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METHODS FOR ENRICHING EXTRACELLULAR VESICLES FROM
BIOLOGICAL FLUID SAMPLES

FIELD

[0001] The invention provides methods for enriching extracellular vesicles (EVs), including
exosomes, from biological fluid samples from subjects, and optionally further testing the EVs

for the presence of specific biomarkers.

BACKGROUND

[0002] Extracellular vesicles (EVs) are cellular particles shed from cells that may be found
in various bodily fluids. EVs include exosomes (which can be about 40 to about 100 nm),
microvesicles (which can be about 100 nm to about 1 um) and apoptotic bodies (which can be
about 1 to about 5 um), for example. These EVs have been shown to play an important role in
intercellular communication in homeostatic and oncogenic processes (reviewed in Becker et al .,
2016). Exosomes arise from intraluminal vesicles, which are byproducts of the endocytic
process and exist in the cytoplasm. Once these precursors are secreted from the plasma
membrane of cells, they become exosomes. Microvesicles (sometimes called ectosomes) are
assembled directly at the plasma membrane and may contain similar cargo and surface markers
as exosomes (such as tetraspanins).

[0003] EVs are heterogeneous as they are secreted from various tissues, and even those
secreted from a single site can be heterogeneous, depending on their cell of origin. Databases
such as EVpedia® (www.evpedia.info) and ExoCarta® (www.exocarta.org) exist to catalog the
extensive repertoire of molecules found within EVs from various sources (Mathivanan and
Simpson, 2009; Kim et al. 2015). However, there is considerable debate as to what is the best
technique to isolate EVs (including exosomes and microvesicles). The great majority of
literature is focused on exosomes, with microvesicles less-studied. Furthermore, the technique
utilized for EV isolation often depends on the downstream application. Differential
ultracentrifugation (DUC), where successive centrifugation steps are employed with increasing
speed and time, is one of the most commonly used methods (Andre et al. 2002; Pisitkun et al.
2004). Sequential filtration, with or without ultracentrifugation, can be used to ensure a size-
specific fraction of EVs. Additionally, commercial reagents like ExoQuick® (System
Biosciences) and Total Exosome Isolation (Thermo Fisher) are capable of isolating these
particles. However, neither of these methods addresses how to enrich for EVs that originate

from a certain cell type, for example, such as blood-circulating EVs from particular cell types.
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[0004] The present disclosure provides, inter alia, novel methods of enriching EVs from
biological fluid samples from mammalian subjects based on presence of cell surface markers,
and for optionally further testing the isolated EVs for the presence of additional biomarkers,
such as biomarkers that may be found either on the surface or in the lumen of EVs and that may
be associated with particular cell types or disease states. EVs shed from tumors, for example,
contain tumor-derived proteins and nucleic acids (Rabinowits et al., 2009; Inal et al. 2013). The
ability to specifically enrich for these will enable the study of tumor-specific information in
liquid biopsy over time and across multiple metastatic foci.

SUMMARY
[0005] This disclosure, in some embodiments, relates to processes of enriching extracellular
vesicles (EVs) in a biological fluid sample from a subject. In some embodiments, the EVs are
cell type-specific. In some embodiments, the processes comprise (a) providing a biological fluid
sample from the subject; (b) contacting the sample with antibodies specific for a cell surface
marker for one or more cell types, optionally wherein the antibodies are attached to a matrix;
and (c) isolating antibody-bound EVs from unbound EVs the sample. In some embodiments, the
sample comprises a volume from 100 pl to 7 mL, from 200 ul to 6.5 mL, from 250 ul to 6.5 mL,
from 200 pl to 6 mL, from 250 pl to 6 mL, from 200 ul to 5 mL, from 200 ul to 4 mL, from 200
ul to 3 mL, from 200 pl to 2 mL, from 100 pl to 1 mL, from 150 pl to 1 mL, from 200 pl to 1
mL, from 250 pul to 1mL, from 200 ul to 500 pl, from 200 pul to 500 pl, from 200 ul to 400 pl,
from 250 pl to 500 pl, or from 250 pl to 400 ul. In any of the above processes, the EVs may
comprise EVs from epithelial cells, lung tissue cells, breast tissue cells, liver tissue cells,
prostate tissue cells, kidney tissue cells, urinary tract cells, neural cells, tumor cells, solid tumor
cells, lung tumor cells, breast tumor cells, liver tumor cells, prostate tumor cells, kidney tumor
cells, urinary tumor cells, glioblastoma cells, or amyloid-beta expressing cells. In some
embodiments, the cell surface marker is an epithelial cell surface marker. In some embodiments,
the cell surface markers may be (a) an epithelial cell surface marker, such as EpCAM, EGFR,
PSMA, GSP64, CD3, CD49b, CD87, CD95, E-Cadherin CA9, CA12, N-cadherin, OB-cadherin,
cadherin-11, a cytokeratin or epithelial membrane antigen (EMA); (b) a lung tissue marker, such
as EpCAM, CA9, CA12, DSG3, FAT2, GPR87, KISS1R, LYPD3, SLC7A11, TMPRSS4,
CD133, prominin-1, AC133, programmed death-1 receptor (PD1) or FAS; (c) a breast tissue
marker, such as E-cadherin, epithelial membrane antigen (EMA), human epidermal growth
factor receptor type 2 (Her2/neu), avp6 integrin, EpCAM, carcinoembryonic antigen (CEA),
folate receptor-alpha (FR-a), urokinase-type plasminogen activator receptor (UPAR) or

placental-specific protein 1 (PLAC1); (d) a liver cell marker, such as CD133, Prominin-1,
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CD44, EpCAM, delta-like 1 non-canonical Notch ligand 1 (DLK1), ALDH, CD13, CD90,
CD24, OV6, ICAM-1, CD34, C-kit, a251, K19, LGRS, GPC3, Annexin A2, CD15, ABC
transporters, Nope, DCLK1, ASGPR, CK or CD47; (e) a glioblastoma biomarker, such as
fibronectin, CD63, HSP70, Annexin A2, CD9, CD81, CD44, GRP78, CD133, CD15, a
sialoglycoprotein, SLC1A3, PTPRZ1, GPR56, CLU or ALD1A3; (f) a urinary tract cell marker,
such as a tetraspanin, CD9, CD81, LAMP-1, CD10, CD24, CD44 or CD63; or (g) an amyloid
marker such as beta-amyloid precursor protein (B-APP), presenilin protein PS-1, or proinsulin
protein PS-2. In some embodiments, the cell surface marker can be EpCAM.

[0006] In some embodiments, wherein the antibodies are attached to a matrix, the matrix
may comprise particles such as beads, pellets, or chips, which are optionally magnetic. In some
embodiments, the biological fluid sample may comprise tears, saliva, lymph fluid, urine, serum,
cerebral spinal fluid, pleural effusion, ascites, or plasma. In some embodiments, the sample
comprises serum or plasma.

[0007] In any of the above processes, the subject may be a human. In some embodiments,
the subject may be a cancer subject or suspected cancer subject. In some embodiments, the
cancer is a solid tumor. In some embodiments, the cancer is breast cancer, triple negative breast
cancer, lung cancer, NSCLC, SCLC, liver cancer, urinary tract cancer, bladder cancer, brain
cancer, or glioblastoma. In some embodiments, the subject may be an infectious disease subject
or suspected infectious disease subject. In some embodiments, the subject may be an
inflammatory disease subject or suspected inflammatory disease subject. In some embodiments,
where the subject is a cancer subject or suspected cancer subject, the cell surface marker is
EpCAM.

[0008] In some embodiments, the subject may be an amyloid disease subject or suspected
amyloid disease subject.

[0009] In some cases, the methods may further comprise isolating total extracellular vesicles
(EVs) from the sample, such as by membrane capture or differential ultracentrifugation,
determining total protein levels in the isolated total extracellular vesicles, and optionally
comparing the total protein levels from the total EVs to levels of cell surface marker in the EVs.
[0010] In some embodiments, isolation of antibody bound EVs from unbound EVs is
through attachment of antibodies to a matrix. In some embodiments, isolation of the antibody
bound EVs from unbound EVs comprises separating the matrix from supernatant in the sample,
such as by allowing the matrix to precipitate by gravity or centrifugation.

[0011] In some embodiments, the processes may include contacting the antibody bound EVs

with a detection agent specific for a second biomarker. In some embodiments, the antibody
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bound EVs are resuspended in lysis buffer prior to being contacted with the detection agent
specific for the second biomarker. In some embodiments, the detection agent is an antibody. In
some embodiments, the second biomarker is a protein, a polynucleotide (e.g. an RNA molecule),
a lipid, a drug, or a drug metabolite. In some embodiments, the subject has cancer or is
suspected of having cancer, and where the second biomarker is a polypeptide expressed or
overexpressed in tumor cells, and/or wherein the second biomarker is a cytokine, cytokine
receptor, or an immune checkpoint regulator. In some embodiments, the second biomarker is
one or more of PD-L1, SCF, IL-3, GM-CSF, G-CSF, M-CSF, TNF-alpha, IL-2, IL-5, TMB,
CTLA-4, ICOS, 4-1BB (CD137), PD-1, CTLA-4, LAG-3, Tim-3, CD39, IFN-B, IFN-y, IL-2,
IL-10, TGF-B, CCR10, CXCR4, CCR7, sMICA, IL-8, IDO1, GBP1, class Il MHC molecules,
CXCL9, CXCL10 (IP-10), CXCL11, IL-6, CCL4, CCL5, IFNGR1, IFNGR2, JAK2, IRF1,
IFIT1, IFIT2, MTAP, miR3, SOCA1, PIAS4, GZMA, GZMB, PRF1, HLA-DQA1, HLA-
DRBI, IFNG, STAT1, ICAMI1-5, VCAM-1, JAK1, JAK2, CCR5, HLA-DRA, CXCR6, TIGIT,
CD27, CD274, PDCD1LG2 (PD-L2), LAG3, NKG7, PSMB10, CMKLR1, CD8A, CDS8B,
HLA-DB1, HLA-E, CD276, CD3D, CD3E, CD3G, CD247, ZAP70, CD2, CD28, ICOS,
IL12Rb1, GZMM, FLTSLG, IL-15, Eotazin, GRO-1, VEGF, HGF, AFP, BCR-ABL,

BRCA 1/BRCA2, B-Raf V600E, CA-125, CA19-9, CEA, EGFR, HER-2/neu, KIT, PSA, $100,
KRAS, UGT1A1 or CD20.

[0012] The processes described above may also have one or more of the following
characteristics: (a) the sample is not subjected to chromatography either before or after
contacting the sample with the antibodies; (b) the sample is not treated before contacting the
sample with the antibodies other than optionally to remove particles above 1 um, above 2 pm,
above 5 um, above 10 pm, or above 20 um in diameter and/or to remove cellular bodies and
debris larger than EVs; (¢) the EVs are not subjected to chromatography either before or after
contacting the sample with the antibodies; (d) the antibodies are attached to a matrix, and the
matrix is not a filter, an ion-exchange medium, or a membrane; or (e) the antibodies are attached
to a matrix and the matrix is not charged.

[0013] In some processes herein, isolation of cell-type specific EVs from the sample consists
essentially of (a) contacting the sample with antibodies specific for the cell surface marker for
the one or more cell types (optionally wherein the antibodies are attached to the matrix), and (b)
isolating the antibody-bound EVs from unbound EVs the sample.

[0014] This disclosure, in some embodiments, also relates to processes of enriching cell-type
specific extracellular vesicles (EVs) from a subject, comprising: (a) providing a biological fluid

sample from the subject; (b) contacting the sample with antibodies specific for a cell surface
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marker, optionally wherein the antibodies are attached to a matrix; (c) isolating antibody-bound
EVs from unbound EVs the sample; (d) optionally resuspending the antibody-bound EVsin a
lysis buffer; and (e) contacting the EVs with a detection agent specific for a second biomarker.
In some embodiments, the sample comprises a volume from 100 ul to 7 mL, from 200 pl to 6.5
mL, from 250 pl to 6.5 mL, from 200 pl to 6 mL, from 250 ul to 6 mL, from 200 ul to 5 mL,
from 200 pl to 4 mL, from 200 pl to 3 mL, from 200 pl to 2 mL, from 100 pl to 1 mL, from 150
ul to 1 mL, from 200 pl to 1 mL, from 250 pl to 1mL, from 200 ul to 500 pl, from 200 ul to 500
ul, from 200 pl to 400 pl, from 250 pl to 500 pl, or from 250 pul to 400 pul. In some of these
processes, the EVs may be EVs from epithelial cells, lung tissue cells, breast tissue cells, liver
tissue cells, prostate tissue cells, kidney tissue cells, urinary tract cells, neural cells, tumor cells,
solid tumor cells, lung tumor cells, breast tumor cells, liver tumor cells, prostate tumor cells,
kidney tumor cells, urinary tumor cells, glioblastoma cells, or amyloid-beta expressing cells. In
some embodiments, the cell surface marker is an epithelial cell surface marker.

[0015] In some of these processes, the cell surface marker is: (a) an epithelial cell surface
marker, such as EpCAM, EGFR, PSMA, GSP64, CD3, CD49%, CD87, CD95, E-Cadherin CA9,
CA12, N-cadherin, OB-cadherin, cadherin-11, a cytokeratin or epithelial membrane antigen
(EMA); (b) a lung tissue marker, such as EpCAM, CA9, CA12, DSG3, FAT2, GPR87, KISS1R,
LYPD3, SLC7A11, TMPRSS4, CD133, prominin-1, AC133, programmed death-1 receptor
(PD1) or FAS; (c) a breast tissue marker, such as E-cadherin, epithelial membrane antigen
(EMA), human epidermal growth factor receptor type 2 (Her2/neu), avP6 integrin, EpCAM,
carcinoembryonic antigen (CEA), folate receptor-alpha (FR-0), urokinase-type plasminogen
activator receptor (UPAR) or placental-specific protein 1 (PLAC1); (d) a liver cell marker, such
as CD133, Prominin-1, CD44, EpCAM, delta-like 1 non-canonical Notch ligand 1 (DLK1),
ALDH, CD13, CD90, CD24, OV6, ICAM-1, CD34, C-kit, 0261, K19, LGRS, GPC3, Annexin
A2, CD15, ABC transporters, Nope, DCLK1, ASGPR, CK or CD47; (e) a glioblastoma
biomarker, such as fibronectin, CD63, HSP70, Annexin A2, CD9, CD81, CD44, GRP78,
CD133, CD15, a sialoglycoprotein, SLC1A3, PTPRZ1, GPR56, CLU or ALD1A3; (f) a urinary
tract cell marker, such as a tetraspanin, CD9, CD81, LAMP-1, CD10, CD24, CD44 or CD63; or
(g) an amyloid marker such as beta-amyloid precursor protein (3-APP), presenilin protein PS-1,
or proinsulin protein PS-2.

