preparing EVs

comprising:
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(a) subjecting a sample comprising the EVs to a depth filtration (depth-filtration processed
sample);
(b) contacting the depth filtered sample to a nuclease (nuclease processed sample);
(c) contacting the nuclease treated sample to ultrafiltration and/or diafiltration (UF/DF
processed sample);
(d) contacting the UF/DF treated sample with a cation exchange chromatography (CEX) resin
(CEX processed sample);
(e) contacting the CEX-processed sample with an anion exchange chromatography (AEX)
resin (AEX processed sample);
(f) contacting the AEX-processed sample with a mixed-mode chromatography (MMC) resin
(MM processed sample); and
(g) subjecting the MMC processed sample to a UF/DF.
[0028] In some embodiments, one or more incubation and/or storage steps occur between
one or more of (a), (b), (¢), (d), (e), (), (g), or any combination thereof. In some embodiments, the
one or more incubation and/or storage step occurs for about 4 days, about 5 days, about 7 days. In
some embodiments, the one or more incubation and/or storage step occurs at a temperature of from
about 2°C to about 8°C or from about 15°C to about 25°C.
[0029] In a first embodiment of the fifth aspect, the method results in fewer total protein
impurities in the purified EVs compared to reference EVs purified by an AEX process followed
by an HIC process, wherein the protein impurities are measured by a BCA assay. In a second
embodiment, the method results in at least about 5%, at least about 10%, at least about 11%, at
least about 12%, at least about 13%, at least about 14%, at least about 15%, at least about 16%, at
least about 17%, at least about 18%, at least about 19%, at least about 20%, at least about 21%, at
least about 22%, at least about 23%, at least about 24%, at least about 25%, at least about 26%, at
least about 27%, at least about 28%, at least about 29%, or at least about 30% fewer total protein
impurities in the purified EV composition compared to a reference EV composition purified by an
AEX process followed by an HIC process, wherein the protein impurities are measured by a BCA
assay. In a third embodiment, the purified EVs have higher potency compared to reference EVs
purified by an AEX process followed by an HIC process, wherein the protein impurities are
measured by a BCA assay.
[0030] In a fourth embodiment of the fifth aspect, the MMC process has a pH lower than
the pH of the AEX process. In a fifth embodiment of the fifth aspect, the MMC process has the

same pH as the AEX process. In a sixth embodiment, the MMC process is conducted in a flow-
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through or weak-partitioning mode. In a seventh embodiment, the MMC process further comprises
collecting a flow-through from the MMC resin. In an eighth embodiment, the MMC resin
comprises at least two ligands, wherein one ligand is a hydrophobic base ligand, and one ligand is
a cation exchange ligand.

In a ninth embodiment, the MMC resin comprises at least two ligands, wherein one ligand is a
hydrophobic base ligand, and one ligand is an anion exchange ligand.

[0031] In a ninth embodiment of the fifth aspect, the sample comprising EVs is obtained
from a mammalian cell, a bacterial cell, a eukaryotic cell, a prokaryotic cell, a plant cell, an insect
cell, or any combination thereof. In a tenth embodiment, the sample comprising EVs is obtained
from a mesenchymal stem cell, a human donor cell, a stem cell, an induced pluripotent stem cell
(IPCs), a differentiated cell, or any combination thereof. In an eleventh embodiment, the sample
comprising EVs is obtained from a HEK293 cell, a CHO cell, a BHK cell, a PER.C6 cell, a Vero
cell, a HeLa cell, a PC12 cell, a sf9 cell, or any combination thereof. In a twelfth embodiment, the
sample comprising EVs is obtained from bacteria, Streptomyces, Drosophila, Xenopus oocytes,
Escherichia coli, Bacillus subtilis, yeast, S. cerevisiae, Picchia pastoris, filamentous fungi,
Neurospora crassa, or Aspergillus nidulans. In a thirteenth embodiment, the EVs are originated
from cells comprising a transgene. In a fourteenth embodiment, the transgene encodes a protein
comprising an EV protein . In a fifteenth embodiment, the transgene encodes a heterologous protein
that is not naturally-occurring in the EVs. In some aspects, the EV protein is Scaffold X. In a
sixteenth embodiment, the EV protein is Prostaglandin F2 Receptor Negative Regulator
(PTGFRN), Basigin (BSG), Immunoglobulin superfamily member 3 (IGSF3), Immunoglobulin
superfamily member 2 (IGSF2), Integrin beta-1 (ITGB1), Integrin alpha-4 (ITGA4), 4F2 cell-
surface antigen heavy chain (SLC3A2), ATP transporter, or a fragment or a modification thereof.
In some aspects, the EV protein is Scaffold Y. In a seventeenth embodiment, the EV protein is
BASP. In some aspects, Scaffold X or Scaffold Y is linked to a biologically active molecule. In
some aspects, the biologically active molecule is an immune modulator. In some aspects, the
biologically active molecule is IL-12. In some aspects, the EVs are loaded with a payload. In some
aspects, the payload is a small molecule. In some aspects, the payload is a cyclic dinucleotide
and/or an antisense oligonucleotide. In some aspects, the cyclic dinucleotide is a STING agonist.
In some asepcts, the payload is an antisense oligonucleotide. In some aspects, the antisense
oligonucleotide targets a transcription factor.

[0032] In an eighteenth embodiment, the number of EV proteins expressed by transgene

is at least about 1000, at least about 1100, at least about 1200, at least about 1300, at least about
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1400, at least about 1500, at least about 1600, at least about 1700, at least about 1800, at least about
1900, at least about 2000, at least about 2100, at least about 2200, at least about 2300, at least about
2500, at least about 3000, at least about 3500, at least about 4000, at least about 4500, at least about
5000, at least about 5500, at least about 6000, at least about 6500, at least about 7000, at least about
7500, or at least about 8000.

[0033] In a nineteenth embodiment, the CEX resin, the AEX resin, and/or the MMC resin
comprises a base matrix, wherein the base matrix is a membrane, a monolith, a hydrogel, a porous
device, a nanofiber, a composite resin, a beaded resin optionally comprising inert porous shells, a
solid support, a porous support, or any combination thereof. In a twentieth embodiment, the base
matrix comprises cellulose, agarose, polystyrene derivatives, polyvinylether, silica, methacrylate
derivatives, glass, ceramic hydroxyapatite, or acrylamide. In a twenty-first embodiment, the base
matrix is attached to a chromatographic ligand. In a twenty-second embodiment, the CEX resin
comprises sulfate ligands, sulfopropyl ligands, sulfobutyl ligands, sulfoisobutyl ligands, sulfoethyl
ligands, sulfonate ligands, sulfonic acid ligands, carboxymethyl ligands, carboxylic acid ligands,
glutamic acid ligands, aspartic acid ligands, histidine ligands, hydroxyl ligands, or ligands
comprised of any amino acid.

[0034] In a twenty-third embodiment of the fifth aspect, the AEX resin comprises
carboxymethyl ligands, carboxylic acid ligands, glutamic acid ligands, aspartic acid ligands,
histidine ligands, hydroxyl ligands, phosphate ligands, tertiary amine ligands, quaternary amine
ligands, diethaminoethyl ligands, dimethylaminoethyl ligands, trimethylaminoethyl ligands, or
ligands comprised of any amino acid.

[0035] In a twenty-fourth embodiment of the fifth aspect, the MMC resin comprises tertiary
amine ligands, quaternary amine ligands , diethaminoethyl ligands, ceramic hydroxyapatite
ligands, ceramic fluoroapatite ligands, butyl ligands, hexyl ligands, ether ligands, hydroxyl ligands,
polypropylene glycol ligands, phenyl ligands, benzyl ligands, sulfate ligands, sulfopropyl ligands,
sulfobutyl ligands, sulfoisobutyl ligands, sulfoethyl ligands, sulfonate ligands, sulfonic acid
ligands, carboxymethyl ligands, carboxylic acid ligands, glutamic acid ligands, aspartic acid
ligands, histidine ligands, hydroxyl ligands, or phosphate ligands.

[0036] In a twenty-sixth embodiment of the fifth aspect, the EVs are exosomes. In a twenty-
seventh embodiment of the fifth aspect, the sample is obtained from perfusion cell culture. In a
twenty-eighth embodiment, the sample is obtained from batch cell culture. In a twenty-ninth

embodiment, the sample is obtained from fed batch cell culture.
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[0037] In a sixth aspect, the present disclosure provides extracellular vesicles (EVs)
prepared by a method described herein.

[0038] In a seventh aspect, the present disclosure provides a pharmaceutical composition

comprising the extracellular purified herein and a pharmaceutically acceptable carrier.

[0039] In an eighth aspect, the present disclosure provides a composition comprising EVs
and protein impurities, wherein the protein impurities in the composition is lower than a reference
composition comprising EVs purified by an AEX process followed by an HIC process, wherein
the protein impurities are measured by a BCA assay. In a first embodiment of the eighth aspect,
the protein impurities are at least about 5%, at least about 10%, at least about 11%, at least about
12%, at least about 13%, at least about 14%, at least about 15%, at least about 16%, at least about
17%, at least about 18%, at least about 19%, at least about 20%, at least about 21%, at least about
22%, at least about 23%, at least about 24%, at least about 25%, at least about 26%, at least about
27%, at least about 28%, at least about 29%, or at least about 30% lower in the purified EV
composition compared to a reference EV composition purified by an AEX process followed by an
HIC process, wherein the protein impurities are measured by a BCA assay.

[0040] In a ninth aspect, the present disclosure provides a composition comprising EVs
having higher potency, wherein the potency of the EVs is at least about 5%, at least about 6%, at
least about 7%, at least about 8%, at least about 9%, at least about 10%, at least about 11%, at least
about 12%, at least about 13%, at least about 14%, at least about 15%, at least about 16%, at least
about 17%, at least about 18%, at least about 19%, at least about 20%, at least about 25%, at least
about 30%, at least about 35%, at least about 40%, at least about 45%, or at least about 50% higher
than that of a reference composition comprising EVs purified by an AEX process followed by an
HIC process, wherein the protein impurities are measured by a BCA assay. In a first embodiment
of the ninth aspect, the present disclosure provides the method of purifying the composition.
[0041] In a tenth aspect, the present disclosure provides a method of administering a
composition described herein to a subject in need thereof.

[0042] In an eleventh aspect, the present disclosure provides a method of treating a disease
or condition in a subject in need thereof comprising administering to the subject a composition
described herein.

[0043] In a thirteenth aspect, the present disclosure provides a method of purifying EVs,
wherein the EVs are produced in a bioreactor. In some aspects, the EVs are produced in a single-
use bioreactor. In some aspects, the EVs are produced in a perfusion, ATF perfusion, or TFF

perfusion bioreactor. In some aspects, the EVs are produced in a cell culture lasting about 25 days.
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[0044] The methods of the present disclosure are directed to preparing purified
extracellular vesicles (EVs) from a sample comprising EVs comprising clarifying the sample with
filtration (filtration (1)); digesting the sample in (a) with benzonase; further clarifying the sample
with filtration (filtration (2)); incubating the sample (incubation); contacting the sample with an
anion exchange chromatography resin; subjecting the sample to filtration (filtration (3)); contacting
the sample with a first mixed mode chromatography resin, optionally in series with a second mixed
mode chromatography resin; subjecting the sample with filtration (filtration (4)); subjecting the
sample with ultrafiltration and/or difiltration; and subjecting the sample with filtration (filtration
(5).