[0016] In some of the above embodiments, the antibodies are attached to a matrix and the
matrix comprises particles such as beads, pellets, or chips, which are optionally magnetic. In

some embodiments, the biological fluid sample comprises tears, saliva, lymph fluid, urine,
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serum, cerebral spinal fluid, pleural effusion, ascites, or plasma. In some embodiments, the
sample is serum or plasma.

[0017] In some of the above processes, the subject is human. In some embodiments, the
subject may be a cancer subject or suspected cancer subject. In some embodiments, the cancer is
a solid tumor. In some embodiments, the cancer is breast cancer, triple negative breast cancer,
lung cancer, NSCLC, SCLC, liver cancer, urinary tract cancer, bladder cancer, brain cancer, or
glioblastoma. In some embodiments, the subject may be an infectious disease subject or
suspected infectious disease subject.

[0018] In some of the above processes, the cell surface marker comprises EpCAM, EGFR,
PSMA, GSP64, CD3, CD49b, CD87, CD95, E-Cadherin CA9, CA12, N-cadherin, OB-cadherin,
cadherin-11, cytokeratins and epithelial membrane antigen (EMA). Some processes may further
include a second biomarker that comprises one or more of 1L-4, IL-5, IL-8, IL-10, IL-35, IFN-a,
IFN-y, CXCL10 (IP-10), C reactive protein, hemagglutinin, virus RNA, virus DNA, viral
proteins (such as hepatitis B surface antigen, and HIV p24 antigen), bacterial RNA, bacterial
DNA, a bacterial protein, a surface immunoglobulin or a receptor for C3 complement
component. In some embodiments, the cell surface marker is EpCAM.

[0019] In some of the above embodiments, the subject may be an inflammatory disease
subject or suspected inflammatory disease subject. In some embodiments, the second biomarker
comprises one or more of TNF-q, IL-16, IL-17, IL-21, 1L-22, IL-33, CD86, CD80, CRP, IL-1,
IL-1¢, IL-1P, IL-2, IL-6, IL-8, IL-12, IFN-y, serum amyloid (SAA), COX2, NK-«xB, CCL2,
CXCL10, CCL2, CXCL5, CXCL9, CXCL6, MMP-7, MMP-2, MMP-9 or CSFIR; and
optionally, wherein the cell surface marker is an epithelial cell surface marker, such as EpCAM,
EGFR, PSMA, GSP64, CD3, CD49b, CD87, CD95, E-Cadherin CA9, CA12, N-cadherin, OB-
cadherin, cadherin-11, a cytokeratin or epithelial membrane antigen (EMA).

[0020] In some embodiments, the subject may be an amyloid disease subject or suspected
amyloid disease subject. In some such embodiments, the cell surface marker is B-APP, PS-1, or
PS-2, and/or wherein the second biomarker is one or more of CD3, CD4, CDS8, CD40L,
CD45RO, CD45RA, sCD40L, Fas/CD95, CD14, APP, CD19, CD69, IL-2, IFN-0, sCD40,
CDl11b, CD14, Ibal, CD11b, CD11¢, RCA-1, MHCII (including HLA-DR), ferritin, IL-1aq,
CD68, CD163, Ricinus communis agglutin-1 (RCA-1), translocator protein (TSPO), triggering
receptor expressed on myeloid cells 2 (TREM2), CR3 or CD33.

[0021] Some of the processes above further comprise isolating total extracellular vesicles
(EVs) from the sample, such as by membrane capture or differential ultracentrifugation,

determining total protein levels in the isolated total extracellular vesicles, and optionally
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comparing the total protein levels from the total EVs to levels of cell surface marker in the EVs.
In some embodiments, isolation of antibody bound EVs from unbound EVs is through
attachment of the antibodies to a matrix. In some embodiments, isolation of the antibody bound
EVs from unbound EVs comprises separating the matrix from supernatant in the sample, such as
by allowing the matrix to precipitate by gravity or centrifugation.

[0022] In some cases, the above processes have one or more of the following characteristics:
(a) the sample is not subjected to chromatography either before or after contacting the sample
with the antibodies; (b) the sample is not treated before contacting the sample with the
antibodies other than optionally to remove particles above 1 um, above 2 um, above 5 pm,
above 10 um, or above 20 um in diameter from the sample and/or to remove cellular bodies and
debris larger than EVs; (c¢) the EVs are not subjected to chromatography either before or after
contacting the sample with the antibodies; (d) the antibodies are attached to a matrix, and the
matrix is not a filter, an ion-exchange medium, or a membrane; or (e) the antibodies are attached
to a matrix and the matrix is not charged.

[0023] In some embodiments, the isolation of the cell-type specific EVs from the sample
may consist essentially of (a) contacting the sample with antibodies specific for the cell surface
marker for the one or more cell types (optionally wherein the antibodies are attached to a
matrix), (b) and isolating the antibody-bound EVs from unbound EVs the sample, (c)
resuspending the antibody-bound EVs in a lysis buffer, and (d) contacting the EVs with a
detection agent specific for a second biomarker.

[0024] In some embodiments, the detection agent is an antibody. In some embodiments, the
second biomarker may be a protein, a polynucleotide (e.g. an RNA molecule), a lipid, a drug, or
a drug metabolite.

[0025] In some cases, the subject has cancer or is suspected of having cancer and the
processes include a second biomarker that is a polypeptide expressed or overexpressed in tumor
cells. In some such embodiments, the processes further include a second biomarker that is a
cytokine, cytokine receptor, or an immune checkpoint regulator. In some such embodiments, the
second biomarker is one or more of PD-L1, SCF, IL-3, GM-CSF, G-CSF, M-CSF, TNF-alpha,
IL-2, IL-5, TMB, CTLA-4, ICOS, 4-1BB (CD137), PD-1, CTLA-4, LAG-3, Tim-3, CD39,
IFN-B, IFN-y, IL-2, IL-10, TGF-B, CCR10, CXCR4, CCR7, sMICA, IL-8, IDO1, GBP1, class Il
MHC molecules, CXCL9, CXCL10 (IP-10), CXCL11, IL-6, CCL4, CCL5, IFNGR1, IFNGR2,
JAK2, IRF1, IFIT1, IFIT2, MTAP, miR3, SOCAI, PIAS4, GZMA, GZMB, PRF1, HLA-
DQAI, HLA-DRBI, IFNG, STATI1, ICAMI1-5, VCAM-1, JAK1, JAK2, CCRS, HLA-DRA,
CXCR6, TIGIT, CD27, CD274, PDCD1LG2 (PD-L2), LAG3, NKG7, PSMB10, CMKLR1,
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CDS8A, CD8B, HLA-DB1, HLA-E, CD276, CD3D, CD3E, CD3G, CD247, ZAP70, CD2,
CD28, ICOS, IL12Rb1, GZMM, FLTSLG, IL-15, Eotazin, GRO-1, VEGF, HGF, AFP, BCR-
ABL, BRCA1/BRCA2, B-Raf V60OE, CA-125, CA19-9, CEA, EGFR, HER-2/neu, KIT, PSA,
S100, KRAS, UGT1A1 or CD20. In some embodiments, the second biomarker comprises PD-
L1. In some embodiments, the tumor cell surface marker is EpCAM and the second biomarker
comprises PD-L1.

[0026] This disclosure also relates to processes of identifying tumor-derived extracellular
vesicles (EVs) in a subject, comprising: (a) providing a plasma sample from the subject,
optionally wherein the sample is from 100 pl to 1 mL, 200 pl to 1 mL, from 250 pl to 1mL,
from 100 pl to 500 pl, from 200 pl to 500 pl, from 200 pl to 400 pl, from 250 pl to 500 pl, or
from 250 pl to 400 pl; (b) contacting the plasma sample with antibodies specific for EpCAM,
optionally wherein the antibodies are attached to a matrix; (¢) isolating EpCAM antibody-bound
EVs from unbound EVs the sample; (d) optionally resuspending the EpCAM antibody-bound
EVs in a lysis buffer; and (e) contacting the EpCAM antibody-bound EVs with an antibody
specific for PD-L1 and optionally determining the level of PD-L1 in the EpCAM antibody-
bound EVs. This disclosure also relates to processes of determining treatment for a subject with
cancer, comprising: (a) providing a plasma sample from the subject, optionally wherein the
sample is 100 pl to 1 mL, from 200 pl to 1 mL, from 250 pl to 1mL, from 100 pl to 500 pl,
from 200 pl to 500 pl, from 200 pl to 400 pl, from 250 pl to 500 pl, or from 250 pul to 400 pl;
(b) contacting the plasma sample with antibodies specific for EpCAM, optionally wherein the
antibodies are attached to a matrix; (c) isolating antibody-bound extracellular vesicles (EVs)
from unbound EVs the sample; (d) optionally resuspending the EpCAM antibody-bound EVs in
a lysis buffer; (e) contacting the EVs with an antibody specific for PD-L1; (f) determining the
level of PD-L1 in the EpCAM antibody-bound EVs; and (g) determining whether the subject
should receive treatment with an immune checkpoint inhibitor (e.g. a PD-1 or PD-L1 inhibitor)
based on the determined level of PD-L1 in the EpCAM antibody-bound EVs, wherein increases
in PD-L1 levels correlate with need for treatment with the inhibitor. In some embodiments,
these processes may include determining whether the subject should receive a PD-L1 inhibitor
such as atezolimumab, durvalumab, avelumab, envafolimab, BMS-936559, CK-301, CS-1001,
SHR-1316, CBT-502, or BGB-A333. In some embodiments, the process may include
determining whether the subject should receive a PD-1 inhibitor such as nivolumab,
pembrolizumab, cemiplimab, spartalizumab, camrelizumab, sintilimab, tislelizumab,
toripalimab, AMP-224, or AMP-514, or a CTLA-4 inhibitor such as ipilimumab. In some cases,

the subject is a human having or suspected of having breast cancer, triple negative breast cancer,
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lung cancer, NSCLC, SCLC, liver cancer, urinary tract cancer, bladder cancer, brain cancer, or
glioblastoma. In some embodiments, the process further comprises administering an immune
checkpoint inhibitor such as a PD-1 or PD-L1 inhibitor to the subject.

[0027] In any of the processes described above, prior to contacting the sample with the
antibodies specific to the cell surface marker, the sample can have been treated to remove
particles above 1 um, above 2 pm, above 5 um, above 10 pm, or above 20 um in diameter
and/or to remove cellular bodies and debris larger than EVs.

[0028] In any of the processes described above, the EVs can have a particle size of less than
1 micron, such as 40 nm to less than 1 micron, 40-500 nm, 40-300 nm, 100-400 nm, or 100-300
nm, or have a mean particle size of 150-200 nm.

[0029] The present disclosure also provides kits for enriching or identifying cell-type
specific extracellular vesicles (EVs) in a biological fluid sample from a subject. In some
embodiments, the kits may comprise antibodies specific for a cell surface marker attached to a
matrix, and optionally further comprising: (a) one or more detection reagents for detection of a
second biomarker, (b) one or more buffers for resuspending antibody-bound EVs and/or for
detection of a second biomarker, and (c) instructions for use in enriching EVs from a biological
fluid sample of a subject. In some embodiments, the matrix comprises particles such as beads,
pellets, or chips, which are optionally magnetic. In some embodiments, the kits may enrich or
identify EVs from epithelial cells, lung tissue cells, breast tissue cells, liver tissue cells, prostate
tissue cells, kidney tissue cells, urinary tract cells, neural cells, tumor cells, solid tumor cells,
lung tumor cells, breast tumor cells, liver tumor cells, prostate tumor cells, kidney tumor cells,
urinary tumor cells, glioblastoma cells, or amyloid-beta expressing cells.

[0030] In some of the kits described herein, the cell surface marker is: (a) an epithelial cell
surface marker, such as EpCAM, EGFR, PSMA, GSP64, CD3, CD4%, CD87, CD95, E-
Cadherin CA9, CA12, N-cadherin, OB-cadherin, cadherin-11, a cytokeratin or epithelial
membrane antigen (EMA); (b) a lung tissue marker, such as EpCAM, CA9, CA12, DSGS3,
FAT2, GPR87, KISSIR, LYPD3, SLC7A11, TMPRSS4, CD133, prominin-1, AC133,
programmed death-1 receptor (PD1) or FAS; (c) a breast tissue marker, such as E-cadherin,
epithelial membrane antigen (EMA), human epidermal growth factor receptor type 2 (Her2/neu),
avpo integrin, EpCAM, carcinoembryonic antigen (CEA), folate receptor-alpha (FR-a),
urokinase-type plasminogen activator receptor (UPAR) or placental-specific protein 1 (PLAC1);
(d) aliver cell marker, such as CD133, Prominin-1, CD44, EpCAM, delta-like 1 non-canonical
Notch ligand 1 (DLK1), ALDH, CD13, CD90, CD24, OV6, ICAM-1, CD34, C-kit, 6251, K19,
LGRS, GPC3, Annexin A2, CD15, ABC transporters, Nope, DCLK1, ASGPR, CK or CD47; (e)
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a glioblastoma biomarker, such as fibronectin, CD63, HSP70, Annexin A2, CD9, CD81, CD44,
GRP78, CD133, CD15, a sialoglycoprotein, SLC1A3, PTPRZ1, GPRS56, CLU or ALD1A3; (g)
a urinary tract cell marker, such as a tetraspanin, CD9, CD81, LAMP-1, CD10, CD24, CD44 or
CD63; or (h) an amyloid marker such as beta-amyloid precursor protein (B-APP), presenilin
protein PS-1, or proinsulin protein PS-2.
[0031] In some kits herein, the second biomarker comprises a protein, a polynucleotide (e.g.
an RNA molecule), a lipid, a drug, or a drug metabolite. In some kits, the second biomarker is
one or more of PD-L1, SCF, IL-3, GM-CSF, G-CSF, M-CSF, TNF-alpha, IL-2, IL-5, TMB,
CTLA-4, ICOS, 4-1BB (CD137), PD-1, CTLA-4, LAG-3, Tim-3, CD39, IFN-B, IFN-y, IL-2,
IL-10, TGF-B, CCR10, CXCR4, CCR7, sMICA, IL-8, IDO1, GBP1, class Il MHC molecules,
CXCL9, CXCL10 (IP-10), CXCL11, IL-6, CCL4, CCL5, IFNGR1, IFNGR2, JAK2, IRF1,
IFIT1, IFIT2, MTAP, miR3, SOCA1, PIAS4, GZMA, GZMB, PRF1, HLA-DQA1, HLA-
DRBI, IFNG, STAT1, ICAMI1-5, VCAM-1, JAK1, JAK2, CCR5, HLA-DRA, CXCR6, TIGIT,
CD27, CD274, PDCD1LG2 (PD-L2), LAG3, NKG7, PSMB10, CMKLR1, CD8A, CDS8B,
HLA-DB1, HLA-E, CD276, CD3D, CD3E, CD3G, CD247, ZAP70, CD2, CD28, ICOS,
IL12Rb1, GZMM, FLTSLG, IL-15, Eotazin, GRO-1, VEGF, HGF, AFP, BCR-ABL,
BRCA1/BRCA2, B-Raf V600E, CA-125, CA19-9, CEA, EGFR, HER-2/neu, KIT, PSA, S100,
KRAS, UGT1A1, CD20, TNF-q, IL-16, IL-17, IL-21, IL-22, IL-33, CD86, CD80, CRP, IL-1,
IL-1q, IL-1B, IL-2, IL-6, IL-8, IL-12, IFN-y, serum amyloid (SAA), COX2, NK-kB, CCL2,
CXCL10, CCL2, CXCL5, CXCL9, CXCL6, MMP-7, MMP-2, MMP-9, CSFIR, CD3, CD4,
CD8, CD40L, CD45RO, CD45RA, sCD40L, Fas/CD95, CD14, APP, CD19, CD69, IL-2, IFN-
a, sCD40, CD11b, CD14, Ibal, CD11b, CD11¢, RCA-1, MHCII (including HLA-DR), ferritin
IL-10, CD68, CD163, Ricinus communis agglutin-1 (RCA-1), translocator protein (TSPO),

]

triggering receptor expressed on myeloid cells 2 (TREM2), CR3 or CD33.