[0045] In some aspects, the sample in (b) is mixed with MgCla. In some aspects, the amount
of MgClz is at least about 1mM, at least about 1.5mM, at least about 2mM, at least about 2.5 mM,
at least about 3mM, at least about 3.5 mM, or at least about 4mM. In some aspects, the amount of
MgCl: is between 1 mM and 3 mM, between 1.5mM and 2.5 mM, between 1mM and 2mM, or
between 2 mM and 3mM. In some aspects, the amount of MgCl: is about 1mM, about 2mM, about
3mM, or about 4mM. In some aspects, the incubating in (d) is at a period of less than about seven
days, less than about six days, less than about five days, less than about four days, less than about
three days, or less than about two days. In some aspects, the contacting with the anion exchange
chromatography resin is in a bind and elute mode. In some aspects, the contacting with the first
and/or the second MMC resin is in a flowthrough mode. In some aspects, filtration (1), filtration
(2), filtration (3), filtration (4), and/or filtration (5) comprises filtering the sample with an about
0.2 um filter. In some aspects, the method further comprises a storage step between two adjacent
steps. In some apsects, the first MMC resin comprises a cation exchanger and hydrophobic

interaction. In some aspects, the method results in a reduced endotoxin level.

BRIEF DESCRIPTION OF THE FIGURES

[0046] FIG. 1 is a schematic of a large-scale purification process of extracellular vesicles
(EVs) comprising an anion exchange chromatography (AEX) process followed by a hydrophobic
interaction chromatography (HIC) process.

[0047] FIG. 2 shows a schematic of a large-scale purification process of extracellular
vesicles (EVs) comprising a cation exchange chromatography (CEX) process followed by an anion

exchange chromatography (AEX) and mixed mode chromatography process.
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[0048] FIG. 3 shows particle yields across the EV production process including filtration
steps between unit operations. The volumes at the top of each column indicate the volume of
HEK?293 cell culture medium that was purified in the process train. The unit operations listed in
the same column were scaled to the harvest volume. The particle counts were measured with
nanoparticle tracking analysis (NTA).

[0049] FIG. 4 shows particle characteristics throughout the purification process measured
with NTA. D10, D50, and D90 are the diameters at which 10%, 50%, and 90%, respectively, of a
sample's mass is comprised of smaller particles.

[0050] FIG. 5 shows exemplary engineered EVs containing heterogeneous structures (e.g.,
scaffold moiety, e.g., Scaffold X (protein X) or Scaffold Y (protein Y), payload (e.g., Ab
fragments, cytokines, TNF ligands, receptors, enzymes, etc), and linker. FIG. 5 shows at least two
types of modifications, i.e., luminal modification using Scaffold Y (protein Y) or surface (or
exterior) modification using Scaffod X (protein X).

[0051] FIG. 6A shows the level of impurities measured by a BCA assay throughout the
purification process in comparison to a density gradient ultracentrifugation process ("Opti"). FIG.
6B shows the level of host cell protein (HCP) impurities throughout the purification process, e.g.,
CEX-AEX-CMM, in comparison to a density gradient ultracentrifugation process ("Opti"), as
measured by an ELISA. FIG. 6C shows the level of an impurity protein, perlecann throughout the
purification step, e.g., CEX-AEX-CMM in comparison to a density gradient ultracentrifugation
process ("Opti"), as measured by an Alphal.ISA assay. FIG. 6D shows the level of an impurity
protein, agrin throughout the purification step, e.g., CEX-AEX-CMM, in comparison to a density
gradient ultracentrifugation process ("Opti"), as measured by an ELISA assay.

[0052] FIG. 7A shows the total protein impurities, perlecan protein, and agrin protein levels
in the purification process (middle) of exemplary Scaffold X EVs compared to a purification
process of an AEX process followed by an HIC process (FIG. 1) and a density gradient
ultracentrifugation process ("Opti"). FIG. 7B shows the total protein impurities, Perlecan protein,
and Agrin protein level of the purification process (middle) of EVs with Scaffold X fused to GFP
compared to a purification process of an AEX process followed by an HIC process (FIG. 1) and a
density gradient ultracentrifugation process ("Opti"). The total protein impurities were measured
by a BCA assay, the Perlecan protein level is measured by an Alphal.isa, and the Agrin level is
measured by an ELISA.

[0053] FIG. 8 shows endotoxin and beta glucan clearance across the described EV

production processes. The clearance level was quantified using ENDOSAFE® PTS™. Hollow
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data points denote values below the limit of quantification. Levels of endotoxin and beta glucan
increase during the clarification and Benzonase steps due to impurities leaching from the depth
filters and as well the background environmental bioburden that can be present during purification
operations.

[0054] FIG. 9A is a polyacramide gel showing total protein fingerprint similarities between

the described EV production process and a density gradient ultracentrifugation process (“Opti”).

[0055] FIG. 9B shows Green Fluorescent Protein (“GFP”) quantification of the described
EV production process and a density gradient ultracentrifugation process (“Opti”).

[0056] FIG. 10A shows the correlation between EV purity and potency.

[0057] FIG. 10B shows an analytical method to uncover particulate impurities in EV.

Identifying true impurity burden allows removal of the impurities and can result in an ultra pure
product. Non-vesicular particles (e.g., protein aggregates) are impurities that need to be removed.
[0058] FIG. 11A shows a small-scale production of EV viability and protein impurities
peaks in fluorescence intensity (EU).

[0059] FIG. 11B shows comparison of the SOL fed-batch and 10L perfusion cell culture
runs and the protein elution gradients.

[0060] FIGs. 12A and 12B show a comparison of the SOL single-use bioreactor (SUB), 3L
TFF Perfusion culture, and S00L Perfusion single-use bioreactor production processes with repsect

to viable cell density and/or particle titer over the course of a cell culture process.

DETAILED DESCRIPTION OF DISCLOSURE

[0061] The present disclosure provides a large-scale purification process of extracellular
vesicles (EVs), utilizing multiple steps of chromatography. The EVs processed by the present
methods can be highly purified, e.g., less protein (perlecan, agrin, and/or total proteins) impurities,

higher potency, higher uniformity, or any combination thereof.

L Definitions

[0062] In order that the present description can be more readily understood, certain terms
are first defined. Additional definitions are set forth throughout the detailed description.

[0063] It is to be noted that the term "a" or "an" entity refers to one or more of that entity;
for example, "a nucleotide sequence," is understood to represent one or more nucleotide sequences.
As such, the terms "a" (or "an"), "one or more," and "at least one" can be used interchangeably

herein. It is further noted that the claims can be drafted to exclude any optional element. As such,
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this statement is intended to serve as antecedent basis for use of such exclusive terminology as

"solely," "only" and the like in connection with the recitation of claim elements, or use of a negative
limitation.
[0064] Furthermore, "and/or" where used herein is to be taken as specific disclosure of

each of the two specified features or components with or without the other. Thus, the term "and/or"
as used in a phrase such as "A and/or B" herein is intended to include "A and B," "A or B," "A"
(alone), and "B" (alone). Likewise, the term "and/or" as used in a phrase such as "A, B, and/or C"
is intended to encompass each of the following aspects: A, B, and C; A, B, or C; A or C; A or B;
B orC; A and C; A and B; B and C; A (alone); B (alone); and C (alone).

[0065] It is understood that wherever aspects are described herein with the language
"comprising," otherwise analogous aspects described in terms of "consisting of" and/or "consisting
essentially of" are also provided.

[0066] 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 disclosure
is related. For example, the Concise Dictionary of Biomedicine and Molecular Biology, Juo, Pei-
Show, 2nd ed., 2002, CRC Press; The Dictionary of Cell and Molecular Biology, 3rd ed., 1999,
Academic Press; and the Oxford Dictionary Of Biochemistry And Molecular Biology, Revised,
2000, Oxford University Press, provide one of skill with a general dictionary of many of the terms
used in this disclosure.

[0067] Units, prefixes, and symbols are denoted in their Systeme International de Unites
(SI) accepted form. Numeric ranges are inclusive of the numbers defining the range. Where a range
of values is recited, it is to be understood that each intervening integer value, and each fraction
thereof, between the recited upper and lower limits of that range is also specifically disclosed,
along with each subrange between such values. The upper and lower limits of any range can
independently be included in or excluded from the range, and each range where either, neither or
both limits are included is also encompassed within the disclosure. Thus, ranges recited herein are
understood to be shorthand for all of the values within the range, inclusive of the recited endpoints.
For example, a range of 1 to 10 is understood to include any number, combination of numbers, or
sub-range from the group consisting of 1,2, 3,4, 5,6, 7, 8,9, and 10.

[0068] Where a value is explicitly recited, it is to be understood that values, which are
about the same quantity or amount as the recited value are also within the scope of the disclosure.
Where a combination is disclosed, each sub-combination of the elements of that combination is

also specifically disclosed and is within the scope of the disclosure. Conversely, where different
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elements or groups of elements are individually disclosed, combinations thereof are also disclosed.
Where any element of a disclosure is disclosed as having a plurality of alternatives, examples of
that disclosure in which each alternative is excluded singly or in any combination with the other
alternatives are also hereby disclosed; more than one element of a disclosure can have such
exclusions, and all combinations of elements having such exclusions are hereby disclosed.

[0069] Nucleotides are referred to by their commonly accepted single-letter codes. Unless
otherwise indicated, nucleotide sequences are written left to right in 5' to 3' orientation. Nucleotides
are referred to herein by their commonly known one-letter symbols recommended by the ITUPAC-
IUB Biochemical Nomenclature Commission. Accordingly, A represents adenine, C represents
cytosine, G represents guanine, T represents thymine, and U represents uracil.

[0070] Amino acid sequences are written left to right in amino to carboxy orientation.
Amino acids are referred to herein by either their commonly known three letter symbols or by the
one-letter symbols recommended by the [UPAC-IUB Biochemical Nomenclature Commission.
[0071] The term "about" is used herein to mean approximately, roughly, around, or in the
regions of. When the term "about" is used in conjunction with a numerical range, it modifies that
range by extending the boundaries above and below the numerical values set forth. In general, the
term "about" can modify a numerical value above and below the stated value by a variance of, e.g.,
10 percent, up or down (higher or lower).

[0072] As used herein, the term "large scale" refers to a production scale that is larger than
an experimental or laboratory use for research purposes only. Large scale purification is the final
production step, prior to product formulation, in the manufacture of therapeutic products, e.g., EVs.
Large-scale purification requires a scale-up from laboratory scale techniques to satisfy the need for
larger amounts of extremely pure test quantities of the product for analysis, characterization, testing
of efficacy, clinical or field trials, and, finally, full scale commercialization. The uncompromising
standards for product quality, as well as rigorous quality control of manufacturing practices
embodied in current good manufacturing practices (cGMP's), provide further challenges to the
scale-up of EV purification. Analysis of electrokinetic, chromatographic, adsorptive, and
membrane separation techniques suggests that if yield recovery is paramount, documented purity
is critical, and both must ultimately be attained within certain cost constraints. The term “large
scale” as used herein indicates that the final product is for use in clinical settings and commercial
sales of the purified EV products. The term “large scale” purification means a purification process
of at least about SO0L, at least about 550L, at least about 600L, at least about 650L, at least about
700L, at least about 750L, at least about 800L, at least about 850L, at least about 900L, at least
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about 950L, at least about 1000L, at least about 1500L, or at least about 2000L cell culture harvest.
In some aspects, the term “large scale” purification means a purification process of at least about
2000L cell culture harvest. In some aspects, the term “large scale” purification means a purification
process of at least about 3000L, at least about 4000L, at least about SO00L, at least about 6000L,
at least about 7000L, at least about 8000L, at least about 9000L, at least about 10,000L, at least
about 11,000L, at least about 12000L, at least about 13,000L, at least about 14,000L, or at least
about 15,000L cell culture harvest.

[0073] As used herein, the term "extracellular vesicle" or "EV" refers to a cell-derived
vesicle comprising a membrane that encloses an internal space. Extracellular vesicles comprise all
membrane-bound vesicles (e.g., exosomes, microvesicles, microsomes, extracellular bodies,
apoptotic bodies, and/or nanovesicles) that have a smaller diameter than the cell from which they
are derived. In some aspects, extracellular vesicles comprise a population of exosomes and/or
microvesicles. In some embodiments, extracellular vesicles range in diameter from 20 nm to 1000
nm, and can comprise various macromolecular molecules either within the internal space (i.e.,
lumen), displayed on the external surface and/or the luminal surface of the EV, and/or spanning
the membrane. In some embodiments, the molecules in the EVs can comprise nucleic acids,
proteins, carbohydrates, lipids, small molecules, and/or combinations thereof. In certain
embodiments, an EV comprises a scaffold moiety. By way of example and without limitation, EVs
include apoptotic bodies, fragments of cells, vesicles derived from cells by direct or indirect
manipulation (e.g., by serial extrusion or treatment with alkaline solutions), vesiculated organelles,
and vesicles produced by living cells (e.g., by direct plasma membrane budding or fusion of the
late endosome with the plasma membrane). EVs can be derived from a living or dead organism,
explanted tissues or organs, prokaryotic or eukaryotic cells, and/or cultured cells. In some
embodiments, the EVs are produced by cells that express one or more transgene products. The EVs
that can be purified by the present methods include exosomes, microsomes, microvesicles,
extracellular bodies, apoptotic bodies, nanovesicles, or any combination thereof.

[0074] Asused herein, the term "exosome" refers to an extracellular vesicle with a diameter
between 20-300 nm (e.g., between 40-200 nm). Exosomes comprise a membrane that encloses an
internal space (i.e., lumen), and, in some embodiments, can be generated from a cell (e.g., producer
cell) by direct plasma membrane budding or by fusion of the late endosome with the plasma
membrane. As described infra, 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.
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[0075] In some embodiments, the exosome of the present disclosure is engineered by
covalently linking at least one moiety, e.g., payload, e.g., a biologically active molecule (e.g., a
protein such as an antibody or ADC, a RNA or DNA such as an antisense oligonucleotide, a small
molecule drug, a toxin, a STING agonist, or PROTAC) to the exosome, directly or indirectly, e.g.,
via a linker, a scaffold moiety, or any combination thereof.

[0076] As used herein, the term "payload" refers to an agent that acts on a target (e.g., a
target cell) that is contacted with the EV (e.g., exosome). In some aspects, unless indicated
otherwise, the term payload can be used interchangeably with the term "biologically active
molecules." Non-limiting examples of payload that can be included on the EV, e.g., exosome, are
an antigen, an adjuvant, and/or an immune modulator. Payloads that can be introduced into an EV,
e.g., exosome, and/or a producer cell include agents such as, nucleotides (e.g., nucleotides
comprising a detectable moiety or a toxin or that disrupt transcription), nucleic acids (e.g., DNA
or mRNA molecules that encode a polypeptide such as an enzyme, or RNA molecules that have
regulatory function such as miRNA, dsDNA, IncRNA, siRNA, antisense oligonucleotide, a
phosphorodiamidate morpholino oligomer (PMO), a peptide-conjugated phosphorodiamidate
morpholino oligomer (PPMO), or combinations thereof), amino acids (e.g., amino acids
comprising a detectable moiety or a toxin or that disrupt translation), polypeptides (e.g., enzymes),
lipids, carbohydrates, and small molecules (e.g., small molecule drugs and toxins). In certain
aspects, a payload comprises an antigen.

[0077] In some aspects, the payload is a protein, a peptide, a glycolipid, or a glycoprotein.
[0078] In certain aspects, the payload is a polynucleotide. In some of these aspects, the
polynucleotide includes, but is not limited to, an mRNA, a miRNA, an siRNA, an antisense
oligonucleotide (e.g., antisense RNA or antisense DNA), a phosphorodiamidate morpholino
oligomer (PMO), a peptide-conjugated phosphorodiamidate morpholino oligomer (PPMO), an
shRNA, aIncRNA, a dsDNA, and combinations thereof. In some aspects, the polynucleotide is an
RNA (e.g., an mRNA, a miRNA, an siRNA, an antisense oligonucleotide (e.g., antisense RNA),
an shRNA, or an IncRNA). In some aspects, the polynucleotide can target a transcription factor. In
some of these aspects, when the polynucleotide is an mRNA, it can be translated into a desired
polypeptide. In some aspects, the polynucleotide is a microRNA (miRNA) or pre-miRNA
molecule. In some of these aspects, the miRNA is delivered to the cytoplasm of the target cell,
such that the miRNA molecule can silence a native mRNA in the target cell. In some aspects, the
polynucleotide is a small interfering RNA (siRNA) or a short hairpin RNA (shRNA) capable of

interfering with the expression of an oncogene or other dysregulating polypeptides. In some of
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these aspects, the siRNA is delivered to the cytoplasm of the target cell, such that the siRNA
molecule can silence a native mRNA in the target cell. In some aspects, the polynucleotide is an
antisense oligonucleotide (e.g., antisense RNA) that is complementary to an mRNA. In some
aspects, the polynucleotide is a long non-coding RNA (IncRNA) capable of regulating gene
expression and modulating diseases. In some aspects, the polynucleotide is a DNA that can be
transcribed into an RNA. In some of these aspects, the transcribed RNA can be translated into a
desired polypeptide.

[0079] As used herein, the term "nanovesicle" refers to an extracellular vesicle with a
diameter between 20-250 nm (e.g., between 30-150 nm) and is generated from a cell (e.g., producer
cell) by direct or indirect manipulation such that the nanovesicle would not be produced by the cell
without the manipulation. Appropriate manipulations of the cell to produce the nanovesicles
include but are not limited to serial extrusion, treatment with alkaline solutions, sonication, or
combinations thereof. In some embodiments, production of nanovesicles can result in the
destruction of the producer cell. In some embodiments, population of nanovesicles described
herein are substantially free of vesicles that are derived from cells by way of direct budding from
the plasma membrane or fusion of the late endosome with the plasma membrane. Nanovesicles,
once derived from a producer cell, can be isolated from the producer cell based on its size, density,
biochemical parameters, or a combination thereof. EVs can be derived from a living or dead
organism, explanted tissues or organs, prokaryotic or eukaryotic cells, and/or cultured cells.
[0080] The term "microvesicle" or "microparticle", as used herein, is a type of EV, between
50 and 1,000 nanometers (nm) in diameter, found in many types of body fluids as well as the
interstitial space between cells. Microvesicles are membrane-bound vesicles containing
phospholipids, ranging from 100 nm to 1000 nm shed from almost all cell types. Microvesicles
play a role in intercellular communication and can transport mRNA, miRNA, and proteins between
cells. They originate directly from the plasma membrane of the cell and reflect the antigenic content
of the cells from which they originate. They remove misfolded proteins, cytotoxic agents and
metabolic waste from the cell.

[0081] The term "microsome", as used herein, refers to heterogeneous vesicle-like artifacts
(~20-200 nm diameter) re-formed from pieces of the endoplasmic reticulum (ER) when eukaryotic
cells are broken-up in the laboratory; microsomes are not present in healthy, living cells.
Microsomes can be concentrated and separated from other cellular debris by differential
centrifugation. Unbroken cells, nuclei, and mitochondria sediment out at 10,000 g, whereas soluble

enzymes and fragmented ER, which contains cytochrome P450 (CYP), remain in solution (g is the
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Earth's gravitational acceleration). Microsomes have a reddish-brown color, due to the presence of
the heme.

[0082] As used herein, the terms "isolate," "isolated," and "isolating" or "purify,"
"purified," and "purifying" as well as "extracted" and "extracting" are used interchangeably and
refer to the state of a preparation (e.g., a plurality of known or unknown amount and/or
concentration) of desired EVs, that have undergone one or more processes of purification, e.g., a
selection or an enrichment of the desired EV preparation. In some embodiments, isolating or
purifying as used herein is the process of removing, partially removing (e.g., a fraction) the EVs
from a sample containing producer cells. In some embodiments, an isolated EV composition has
no detectable undesired activity or, alternatively, the level or amount of the undesired activity is at
or below an acceptable level or amount. In other embodiments, an isolated EV composition has an
amount and/or concentration of desired EVs at or above an acceptable amount and/or
concentration. In other embodiments, the isolated EV composition is enriched as compared to the
starting material (e.g., producer cell preparations) from which the composition is obtained. This
enrichment can be by about 10%, about 20%, about 30%, about 40%, about 50%, about 60%, about
70%, about 80%, about 90%, about 95%, about 96%, about 97%, about 98%, about 99%, about
99.9%, about 99.99%, about 99.999%, about 99.9999%, or greater than about 99.9999% compared
to the starting material. In some embodiments, isolated EV preparations according to the present
disclosure are substantially free of residual contaminating products, including residual biologic
products. In some embodiments, the isolated EV preparations according to the present disclosure
are 100% free, about 99% free, about 98% free, about 97% free, about 96% free, about 95% free,
about 94% free, about 93% free, about 92% free, about 91% free, or about 90% free of any
contaminating biological matter. Residual contaminating products can include abiotic materials
(including chemicals) or unwanted nucleic acids, proteins, lipids, or metabolites. Substantially free
of residual biological products can also mean that the EV composition contains no detectable
producer cells and that only EVs are detectable.

[0083] The term "excipient" refers to an inert substance added to assist in the purification
of the EVs. Excipients can modulate the structure of the EV, modulate the adsorption rate of the
EVs or the impurities, alter the polarity of the solution being purified, and perform other functions
to provide an increase in the purity of the EVs.