BRIEF DESCRIPTION OF THE FIGURES

[0032] The figures of the present application were previously provided in color in the
priority US provisional application, which is incorporated herein by reference.

[0033] Figures 1A-1B show differential expression of EpCAM in various cancers. Figure
1A shows RNA-seq data from 7366 human tissues was collected by The Cancer Genome Atlas
(TCGA) and was processed and visualized using GeneHub, a Genentech tool. EpCAM
expression is displayed in normalized reads per kilobase of exon model per million mapped
reads (nRPKM). Crosshatched bars indicate there is significantly higher expression of EpCAM

(by logafold change) between tumor and normal samples. EpCAM levels in tumors are shown to
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the right of levels in normal tissue in the lanes for breast, cervix, colon, head/neck, kidney, liver,
lung, pancreas, and prostate. EpCAM levels in tumors are also shown for adrenal, leukemia,
lymphoid, and ovary. Figure 1B shows RNA-seq dataset from Figure 1A was used to focus on
EpCAM expression in commonly used subtypes of lung cancer and breast cancer. EpCAM
expression is much higher in lung adenocarcinomas than squamous lung cancers, and is
uniformly high across breast cancer subtyped by PAMS0.
[0034] Figure 1C shows a Flowchart for EpCAM+ EV enrichment. A Plasma/PBS mixture
was loaded onto the CellSearch® platform, which positively selects for EpCAM+ EVs via
magnetic bead attachment. The EVs were then lysed with RIPA buffer and total protein levels
were tested via BCA assay. PD-L1 levels were then measured using the Quanterix® Simoa®
PD-L1 assay. Total EV harvesting: Plasma was spun at 100,000 g for 3 hours, after which the
supernatant was removed and the pellet washed with PBS and spun at 100,000 g for 1 hour. The
resultant pellet was then lysed with RIPA buffer and total protein levels tested via BCA assay.
PD-L1 levels were then measured using the Quanterix® Simoa® assay.
[0035] Figure 2 shows EpCAM expression from a set of solid tumors and normal tissue
(microarray) (expression in tumors is shown to the left of expression in normal tissue for each
cancer type in the graph). Microarray data from Gene Logic consists of 862 unpaired tumor and
normal tissues. EpDCAM gene expression is shown as logz(Probe Intensity). * indicates p value is
significant and *** indicates p value is highly significant (p < 0.001) using a one-tailed T-Test
with unequal variance.
[0036] Figures 3A-3D show transmission electron microscopy analysis of NSCLC, TNBC
and healthy donor plasma demonstrates EVs of various sizes in respective fractions. Figure 3A
shows a brief flowchart for isolation of Total EVs by DUC used for TEM analysis. The 20K and
100K fractions were sequentially collected and stored in PBS before being imaged. For Figure
3B, NSCLC plasma from two individuals was pooled, and the 20K and 100K fractions were
imaged, along with the EV-depleted supernatant. The majority of the 100K fraction was used for
CellSearch®, to generate EpCAM+ EVs, which were also imaged with TEM (under “Output”).
For Figures 3C-3D, the process in 3A repeated with pools of triple-negative breast cancer
plasma (Fig. 3C) and healthy donor plasma from two individuals (Fig. 3D).
[0037] Figures 4A-4F show that Nanosight® tracking analysis confirms the presence of
vesicles within the expected size range of EVs in cancer patient plasma. The input for EM (total
EVs isolated from non-small cell lung cancer (NSCLC) (Fig. 4A and 4D), triple negative breast
cancer (TNBC) (Fig. 4B and 4E), and healthy donor plasma, EV depleted plasma (Fig. 4C and

4F) was run with Nanosight® tracking analysis. EV size data for 20K fractions are shown in Fig.
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4A-C and EV size data for 100K fractions are shown in Fig. 4D-F. In all 20K fractions, the size
range is 50 nm — 1 um (many vesicles around 250 nm). In 100K fractions, the size range is 50-
250nm, with most particles below 200 nm in size.

[0038] Figures SA-D show custom Quanterix® PD-L1 assays that demonstrate that
EpCAM+ EVs are specific to cancer patient plasma. Figure SA shows a schematic for two PD-
L1 assays. PD-L1 sample is incubated with atezolizumab prior to analysis. After assay initiation
on the Quanterix®, magnetic beads conjugated with anti-PD-L1 Ab are used for capture. An
antibody against the atezolizumab framework conjugated with biotin serves as the detection.
Finally, streptavidin beta galactosidase is used for the detection on the HD-1. Figure 5B shows a
flow chart of the assays. Specifically, 12 mL of plasma was split into two aliquots of 6 mL
each, which were used for Total EV and EpCAM+ EV isolation. Total protein in these subsets
was quantitated using BCA assay. EpCAM EVs were isolated using CellSearch®, while Total
EVs were isolated using DUC. Levels of PD-L1 protein from EpCAM+ EVs were measured
using the custom drug tolerant PD-L1 assay. Fig. 5C shows protein concentration in Total EVs
and EpCAM+ EVs and percent protein in EpCAM+ EVs vs. Total EVs in various tissues. Fig.
5D shows PD-L1 concentration in EpCAM+ EVs from various tissues.

[0039] Figures 6A-6E show PD-L1 standard curves and that PD-L1 is detectable in Total
EVs from cancer and healthy donors. Figures 6A and 6B show the standard curve for two
custom PD-L1 assays, high sensitivity PD-L1 (Fig. 6A) and drug tolerant PD-L1 assay (Fig.
6B). The y-axis shows average enzyme per bead (AEB), and a 4-parameter logistic curve was
used to fit both curves. Figures 6C-6D show absolute (Fig. 6C) and normalized (Fig. 6D) PD-L1
levels for a subset of cancerous and healthy donors (normalization to total protein). These
samples show good linearity in PD-L1 concentration assayed across a wide range of dilution
factors. Fig. 6E shows the linearity of PD-L1 concentration in total EVs from several tissues.
[0040] Figures 7A-7F show that the isolation of EpCAM+ EVs from cancer cell lines
H1975, BT474, and A549 is reproducible and specific to EpCAM. Figure 7A shows EpCAM
and PD-L1 expression, as measured using RNA-seq (nRPKM values). Figures 7B-7C show total
EVs extracted (using DUC) from 50 mL of supernatant from these cell lines. The resulting pellet
of EVs was resuspended in PBS with 5% glycerol and brought to 6 mL with HDP. EpCAM+
EVs were isolated using the CellSearch®, and imaged with TEM. Figure 7D shows the PD-L1
to total protein ratio in lysates of the EV pellets from Figure 7B. The EV pellets were
resuspended in 200 uL of RIPA buffer and lysed and the lysate was tested using the Quanterix®
PD-L1 assay. Figure 7E shows total protein concentration and PD-L1 concentration in total EVs.

The EVs were isolated using DUC on H1975 supernatant and spiked into 3 separate aliquots of
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HDP, and run on the CellSearch® separately. Total protein was measured using BCA assay, and
the Quanterix® PD-L1 assay was used to assess accuracy. For Figure 7F, equal parts H1975
EVs and Jurkat EVs were added to HDP and run on the CellSearch®. The resulting EVs showed
reduced PD-L.1 concentration.

[0041] Figures 8A-D show the precision of Quanterix® PD-L1 assay and NTA of total EVs
from cancer cell lines. Figure 8A shows PD-L1 concentration in three aliquots of healthy plasma
spiked with EVs taken from H1975 cells and split into three aliquots to test precision. Each
identical aliquot was put through the CS/Simoa® PD-L1 process, showing that variance across
aliquots was low. Figures 8B-8D show total EVs (100K fraction) in different cancer cell lines
H1975 (Fig. 8B), A549 (Fig. 8C), and MDA-MB-231 (Fig. 8D). EVs were analyzed with
Nanosight® to determine particle size.

[0042] Figures 9A-9D show PD-L1 assay performance with different % of RIPA and
various starting volumes. In Figure 9A, concentrated H1975 EVs were resuspended in 10% or
80% RIPA, and lysed. This lysate was run using the Quanterix® PD-L1 assay, and 4-paramenter
standard curves are overlaid. Figure 9B shows indicated amounts of H1975 EVs that were
brought up to 3 mL of HDP and run on the CellSearch®. BCC = back-calculated, and %
difference between the dilutions is shown. In Figure 9C, concentrated BT474 EVs were used to
ascertain a reliable limit of detection, which was 1.85 pg/mL. PD-L1 5D1 antibody was added in
one case, to block the complex formation and show low detection. Additional NSCLC EV lysate
read above the limit of detection. Figure 9D shows that PD-L1 levels are linear and specific in
various mixtures of EVs from H1975 and BT474 cell lines.

[0043] Figures 10A-10B show additional linearity and precision of the PD-L.1 assay. In
Figure 10A, varying amounts of healthy plasma spiked with EVs extracted from a EpCAM high,
PD-L1 high NSCLC cell line (H1975) were used on the CellSearch® platform to test linearity.
Linearity showed an R? value of 0.996 when assayed for PD-L1. In Figure 10B, healthy plasma
was spiked with EVs taken from H1975 cells and run on CellSearch®. The aliquot was tested
using the Quanterix® PD-L1 assays on Day 1 and then on Day 2 and the percentage difference

determined.

DETAILED DESCRIPTION

L DEFINITIONS
[0044] Unless otherwise defined, scientific and technical terms used in connection with the
present invention shall have the meanings that are commonly understood by those of ordinary

skill in the art.
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[0045] In this application, the use of “or” means “and/or” unless stated otherwise. In the
context of a multiple dependent claim, the use of “or” refers back to more than one preceding
independent or dependent claim in the alternative only. Also, terms such as “element” or
“component” encompass both elements and components comprising one unit and elements and
components that comprise more than one subunit unless specifically stated otherwise.

[0046] As used herein, the transition term “consisting essentially of,” when referring to steps
of a claimed process signifies that the process comprises no additional steps beyond those
specified that would materially affect the basic and novel characteristics of the process. As used
herein, the transition term “consisting essentially of,” when referring to a composition or
product, such as a kit, signifies that it comprises no additional components beyond those
specified that would materially affect its basic and novel characteristics.

[0047] As described herein, any concentration range, percentage range, ratio range or integer
range is to be understood to include the value of any integer within the recited range and, when
appropriate, fractions thereof (such as one tenth and one hundredth of an integer), unless
otherwise indicated.

[0048] Units, prefixes, and symbols are denoted in their Systéme International de Unites (SI)
accepted form. Numeric ranges are inclusive of the numbers defining the range. The headings
provided herein are not limitations of the various aspects of the disclosure, which can be had by
reference to the specification as a whole. Accordingly, the terms defined immediately below are
more fully defined by reference to the specification in its entirety.

[0049] As utilized in accordance with the present disclosure, the following terms, unless
otherwise indicated, shall be understood to have the following meanings:

[0050] A “biological fluid sample” or “sample” as used herein refers to any biological fluid
from a subject in which may contain EVs, such as tears, saliva, lymph fluid, urine, serum,
cerebral spinal fluid, pleural effusion, ascites, and plasma. A sample may be taken directly from
a subject, or may be pre-treated in some embodiments to remove large debris.

[0051] “Extracellular vesicles (EVs)” herein comprise sub-cellular particles that may be
shed or secreted from cells, including tissue cells and tumor cells, into biological fluids. EVs
comprise exosomes, microvesicles, and apoptotic bodies, for example.

[0052] EVs that are “cell-type specific” are primarily derived from particular types of cells
or are EVs that are enriched for those derived from particular types of cells. The cell types in
some embodiments can be based on function (e.g. epithelial cells or fibroblasts), location (e.g.
from particular tissues), or based on disease state (e.g. tumor cells, inflamed cells, or the like).

EVs can be enriched for cell types such as, for example, epithelial cells or cells that express
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epithelial cell surface markers, or such as, for example, tumor cells like solid tumor cells or cells
that express tumor-associated cell surface markers, or, for example, cells from particular tissues
such as breast or lung and the like, or tumor cells from organs such as breast, lung, prostate, etc.
EVs that are cell-type specific may be obtained by using a particular cell surface marker as a
means of selection.

[0053] The term “marker” or “biomarker” as used herein refers to an indicator, e.g.,
predictive, diagnostic, and/or prognostic, which can be detected in a sample. The marker or
biomarker may be a protein or polypeptide or nucleic acid molecule as well as a lipid or
glycolipid or a drug or drug metabolite. The biomarker may serve as an indicator of a particular
subtype of a disease or disorder (e.g., cancer, Alzheimer’s disease, or an inflammatory disease)
characterized by certain, molecular, pathological, histological, and/or clinical features. A
biomarker may be at least partly exposed on the surface of EVs or present in the lumen of EVs.
A “cell surface marker,” for example, is a type of biomarker that is at least partially exposed on
the surface of cells, such as a membrane-spanning protein or a glycolipid, and is thus also
expected to be at least partially exposed on the surface of EVs from cells in which it is present.
A “tumor biomarker” or “tumor marker,” as used herein, refers to a protein, polypeptide, nucleic
acid, lipid, glycolipid, drug, drug metabolite, or other molecule that is enriched in tumor cells
and that may, in turn, be enriched in EVs derived from tumor cells compared to EVs from other
cells.