[0084] As used herein, the term "substantially free" means that a purified composition
comprising EVs comprise less than about 10% (m/v) of macromolecules by mass/volume

percentage concentration. Some fractions may contain less than about 0.001%, less than about
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0.01%, less than about 0.05%, less than about 0.1%, less than about 0.2%, less than about 0.3 %,
less than about 0.4%, less than about 0.5%, less than about 0.6%, less than about 0.7%, less than
about 0.8%, less than about 0.9%, less than about 1%, less than about 2%, less than about 3%, less
than about 4%, less than about 5%, less than about 6%, less than about 7%, less than about 8%,
less than about 9%, or less than about 10% (m/v) of macromolecules.

[0085] Asused herein, the term "macromolecule" means a molecule containing a very large
number of atoms, such as nucleic acids, proteins, lipids, carbohydrates, metabolites, and/or a
combination thereof. In some embodiments, "macromolecules" are part of impurities that can be
removed during purification as described herein.

[0086] The terms "polypeptide," "peptide," and "protein" are used interchangeably herein
to refer to polymers of amino acids of any length. The polymer can comprise modified amino acids.
The terms also encompass an amino acid polymer that has been modified naturally or by
intervention, for example, disulfide bond formation, glycosylation, lipidation, acetylation,
phosphorylation, or any other manipulation or modification, such as conjugation with a labeling
component. Also included within the definition are, for example, polypeptides containing one or
more analogs of an amino acid (including, for example, unnatural amino acids such as
homocysteine, ornithine, p-acetylphenylalanine, D-amino acids, and creatine), as well as other
modifications known in the art. In some aspects of the present disclosure, the biologically active
molecule attached to the EV is a polypeptide, e.g., an antibody or an antigen binding portion
thereof, a fusion protein, a cytokine, or an enzyme.

[0087] The term “polypeptide”, as used herein, refers to proteins and peptides of any size,
structure, or function. Polypeptides include gene products, naturally occurring polypeptides,
synthetic polypeptides, homologs, orthologs, paralogs, fragments and other equivalents, variants,
and analogs of the foregoing. A polypeptide can be a single polypeptide or can be a multi-molecular
complex such as a dimer, trimer or tetramer. They can also comprise single chain or multi-chain
polypeptides. Most commonly, disulfide linkages are found in multi-chain polypeptides. The term
polypeptide can also apply to amino acid polymers in which one or more amino acid residues are
an artificial chemical analog of a corresponding naturally occurring amino acid. In some aspects,
a "peptide” can be less than or equal to 50 amino acids long, e.g., about 5, 10, 15, 20, 25, 30, 35,
40, 45, or 50 amino acids long.

[0088] A "recombinant" polypeptide or protein refers to a polypeptide or protein produced
via recombinant DNA technology. Recombinantly produced polypeptides and proteins expressed

in engineered host cells are considered isolated for the purpose of the disclosure, as are native or
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recombinant polypeptides, which have been separated, fractionated, or partially or substantially
purified by any suitable technique. The polypeptides disclosed herein can be recombinantly
produced using methods known in the art. Alternatively, the proteins and peptides disclosed herein
can be chemically synthesized. In some aspects of the present disclosure, the Scaffold X and/or
Scaffold Y proteins present in EVs are recombinantly produced by overexpressing the scaffold
proteins in the producer cells, so that levels of scaffold proteins in the resulting EVs are
significantly increased with respect to the levels of scaffold proteins present in EVs of producer
cells not overexpressing such scaffold proteins.

[0089] As used herein, the term "scaffold moiety" refers to a molecule, e.g., a protein such
as Scaffold X or Scaffold Y, that can be used to anchor a molecule, e.g., a biologically active
molecule, to the EV either on the luminal surface or on the exterior surface of the EV. In certain
aspects, a scaffold moiety comprises a synthetic molecule. In some aspects, a scaffold moiety
comprises a non-polypeptide moiety. In other aspects, a scaffold moiety comprises, e.g., a lipid,
carbohydrate, protein, or combination thereof (e.g., a glycoprotein or a proteolipid) that naturally
exists in the EV. In some aspects, a scaffold moiety comprises a lipid, carbohydrate, or protein that
does not naturally exist in the EV. In some aspects, a scaffold moiety comprises a lipid or
carbohydrate, which naturally exists in the EV but has been enriched in the EV with respect to
basal/native/wild type levels. In some aspects, a scaffold moiety comprises a protein which
naturally exists in the EV but has been engineered to be enriched in the EV, e.g., by recombinant
overexpression in the producer cell, with respect to basal/native/wild type levels. In certain aspects,
a scaffold moiety is Scaffold X. In some aspects, a scaffold moiety is Scaffold Y. In further aspects,
a scaffold moiety comprises both Scaffold X and Scaffold Y.

[0090] As used herein, the term "Scaffold X" or "PrX" refers to EV proteins that have been
identified on the surface of EVs. See, e.g., U.S. Pat. No. 10,195,290, which is incorporated herein
by reference in its entirety. Non-limiting examples of Scaffold X proteins include: prostaglandin
F2 receptor negative regulator ("PTGFRN"); basigin ("BSG"); immunoglobulin superfamily
member 2 ("IGSF2"); immunoglobulin superfamily member 3 ("IGSF3 "); immunoglobulin
superfamily member 8 ("IGSF8"); integrin beta-1 ("ITGB1"); integrin alpha-4 ("ITGA4 "); 4F2
cell-surface antigen heavy chain ("SLC3A2"); and a class of ATP transporter proteins ("ATP1A1,"
"ATP1A2," "ATP1A3," "ATP1A4," "ATP1B3," "ATP2B1," "ATP2B2," "ATP2B3," "ATP2B").
In some aspects, a Scaffold X protein can be a whole protein or a fragment thereof (e.g., functional
fragment, e.g., the smallest fragment that is capable of anchoring another moiety on the exterior

surface or on the luminal surface of the EV). In some aspects, a Scaffold X can anchor a moiety,
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e.g., a biologically active molecule to the external surface or the luminal surface of the EV. Non-
limiting examples of other Scaffold X proteins include e.g., CD13 (aminopeptidase N), MME
(membrane metalloendopeptidase), ENPP1 (ectonucleotide pyrophosphatase/phosphodiesterase
family member 1), NRP1 (neuropilin-1), CD9, CD63, CD81, PDGFR, GPI anchor proteins,
lactadherin, LAMP2, and LAMP2B.

[0091] Asused herein, the term "Scaffold Y" refers to EV proteins that have been identified
within the lumen of EVs. See, e.g., International Appl. No. PCT/US2018/061679, which is
incorporated herein by reference in its entirety. Non-limiting examples of Scaffold Y proteins
include: myristoylated alanine rich Protein Kinase C substrate ("MARCKS"); myristoylated
alanine rich Protein Kinase C substrate like 1 ("MARCKSL1"); and brain acid soluble protein 1
("BASP1"). In some aspects, a Scaffold Y protein can be a whole protein or a fragment thereof
(e.g., functional fragment, e.g., the smallest fragment that is capable of anchoring a moiety on the
luminal surface of the EV). In some aspects, a Scaffold Y can anchor a moiety on the luminal
surface of the EV. In some aspects of the present disclosure, a moiety can be covalently attached
to a Scaffold Y. In some aspects, the moiety can be attached to Scaffold Y on the luminal surface
of the EV.

[0092] As used herein the term "surface-engineered EV" (e.g., Scaffold X-engineered EV)
refers to an EV with the membrane or the surface of the EV modified in its composition so that the
surface of the engineered EV is different from that of the EV prior to the modification or of the
naturally occurring EV. The engineering can be on the surface of the EV or in the membrane of
the EV so that the exterior surface of the EV is changed. For example, the membrane can be
modified in its composition of, e.g., a protein, a lipid, a small molecule, a carbohydrate, or a
combination thereof. The composition can be changed by a chemical, a physical, or a biological
method or by being produced from a cell previously or concurrently modified by a chemical, a
physical, or a biological method. Specifically, the composition can be changed by a genetic
engineering or by being produced from a cell previously modified by genetic engineering. In some
aspects, a surface-engineered EV comprises an exogenous protein (7.e., a protein that the EV does
not naturally express) or a fragment or variant thereof that can be exposed to the surface of the EV
or can be an anchoring point (attachment) for a moiety exposed on the exterior surface of the EV.
In other aspects, a surface-engineered EV comprises a higher expression (e.g., higher number) of
a natural EV protein (e.g., Scaffold X) or a fragment or variant thereof that can be exposed to the
surface of the EV or is capable of being an anchoring point (attachment) for a moiety exposed on

the surface of the EV.
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[0093] As used herein the term “lumen-engineered exosome” (e.g., Scaffold Y-engineered
exosome) refers to an exosome with the membrane or the lumen of the exosome modified in its
composition so that the lumen of the engineered exosome is different from that of the exosome
prior to the modification or of the naturally occurring exosome. The engineering can be directly on
the luminal surface or in the membrane of the exosome so that the lumen of the exosome is
changed. For example, the membrane is modified in its composition of a protein, a lipid, a small
molecule, a carbohydrate, etc. so that the lumen of the exosome is modified. The composition can
be changed by a chemical, a physical, or a biological method or by being produced from a cell
previously modified by a chemical, a physical, or a biological method. Specifically, the
composition can be changed by a genetic engineering or by being produced from a cell previously
modified by genetic engineering. In some embodiments, a lumen-engineered exosome comprises
an exogenous protein (7.e., a protein that the exosome does not naturally express) or a fragment or
variant thereof that can be exposed on the luminal surface of the exosome or can be an anchoring
point (attachment) for a moiety exposed on the inner layer of the exosome. In other embodiments,
a lumen-engineered exosome comprises a higher expression of a natural exosome protein (e.g.,
Scaffold X or Scaffold Y) or a fragment or variant thereof that can be exposed to the lumen of the
exosome or can be an anchoring point (attachment) for a moiety exposed on the luminal surface of
the exosome.

[0094] As used herein the term "linked to," "fused," or "conjugated to" are used
interchangeably and refer to a covalent or non-covalent bond formed between a first moiety and a
second moiety, e.g., Scaffold X and an antigen, e.g., a scaffold moiety expressed in or on the
extracellular vesicle and an antigen, e.g., Scaffold X (e.g., a PTGFRN protein), respectively, in the
luminal surface of or on the external surface of the extracellular vesicle. In some aspects, a payload
disclosed herein can be directly linked to the exterior surface and/or the luminal surface of an EV
(e.g., exosome). As used herein, the term "directly linked," "directly fused," or "directly conjugated
to" refer to the process of linking (fusing or conjugating) a moiety (e.g., a payload and/or targeting
moiety) to the surface of an EV (e.g., exosome) without the use of a scaffold moiety disclosed
herein.