[0054] A “cell surface marker,” for example, may be used to mark EVs that may originate
from particular cell types, such as cells of one or more tissues, as opposed, for example, to EVs
originating from blood or hematologic cells or non-diseased cells. Thus, in some embodiments,
a “cell surface marker” comprises a protein or other molecule that is enriched on the surface of
cells from one or more particular types, such as cells having a particular function (e.g. fibroblast
or epithelial cells), or cells from one or more particular bodily tissues or organs, or diseased
cells, compared to EVs originating from other cells, and that, in some embodiments, may serve
to identify EVs coming from certain specific types of cells such as cells having a particular
function, coming from a particular tissue type or organ, or diseased cells. In some embodiments,
a “cell surface marker” is an “epithelial cell surface marker,” which, as used herein, refers to a
marker that is enriched on the surface of fibroblast or epithelial cells and tumors of fibroblast
cell or epithelial cell origin. In some aspects, when more than one biomarker is used in an assay,
the second or additional biomarker (or biomarkers) may be referred to as a “second biomarker”

or “secondary biomarker” to distinguish it from the “cell surface marker.”
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[0055] A “matrix” as used herein refers to a substrate to which an antibody may be bound.
Examples of matrices that could be used in the processes herein include various types of
particles of any shape or form, including beads, pellets, or chips, as well as sheets, resins, or
surfaces, and the like, which could be made from various materials capable of binding to
proteins such as antibodies. In some embodiments, the matrix may comprise magnetic particles,
such as magnetic beads, pellets, or chips, for example, which may facilitate separation of the
matrix from a solution.

[0056] The terms “isolating EVs” or “enriching EVs” or similar terms, as used in describing
the processes herein, mean that the EVs that are isolated or enriched (e.g. EVs bound to an
antibody) are physically separated in some fashion from unbound EVs in the sample. For
example, EVs may be isolated or enriched if they possess a cell surface marker to which an
antibody used in the processes herein is specific. Binding to the antibody may separate the
bound EVs from the unbound EVs, thus enriching the bound EVs, for example, so that they can
be further assayed.

[0057] A “detection agent” is used herein in the broadest sense to mean an agent or molecule
that is employed to detect the presence of a biomarker associated with EVs, such as a biomarker
located in the lumen of or on the surface of EVs. In some embodiments, the “detection agent”
may comprise a “binding agent,” which is a molecule that is capable of specifically binding to a
particular biomarker. Examples of binding agents include antibodies, nucleic acid probes
(including RNA, DNA, peptide nucleic acid, and other nucleic acid molecules capable of
hybridizing to a target sequence), aptamers, and other molecules that may specifically bind to a
biomarker molecule. In some embodiments, detection agents may be attached to one or more
other molecules, such as a secondary antibody, nucleic acid probes, biotin, a second matrix,
and/or a labeling molecule, for example, to allow for detection of the marker and/or for
amplification of the signal from the marker.

[0058] The term “antibody” herein is used in the broadest sense and encompasses various
antibody structures, including but not limited to monoclonal antibodies, polyclonal antibodies,
multispecific antibodies (e.g., bispecific antibodies), and antibody fragments so long as they
exhibit the desired antigen-binding activity. Antibodies used for detection of biomarkers herein,
for example, may include a variety of modifications in order to allow binding of antibody to
biomarker to be detected. For example, an antibody may be attached to a matrix, such as a
matrix particle, an antibody may be attached to one or more other detection agents such as a

secondary antibody, nucleic acid probes, biotin, a second matrix, and/or a labeling molecule.
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[0059] An “effective amount” of an agent, e.g., a pharmaceutical composition, refers to an
amount effective, at dosages and for periods of time necessary, to achieve the desired
therapeutic or prophylactic result.

[0060] The terms “polypeptide” and “protein” are used interchangeably and refer to a
polymer of amino acid residues. Such polymers of amino acid residues may contain natural
and/or non-natural amino acid residues, and include, but are not limited to, peptides,
oligopeptides, dimers, trimers, and multimers of amino acid residues. The terms also include
polymers of amino acids that have modifications such as, for example, glycosylation, sialylation,
and the like, or that are complexed with other molecules. Protein biomarkers herein include, for
example, native and heterologous proteins such as proteins enriched in disease or mutated in
disease cells, such as oncogenic proteins, bacterial proteins, viral proteins, and the like, as well
as protein drugs and protein drug metabolites.

[0061] The term “nucleic acid molecule” or “polynucleotide” includes any compound and/or
substance that comprises a polymer of nucleotides. Each nucleotide is composed of a base,
specifically a purine- or pyrimidine base (i.e. cytosine (C), guanine (G), adenine (A), thymine
(T) or uracil (U)), a sugar (i.e. deoxyribose or ribose), and a phosphate group. Often, the nucleic
acid molecule is described by the sequence of bases, whereby said bases represent the primary
structure (linear structure) of a nucleic acid molecule. The sequence of bases is typically
represented from 5’ to 3°. Nucleic acid biomarkers herein include, for example,
deoxyribonucleic acid (DNA) including e.g., genomic DNA, mitochondrial DNA, methylated
DNA, and the like, and ribonucleic acid (RNA), in particular messenger RNA (mRNA), and
other cellular RNA molecules such as small interfering RNA (siRNA), micro RNA (miRNA),
non-coding RNAs, as well as heterologous nucleic acids such as viral DNA or RNA or bacterial
DNA or RNA, or drugs and metabolites that comprise DNA or RNA.

[0062] In general, a “subject” as referred to herein is an individual whose biological fluid
sample is to be tested for presence of EVs. In some embodiments, the subject is a human.
However, in some embodiments, the subject may also be another mammal, such as a domestic
or livestock species, e.g., dog, cat, rabbit, horse, pig, cow, goat, sheep, etc., or a laboratory
animal, such as a mouse or rat. Mammals include, but are not limited to, domesticated animals
(e.g., cows, sheep, cats, dogs, and horses), primates (e.g., humans and non-human primates such
as monkeys), rabbits, and rodents (e.g., mice and rats), for example.

[0063] A subject herein may have “cancer” or may be suspected to have “cancer.” Cancers
herein may include, for example, solid tumors, which comprise tumors originating from tissue

cells of the body. In some embodiments, a subject may have or be suspected to have a cancer
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such as breast cancer (including triple negative breast cancer), lung cancer (including small cell
lung cancer or non-small cell lung cancer, adenocarcinoma of the lung, and squamous carcinoma
of the lung), prostate cancer, testicular cancer, penile cancer, esophageal cancer, tumors of the
biliary tract, brain cancer (including glioblastoma), colorectal cancer, colon cancer, rectal
cancer, kidney cancer (including renal cell carcinoma), liver cancer (hepatoma), adrenal cancer,
cervical cancer, uterine cancer, endometrial cancer, vulval cancer, salivary gland carcinoma,
squamous cell cancer of the head and neck, leukemia, lymphoma, lymphoid cancer, ovarian
cancer, pancreatic cancer, bladder cancer, skin cancer such as melanoma, and urinary tract
cancer. In some embodiments, the cancer is breast cancer. In some embodiments, the cancer is
lung cancer, such as small cell lung cancer (SCLC) or non-small cell lung cancer (NSCLC). In
some embodiments, the cancer is urinary tract cancer, such as bladder cancer. In some
embodiments, the cancer is brain cancer such as glioblastoma. In some embodiments, the cancer
is liver cancer (hepatoma).
[0064] As used herein, “treatment” (and grammatical variations thereof such as “treat” or
“treating”) refers to clinical intervention in an attempt to alter the natural course of a disease in
the individual being treated, and can be performed, for example, during the course of clinical
pathology. Desirable effects of treatment include, but are not limited to, preventing occurrence
or recurrence of disease, alleviation of symptoms, diminishment of any direct or indirect
pathological consequences of the disease, preventing metastasis, decreasing the rate of disease
progression, amelioration or palliation of the disease state, and remission or improved prognosis.
In some aspects, clinical interventions are used to delay development of a disease or to slow the

progression of a disease.
II. GENERAL COMPONENTS AND METHODS

[0065] This disclosure provides, inter alia, processes for enriching extracellular vesicles
(EVs) from biological fluid samples from mammalian subjects.

[0066] Extracellular vesicles (EVs) can comprise particles such as exosomes, which are
about 40-100 nm, microvesicles, which are about 100 nm to 1 micron, and apoptotic bodies,
which can be about 1-5 microns. Exosomes arise from intraluminal vesicles, which are
byproducts of the endocytic process and exist in the cytoplasm. Once these precursors are
secreted from the plasma membrane of cells, they become exosomes. Microvesicles (sometimes
called ectosomes) are assembled directly at the plasma membrane and may contain similar cargo
and surface markers as exosomes (such as tetraspanins). In general, EVs can comprise

heterogeneous mixtures of these sub-particles from various cell types. In some aspects, the EVs

18



WO 2021/211935 PCT/US2021/027627
herein have a mean particle size of 150-200 nm. In some aspects, the EVs have a particle size of
less than 1 micron, such as 40 nm to less than 1 micron, 40-500 nm, 40-300 nm, 100-400 nm, or
100-300 nm.

[0067] The samples can include any bodily fluid that may comprise EVs. Examples include
tears, saliva, lymph, urine, serum, cerebral spinal fluid, pleural effusion, ascites, and plasma.
The choice of sample may depend on the cellular source of the EVs the researcher wishes to
study. For example, EVs from bladder or kidney cells may appear in urine, while EVs from
various epithelial tissues may appear in serum or plasma. In some embodiments, the biological
fluid sample does not comprise whole blood.

[0068] In some embodiments, sample have volumes of from 100 pl to 7 mL, from 200 pl to
6.5 mL, from 250 ul to 6.5 mL, from 200 ul to 6 mL, from 250 ul to 6 mL, from 200 pl to 5 mL,
from 200 pl to 4 mL, from 200 pl to 3 mL, from 200 pl to 2 mL, from 100 pl to 1 mL, from 150
ul to 1 mL, from 200 pl to 1 mL, from 250 pl to ImL, from 200 ul to 500 pl, from 200 pul to 500
ul, from 200 pl to 400 pl, from 250 pl to 500 pl, or from 250 pul to 400 pl. In some
embodiments, samples have volumes of 100 pl, 150 pl, 200 pl, 250 pl, 300 pl, 350 pl, 400 pl,
500 ul, 600 pl, 700 ul, 800 ul, 900 pl, or 1 mL, or a range bounded by any two of those
volumes. In contrast, sample volumes for detecting substances such as circulating tumor cells in
whole blood, for example, are significantly larger, such as 7.5 mL or at least 6.5 mL. For
example, automated devices for detecting circulating tumor cells in whole blood may require at
least 6.5 mL or at least 7.5 mL samples. Thus, where serum or plasma is used as a sample,
significantly smaller volumes may be needed for the processes herein of analyzing markers on
EVs in comparison to processes of analyzing markers on circulating tumor cells, which may
result in smaller blood draws from subjects.

[0069] In some embodiments herein, a sample can be pre-treated before incubation with the
antibodies to remove larger cell debris, including larger apoptotic bodies (e.g. of about 2-5
microns), for example, via a pre-spin or centrifugation process step. In some embodiments, a
sample is pre-treated to remove particles above a certain size, such as above 1 um (1 micron),
above 2 um, above 5 um, above 10 um, or above 20 um. For example, the sample can be run
through a filter that holds back particles above a particular size. In other embodiments, the
sample is not pre-treated to remove such larger particles or debris but is used directly in the
process. In some embodiments, a sample can be pre-treated by mixing it with another substance
such as a preservative or buffer. While in other embodiments, the sample is not pre-treated in
such a way. In general, the above sample volumes refer to the sample volumes prior to any such

pre-treatment steps, if such steps affect the sample volume. In some embodiments, the sample
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could be pre-treated using a chromatography step, e.g., cation or anion exchange or size-
exclusion or gel filtration or affinity chromatography or could be subjected to such a step after
EVs are isolated. In other embodiments, the sample is not pre-treated using any
chromatography step. In some embodiments, the sample is not subjected to chromatography
either before or after contacting the sample with the antibodies. In some embodiments, the
sample is not subjected to chromatography either before contacting the sample with the
antibodies or after isolating the EVs.

[0070] In some embodiments, the sample is contacted with antibodies specific for a cell
surface marker, optionally wherein the antibodies are attached to a matrix. A matrix herein to
which the antibodies are attached may be of a variety of types, such as particles of any shape,
such as beads, pellets, or chips, so long as the particles can be attached to the antibodies. In
some embodiments, a matrix may be a surface, such as a chip or plate to which the antibodies
are attached. In some embodiments, the antibodies may be attached to a particular location or
section of a surface, for example. In some embodiments, the matrix may have properties that
readily allow it to be separated from the sample so that material from the sample that is
recognized by the antibodies remains bound to the matrix via the antibodies and is separated
from the rest of the sample. In this way, separating the antibodies specific for the cell surface
marker from the rest of the sample will isolate the antibody-bound EVs from the rest of the
sample, thus enriching those EVs. EVs that have been isolated by antibody binding may then, in
some embodiments, be further studied, for example, by assaying for the presence of one or more
second biomarkers, which might be specific to particular types of cells, including abnormal cells
such as tumor cells or the like, or which might be specific to particular biological processes such
as inflammation or drug metabolism.