[0095] As used herein, the term "fusion protein" refers to two or more proteins that are
linked or conjugated to each other. For instance, in some aspects, a fusion protein that can be
expressed in an EV (e.g., exosome) disclosed herein comprises (i) a payload (e.g., antigen,
adjuvant, and/or immune modulator) and (ii) a scaffold moiety (e.g., Scaffold X and/or Scaffold

Y). In some aspects, a fusion protein that can be expressed in an EV (e.g., exosome) useful for the
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present disclosure comprises (1) a targeting moiety and (ii) a scaffold moiety (e.g., Scaffold X
and/or Scaffold Y). As described herein, in some aspects, EVs (e.g., exosomes) of the present
disclosure can express multiple fusion proteins, wherein a first fusion protein comprises (i) a
payload (e.g., antigen, adjuvant, and/or immune modulator) and (ii) a scaffold moiety (e.g.,
Scaffold X and/or Scaffold Y), and wherein a second fusion protein comprises (i) a targeting

moiety and (i1) a scaffold moiety (e.g., Scaffold X and/or Scaffold Y).

/A Methods of the Present Disclosure

[0096] The present disclosure relates to large-scale isolation, purification and/or sub-
fractionation of EVs by multistep chromatographic purification methods for therapeutic and
commercial use of the EVs.

[0097] While there have been some attempts to purify EVs in a large, commercial scale,
those attempts were not successful. A current standard process for purification involves the use of
density gradient ultracentrifugation processes, e.g., lodixanol (OPTIPREP™) which relies on
“floating” the lower density exosomes through a gradient of decreasing density. This process is
time consuming and is not practical for large commercial scale production of exosomes. The
present disclosure thus provides methods of purifying samples comprising EVs in a large scale
comprising conducting multiple chromatography processes including a CEX process. The process
described herein is also superior to other (non-density gradient) ultracentrifugation processes. The
present disclosure thus provides methods of purifying samples comprising EVs in a large scale
comprising conducting multiple chromatography processes including a CEX process.

[0098] In some embodiments, the present disclosure is directed to a method of preparing
purified EVs from a sample comprising EVs, e.g., in a large scale manufacturing process,
comprising: (1) contacting the sample which comprises the EVs with a CEX resin ("CEX-processed
sample") and (i1) contacting the sample with an AEX resin ("AEX-processed sample"). In some
embodiments of the present disclosure, the CEX comes before the AEX. In other embodiments,
the order of the CEX and AEX can be reversed. Therefore, the present method comprises (i) CEX-
AEX or (i) AEX-CEX. In other embodiments, the pH of the CEX is lower than the pH of the AEX.
In other embodiments, the pH of the CEX is the same as the pH of the AEX. In some aspects,
filtration can be added between the AEX and the CEX.

[0099] In other embodiments, the pH of the CEX process is lower at least by 0.1, at least
by 0.2, at least by 0.3, at least by 0.4, at least byb 0.5, at least by 0.6, at least by 0.7, at least by 0.8,
at least by 0.9, at least by 1.0, at least by 1.1, at least by 1.2, at least by 1.3, at least by 1.4, at least
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by 1.5, at least by 1.6, at least by 1.7, at least by 1.8, at least by 1.9, at least by 2.0, at least by 2.1,
at least by 2.2, at least by 2.3, at least by 2.4, at least by 2.5, at least by 2.6, at least by 2.7, at least
by 2.8, at least by 2.9, at least by 3.0, at least by 3.1, at least by 3.2, at least by 3.3, at least by 3.4,
at least by 3.5, at least by 3.6, at least by 3.7, at least by 3.8, at least by 3.9, at least by 4.0, at least
by 4.1, at least by 4.2, at least by 4.3, at least by 4.4, at least by 4.5, at least by 4.6, at least by 4.7,
at least 4.8, at least by 4.9, or at least by 5.0 than the pH of the AEX process.

[0100] In some embodiments, the pH of the CEX process is between 5 and 6 and the pH of
the AEX process is between 6 and 7. In some embodiments, the pH of the CEX process is between
5 and 6 and the pH of the AEX process is between 7 and 8. In other embodiments, the pH of the
CEX process is between 5 and 6 and the pH of the AEX process is between 8 and 10. In some
embodiments, the pH of the CEX process is between 5 and 6 and the pH of the AEX process is
between 8 and 9. In some embodiments, the pH of the CEX process is between 5 and 6 and the pH
of the AEX process is between 9 and 10. In other embodiments, the pH of the CEX process is
between 6 and 7 and the pH of the AEX process is between 7 and 8. In some embodiments, the pH
of the CEX process is between 6 and 8 and the pH of the AEX process is between 8 and 10. In
some embodiments, the pH of the CEX process is between 7 and 8 and the pH of the AEX process
is between 8 and 9. In some embodiments, the pH of the CEX process is between 7 and 8 and the
pH of the AEX process is between 9 and 10. In some embodiments, the pH of the CEX process is
between 8 and 9 and the pH of the AEX process is between 9 and 10. In some embodiments, the
pH of the CEX process is between 6 and 7 and the pH of the AEX process is between 8 and 9. In
some embodiments, the pH of the CEX process is between 6 and 7 and the pH of the AEX process
is between 9 and 10. In some aspects, the pH of the AEX and CEX process is the same and between
about 7 and about 8, about 7.1, about 7.2, about 7.3, about 7.4, about 7.5, about 7.6, about 7.7,
about 7.8, about 7.9 or about 8.0.

[0101] In other embodiments, the method further comprises one or more additional
chromatography steps, e.g., mixed-mode chromatography, hydrophobic charge induction
chromatography, and/or a hydrophobic interaction chromatography. In some embodiments, the
method further comprises mixed-mode chromatography (MMC).

[0102] In some embodiments, the method comprises (i) CEX-AEX-MMC,; (ii) CEX-
MMC-AEX; (iii) AEX-CEX-MMC; (iv) AEX-MMC-CEX; (v) MMC-CEX-AEX; or (vi) MMC-
AEX-CEX. In other embodiments, the method comprises CEX-AEX-MMC. In other aspects, the
method comprises AEX-CEX-MMC.

[0103] In some embodiments, the present methods include the following:
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(1) contacting a sample comprising EVs with a CEX resin (CEX processed sample),

(i) contacting the CEX-processed sample with an AEX resin (AEX processed sample); and

(ii1) contacting the AEX-processed sample with a MMC resin (MMC processed sample).
[0104] In some embodiments, the present methods include the following:

(1) contacting a sample comprising EVs with a CEX resin (CEX processed sample),

(i) contacting the CEX-processed sample with a MMC resin (MMC processed sample); and

(ii1) contacting the MMC-processed sample with an AEX resin (AEX processed sample).
[0105] In some embodiments, the present methods include the following:

(1) contacting a sample comprising EVs with an AEX resin (AEX processed sample);

(i) contacting the AEX-processed sample with a CEX resin (CEX processed sample); and

(ii1) contacting the CEX-processed sample with a MMC resin (MMC processed sample).
[0106] In some embodiments, the present methods include the following:

(1) contacting a sample comprising EVs with an AEX resin (AEX processed sample);

(i) contacting the AEX-processed sample with a MMC resin (MMC processed sample); and

(ii1) contacting the MMC-processed sample with an CEX resin (CEX processed sample).
[0107] In some embodiments, the present methods include the following:

(1) contacting a sample comprising EVs with a MMC resin (MMC processed sample);

(i) contacting the MMC-processed sample with a CEX resin (CEX processed sample); and

(ii1) contacting the CEX-processed sample with an AEX resin (AEX processed sample).
[0108] In some embodiments, the present methods include the following:

(1) contacting a sample comprising EVs with a MMC resin (MMC processed sample);

(i) contacting the MMC-processed sample with an AEX resin (AEX processed sample); and

(ii1) contacting the AEX-processed sample with a CEX resin (CEX processed sample).
[0109] In some embodiments, the present methods include the following:

(1) contacting a sample comprising EVs with a CEX resin (CEX processed sample);

(i) contacting the CEX-processed sample with an AEX resin (AEX processed sample); and

(ii1) contacting the AEX-processed sample with a MMC resin (MMC processed sample),
wherein the pH of a CEX loading buffer is lower than the pH of an AEX loading bufter.
[0110] In some embodiments, the present methods include the following:

(1) contacting a sample comprising EVs with a CEX resin (CEX processed sample),

(i) contacting the CEX-processed sample with a MMC resin (MMC processed sample); and

(ii1) contacting the MMC-processed sample with an AEX resin (AEX processed sample),
wherein the pH of a CEX loading buffer is lower than the pH of an AEX loading buffer.
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[0111] In some embodiments, the present methods include the following:

(1) contacting a sample comprising EVs with an AEX resin (AEX processed sample);

(i) contacting the AEX-processed sample with an CEX resin (CEX processed sample); and

(ii1) contacting the CEX-processed sample with a MMC resin (MMC processed sample),
wherein the pH of a CEX loading buffer is lower than the pH of an AEX loading bufter.
[0112] In some embodiments, the present methods include the following:

(1) contacting a sample comprising EVs with an AEX resin (AEX processed sample);

(i) contacting the AEX-processed sample with a MMC resin (MMC processed sample); and

(ii1) contacting the MMC-processed sample with a CEX resin (CEX processed sample),
wherein the pH of a CEX loading buffer is lower than the pH of an AEX loading bufter.
[0113] In some embodiments, the present methods include the following:

(1) contacting a sample comprising EVs with a MMC resin (MMC processed sample);,

(i) contacting the MMC-processed sample with a CEX resin (CEX processed sample); and

(ii1) contacting the CEX-processed sample with an AEX resin (AEX processed sample),
wherein the pH of a CEX loading buffer is lower than the pH of an AEX loading bufter.
[0114] In some embodiments, the present methods include the following:

(1) contacting a sample comprising EVs with a MMC resin (MMC processed sample);

(i) contacting the MM-processed sample with an AEX resin (AEX processed sample); and

(ii1) contacting the AEX-processed sample with a CEX resin (CEX processed sample),
wherein the pH of a CEX loading buffer is lower than the pH of an AEX loading buffer.
[0115] For each chromatography (e.g., CEX, AEX, and MMC), various buffers (loading
buffer, elution buffer, wash buffer, etc) and conditions can be used to maximize the yield while
removing the impurities as much as possible. In some embodiments, each of the chromatography
comprises a loading buffer, an elution buffer, and/or a wash buffer. In some embodiments, the
loading buffer and the elution buffer can be the same. In other embodiments, the elution buffer and
the wash buffer can be the same. In other embodiments, the loading and wash buffers can be the
same. In some embodiments, the loading and wash buffers can be the same, but the elution buffer
is different from the loading and wash buffers. In other embodiments, the loading buffer, the elution
buffer, and the wash buffer are the same.
[0116] In some embodiments, CEX elution conditions can be designed to be the same as
the AEX load conditions enabling straight through operation. In some embodiments, CEX elution
conditions can be designed to be the same as the AEX load conditions enabling straight through

operation while the CEX loading conditions (e.g., a lower pH than the elution buffer) are different
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from the CEX elution conditions. In some embodiments, AEX elution conditions can be designed
to be the same as the MMC load conditions enabling straight through operation. Straight through
processing can also be accomplished by integrated dilution or in-line titration of an elution and/or
a load. In some embodiments, CEX and AEX columns can be duplexed (placed inline in series) to
enable operation of both columns in a single unit operation; the CEX column operated in flow-
through or weak partitioning mode with the flow-through directly binding to the downstream AEX
column. In some embodiments, the product can be eluted from the AEX with a separate elution. In
some embodiments, to prevent fouling and maximize reuse of the downstream column, the two
columns can be separated for strips and/or other phases.

[0117] In some embodiments, selective loading, capture, elution, and/or wash can be
achieved by changing salt, phosphate, or calcium concentrations, changing pH, altering
temperature, adding organic modifiers, organic solvents, small molecules, detergents, zwitterions,
amino acids, polymers, polyols (sucrose, glucose, trehalose, mannose, sorbitol, mannitol, glycerol,
etc.), anti-oxidants (e.g., methionine), EDTA, EGTA, Polysorbate 20, Polysorbate 80, ethylene
glycol, propylene glycol, polyethylene glycol, polypropylene glycol, and/or urea, adding excipients
that alter the surface tension of the solution, adding excipients that alter the polarity of the solution,
altering the residence time to take advantage of differential desorption rates between impurities
and EVs, adding excipients that modulate the structure of the EVs, or any combination of the
above.

[0118] In some aspects, loading, capture, elution, and/or wash can be achieved by using
EDTA to inhibit any potential contaminating metalloproteases. In some aspects, the EDTA is
present at a concentration of from about 0.0001M to about 1M in a buffer, e.g., an elution buffer
for the AEX. In some aspects, the EDTA is present at a concentration of from about 0.001M to
about 1M. In some aspects, the EDTA is present at a concentration of from about 0.001M to about
0.1M, from about 0.001M to about 0.09M, from about 0.002M to about 0.08M, from about 0.003M
to about 0.07M, from about 0.004M to about 0.06M, from about 0.005M to about 0.05M, from
about 0.006M to about 0.04M, from about 0.007M to about 0.03M, from about 0.008M to about
0.02M, or from about 0.009M to about 0.01M. In some aspects, the EDTA is present at a
concentration of from about 0.01M to about 0.1M. In some aspects, the EDTA is present at a
concentration of about 0.001M. In some aspects, the EDTA is present at a concentration of about
0.001M. In some aspects, the EDTA is present at a concentration of about 0.005M. In some aspects,
the EDTA is present at a concentration of about 0.01M. In some aspects, the EDTA is present at a

concentration of about 0.02M. In some aspects, the EDTA is present at a concentration of about
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0.003M. In some aspects, the EDTA is present at a concentration of about 0.004M. In some aspects,
the EDTA is present at a concentration of about 0.05M. In some aspects, the EDTA is present at a
concentration of about 0.06M. In some aspects, the EDTA is present at a concentration of about
0.07M. In some aspects, the EDTA is present at a concentration of about 0.08M In some aspects,
the EDTA is present at a concentration of about 0.09M In some aspects, the EDTA is present at a
concentration of about 0.1M.

[0119] In some embodiments, selective loading, elution, and/or wash of EVs can be
achieved by increasing the concentration of a monovalent salt (e.g., sodium chloride, potassium
chloride, sodium bromide, lithium chloride, sodium iodide, potassium bromide, lithium bromide,
sodium fluoride, potassium fluoride, lithium fluoride, lithium iodide, sodium acetate, potassium
acetate, lithium acetate, and potassium iodide), a divalent or trivalent salt (e.g., calcium chloride,
magnesium chloride, calcium sulfate, sodium sulfate, magnesium sulfate, chromium trichloride,
chromium sulfate, sodium citrate, iron (III) chloride, yttrium (IIT) chloride, potassium phosphate,
potassium sulfate, , sodium phosphate, ferrous chloride, calcium citrate, magnesium phosphate,
and ferric chloride), or a combination thereof, in the elution buffer for a chromatography (e.g.,
CEX, AEX, and/or MMC), through the use of an increasing gradient (step or linear) of a
monovalent salt (e.g., sodium chloride, potassium chloride, sodium bromide, lithium chloride,
sodium iodide, potassium bromide, lithium bromide, sodium fluoride, potassium fluoride, lithium
fluoride, lithium iodide, sodium acetate, potassium acetate, lithium acetate, and potassium iodide),
a divalent or trivalent salt (e.g., calcium chloride, magnesium chloride, calcium sulfate, sodium
sulfate, magnesium sulfate, chromium trichloride, chromium sulfate, sodium citrate, iron (III)
chloride, yttrium (IIT) chloride, potassium phosphate, potassium sulfate, sodium phosphate, ferrous
chloride, calcium citrate, magnesium phosphate, and ferric chloride), or a combination thereof, at
a fixed pH. In some aspects, one or more buffers, e.g., elution buffer or loading buffer, e.g., elution
buffer for AEX, loading buffer for AEX, comprises NaCl.

[0120] In some embodiments, substantial EV purity can be achieved by flowing through
impurities during the column loading phase, eluting impurities during selective excipient washes,
and/or by selectively eluting a target during elution while leaving additional impurities bound to
the column. Absorbance measurements of column eluates can suggest changes (e.g., a significant
reduction) in concentrations of proteins and nucleic acids. In some embodiments, the interaction
between the chromatographic resins (e.g., CEX, AEX, and/or MMC) and EVs is sufficient to
enable direct capture from cell culture, clarified cell culture, concentrated cell culture, or partially

purified in-process pools.



WO 2020/191369 PCT/US2020/024038
-31-

[0121] In some embodiments, excipients can be used for the washing step for one or more
chromatography processes (e.g., CEX, AEX, and/or MMC). Excipient washes can improve purity
or further aid in enriching, depleting, or isolating sub-populations of EVs. In some embodiments,
the excipient can be a solution having specific pH ranges, salts, organic solvents, small molecules,
detergents, zwitterions, amino acids, polymers, and any combination of the above.

[0122] In some embodiments, the excipient can comprise arginine, lysine, glycine,
histidine, calcium, sodium, lithium, potassium, iodide, magnesium, iron, zinc, manganese, urea,
propylene glycol, aluminum, ammonium, guanidinium polyethylene glycol, EDTA, EGTA, a
detergent, chloride, sulfate, carboxylic acids, sialic acids, phosphate, acetate, glycine, borate,
formate, perchlorate, bromine, nitrate, dithiothreitol, beta mercaptoethanol, or tri-n-butyl
phosphate.

[0123] In some embodiments, the excipient can also comprise a detergent. In some
embodiments, the detergent is selected from cetyl trimethylammonium chloride, octoxynol-9,
TRITON™ X-100 (i.e., polyethylene glycol p-(1,1,3,3-tetramethylbutyl)-phenyl ether) and
TRITON™ CG-110 available from Sigma-Aldrich; sodium dodecyl sulfate; sodium lauryl sulfate;
deoxycholic acid; Polysorbate 80 (i.e., Polyoxyethylene (20) sorbitan monooleate); Polysorbate 20
(i.e., Polyoxyethylene (20) sorbitan monolaurate); alcohol ethoxylate; alkyl polyethylene glycol
ether; decyl glucoside; octoglucosides; SafeCare; ECOSURF™ EH9, ECOSURF™ EHS6,
ECOSURF™ EH3, ECOSURF™ SA7 and ECOSURF™ SA9 available from DOW Chemical;
LUTENSOL™ M5, LUTENSOL™ XI., LUTENSOL™ XP and APG™ 325N available from
BASF; TOMADOL™ 900 available from AIR PRODUCTS; NATSURF™ 265 available from
CRODA; SAFECARE™1000 available from Bestchem, TERGITOL™ L64 available from DOW;
caprylic acid, CHEMBETAINE™ LEC available from Lubrizol, Mackol DG, and mixtures
thereof.

[0124] In some embodiments of the multistep process, any unit operation (i.e., any step in
the process) can be run in batch, semi-batch, semi-continuous, or continuous mode. In some
embodiments, surge tanks can be employed to enable semi-continuous or continuous processing.
[0125] In other embodiments, the sequence of the chromatography process (e.g., CEX-
AEX-MMC or AEX-CEX-MMC) can be repeated at least two times, at least three times, at least
four times, at least five times, at least six times, at least seven times, at least eight times, at least
nine times, at least ten times, at least 11 times, at least 12 times, at least 13 times, at least 14 times,
at least 15 times, at least 16 times, at least 17 times, at least 18 times, at least 19 times, or at least

20 times.
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[0126] In some embodiments, AEX and MMC columns are duplexed (placed inline in
series) to enable operation of both columns in a single until operation; the AEX column is operated
in bind/elute mode with the elution loaded directly onto the MMC column operation in flow-
through or weak partitioning mode. In some embodiments, to prevent fouling and maximize reuse
of the downstream column, the two columns can be separated for strips or other phases.

[0127] In some embodiments, the large-scale manufacturing process described herein
therefore, does not utilize a centrifugation process, e.g., a density gradient ultracentrifugation. In
other embodiments, the large scale manufacturing process utilizing a CEX process and an AEX
process shows improved purities, e.g., less total protein impurities, less perlecan protein level, less
agrin protein level, less host cell protein impurities, or any combination thereof, compared to an
AEX process alone or an AEX process and another chromatography (e.g., an HIC). In some
embodiments, the present methods exhibit less total protein impurities compared to an AEX
process alone, an AEX process followed by an HIC process, or a density gradient
ultracentrifugation as measured by a bicinchoninic acid (BCA) protein assay. The bicinchoninic
acid assay (BCA assay), also known as the Smith assay, developed by Paul K. Smith at the Pierce
Chemical Company, is a biochemical assay for determining the total concentration of protein in a
solution (0.5 pg/mL to 1.5 mg/mL), similar to Lowry protein assay, Bradford protein assay or
biuret reagent. The total protein concentration is exhibited by a color change of the sample solution
from green to purple in proportion to protein concentration, which can then be measured using
colorimetric techniques.