[0071] In some embodiments herein, the sample is merely contacted with or mixed with the
antibodies attached to the matrix, and then the matrix is separated from the sample. Thus, in
some embodiments, no wash steps are employed. In some embodiments, for example, the
antibody-attached matrix and the sample are mixed in solution. In some embodiments,
therefore, the matrix is not in the form of a column through which the sample must flow. For
example, in some embodiments, the matrix is not an affinity column, but is instead a set of
particles, such as a powder composed of particles, or an emulsion of particles, such as a slurry or
resin, or is a surface that is put into contact with the sample and then removed. In some
embodiments, the matrix can be removed by particular physical properties. For example,
magnetic matrices allow for ready separation from samples on the basis of their magnetic

properties. Thus, in some embodiments, the matrix may comprise magnetic particles or surfaces
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to allow ease of separation from the sample after the matrix comprising the antibodies has been
contacted with the sample. In some embodiments, the contacting of the sample with the
antibody-matrix, and the subsequent separation of the matrix from the sample, resulting in
isolation of the antibody-bound EVs on the matrix, can be performed in an instrument that takes
advantage of physical properties of the matrix such as magnetism. For example, in some
embodiments, these steps of the process may be performed in a CellSearch® system (Menarini
Silicon Biosystems, Italy).
[0072] In some embodiments, the antibodies used to detect the cell surface marker are
attached to a matrix covalently. In other embodiments, they may be attached noncovalently. In
some embodiments, the antibodies may be indirectly attached to the matrix through other
intervening or linking molecules. For example, antibodies may be first attached to a molecule
such as biotin or streptavidin, which may, in turn, be recognized by a binding partner on the
surface of a matrix particle.
[0073] In some embodiments, the matrix is made of a substance that is generally inert
toward EVs so that EVs bound to the antibody-matrix will primarily be those bound to the
antibodies on the matrix rather than to the matrix itself. In some embodiments, the matrix is not
a filter. In some embodiments, the matrix is not a membrane such as a cellulose or polymer-
based membrane. In some embodiments, the matrix is not a chromatography medium, such as
an ion exchange medium. In some embodiments, the matrix is not a filter, membrane, or ion
exchange medium. In some embodiments, the matrix is not charged but instead has neutral pH.
[0074] In some embodiments where the antibodies specific for cell surface markers are
attached to a matrix, isolation of antibody-bound EVs from unbound EVs can be performed
using the matrix. For example, in some embodiments the isolation can occur by separating the
matrix from the rest of the sample (i.e., the supernatant), such as by allowing the matrix
comprising EV-bound antibodies to precipitate by gravity and removing the supernatant, or by
using centrifugation such as in a spin-column to speed the process of precipitation. In other
embodiments, antibody-bound EVs can be isolated from unbound EVs, for example, by adding
reagents to which the antibodies bind, such as secondary antibodies attached to a matrix, for
example, and then using the added reagents as a means for separation of bound EVs from
unbound EVs in the sample.
[0075] In some embodiments it may be desirable to determine how many EVs collected in
particular biological fluid samples come from a particular type of cell, such as an epithelial cell
type, or a particular tissue type (e.g. liver, kidney, breast) compared to EVs from other types of

cells such as blood or immune cells. One method of obtaining the percentage of EVs coming
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from a particular cell or tissue type is to compare the approximate number of EVs isolated in the
present methods to the number of EVs isolated by another technique that is not cell-type or
tissue specific, such as differential ultracentrifugation (DUC) or size exclusion chromatography
(SEC), or membrane capture. For example, EVs isolated by the present methods as well as EVs
isolated by DUC or SEC can be tested for their relative total protein contents. Comparison of
the total protein contents from EVs isolated using the cell surface markers and antibodies herein
vs. isolated using DUC or SEC may indicate the percentage of EVs in the sample that stem from

cells expressing the chosen cell surface markers.

a) Cell Surface Markers

[0076] A variety of cell surface markers may be used, as discussed further below. Cell
surface markers, in some embodiments, are chosen as proteins or glycolipids or other molecules
that are at least partially exposed on cellular membranes, and thus, that should also be at least
partially exposed on the membranes of EVs. In some embodiments, where EVs from a
particular cell type are to be detected, a molecule that is enriched on the surface of that cell type
may be chosen. This may help to distinguish EVs from that cell type from other EVs. In some
embodiments, once antibody-bound EVs are isolated from unbound material in the sample, such
as using a matrix containing the antibody-bound EVs, additional biomarker tests may be run to
identify EVs from particular cell types or to detect the presence of abnormal cell types.

[0077] In some embodiments, the cell surface marker is a lung tissue or lung cancer
biomarker. Examples of a lung tissue or lung cancer biomarker include, without limitation,
EpCAM, CA9, CA12, DSG3, FAT2, GPR87, KISSIR, LYPD3, SLC7A11, TMPRSS4, CD133,
prominin-1, AC133, programmed death-1 receptor (PD1), and FAS.

[0078] In some embodiments, the cell surface marker is a breast tissue or breast cancer
biomarker. Examples of a breast tissue or breast cancer biomarker include, without limitation, E-
cadherin, epithelial membrane antigen (EMA), human epidermal growth factor receptor type 2
(Her2/neu), avpo6 integrin, EpCAM, carcinoembryonic antigen (CEA), folate receptor-alpha
(FR-0), urokinase-type plasminogen activator receptor (UPAR) and placental-specific protein 1
(PLACI).

[0079] In some embodiments, the cell surface marker is a liver cell or liver cancer
biomarker. Examples of a liver cell or liver cancer biomarker include, without limitation,
CD133, Prominin-1, CD44, EpCAM, delta-like 1 non-canonical Notch ligand 1 (DLK1),
ALDH, CD13, CD90, CD24, OV6, ICAM-1, CD34, C-kit, 0281, K19, LGRS, GPC3, Annexin
A2, CD15, ABC transporters, Nope, DCLK1, ASGPR, CK and CD47.
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[0080] In some embodiments, the cell surface marker is a glioblastoma biomarker.
Examples of a glioblastoma biomarker include, without limitation, fibronectin, CD63, HSP70,
Annexin A2, CD9, CD81, CD44, GRP78, CD133, CD15, sialoglycoproteins, SLC1A3,
PTPRZ1, GPR56, CLU and ALD1A3.

[0081] In some embodiments, the cell surface marker is a urinary tract cancer biomarker.
Examples of a urinary tract biomarker include, without limitation, tetraspanins, CD9, CD81,
LAMP-1, CD10, CD24, CD44 and CD63.

[0082] In some embodiments, the cell surface marker is an epithelial marker. Examples of
epithelial markers include, without limitation, EpCAM, EGFR, PSMA, GSP64, CD3, CD49b,
CD87, CD95, E-Cadherin CA9, CA12, N-cadherin, OB-cadherin, cadherin-11, cytokeratins and
epithelial membrane antigen (EMA).

[0083] In some embodiments, the cell surface marker is a protein that is enriched in diseased
cells of a particular tissue, such as prostate specific antigen (PSA) to detect prostate cell-derived
EVs, particularly those from prostate tumor cells; thyroid transcription factor 1 (TTF-1) for lung
tissue cells; or EpCAM, the expression of which may be enriched in EVs from tumor cells in
breast, lung , urinary tract, head and neck, prostate and liver cancers, for example, in comparison
to normal breast, lung, urinary tract, head and neck, prostate and liver tissues. (See Figures 1A

and 2.)

b) Secondary Biomarkers

[0084] In some embodiments, after EVs have been isolated, the EVs are characterized
further by assaying for the presence of or level of at least one second or secondary biomarker.
Such additional biomarkers may be located either on the surface of EVs, or they may be located
in the lumen of EVs.

[0085] Prior to detecting a second biomarker, the EVs isolated using antibodies specific for
the cell surface marker may be first resuspended in a solution allowing for detection of the
second biomarker. Where the secondary biomarker or biomarkers are located in the EV lumen,
for instance, EVs that have been isolated using the antibody specific for the cell surface marker
(i.e. cell surface marker antibody-bound EVs) may be lysed prior to the step of detecting the
additional biomarker or biomarkers. For example, in some embodiments, the EVs may be
resuspended in a lysis buffer for this purpose.

[0086] In some embodiments, one or more washes of the isolated EVs may be performed
prior to detecting a second biomarker. In other embodiments, no such washes are necessary and
presence of a second biomarker is detected by simply adding a solution comprising appropriate
detection agents to the cell surface marker antibody-bound EVs.
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[0087] Choice of a secondary marker for analysis depends on the purpose of isolating the
EVs. For example, if the purpose is to detect tumor cells or evaluate tumor cells in a subject, the
secondary biomarker may be a tumor-associated biomarker such as a cytokine or chemokine,
growth factor receptor, immune checkpoint regulator or the like. Examples include PD-L1,
SCF, IL-3, GM-CSF, G-CSF, M-CSF, TNF-alpha, IL-2, IL-5, TMB, CTLA-4, ICOS, 4-1BB
(CD137), PD-1, CTLA-4, LAG-3, Tim-3, CD39, IFN-B, IFN-y, IL-2, IL-10, TGF-B, CCR10,
CXCR4, CCR7, sSMICA, IL-8, IDO1, GBP1, class Il MHC molecules, CXCL9, CXCL10 (IP-
10), CXCL11, IL-6, CCL4, CCL5, IFNGR 1, IFNGR2, JAK?2, IRF1, IFIT1, IFIT2, MTAP,
miR3, SOCA1, PIAS4, GZMA, GZMB, PRF1, HLA-DQA1, HLA-DRB1, IFNG, STATI,
ICAM1-5, VCAM-1, JAK1, JAK2, CCR5, HLA-DRA, CXCR6, TIGIT, CD27, CD274,
PDCDILG2 (PD-L2), LAG3, NKG7, PSMB10, CMKLR1, CD8A, CD8B, HLA-DB1, HLA-E,
CD276, CD3D, CD3E, CD3G, CD247, ZAP70, CD2, CD28, ICOS, IL12Rb1, GZMM,
FLTSLG, IL-15, Eotazin, GRO-1, VEGF, HGF, AFP, BCR-ABL, BRCA1/BRCA2, B-Raf
V600E, CA-125, CA19-9, CEA, EGFR, HER-2/neu, KIT, PSA, S100, KRAS, UGT1A1 and
CD20. If the purpose is to detect for the presence of inflammation, a secondary biomarker may
include markers of inflammation such as TNF-q, IL-16, IL-17, IL-21, 1L-22, IL-33, CD86,
CDS0, CRP, IL-1, IL-1q, IL-1p, IL-2, IL-6, IL-8, IL-12, IFN-y, serum amyloid (SAA), COX2,
NK-xB, CCL2, CXCL10, CCL2, CXCLS, CXCL9, CXCL6, MMP-7, MMP-2, MMP-9 and
CSFIR.

[0088] In some cases, a secondary biomarker may be a protein that is expressed in or on
cells of a particular tissue or associated with a particular disease. In some cases, the biomarker is
expressed in the cytosol of a cell and thus, can be expected to be found within the lumen of EVs.
In some cases, a secondary biomarker may be a nucleic acid molecule that is expressed in such
cells, such as an mRNA molecule or siRNA molecule. In some cases, a secondary molecule is a
heterologous molecule, such as a molecule that is expressed by an infectious agent such as a
virus, bacteria, or the like. In some cases, a secondary biomarker may be a drug or a byproduct
of a drug such as a drug metabolite, to check for presence of the drug or drug activity in cells.
[0089] In any of the above embodiments, there may be one or more secondary biomarkers.
For example, further characterizations may be performed by assaying a third, or fourth, even

further biomarker.

III. EXEMPLARY USES OF THE METHODS
[0090] Because the processes herein are compatible with a variety of biological fluid
samples, cell surface markers, and secondary biomarkers, they may be used in a wide variety of
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settings. Some examples are provided in this section. These are merely examples and are not

meant to be limiting in any way.
a) Tumor-Associated EVs

[0091] In some embodiments, the methods herein may be used to detect EVs associated with
tumor cells. Thus, in some embodiments, the subject either has cancer or is suspected of having
cancer, or the process is used as part of a screening procedure to help diagnose whether the
subject has cancer or has a recurrence of cancer. In some embodiments, depending on the
markers used, the process can also be used to help determine whether a subject with cancer
should receive a particular type of drug regimen, for example, by assaying for the presence of
particular cell surface markers or second biomarkers in the EVs that correlate with
responsiveness to a particular drug regimen.

[0092] In some embodiments, the subject has, is suspected of having, or is being screened
for presence of a solid tumor. In some embodiments, the subject has, is suspected of having, or
is being screened for presence of a cancer selected from breast cancer (including triple negative
breast cancer), lung cancer (including small cell lung cancer or non-small cell lung cancer,
adenocarcinoma of the lung, and squamous carcinoma of the lung), prostate cancer, testicular
cancer, penile cancer, esophageal cancer, tumors of the biliary tract, brain cancer (including
glioblastoma), colorectal cancer, colon cancer, rectal cancer, kidney cancer (including renal cell
carcinoma), liver cancer (hepatoma), adrenal cancer, cervical cancer, uterine cancer, endometrial
cancer, vulval cancer, salivary gland carcinoma, squamous cell cancer of the head and neck,
leukemia, lymphoma, lymphoid cancer, ovarian cancer, pancreatic cancer, bladder cancer, skin
cancer such as melanoma, and urinary tract cancer.

[0093] In some embodiments, the cell surface marker is a protein that is enriched in tumor
cells of a particular tissue in comparison to normal tissues, such as prostate specific antigen
(PSA) to detect prostate cell-derived EVs, particularly those from prostate tumor cells, or
thyroid transcription factor 1 (TTF-1) for lung tissue cells, or EpCAM, the expression of which
may be enriched in EVs from tumor cells in, for instance, breast, lung , urinary tract, head and
neck, prostate and liver cancers, for example, in comparison to normal breast, lung, urinary tract,
head and neck, prostate and liver tissues. (see Figures 1A and 2.)

[0094] In some embodiments, the cancer is breast cancer, such as triple negative breast
cancer. Cell surface markers that may be used to isolate and enrich EVs from breast tissues, and
thus breast tumor cells include EpCAM, EGFR, E-cadherin, epithelial membrane antigen
(EMA), human epidermal growth factor receptor type 2 (Her2/neu), avp6 integrin, EpCAM,
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carcinoembryonic antigen (CEA), folate receptor-alpha (FR-a), urokinase-type plasminogen
activator receptor (UPAR) and placental-specific protein 1 (PLAC1).

[0095] In some embodiments, the cancer is lung cancer, such as small cell lung cancer
(SCLC) or non-small cell lung cancer (NSCLC). Cell surface markers that may be used to
isolate and enrich EV's from lung tissues, and thus from lung tumor cells, include EpCAM, CA9,
CA12, CXorf61, DSG3, FAT2, GPR87, KISS1R, LYPD3, SLC7A11, TMPRSS4, CD133,
prominin-1, AC133, and FAS.

[0096] In some embodiments, the cancer is liver cancer or hepatoma, and the cell surface
marker is a liver cell or liver cancer biomarker, such as CD133, Prominin-1, CD44, EpCAM,
delta-like 1 non-canonical Notch ligand 1 (DLK1), ALDH, CD13, CD90, CD24, OV6, ICAM-1,
CD34, C-kit, 0281, K19, LGRS, GPC3, Annexin A2, CD15, ABC transporters, Nope, DCLK1,
ASGPR, CK and CD47.

[0097] In some embodiments, the cancer is glioblastoma and the cell surface marker is a
glioblastoma biomarker, such as fibronectin, CD63, HSP70, Annexin A2, CD9, CD81, CD44,
GRP78, CD133, CD15, sialoglycoproteins, SLC1A3, PTPRZ1, GPR56, CLU and ALD1A3.
[0098] In some embodiments, the cancer is a urinary tract cancer such as bladder cancer, or
urinary cancer, and the cell surface marker is a urinary tract cancer biomarker such as
tetraspanins, CD9, CD81, LAMP-1, CD10, CD24, CD44 and CD63.