[0128] In some embodiments, the EVs purified by the present methods have total protein
impurities similar to the EVs purified by a density gradient ultracentrifugation process ("Opti", see,
for example, worldwideweb.sigmaaldrich.com/technical-
documents/articles/biofiles/centrifugation-separations.html). In other embodiments, the present
method results in at least about 5%, at least about 10%, at least about 11%, at least about 12%, at
least about 13%, at least about 14%, at least about 15%, at least about 16%, at least about 17%, at
least about 18%, at least about 19%, at least about 20%, at least about 21%, at least about 22%, at
least about 23%, at least about 24%, at least about 25%, at least about 26%, at least about 27%, at
least about 28%, at least about 29%, or at least about 30% fewer total protein impurities in the
purified EV composition compared to a reference EV composition purified by an AEX process, an
AEX process followed by a HIC process, or a density gradient ultracentrifugation process ("Opti")
as measured by a bicichoninic acid (BCA) protein assay. In other embodiments, the present

method results in at least about 20%, at least about 25%, at least about 30%, at least about 35%, at



WO 2020/191369 PCT/US2020/024038
-33-

least about 40%, at least about 45%, at least about 50%, at least about 55%, at least about 60%, at
least about 65%, at least about 70%, at least about 75%, at least about 80%, at least about 85%, at
least about 90%, or at least about 95% fewer total protein impurities in the purified EV composition
compared to a reference EV composition purified by an AEX process followed by an HIC process
as measured by a bicichoninic acid (BCA) protein assay (see, for example,
worldwideweb thermofisher.com/order/catalog/product/23225). In other embodiments, the present
method results in at least about 20%, at least about 25%, at least about 30%, at least about 35%, at
least about 40%, at least about 45%, at least about 50%, at least about 55%, at least about 60%, at
least about 65%, at least about 70%, at least about 75%, at least about 80%, at least about 85%, at
least about 90%, or at least about 95% fewer perlecan level in the purified EV composition
compared to a reference EV composition purified by an AEX process followed by an HIC process,
as measured by an AlphaLisa assay. In other embodiments, the present method results in at least
about 20%, at least about 25%, at least about 30%, at least about 35%, at least about 40%, at least
about 45%, at least about 50%, at least about 55%, at least about 60%, at least about 65%, at least
about 70%, at least about 75%, at least about 80%, at least about 85%, at least about 90%, or at
least about 95% fewer agrin level in the purified EV composition compared to a reference EV
composition purified by An AEX process alone or an AEX process followed by an HIC process,
as measured by an ELISA assay. In other embodiments, the present method results in at least about
20%, at least about 25%, at least about 30%, at least about 35%, at least about 40%, at least about
45%, at least about 50%, at least about 55%, at least about 60%, at least about 65%, at least about
70%, at least about 75%, at least about 80%, at least about 85%, at least about 90%, or at least
about 95% fewer agrin level in the purified EV composition compared to a reference EV
composition purified by a density gradient ultracentrifugation process ("Opti"), as measured by an
ELISA assay.

[0129] In other embodiments, the EVs purified by the present methods have higher potency
compared to reference EVs purified by an AEX process or an AEX process followed by an HIC
process. In other embodiments, the potency of the EVs purified by the present methods is higher
than that of the EVs purified by an AEX process or an AEX process followed by an HIC process
at least by about 5%, about 6%, about 7%, about 8%, about 9%, about 10%, about 11%, about 12%,
about 13%, about 14%, about 15%, about 16%, about 17%, about 18%, about 19%, about 20%,
about 21%, about 22%, about 23%, about 24%, about 25%, about 26%, about 27%, about 28%,
about 29%, or about 30%.
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[0130] In some embodiments, the EVs purified by the present methods have a reduced
endotoxin level and or a reduced beta glucan level compared to the EVs prior to the purification.
The reduced level of certain impurities, e.g., virus, endotoxins and/or beta glycan, can be expressed
as a calculated ratio of the titer of the impurities in the starting material and in the purified product,
i.e., logio reduction factor, logio reduction value, or sometimes simple logio clearance. The log
reduction value (LRV) from the endotoxin level in the starting sample comprising EVs (prior to
the purification step) to the EVs purified by the present purification method is more than about 3.0,
more than about 3.1, more than about 3.2, more than about 3.3, more than about 3.4, more than
about 3.5, more than about 3.6, more than about 3.7, more than about 3.8, more than about 3.9,
more than about 4.0, more than about 4.1, or more than about 4.2. In some embodiments, the LRV
for the endotoxin level in the EVs purified by the present method is more than 3.3 LRV.

[0131] In some embodiments, the beta glycan level in the EVs purified by the present
purification method is reduced compared to that in the starting material. The LRV of the present
methods for the beta glycan is more than about 3.0, more than about 2.5, more than about 2.4, more
than about 2.3, more than about 2.2, more than about 2.1, more than about 2.0, more than about
1.9, more than about 1.8, more than about 1.7, more than about 1.6, more than about 1.5, or more
than about 1.4. In some embodiments, the LRV for the beta glycan level in the EVs purified by the
present method is more than 1.8.

[0132] In some embodiments, the present disclosure provides for characterization of EVs
prepared by the methods provided herein. In some embodiments, contents of the EVs are extracted
for study and characterization. In some embodiments, EVs are isolated and characterized by
metrics including, but not limited to, size, shape, morphology, or molecular compositions such as
nucleic acids, proteins, metabolites, and lipids. In some embodiments, EVs are tracked by their
light scattering signal. Measuring a light scattering signal of EVs is described in detail in
International Application PCT/US2019/038592, published as WO 2019/246591 A1 on Dec. 26,
2019, which is incorporated herein by reference in its entirety. In some embodiments, EVs are
tracked by measuring their light scattering signal after a chromatography step at an emission
wavelength of 556nm and an excitation wavelength of 573nm.

[0133] In some aspects, the methods of the present disclosure comprises two or more
processes (e.g., chromatographies) connected for continuous manufacturing (e.g., purification). In
some aspects, the continuous manufacturing (e.g., purification) processes are integrated with the

bioreactor that produces the EVs.
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[0134] Some aspects of the present method is a streamlined, quick EV purification process.
In some aspects, the purification process, i.e., from cell culture media to drug substance, takes less
than about 10 days, less than about 9 days, less than about 8 days, less than about 7 days, less than
about 6 days, less than about 5 days, less than about 4 days, less than about 3 days, less than about
2 days, less than about 1.5 days, or less than about 1 day. In some aspects, the purification process,
i.e., from cell culture media to drug substance, takes less than about 1.5 days.

[0135] The present methods comprise: (a) clarifying the sample with a filteration (filtration
(1)); (b) digesting the sample in (a) with benzonase; (c) further clarifying the sample with filtration
(filtration (2)); (d) incubating the sample; (e) contacting the sample with an anion exchange
chromatography (AEX) resin; (f) subjecting to filtration (filtration (3)); (g) contacting the sample
with a first mixed mode chromatography (MMC) resin or a cation exchange chromatography
(CEX) resin, optionally in series with a second MMC resin; (h) subjecting the sample with filtration
(filtration (4)); (1) subjecting the sample with ultrafiltration and difiltration; and (j) subjecting the
sampe with filtration (filtration (5)). In some asepcts, the frist MMC resin and the second MMC
resin are different. In other asepcts, the first MMC resin comprises a cation exchanger and

hydrophobic interaction.

I1.A. CEX Process

[0136] The CEX process is a form of ion exchange chromatography that separates samples
based on their net surface charge. CEX specifically uses negatively charged ligands having affinity
to targets having positive surface charges. Without being bound by a particular theory, EVs may
be amphoteric and present positive surface charges that can be exploited for CEX purification
under certain purification conditions. The method can rely on positive charges of the surface
proteins on the EVs that contain basic amino acids such as lysine and arginine and/or are
complexed with bivalent positively charged metals. In addition, the presence of chromatin can
offer an array of basic histone proteins for CEX binding.

[0137] Various CEX resins can be used in the CEX process. In some embodiments, CEX
resins comprise a CEX ligand and a base matrix. In some embodiments, the base matrix can
comprise membranes, monoliths, hydrogels, nanofiber, composite resins, beaded resins, beaded
resins with inert porous shells, an/or any other absorptive or convective media. In other
embodiments the base matrix can comprise materials such as cellulose, agarose, polystyrene

derivatives, polyvinyl ether, silica, methacrylate derivatives, glass, ceramic hydroxyapatite,
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acrylamide, other backbones commonly used in chromatography and known by those of skill in
the art, and/or mixtures thereof.

[0138] Various CEX ligands can be used in the CEX process. In some embodiments, the
CEX ligands comprise sulfate, sulfopropyl, sulfobutyl, sulfoisobutyl, sulfoethyl, sulfonate,
sulfonic acid, carboxymethyl, carboxylic acid, glutamic acid, aspartic acid, histidine, hydroxyl,
and/or phosphate ligands. In some embodiments, CEX ligands are used together with other
conventional chromatography ligands such as sulfate ligands, tertiary amine ligands, quaternary
amine ligands, diethaminoethyl ligands, butyl ligands, hexyl ligands, ether ligands, polypropylene
glycol ligands, phenyl ligands, ceramic hydroxy apatite ceramic fluoroapatite ligands, amino acid
ligands, or any combination thereof. In some embodiments, commercially available
chromatography ligands are used, for example, those formulated as SP SEPHAROSE™ FF, SP
SEPHAROSE™ HP, SP SEPHAROSE™ BB, SP SEPHAROSE™ XL, CM SEPHAROSE™ FF,
CM SEPHAROSE™ HP, SOURCE™ 15§, SOURCE™ 30S, CAPTO™ §, MacroCap SP,
CAPTO™ SP ImpRes, or CAPTO™ § ImpAct available from GE Healthcare; FRACTOGEL®
EMD SO3- (M), FRACTOGEL® EMD S03- (S), FRACTOGEL® EMD SE Hicap (M),
ESHMUNO® S, or ESHMUNO® CPX available from Merck Millipore; TOYOPEARL® CM-
650C, TOYOPEARL® CM-650M, TOYOPEARL® CM-650S, TOYOPEARL® SP-650C,
TOYOPEARL® SP-650M, TOYOPEARL® SP-650S, TOYOPEARL® SP-550C,
TOYOPEARL® MEGACAP® II SP-550 EC, TOYOPEARL® GIGACAP® S-650M,
TOYOPEARL® GIGACAP® CM-650M, or TOYOPEARL® GIGACAP® S-650S available
from Tosoh Bioscience; MACRO-PREP® High S, MACRO-PREP® 25 S, MACRO-PREP® CM,
UNOSPHERE™ S NUVIA™ S or NUVIA™ HR-S available from BioRad Laboratories; S
HYPERCEL™, CM Ceramic HYPERD® F, S Ceramic HYPERD® 20, S Ceramic HYPERD® F,
CMM HYPERCEL™, or HYPERCEL™ STAR CEX, available from Pall Corporation, POROS®
50 HS, POROS® 20 HS, or POROS® XS, available from Thermo Fisher Scientific/Life
Technologies; PL-SCX 1000A 30um or PL-SCX 1000A 10um, available from Agilent
Technologies; CELLUFINE® MAX S-r, CELLUFINE® MAX S-h, or CELLUFINE® C-500 (m),
available from JNC Corporation, BAKERBOND™ POLYABx or BAKERBOND™ POLYABx,
available from Avantor Pharmaceutical Materials; YMC - BioPro S30, YMC - BioPro S75, YMC
- BioPro SmartSep S10, YMC - BioPro SmartSep S30, or YMC - BioPro SmartSep S30, available
from YMC; or PRAESTO™ SP45 PRAESTO™ SP65, or PRAESTO™ SP65, available from
Purolite. In some embodiments, the CEX resin used in the purification process can be POROS®

XS, available from Thermo Fisher Scientific/Life Technologies. In some embodiments, a CEX



WO 2020/191369 PCT/US2020/024038
-37-

ligand for the CEX process is POROS®™ XS. In some aspects, a CEX ligand for the CEX process is
CMM HyperCel™.

[0139] Interactions between the ligands and EVs are influenced by several factors, such as
cation exchangers, flow rate, particle size of the resin, binding capacity, or any combination
thereof. In certain embodiments the present disclosure further provides conditions where EVs can
be effectively isolated, purified or sub-fractionated with cation exchange ligands. In some
embodiments, the binding of EVs to CEX ligands is strengthened in lower pH. In other
embodiments, the pH of the CEX loading buffer is at least about 0.1, at least about 0.2, at least
about 0.3, at least about 0.4, at least about 0.5, at least about 0.6, at least about 0.7, at least about
0.8, at least about 0.9, at least about 1.0, at least about 1.1, at least about 1.2, at least about 1.3, at
least about 1.4, at least about 1.5, at least about 1.6, at least about 1.7, at least about 1.8, at least
about 1.9, at least about 2.0, at least about 2.1, at least about 2.2, at least about 2.3, at least about
2.4, at least about 2.5, at least about 2.6, at least about 2.7, at least about 2.8, at least about 2.9, at
least about 3.0, at least about 3.1, at least about 3.2, at least about 3.3, at least about 3.4, at least
about 3.5, at least about 3.6, at least about 3.7, at least about 3.8, at least about 3.9, or at least about
4.0 lower than the pH of the AEX loading buffer. In other embodiments, the pH of the CEX loading
buffer is from about 1 to about 2 lower than the pH of the AEX loading buffer.

[0140] In some embodiments, the pH of the CEX loading buffer is from about 5.0 to about
7.0, wherein the pH of the AEX loading buffer is optionally higher than 7. In some embodiments,
the pH of the CEX loading buffer is from about 5.1 to about 6.9, wherein the pH of the AEX
loading buffer is optionally higher than 6.9. In some embodiments, the pH of the CEX loading
buffer is from about 5.2 to about 6.8, wherein the pH of the AEX loading buffer is optionally higher
than 6.8. In some embodiments, the pH of the CEX loading buffer is from about 5.3 to about 6.7,
wherein the pH of the AEX loading buffer is optionally higher than 6.7. In some embodiments, the
pH of the CEX loading buffer is from about 5.4 to about 6.6, wherein the pH of the AEX loading
buffer is optionally higher than 6.6. In some embodiments, the pH of the CEX loading buffer is
from about 5.5 to about 6.5, wherein the pH of the AEX loading buffer is optionally higher than
6.5. In some embodiments, the pH of the CEX loading buffer is from about 5.6 to about 6.4,
wherein the pH of the AEX loading buffer is optionally higher than 6.4. In some embodiments, the
pH of the CEX loading buffer is from about 5.7 to about 6.3, wherein the pH of the AEX loading
buffer is optionally higher than 6.3. In some embodiments, the pH of the CEX loading buffer is
from about 5.8 to about 6.2, herein the pH of the AEX loading buffer is optionally higher than 6.2.
In some embodiments, the pH of the CEX loading buffer is from about 5.9 to about 6.2, wherein
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the pH of the AEX loading buffer is optionally higher than 6.2. In some embodiments, the pH of
the CEX loading buffer is from about 6.0 to about 6.2, wherein the pH of the AEX loading buffer
is optionally higher than 6.2. In some embodiments, the pH of the CEX loading buffer is about 6.1,
wherein the pH of the AEX loading buffer is optionally higher than 6.1. In some embodiments, the
pH of the CEX process is from about 7 to about 8, wherein the pH of the AEX loading buffer is
optionally higher than 8. In some embodiments, the pH of the CEX loading buffer is from about
7.1 to about 7.9, wherein the pH of the AEX loading buffer is optionally higher than 7.9. In some
embodiments, the pH of the CEX loading buffer is from about 7.2 to about 7.8, wherein the pH of
the AEX loading buffer is optionally higher than 7.8. In some embodiments, the pH of the CEX
loading buffer is from about 7.3 to about 7.7, wherein the pH of the AEX loading buffer is
optionally higher than 7.7. In some embodiments, the pH of the CEX loading buffer is from about
7.4 to about 7.6, wherein the pH of the AEX loading buffer is optionally higher than 7.6. In some
embodiments the pH of the CEX loading buffer is optionally lower than a neutral pH, e.g., 7.0,
wherein the pH of the AEX loading buffer is from about 5.0 to about 10.0, e.g., about 5, about 6,
about 7, about 8, about 9, or about 10.

[0141] In some embodiments, the binding of EVs to CEX ligands is strengthened in lower
salt concentrations. In some embodiments, the CEX loading buffer comprises a salt concentration
from about 10mM to about 300mM, from about 20mM to about 300mM, from about 30mM to
about 250mM, from about 40mM to about 200mM, from about 50mM to about 150mM, from
about 60mM to about 150mM, from about 70mM to about 150mM, from about 80mM to about
150mM, from about 90mM to about 150mM, from about 100mM to about 150mM, from about
110mM to about 150mM, or from about 120mM to about 150mM. In other embodiments, the CEX
loading buffer comprises a salt concentration of about 10mM, about 15mM, about 20mM, about
25mM, about 30mM, about 35mM, about 40mM, about 45mM, about 50mM, about 55mM, about
60mM, about 65mM, about 70mM, about 75mM, about 80mM, about 85mM, about 90mM, about
95mM, about 100mM, about 105mM, about 110mM, about 115mM, about 120mM, about 125mM,
about 130mM, about 135mM, about 140mM, about 145mM, about 150mM, about 155mM, about
160mM, about 165mM, about 170mM, about 175mM, about 180mM, about 185mM, about
190mM, or about 200mM. In some embodiments, the salt concentration of the CEX loading buffer
is about 130mM, about 135mM, about 137mM, or about 140mM.

[0142] In some embodiments, the salt concentration of the CEX loading buffer is at least
about 100mM, at least about 150mM, at least about 200mM, at least about 250mM, at least about
300mM, at least about 350mM, at least about 400mM, or at least about 450mM lower than the salt
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concentration of the AEX loading buffer and/or the MMC loading buffer. In other embodiments,
the salt concentration of the CEX loading buffer is about 100mM, about 200mM, or about 300mM
lower than the salt concentration of the AEX loading buffer.

[0143] In some embodiments, CEX is performed in a bind-elute mode. In some
embodiments, CEX is performed in a flow-through mode. In some embodiments, CEX is
performed in a weak-partitioning mode, where the EVs are bound more weakly that impurities
which bind more strongly to the CEX resin.

[0144] In the weak-partitioning mode, at least some desired EVs and at least some
undesired EVs or impurities, both bind to the chromatographic medium. However, undesired EVs
or impurities bind more tightly to the medium. Unbound, desired EVs pass through the medium
and are recovered from the column effluent. The binding between EVs and the chromatographic
medium is intermediate in comparison to bind-elute and flow-through modes.

[0145] In some embodiments, a loading phase can be followed by a wash phase to increase
recovery of the desired product. Washing can be done with a washing buffer identical to or different
from the loading buffer. When different, the wash buffer is different from the loading buffer in
terms of composition or pH.

[0146] In some embodiments, the pH of the CEX wash buffer is higher than the pH of the
CEX loading buffer. In other embodiments, the pH of the CEX wash buffer is the same as the AEX
loading buffer. In other embodiments, the pH of the CEX wash buffer is at least about 0.1, at least
about 0.2, at least about 0.3, at least about 0.4, at least about 0.5, at least about 0.6, at least about
0.7, at least about 0.8, at least about 0.9, at least about 1.0, at least about 1.1, at least about 1.2, at
least about 1.3, at least about 1.4, at least about 1.5, at least about 1.6, at least about 1.7, at least
about 1.8, at least about 1.9, at least about 2.0, at least about 2.1, at least about 2.2, at least about
2.3, at least about 2.4, at least about 2.5, at least about 2.6, at least about 2.7, at least about 2.8, at
least about 2.9, at least about 3.0, at least about 3.1, at least about 3.2, at least about 3.3, at least
about 3.4, at least about 3.5, at least about 3.6, at least about 3.7, at least about 3.8, at least about
3.9, or at least about 4.0 lower than the pH of the AEX loading buffer. In other embodiments, the
pH of the CEX wash buffer is from about 1 to about 2 lower than the pH of the CEX loading buffer.
[0147] In some embodiments, the CEX wash buffer comprises a salt concentration from
about 300mM to about 5M, from about 300mM to about 4M, from about 300mM to about 3M,
from about 400mM to about 3M, from about 500mM to about 3M, from about 600mM to about
2.5M, from about 700mM to about 2.5M, from about 800mM to about 2.5M, from about 900mM
to about 2.5M, from about 1M to about 2.4M, from about 1M to about 2.3M, or from about 1.5M
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to about 2M. In other embodiments, the CEX wash buffer comprises a salt concentration of about
300mM, about 400mM, about 500mM, about 600mM, about 700mM, about 800mM, about
900mM, about 1M, about 1.1M, about 1.2M, about 1.3M, about 1.4M, about 1.5M, about 1.6M,
about 1.7M, about 1.8M, about 1.9M, about 2.0M, about 2.1M, about 2.2M, about 2.3M, about
2.4M, about 2.5M, about 2.6M, about 2.7M, about 2.8M, about 2.9M, or about 3.0M. In some
embodiments, the salt concentration of the CEX wash buffer is about 1M, about 1.5M, about 2.0M,
or about 2.5M. In some embodiments, the salt concentration of the CEX wash buffer is about 2M.
[0148] In certain embodiments, various weak-partitioning purification methods, well-
known in the art, can be combined with the methods disclosed in this application. For example, in
some embodiments, methods for identifying ideal conditions for the weak-partitioning mode or
purification methods disclosed in the U.S. Publication No. 2007/0060741, which is incorporated
by reference in its entirety herein, can be used.

[0149] In certain embodiments the CEX process is repeated multiple times. In some
embodiments, the CEX process is repeated at least two times, at least three times, at least four
times, at least five times, at least six times, at least seven times, at least eight times, at least nine
times, at least ten times, at least 11 times, at least 12 times, at least 13 times, at least 14 times, at
least 15 times, at least 16 times, at least 17 times, at least 18 times, at least 19 times, at least 20
times, at least 21 times, at least 22 times, at least 23 times, at least 24 times, at least 25 times, at
least 26 times, at least 27 times, at least 28 times, at least 29 times, at least 30 times, at least 31
times, at least 32 times, at least 33 times, at least 34 times, at least 35 times, at least 36 times, at
least 37 times, at least 38 times, at least 39 times, at least 40 times, at least 41 times, at least 42
times, at least 43 times, at least 44 times, at least 45 times, at least 46 times, at least 47 times, at
least 48 times, at least 49 times, at least 50 times. In some embodiments, the CEX process is
repeated at least three times. In some embodiments, the CEX process is repeated at least four times.
In some embodiments, the CEX process is repeated at least five times. In some embodiments, the

CEX process is repeated at least six times.

IL.B. Anion Exchange Chromatography (AEX) Process

[0150] The methods of the present disclosure also include an AEX. AEX is another form
of ion exchange chromatography that separates samples based on their surface charge. AEX uses
positively charged ligands having affinity to targets having negative surface charges. In some
embodiments, the AEX can be performed on the sample comprising EVs after the sample has been

subjected to CEX. In other embodiments, the AEX can 