[0099] Once EVs are enriched from tissue, the tissue may then be assessed for the amount of
a cytokine or other tumor biomarker, such as PD-1, PD-L1, SCF, IL-3, GM-CSF, G-CSF, M-
CSF, TNF-alpha, IL-2, IL-5, TMB, CTLA-4, ICOS, 4-1BB (CD137), PD-1, CTLA-4, LAG-3,
Tim-3, CD39, IFN-f, IFN-y, IL-2, IL-10, TGF-B, CCR10, CXCR4, CCR7, sSMICA, IL-8, IDO1,
GBP1, class Il MHC molecules, CXCL9, CXCL10 (IP-10), CXCL11, IL-6, CCL4, CCLS5,
IFNGR1, IFNGR2, JAK2, IRF1, IFIT1, IFIT2, MTAP, miR3, SOCA1, PIAS4, GZMA, GZMB,
PRF1, HLA-DQAI1, HLA-DRBI, IFNG, STAT1, ICAM1-5, VCAM-1, JAK1, JAK2, CCRS,
HLA-DRA, CXCR6, TIGIT, CD27, CD274, PDCD1LG2 (PD-L2), LAG3, NKG7, PSMB10,
CMKLR1, CD8A, CD8B, HLA-DB1, HLA-E, CD276, CD3D, CD3E, CD3G, CD247, ZAP70,
CD2, CD28, ICOS, IL12Rb1, GZMM, FLTSLG, IL-15, Eotazin, GRO-1, VEGF, HGF, AFP,
BCR-ABL, BRCA1/BRCA2, B-Raf V600E, CA-125, CA19-9, CEA, EGFR, HER-2/neu, KIT,
PSA, S100, KRAS, UGT1A1 and CD20.

[00100] In some embodiments, the secondary biomarker is a lung cancer biomarker, such as
SCF, IL-5, CRP and fibrinogen.

[00101] In some embodiments, the secondary biomarker is a breast cancer biomarker, such as

IL-3, GM-CSF, CRP and SAA.
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[00102] In some embodiments, the secondary biomarker is a liver cancer biomarker, such as
IL-1, IL-6 and CRP.

[00103] In some embodiments, the secondary biomarker is a glioblastoma biomarker, such as
IL-6, TNF-a and CRP.

[00104] In some embodiments, the secondary biomarker is a urinary tract cancer biomarker
such as CRP, GM-CSF, M-CSF, CXCR4 and IL-6.

[00105] In some embodiments, level of PD-L1 is measured as a secondary biomarker, as part
of a screening procedure for cancer, for instance, to help determine if treatment with an immune
checkpoint inhibitor should be provided, or to help assess the presence or state of the cancer. In
some cases, the cancer is lung cancer (including SCLC and NSCLC), melanoma, Hodgkin
lymphoma, bladder cancer, kidney cancer, breast cancer (including triple negative), cervical
cancer (including cervical squamous cell carcinoma and endocervical adenocarcinoma),
gastric/gastroesophageal junction (GEJ) adenocarcinoma, head and neck squamous cell
carcinoma, urothelial carcinoma, ovarian cancer, colorectal cancer and esophageal squamous
cell carcinoma (ESCC).

[00106] The PD-L1 level in EVs may then be used, for example, to detect the presence of
tumor-derived EVs, as the PD-L1 level is expected to be higher in cancer subjects than in
healthy subjects, and also to determine if a subject may be in need of therapy with an immune
checkpoint inhibitor. Thus, in some embodiments, the process may be used to help determine if
a cancer subject needs treatment with a PD-L1 inhibitor such as atezolimumab, durvalumab,
avelumab, envafolimab, BMS-936559, CK-301, CS-1001, SHR-1316, CBT-502, or BGB-A333,
or with a PD-1 inhibitor such as nivolumab, pembrolizumab, cemiplimab, spartalizumab,
camrelizumab, sintilimab, tislelizumab, toripalimab, AMP-224, or AMP-514, or a CTLA-4
inhibitor such as ipilimumab. In some embodiments, the process may be used during or after
treatment with an immune checkpoint inhibitor such as a PD-1/PD-L1 inhibitor or CTLA-4
inhibitor. For example, the PD-L1 level could be re-checked during and after a course of
treatment, such as, to determine if the dosage or frequency of the drug should be adjusted or
whether the drug needs to be re-administered.

[00107] In some embodiments, the level of a second biomarker such as a cytokine, or
immune checkpoint regulator such as PD-L1, SCF, IL-3, GM-CSF, G-CSF, M-CSF, TNF-alpha,
IL-2, IL-5, TMB, CTLA-4, ICOS, 4-1BB (CD137), PD-1, CTLA-4, LAG-3, Tim-3, CD39,
IFN-B, IFN-y, IL-2, IL-10, TGF-B, CCR10, CXCR4, CCR7, sMICA, IL-8, IDO1, GBP1, class II
MHC molecules, CXCL9, CXCL10 (IP-10), CXCL11, IL-6, CCL4, CCLS5, IFNGR1, IFNGR2,
JAK2, IRF1, IFIT1, IFIT2, MTAP, miR3, SOCAI, PIAS4, GZMA, GZMB, PRF1, HLA-
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DQA1, HLA-DRBI1, IFNG, STATI, ICAMI1-5, VCAM-1, JAK1, JAK2, CCR5, HLA-DRA,
CXCR6, TIGIT, CD27, CD274, PDCD1LG2 (PD-L2), LAG3, NKG7, PSMB10, CMKLR1,
CD8A, CD8B, HLA-DBI1, HLA-E, CD276, CD3D, CD3E, CD3G, CD247, ZAP70, CD2,
CD28, ICOS, IL12Rb1, GZMM, FLTSLG, IL-15, Eotazin, GRO-1, VEGF, HGF, AFP, BCR-
ABL, BRCA1/BRCA2, B-Raf V60OE, CA-125, CA19-9, CEA, EGFR, HER-2/neu, KIT, PSA,
S100, KRAS, UGT1A1 or CD20, is compared against levels of the biomarker observed in prior
cancer subjects with known disease severity, such as tumor grade or stage or presence of
metastasis. Such prior subjects may be used to create a sort of standard curve or range that
allows one to determine the correlation of expression of a particular biomarker in EVs and, for
example, parameters such as tumor stage or grade, risk of metastasis, tumor growth, and risk of
recurrence following treatment. Such correlations allow mapping of a subject’s biomarker
expression level in EVs against that of other subjects, which allow predictions to be made as to
the degree of severity of the particular subject’s cancer stage, grade, or growth rate, and the risk
of recurrence or metastasis following treatment, for example.

[00108] In some embodiments, the methods herein may be used in assessing treatment
options, and the methods may further comprise administering a particular treatment to a subject
on the basis of the level of second biomarker found in the subject’s EVs. Thus, for example, the
level of PD-L1 in the subject’s EVs can be used as basis for starting treatment with an immune
checkpoint inhibitor such as a PD-1/PD-L1 inhibitor or CTLA-4 inhibitor, or for increasing dose
or frequency of such a treatment or for decreasing dose or frequency of such a treatment. These

methods facilitate patient selection for targeted therapy.

b) Infectious Disease, Inflammatory Disease, and Amyloid Disease-Associated EVs

[00109] In some embodiments, the methods herein may be used to detect EVs associated with
other diseases or diseased cells. For example, cell surface markers associated with particular
tissues or types of tissue (e.g. epithelial tissue) can be used to isolate EVs from those tissues.
And additional biomarkers that may be found in or on EVs associated with, for example,
inflammatory diseases, infectious diseases, amyloid diseases and other conditions such as
Alzheimer’s disease, and the like, can then be assayed.

[00110] Thus, in some aspects, the subject has an inflammatory disease or is suspected of
having an inflammatory disease. Examples of inflammatory diseases include as rheumatoid
arthritis (including methotrexate-resistant rheumatoid arthritis), systemic lupus erythematosus
(lupus; including methotrexate-resistant lupus), asthma (including methotrexate-resistant
asthma), multiple sclerosis, juvenile chronic arthritis, spondyloarthropathies, systemic sclerosis
(scleroderma), idiopathic inflammatory myopathies (dermatomyositis, polymyositis), Sjogren’s
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syndrome, systemic vasculitis, sarcoidosis, autcimmune hemolytic anenia {immune
pancyvtopenia, paroxysmal nocturnal bemoglobinuria), avtoimmune thrombocyiopenia
{idiopathic thrombocytopenic purpura, immune-mediaied thrombocytopenia), thyroiditis
{Grave's disease, Hashimoto's thyroiditis, juvenile lvmphocytic thyroiditis, atrophic thyroiditig),
diabetes wellitus, immune-mediated renal disease {glomerulovephntis, tubulointersiitial
nephritisy, demvelinating diseases of the central and peripheral nervous systems such as multipls
sclerosis, 1diopathic demyelinating polyneuropathy or Guillain-Barre syndrome, and chronic
inflammatory demyelinating polvneurcpathy, hepatobiliary diseases such as infectious hepatitis
{hepatitis A, B, C, D, E and other non-hepatotropic viruses), autoimmung chronic active
hepatitis, primary biliary cirrhosis, grannlomatous hepatitis, and sclerosing cholangitis,
inflarnmatory bowel disease (IBD), including uleerative colitis: methotrexate-resistant 180,
Crohn's disease, methotrexate-resistant Crohn’s disease gluten-sensitive enteropathy, and
Whipple's disease, autoimmune or immune-mediated skin, diseases inchading bullous skin
diseases, eryihema multiforme and contact dermpatinns, psoriasis Gnchuding methotrexate-
resistant psoriasis), allercic diseases include as asthima, allergic rhinitis, atopic dermatitis, food
hypersensitivity and urticana, orounologic diseases of the lung such as eosinophilic
preumonia, idiopathic pulmonary fibrosis and hypersensitivity pneumsonitis, transplantation
assoctated diseases including graft rejection and gratt-versus-host-disease; fibrosis, including
kidney fibrosis and hepatic fibrosis, cardiovascular disease, tncluding atheroacierosis and
coronary artery disease, cardiovascular events associated with chronic kidney disease,
myocardial infarction, and congestive heart failure, dizbetes, including type H diabetes,
Bronchiolitis obliterans with organizing preumonia (BOGP), hemophagocytic syndrome,
macrophage activation syndrome, sarcoidosis, and periodontitis. In some embodiments, the cell
surface marker is an epithelial marker, such as EpCAM, EGFR, PSMA, GSP64, CD3, CD49%b,
CD87, CD95, E-Cadherin CA9, CA12, N-cadherin, OB-cadherin, cadherin-11, cytokeratins and
epithelial membrane antigen (EMA). In some embodiments, the secondary marker is an
inflammatory marker, such as TNF-q, IL-16, IL-17, IL-21, IL-22, IL-33, CD86, CD80, CRP, IL-
1, IL-1q, IL-1B, IL-2, IL-6, IL-8, IL-12, IFN-y, serum amyloid (SAA), COX2, NK-kB, CCL2,
CXCL10, CCL2, CXCL5, CXCL9, CXCL6, MMP-7, MMP-2, MMP-9 and CSFIR, which may
be expressed differently in normal tissues versus in the presence of inflammation.

[00111] In some embodiments, the subject has an infectious disease or is suspected of having
an infectious disease. Examples of infectious diseases include viral diseases {such as AIDS
{HEY infection), hepatitia A, B, C, I, and E, herpes), bactenal infections, fungal infections,

protozoal infections and parasitic infections. In these cases, the cell surface marker is an
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epithelial marker, such as EpCAM, EGFR, PSMA, GSP64, CD3, CD49b, CD87, CD95, E-
Cadherin CA9, CA12, N-cadherin, OB-cadherin, cadherin-11, cytokeratins and epithelial
membrane antigen (EMA). And the secondary marker may be a molecule that is particularly
associated with presence of the disease, such as a viral, bacterial, fungal, or protozoal protein, or
a toxin produced by the infectious agent. In some embodiments, the secondary marker is an
infectious disease marker, such as IL-4, IL-5, IL-8, TL-10, IL-35, IFN-¢, IFN-y, CXCL10 (IP-
10), C reactive protein, hemagglutinin, virus RNA or DNA, viral proteins (such as hepatitis B
surface antigen, and HIV p24 antigen) bacterial RNA or DNA, bacterial proteins, surface
immunoglobulins and receptor for C3 complement component.

[00112] In some embodiments, the processes herein may be used to characterize EVs from
neural tissue or brain tissue, for example, in cerebral spinal fluid. In some embodiments, the cell
surface marker and additional biomarkers may be used to help detect the presence of diseased
neural cells, for example, cells impacted by amyloid disease. Thus, in some embodiments, the
subject has an amyloid disease or is suspected of having an amyloid disease. Examples of
amyloid diseases include Alzheimer’s disease, Parkinson’s disease, transmissible spongiform
encephalopathy (including Creutzfeldt-Jacob disease), taopathies (including Pick’s disease),
Huntington disease, familial British dementia, familial Danish dementia, light chain
amyloidosis, heavy chain amyloidosis, AA amyloidosis, familial amyloid polyneuropathy,
familial amyloid cardiomyopathy, dialysis related amyloidosis, ApoAl amyloidosis, ApoAll
amyloidosis, ApoAIV amyloidosis, ApoCII amyloidosis, Apo CIII amyloidosis, Finish type
familial amyloidosis, fibrinogen amyloidosis and diabetes mellitus type 2.

[00113] For example, Alzheimer’s disease is thought to be related to the accumulation of
mutations in particular genes, the beta-amyloid precursor protein (B-APP), and the presenilin
proteins PS-1 and PS-2. All three of these proteins are cell surface proteins (i.e. integral
membrane proteins), and thus, are expressed on the surface of cells, meaning that they may also
be found on EVs stemming from the cells on which they are expressed. Using B-APP, PS-1, or
PS-2 as a cell surface marker, may allow isolation of EVs stemming from neural tissues,
allowing the EVs to be further examined for the levels or presence of other, secondary
biomarkers in subsequent assays.

[00114] In some embodiments, a secondary marker may be used to further characterize the
amyloid disease. In some cases, the secondary marker is an Alzheimer’s disease marker, such as
CD3, CD4, CD8, CD40L, CD45R0, CD45RA, sCD40L, Fas/CD95, CD14, APP, CD19, CD69,
IL-2, IFN-a, sCD40, CD11b, CD14, Ibal, CD11b, CD11¢, RCA-1, MHCII (including HLA-

30



WO 2021/211935 PCT/US2021/027627
DR), ferritin, IL-1a, CD68, CD163, Ricinus communis agglutin-1 (RCA-1), translocator protein
(TSPO), triggering receptor expressed on myeloid cells 2 (TREM2), CR3 and CD33.

¢) Uses for Examining Drugs or Drug Metabolites in EVs

[00115] In some embodiments, the methods herein may be used to check for the presence of a
drug or drug metabolite in EVs, for example, to determine if cells are taking up a drug intended
to work within the cytoplasm. Thus, in such embodiments, once a cell surface marker is used to
isolate EVs, the drug or a metabolic product of the drug may be assayed as a second biomarker
using the processes herein. In other cases, if a drug or metabolite is expected to be found on the
cell surface, it could be used as a cell surface marker herein. In other embodiments, the methods
herein can be used to check for the presence of a drug by assessing other biomarkers that relate
to the drug’s activity. For example, if a drug is expected to increase the concentration of a
particular molecule in the cytoplasm or on the cell surface, then that molecule can be used as a
cell surface marker and/or second biomarker in methods herein.

[00116] Any of the methods herein may be conducted in computer-controlled equipment so
that they can be at least partially automated. For example, certain types of matrices, such as
particular particle types, may be manipulated in automated or semi-automated systems, such that
contact between the matrix particles and the sample may be automatically controlled by a
computer and appropriate software. For example, magnetic beads coated with antibodies for a
cell surface marker may be manipulated in partially automated systems on the basis of their
magnetic properties so that they can be mixed with the sample and then separated from the
sample by control of a computer and appropriate software. The methods herein, for example,
may be performed in a partially automated fashion with commercial machines or equipment,
such as in a CellSearch® system, by modifying the normal system protocol designed for
detecting circulating tumor cells. In addition, tests for determining the presence or level of
additional, i.e., second, biomarkers in EVs bound to antibody for the cell surface marker may be
at least partially automated by allowing a computer and software to determine, for example, the
process of allowing the EVs to contact detection reagents for the additional biomarkers and

optionally, also to quantitate the level of the biomarkers that is observed.

IV. KITS

[00117] Embodiments herein also include, for example, kits comprising reagents associated
with processes herein. In some embodiments, kits are intended for sale to users of the processes
that may include some or all of the necessary reagents for characterizing EVs for specific
purposes. Kits herein may comprise, for example, antibodies for cell surface markers, a matrix

or matrix particles coated with antibodies for cell surface markers. Thus, such antibodies may or
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may not be pre-attached to a matrix. Kits may comprise, for example, detection reagents for
detecting one or more secondary biomarkers in EVs, such as antibodies, nucleic acid molecules,
and optionally also color labelling reagents associated with such detection reagents. Kits may
also comprise control samples and reagents to be used with control samples. Kits, in some
embodiments, may also contain one or more buffers or solutions for washing or resuspension of
EV-containing solutions during the process, for example, a resuspension buffer or lysis buffer to
resuspend and/or lyse EVs after they have been isolated using the antibodies specific for the cell
surface marker so that levels of a second biomarker in the EVs can be determined. In some

embodiments, kits may comprise directions for use.

EXAMPLES

Example 1:
[00118] This Example describes a semi-automated method to enrich tumor EVs from human
plasma and compare these to Total EVs isolated using differential ultracentrifugation (DUC).
The latter consist of all EV's within a certain plasma sample, either originating from cells in
circulation or shed from various tissues in the body. To develop a method for tumor EV
enrichment, Epithelial Cell Adhesion Molecule (EpCAM) was used as a cell-surface marker.
EpCAM is enriched in cancers of epithelial origin (Packeisen et al. 1999; Gastl et al. 2000) and
is the target of several clinical-stage molecules (reviewed in Eyvazi et al. 2018). To assess
enrichment of tumor EVs, we also developed custom, ultra-sensitive immunoassays that could
detect levels of the immune checkpoint protein, programmed death ligand 1 (PD-L1) from EVs
within cancer patient plasma and cell culture supernatant.
[00119] PD-L1 acts as a “brake” to the immune system, restricting the ability of CD8 T cells
to kill tumor cells. PD-L1 can be present on immune cells such as macrophages and T cells, as
well as on tumor cells (Tamura et al. 2001; Yamazaki et al. 2002). Tumor expression of PD-L1
by immunohistochemistry is a diagnostic biomarker for anti-PD-L1 therapies such as
atezolizumab (Tecentriq™, F. Hoffman-La Roche Ltd.). Atezolizumab is an engineered
immunoglobulin monoclonal anti-PD-L1 antibody that blocks binding between PD-L1 and its
receptor PD-1, restoring the anti-tumor activity of T cells and enhancing T-cell priming
(reviewed in Sun et al., 2018). PD-L1 can be membrane-bound (mPD-L1) and expressed on the
surface of cells, or in soluble form (sPD-L1) shed from cells and detected in the peripheral blood
of cancer patients (Fest et al. 2013; Takahashi et al. 2016). Data suggest that the extracellular
fraction of mPD-L1 is cleaved by matrix metalloproteinases (MMPs) like MMP-7 and MMP-13,
releasing sPD-L1 (Dezutter-Dambuyant et al. 2015; Hira-Miyazawa et al. 2018). However,
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immunoassays detecting sPD-L1 in serum or plasma may also be detecting mPD-L1 on EVs, in
cases where the antibodies used in these assays recognize the extracellular domain of PD-L1.
[00120] Levels of sPD-L1 protein have been examined in the serum and plasma of cancer
patients using enzyme-linked immunosorbent assays (ELISA) (Frigola et al., 2011; Rossille et
al., 2014). These reports indicate that sSPD-L1 may be prognostic in renal cell carcinoma and
diffuse large B-cell lymphoma, respectively.

[00121] For this study, we decided to focus on patients with specific subtypes of lung and
breast cancers, as these tumors often express high levels of EpCAM, (Willms et al. 2016). Lung
cancer is one of the deadliest cancers, with a 5-year survival rate of 18.6% (Noone et al., 2015).
Non-small cell lung cancer (NSCLC) represents 85-90% of all lung cancers diagnosed, as
opposed to the less frequent small cell lung cancer. Tecentriq™ is currently an approved therapy
for metastatic NSCLC patients without EGFR or ALK mutations (Rittmeyer et al. 2017,
Socinski et al. 2018). Recently, the combination of Tecentriq™ with chemotherapy led to
significant clinical benefit for patients with metastatic or locally advanced triple-negative breast
cancer (TNBC) (Schmid et al. 2018). While only 15-20% of all breast cancers are TNBC, this
subtype is highly aggressive and characterized by a lack of treatment options (Bianchini et al.
2016). As with many cancers, lung and breast tumor biopsies are hard to acquire, so liquid
biopsies are a desired approach.
[00122] Here we describe the development of a sensitive EpCAM-based method to enrich for
tumor EVs from low volume of human plasma using the CellSearch® platform. We showcase
the potential to enrich for subtypes of EVs and to interrogate protein markers from these and
other EV subpopulations.

MATERIALS AND METHODS:

[00123]  Gene expression analysis: RNA-seq data from 7366 human tissues was collected by

The Cancer Genome Atlas (TCGA) and was processed and visualized using GeneHub®, a
Genentech tool. Gene expression is displayed in normalized reads per kilobase of exon model
per million mapped reads (nRPKM). For tumor types where data from both cancer and normal
tissue is available, loga(Fold change) is shown. Microarray data from Gene Logic consists of
862 tumor and normal tissues. EpCAM gene expression is shown as loga(Probe Intensity).
[00124] Human samples: Fresh whole blood from cancer patients was obtained from BiolVT
(Westbury, New York), which operates under IRB-approved protocols. Additionally, blood
samples from healthy volunteers were procured from the Genentech Samples for Science
program, which was approved by the Western Institutional Review Board. Blood samples were

collected in Vacutainer K2EDTA tubes and inverted at least 10 times to ensure anticoagulant
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was mixed well. Samples were kept at room temperature and processed within 48 hours of
collection. Plasma was obtained by centrifuging whole blood at 400g for 10 minutes. Plasma
was then transferred to labeled polypropylene screw-cap cryovials and frozen at —80°C until
further processing.

[00125] Cell lines: A549, BT474, H1975, PC9, and Jurkat clone E6-1 cell lines were
maintained and authenticated by the Genentech Cell Bank (gCELL) as described (Yu et al.
2015). For isolating EVs, the cell culture media was removed and pelleted at 300g for 5 minutes.
After this, the supernatant was immediately used in one of the below protocols to isolate either
Total or EpCAM+ EVs.

[00126] Isolation of Total EVs by Differential Ultracentrifugation (DUC): Plasma or cell

culture supernatant was first centrifuged at 300 g for 10 minutes to clear debris. That supernatant
was then spun at 20,000 g using a Beckman Coulter Optima XPN-90 (rotor: 50.2 Ti) for 30
minutes. The pellet mostly contains microvesicles and maybe some apoptotic bodies (the
majority of which was separated with 2000g, the speed used to initially separate plasma from
whole blood). The supernatant was centrifuged again at 100,000 g for 3 hours to pellet the
exosome fraction. For transmission electron microscopy (TEM), the pellets were resuspended in
PBS. EVs were lysed in RIPA buffer (Thermo Fisher Scientific) on ice for 30 minutes for
protein analysis. Total protein levels were assayed using BCA or CBQCA kit (Thermo Fisher
Scientific).

[00127] Isolation of EpCAM+ EVs: Plasma was first centrifuged at 300 g for 10 min to clear

debris. For data in Figures 2 and 3, 6 mL of this pre-spun plasma was run on the Cell Tracks™
Autoprep machine using a Cellsearch® Profile kit (Menarini Silicon Biosystems, Inc., San
Diego, CA). The beads with bound EpCAM+ EVs were lysed in 300 pL of RIPA buffer for 30
minutes on ice. Then, the sample was put on a quadrupole magnet for 10 minutes to separate the
supernatant from the beads. The supernatant was used for protein analysis. For data in Figures 4
and 5, different volumes of pre-spun plasma were resuspended in PBS up to 6 mL, and run on
the CellTracks Autoprep machine.

[00128] From cancer cell lines, 50 mL of supernatant was centrifuged with the full DUC
protocol to generate a pellet of EVs. The EVs were resuspended in 100 pL of PBS with 5%
glycerol, then either frozen at -60°C or spiked into plasma and processed through the
CellSearch® platform. The sample was put on a quadrupole magnet for 10 minutes, and the
supernatant was used for protein analysis.

[00129]  Transmission Electron Microscopy (TEM): EpCAM+ EV samples were isolated

using the CellSearch® Profile kit as described above, except that PBS was used to resuspend the
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EVs using the quadrupole magnets. These samples were adsorbed onto the surface of formvar-
and carbon-coated TEM grids for 30 minutes. Grids were quickly rinsed using several drops of
distilled water. Negative staining was performed for 1 minute with 1% uranylacetate. After air
drying, the grids were analyzed in a JEOL JEM-1400 TEM and imaged with a Gatan ultrascan
1000 digital camera at magnifications from 5000x (overview) to 50000x (individual exosomes).

[00130] Nanosight analysis: The Nanosight® LM10 instrument (Malver Panalytical;

Amesbury, UK) is used to characterize microparticles based on their size. The instrument was
calibrated using silica microspheres of relevant diameters prior to sample analysis. EVs isolated
from differential ultracentrifugation (following 20K spin and 100K spin) were then reconstituted
and diluted 1:100 in PBS. One milliliter of the diluted EVs were injected into the LM 10 sample
chamber using a syringe pump to ensure even flow. The instrument was equipped with a blue
(488 nm) laser. The NTA software utilizes the Stokes Einstein equation to determine the
hydrodynamic diameters of nanoparticles, as well as the concentration of any nanoparticles
present in the sample. The average of two separate thirty-second capture windows was used to

estimate the concentration of nanoparticles in the sample.

[00131] High sensitivity PD-1.1 assay: Atezolizumab was covalently coupled to magnetic
beads (Quanterix) using the vendor’s recommended protocols. The atezolizumab-beads were
diluted 1:60 in Sample Diluent (PBS,0.5% BSA, 0.05% Polysorbate 20, 0.05% Proclin 300,
0.25% CHAPS, 5mM EDTA, 0.35M NaCl, pH 7.4+ 0.1) and a biotinylated monoclonal
antibody against PD-L1 (clone 5D1 provided by our internal antibody engineering group) was
diluted to 0.5 pg/mL in Sample Diluent with 1% RIPA Buffer. The Simoa HD-1 was loaded
with the plate of samples, Atezolizumab beads, 150 pM streptavidin f-galactosidase and
biotinylated 5D1 (non-competing with atezolizumab).

[00132] Drug tolerant PD-I.1 assay: The anti-PD-L1 clone SD1 was used as capture antibody

and biotinylated 10C4 (anti-atezolizumab framework) for detection. Sample buffer is made of
PBS with 10% RIPA, 10% fetal bovine serum (Thermo Fisher Scientific), 0.5% BSA, 0.25%
CHAPS, 5SmM EDTA, 0.35M NaCl, 0.05% polysorbate 20 and 0.05% ProClin-300 (Sigma-
Aldrich, St. Louis, MO). Plasma or EVs lysed in RIPA buffer were mixed 1:1 with 2 ng/mL
anti-PD-L1 atezolizumab on a microtiter plate and incubated on a shaker for 30 minutes.
Prespecified amounts of monomeric PD-L1 (R&D Systems) were treated similarly (for standard
curve). 5D1 antibody was covalently coupled to magnetic beads (Quanterix) using the vendor’s
recommended protocols. The 5D1-coated beads and helper beads (in a 1:3 ratio, from Quanterix)

were diluted 1:60 and the biotinylated 10C4 detection antibody was diluted to 0.5 ug/mL.
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Finally, the Simoa HD-1 is loaded with the plate of samples, PD-L.1:5D1 antibody/helper beads,
160 pM streptavidin B-galactosidase and biotinylated 10C4.

Tumor-derived EVs were enriched form plasma using magnetic selection with anti-

EpCAM coated nanoparticles
[00133] EpCAM (EPCAM or CD326) is an epithelial cell surface marker that is highly
overexpressed in certain epithelial cancers (Figure 1A, Willms et al. 2016). We analyzed TCGA
RNA-seq data and found that lung adenocarcinoma and most subtypes of breast cancer display
high EpCAM expression relative to their normal counterparts, with the highest expression in the
basal molecular subtype, which characterizes the majority of TNBC (Figure 1B). From our
GeneLogic microarray dataset, EpCAM expression is higher in breast cancer and lung cancer as
compared to adjacent normal tissue (Figure 2). As lung and breast cancers are two of the most
prevalent tumor types in the Western world, we used plasma from these patients to isolate
EpCAM-positive (+) EVs using the CellSearch® platform. This technology is specific for
isolating EpCAM+ particles (de Wit et al. 2015). Frozen plasma was thawed and placed into the
CellTracks instrument, which would incubate the plasma with magnetic anti-EpC AM-coated
beads. After several wash steps, an enriched fraction of EpCAM+ EVs would be attached to
beads that remain in the sample tube. We decided to compare these EpCAM+ EVs to Total EVs
isolated using DUC. A brief flowchart depicting the isolation of plasma and the subsequent
extraction of these EV populations is shown in Figure 1C.

TEM analysis of NSCLC, TNBC and healthy donor plasma demonstrates EVs of

various sizes in respective fractions
[00134] First, we characterized EV, comparing DUC (for Total EVs) and CellSearch® (for
EpCAM+ EVs) EV isolation protocols. DUC was performed starting with 6 mL of healthy
donor plasma (HDP) and plasma from cancer patients (Figure 3A). For all samples, EVs were
detected in the pellet after 20,000 g and then from supernatants that were subsequently spun at
100,000 g to yield an additional pellet (Figures 3B and 3C). As expected, no EVs were detected
in the supernatant removed following the 100,000 g spin. Additionally, Nanosight tracking
analysis (NTA) was performed on the 100K fractions from NSCLC and TNBC patient plasma as
well as HDP, indicating a mean particle size of around 200 nm (Figure 4). Next, the pellet of
Total EVs from DUC was resuspended in PBS. For CellSearch® enrichment, EVs were further
resuspended in 3 mL of exo-free plasma and EpCAM+ EVs were isolated using a CellSearch®
Profile kit. For transmission electron microscopy (TEM) analysis, the output of CellSearch®
was resuspended in PBS. The output from CellSearch® showed EVs attached to anti-EpCAM
beads from the NSCLC and TNBC plasma, but we did not detect any vesicles attached to anti-
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EpCAM beads in plasma from healthy donors. Based on these data, we will use the term
“Tumor-derived EVs” interchangeably with “EpCAM+ EVs” specifically in this Examples
section.

Custom Simoa/Quanterix assays for PD-L1 confirm that EpCAM+ EVs are specific

to plasma from cancer patients
[00135] Next, we assessed levels of PD-L1 in Total and tumor-derived EVs. We developed
two complementary PD-L1 assays on the Simoa HD-1 (Quanterix) platform — one of them with
high sensitivity, while the other has a broader dynamic range and can detect PD-L1 in the
presence of atezolizumab (drug tolerant PD-L1 assay). Note that these assays are different from
the commercial PD-L1 assay available from Quanterix.
[00136] One custom PD-L1 assay uses the anti-PD-L1 antibody Atezolizumab, while the
other uses the anti-PD-L1 antibody 5D1 coupled to Quanterix beads as capture (Figure 5A).
Another key difference is in the detection step — the high sensitivity assay uses biotinylated
atezolizumab, while the drug tolerant assay uses two antibodies for the detection step (unlabeled
atezolizumab and then a biotinylated anti-framework antibody, 10C4). As such, the dynamic
range of the drug tolerant PD-L1 assay is about 1 - 500 pg/mL, while the high sensitivity PD-L1
assay can detect 0.39 - 25 pg/mL of PD-L1 (Figure 6A-6B).
[00137] Having both these assays in our arsenal allowed us to interrogate the level of PD-L1
in EVs from the plasma of cancer patients. We compared PD-L1 in Total EVs, which would
contain PD-L1 from EVs secreted by immune cells as well as tumor cells, to EpCAM+ EVs.
Again, we utilized DUC to isolate Total EVs and the CellSearch® to isolate Tumor EVs (Figure
5C). In order to calculate the total amount of protein present, bicinchoninic acid (BCA) analysis
was performed on these samples. There was a range of total protein levels in Total EVs from
both cancer and healthy donor samples. However, total protein from EpCAM+ EVs was
substantially higher in cancer patient plasma samples than those from healthy donors, indicating
these vesicles are increased in plasma from cancer patients. For the EpCAM+ EVs, PD-L1 was
observed in cancer samples only (Figure 5SD), while in Total EVs, PD-L1 was observed in
samples from both cancer patients and healthy donors (Figures 6C and 6D). In addition, absolute
and normalized (to total protein) values of PD-L1 levels from Total EVs are present in a variety
of concentrations across cancer and healthy donor samples (Figures 6C and 6D). We tested
several dilution factors for these samples, and found that our drug tolerant PD-L1 assay had
acceptable linearity from 1:100 to 1:800 (< 20% variance, Figure 6E).
[00138] In summary, our data indicates that isolating EVs using EpCAM is a viable way to
obtain tumor EVs.
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Isolation of EpCAM+ EVs is reproducible and specific as determined using EVs
from cancer cell lines

[00139] We performed further analysis of the EpCAM+ EVs from cancer cell lines to
demonstrate this workflow is reproducible and specific. From Genentech’s cell line RNA-seq
data, we determined that H1975 and BT474 cell lines have high RNA levels of EpCAM, as
compared to A549 (NSCLC) (Figure 7A). Additionally, high PD-L1 expression is observed in
H1975 cells while extremely low expression is observed in BT474 and A549 cells. We then
used the CellSearch® protocol on concentrated EVs from cell line conditioned media. To
determine whether the differences in EpCAM expression levels of cells correspond to those in
EVs from the respective cell lines, we examined EVs originating from cell lines with the highest
and lowest EpCAM levels (Figure 7B). Utilizing TEM negative staining, we found vesicles of
various sizes (50-300 nm) attached to beads from H1975 EpCAM-high line EV concentrate.
However, in the supernatant from A549, an EpCAM-low cell line, we hardly observed any
vesicles and the very few microparticles that were found, were not attached to beads (Figure
7B). We also explored a TNBC cell line. It was previously published that the TNBC line MDA-
MB-231 expresses EpCAM and PD-L1 (Martowicz et al. 2012; Mittendorf et al. 2014). We
performed TEM analysis of EVs isolated from these cells and indeed, we found EVs in the
context of anti-EpCAM beads (Figure 7C). To further characterize the capability to enrich for
EpCAM+ EVs with the CellSearch® assay we developed, we measured PD-L1 using our two
custom Simoa assays in EVs from the various cell lines. These data confirm our RNA-seq and
TEM data on EpCAM enrichment (Figure 7D).

[00140] Further testing of this workflow utilized CellSearch® EpCAM+ EV enrichment and
downstream testing of PD-L1 with our custom drug tolerant PD-L1 assay, due to the larger
dynamic range of this assay. To assess the reproducibility of this workflow, we used three
separate purifications of H1975-derived EVs spiked into healthy donor plasma. We found that
%CYV of PD-L1:total protein ratio is 12% (Figure 7E). To assess specificity, plasma spiked with
EpCAM-high H1975 EVs mixed into plasma spiked with EpCAM-low Jurkat EVs (50:50) was
processed with CellSearch®. This led to the expected decrease in PD-L1 levels, driven by the
reduced EpCAM levels of the starting material as compared with Figure 7E (Figure 7F).
Additional NSCLC plasma samples were tested for PD-L1, which correlated well with total
protein levels as measured by BCA (Figure 8). Finally, Nanosight® analysis (NTA) was
performed on DUC-isolated total EVs from these cancer cell lines. Again, the mean particle size

was around 200 nm, indicating the presence of exosomes and microvesicles (Figures 8B and
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8C). In summary, the CellSearch® method we have developed is reproducible and specific for
enrichment of EpCAM+ EVs from human plasma and cancer cell lines.

Low starting volumes are feasible for CellSearch® EpCAM enrichment and

confirmation with the Simoa/Quanterix PD-L1 assay of tumor-derived EVs
[00141] Given that plasma from clinical trials is often of limited volume, we also determined
what would be the lowest possible starting volume for our tumor EV enrichment with
CellSearch® followed by the custom drug tolerant PD-L 1 assay. Since we wanted to run smaller
volumes of concentrated samples, we needed to investigate the tolerance of the assay in the
presence of various concentrations of RIPA. We initially had been using 10% RIPA. When
testing as little as 250 pL of plasma containing H1975 EVs, 10% and 80% RIPA gave similar
results (Figure 9A). Then, various amounts of H1975 EVs (EpCAM-high and PD-L1-high)
spiked in HDP were processed with the CellSearch® followed by PD-L1 assay workflow. A
starting volume of 250 pL was the lowest that could be reliably processed using our workflow
(Figure 9B). With 250 pL of starting volume, PD-L1 levels displayed good linearity (R? =
0.996) and precision (Figures 10A and 10B).
[00142] Using the BT474 cell line, which is EpCAM high but PD-L1 low, we examined
tumor EV PD-L1 assay sensitivity and specificity with a starting volume of 250 uL.. When
BT474 EVs were spiked into HDP and serially diluted, the lower threshold of PD-L1 sensitivity
was 1.85 pg/mL (Figure 9C). Any data point that quantitated below 1.85 pg/mL is denoted as
“Lower Than Range” or LTR. All 3 NSCLC plasma samples quantitated above 1.85 pg/mL. In
admixture experiments where an increasing fraction of BT474 EVs was mixed with H1975 EVs,
we determined that our drug tolerant PD-L1 assay is specific - even with an extremely low input
of 250 uL (Figure 9D).

DISCUSSION:
[00143] In this study, we have developed a method to isolate tumor-derived EVs from
NSCLC and TNBC patient plasma using CellSearch® EpCAM enrichment to enable the study
of tumor-specific cargo. Notably, we show that healthy donor plasma does not harbor EpCAM+
EVs. We assessed levels of the checkpoint inhibitor PD-L1 to confirm enrichment of tumor EVs
using cell culture supernatants as well as cancer patient plasma. This demonstrated the
feasibility to detect relevant protein biomarkers in this EV subgroup, and would potentially be of
great importance to other protein biomarkers with specific relevance to tumor cells. For instance,
one group affinity-isolated prostate cancer EVs using beads coated with anti-prostate-specific
membrane antigen (PSMA) antibody (Mizutani et al. 2014). A recent approach involved

isolation of melanoma-derived exosomes using the marker CSPG4 (Sharma et al. 2018).
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Another report separated CD3+ and CD3- exosomes and found varying amounts of
immunomodulatory proteins in these subsets (Theodoraki et al. 2018a). Larger studies of tumor-
derived EVs from human samples are warranted.

[00144] To date, EV-mediated signaling has been implicated in numerous tumor-related
processes, including chemoresistance and tumor microenvironment remodeling (Corcoran et al
2012; Ma et al 2014; Costa-Silva et al. 2015). There is some evidence that tumor-derived
exosomes can impair or eradicate dendritic cells, thus facilitating immune escape (Abusamra et
al. 2005, Clayton et al. 2007). Other studies have found that cancer cell line uptake of EVs
influences migratory and metastatic potential (Peinado et al. 2012; Zomer et al. 2015; Steenbeek
etal. 2018).

[00145] Moreover, it is clear that not only are EVs heterogeneous; there are several subsets of
EVs released from cancerous tissues, each carrying different cargo with implications for
tumorigenesis (Zhang et al., 2018). In our study we chose to use the marker EpCAM because it
is overexpressed in various cancers, and EpCAM+ EVs from cancer cell lines were previously
reported to have diverse cargo from their cancer cell-of-origin (Ji et al. 2013; Tauro et al. 2013;
Zhang et al. 2016). However, there can be other subpopulations of tumor-derived EVs that are
not EpCAM-positive. Since some solid tumors undergo epithelial-to-mesenchymal transition,
losing some EpCAM expression, other tumor-specific enrichment markers can be assessed.
Beads, such as CellSearch® beads, conjugated to other relevant markers can be manufactured
for this purpose. Furthermore, this workflow can be utilized to enrich for EV subtypes from
other body fluids such as serum, saliva and urine.

[00146] We recognize that EpCAM is one of many tumor-associated surface proteins
commonly studied in EVs. A study of NSCLC plasma found that out of 34 cancer—associated
proteins assessed, CD171 was expressed in exosomes from 75% of the patients and it was
prognostic for overall survival (Sandfeld-Paulsen et al. 2016). In another study, plasma
exosomes expressing CD63 or caveolin-1 were significantly higher in melanoma patients than
healthy donors (Logozzi et al. 2009). Yet another study of metastatic breast cancer patients
found that HER3 and MTOR signal in EV's were associated with therapy outcome (Keup et al.
2018). In short, there may be indications where assessing one marker on EVs is informative, and
other indications where multiple markers need to be utilized. Our study is a proof-of-concept of
the utility of enriching for a relevant EV subtype from human plasma.

[00147] In the past decade circulating tumor cells (CTCs) have been extensively studied as a
tumor-specific liquid biopsy source. However, there are several advantages for utilizing

circulating tumor-derived EVs over CTCs or as complementary or alternative liquid biopsy
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approaches. For EVs we have used previously frozen plasma, eliminating the need to use fresh
blood as in the case of CTC isolation. Also, the number of CTCs from most cancer patients,
especially early-stage patients, is very low (reviewed in Kowalik et al. 2017). As EVs are often
found in the 10® or 10° per mL range, we hypothesized assessing these will enable more robust
downstream analysis.

[00148] Recently, PD-L1 in exosomes had been examined in biofluids from cancer patients.
One group found that exosomal PD-L1 mRNA is predictive for anti-PD-1 response in a small
cohort of NSCLC and melanoma patients (Del Re et al. 2018). Another analysis of melanoma
patients found that exosomal PD-L1, but not other forms of PD-L1 in circulation, was predictive
for response to pembrolizumab (Chen et al. 2018). And one more study in HNSCC patients
suggested that PD-L1 in exosomes is prognostic while sPD-L1 from plasma is not (Theodoraki
et al. 2018b). These and other examples indicate the value of further refining the interrogation of
PD-L1 in EV subtypes, based on their cell of origin (to add to their segregation by size as proxy
for their biogenesis).

[00149] To summarize, here we have developed a semi-automated enrichment method that is
specific, in this Example, for tumor-derived EVs using modified CellSearch® technology. We
have confirmed these data by utilizing ultra-sensitive PD-L1 custom immunoassays on cell
culture supernatant and human plasma. Further, we showed that informative data can be
produced from as little as 250 pL of patient plasma, and PD-L1, or another analyte within
tumor-derived EVs in human plasma, may be correlated to therapeutic response. Moreover, the
CellSearch® workflow developed here with EpCAM can be adapted for use with other cell
surface markers, to produce informative data on other EV subsets from human plasma or other
biological fluid. Other types of EVs that carry cancer-relevant cargo, can be used in liquid

biopsy assays that help patients receive targeted beneficial treatment.
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