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(57) Abstract: The present invention relates to a method for enriching CNS-
derived exosomes from a biological fluid such as blood, serum, plasma, or
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saliva. The method comprises: contacting a biological fluid containing CNS-
derived exosomes with an anti-L1CAM antibody to form an immunocom-
plex, binding CNS-derived exosomes in the biological fluid to a solid phase
through the immunocomplex; and separating the solid phase bound exo-
somes from the biological fluid to enrich the CNS-derived exosomes. Bio-
markers from the CNS-derived exosomes can be measured for detecting a
neurological disease, differentiating among different neurological diseases,
monitoring disease progression or objectively assessing existing and future
medical treatments.
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METHOD FOR ENRICHING CNS-DERIVED EXOSOMES

FIELD OF THE INVENTION
The present invention relates to a method for enriching CNS {central nervous system)-
derived exosomes in g biological fluid such as blood, serum, plasma, or saliva. The present
wvention further relates to a method for determuning the level of CNS-derived materials
{biomarkers) by measuring the biomarker level in the CNS-derived exosomes enriched from the

biological fluid.

STATEMENT OF U.S, GOVERMMENT INTEREST
The work described herein was performed under grant NS057567 and NS(82137
{(NENDS Branch) as well as AG033398 (NIA Branch) of the National Instituites of Health (NIH).
The U.S. Governraent may, therefore, have certain rights with respect to the invention pursuant

to said grant.

BACKGROUND OF THE INVENTION

Objective biomarkers are critically needed for assisting with diagnosis, differential
diagnosis and or mounttoring disease progression of CNS disorders, e.g., Alzheimer’s disease
{AD), Parkinson’s disease (PD3), and prion disease. To date, the best performing markers are
all based on cercbrospinal fluid (CSF) that s in direct contact with the brain and spinal cord;
but obtaining CSF is an invasive procedure that severely limits its routine application.
Consequently, peripheral biomarkers {e.g. in blood) of CNS discases are desperately needed.
The challenge, however, is that not all CNS-derived materials can be detected in peripheral
body fluids because of tightly regulated various barriers such as blood-brain-barrier. For
mstance, only a sroall fraction of proteins seen in human brain/CSF can be readily detected in
plasma (Pan ¢t al, I, Proteorne Res., 13:4535-4545, 20145, To addition, roany CNS-derived
materials are also produced by other organ systems. This is indeed oune of the fundamental
underlying reasons for the fact that, despite decades of research and millions of dolars spent,
no peripheral biomarkers have been cestablished for AD, PD or prion discase. Furthermore,
nonc of the current assays of tau and arnylowd §§ (AR), the proteins involved in AD, and «-
syruclein {a-syn), the critical protein involved in PR, can differcutiste the CNS-~derived
portion from those generated by other systems, e.g. blood components (Barbour et al,

Neurodegener Bhs., 5(23:55-9, 2008} and muscle {Nagao et al.,, Muscle & nerve,, 22:61-70,
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1999}, which have rauch bigger volurne masses than the CNS. To state it differently, the
signals of CNS disecases are dramatically influenced by peripheral inputs when measured by
existing technologies.

Therefore, there exists a critical need to provide a method to enrich the CNS-derived

biomarkers, which 1s the focus of this invention,

BRIEF DESCRIPTION OF THE DRAWING

FIG. 1 shows (a} electron micrograph of anti-L1CAM (a nervous system marker)-
capturcd plasma exosomes (insct: immnuogold labeling of LICAM); (b} Western blot of Alix
{(a general exosoroe markery and LICAM, by anti-L1CAM capture, or normal mouse IgG
capture; {c} g~-syn {syn} levels in anti-L HCAM-captured plasma exosomes, compared to the
levels in normal mouse IgG-captured {(migG) or “Empty” (no bead “capture”™) samples; (d) a-
syr (syr} levels using exosome-poor plasma vs. whole plasma.

FiGG. 2 shows the evaluation of a-syn conceutrations 1u chivical samples. o-Syn
concentrations were measured using Luminex and comparisons were performed for g-syn in
LICAM-containing exosomes isolated from plasma (a), or total g-syn in plasma (b).

Fi1Gs. 3A and 3B shows the ROC (Receiver Operating Characteristics) analysis of g-
syn for PD diagnosis. FIG 3A shows that in the whole cohort (267 paticots with PD and 215
healthy controls), the plasma exosomal g-syn provided an AUC {Area Under Curve) of 0.654
(sensitivity=70.1%, specificity=52.9%) for PD versus controis. FIG 3B shows that in a subset
of subjects with CSF samples available (100 PD and 100 controls), the CSF total «-syn
provided an AUC of 0.724 (sensttivity=76 8%, specificity=53.59%), 1.e. the performance of
L1CAM enriched exosome marker (o-syn) is as good as what s provided by measuring CSF
g-syn. FIG. 3C shows a significant correlation between the plasma exosomal g-syn and the
disease severity, indexed by the UPDRS (Unified Parkinson’s Discase Rating Scale) motor
score, was observed in PD patients (r=0.176, p=0.004, Pearson correlation).

FiGs. 4A and 4B show the levels of radicactivity in the brain (FIG. 4A) and the
plasma (FIG. 4B} at 2, 5, 10, 20 and 60 min after injection of 1231 labeled tau into
intracercbroventricule.

FIG. 4C shows radioactive Tau {epm/pl. plasma) 1o exosoroe fractions (exo) and 1o
supernatant fractions {sup)}. Data shown are mean + SD from 5 mice. CPM: counts per

minute.
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DETAILED DESCRIPTION OF THE INVENTION
Definition

“A binding pair,” as used herein, refers to two molecules that are attracted to each
other and specifically bind to cach other. Examples of binding pairs include, but not limited
to, an antigen and an antibody against the antigen, a higand and its receptor, coraplementary
strands of nucleic acids, biotin and avidin, biotin and streptavidin, lectin and carbohydrates.
Preferred binding pairs are biotin and streptavidin, biotin and avidin, fluorescein and anti-
fluorescein, digioxigenin/anti-digioxigenin.

“CNS-derived exosomes,” as used herein, refer to exosomes containing rmaterials
(such as protein and vucleic acids) denived from the ONS, i.e., brain and/or spinal cord.

“Expsomes,” as used herein, are 40-100nm extracelbular vesicles that are released
from a multitude of cell types, and perform diverse cellular functions including intercellular
communication, antigen prescutation, and transter of proteins as well as nucleic acids, e.g.
mRNA and tmmRNA.

“Immobilized,” as used herein, refers 1o reagents being fixed to a sohid surface. When
a reagent is immobilized to a solid surface, it is cither be non-covalently bound or covalently
bound to the surface,

“LICAM,” as used herein, refers to a cell adhesion molecule expressed by nervous
system. LICAM is a transmembrane protein; it is a neuronal cell adhesion molecule, member
of the L1 protein family, of 200-220 kDa, and involved in axon guidance in addition to cell
migration with an implication i freatment-resistant cancers {cancer cells are not relevant in

this setting). L1CAM has also been designated CD 7T (claster of differentiation 171).

The inventor has discovered that CNS-derived exosomes may cross multiple layers of
the blood-brain barrier, by the mechanisms yet to be defined. The inventor has discovered
that CNS-derived exosomes, which carry unique, disease-specific biomarkers, can be detected
in vivo in blood and other peripheral body fluids.

The inventor has discovered a method for isolating and enriching exosomes derived
trorn the CNS in a biological fluid such as blood, serum, plasma, saliva, or urine. The
mventor has also discovered that CNS-derived neurological biomarkers can be detecte
and/or quantitated from the enriched exosomes derived from the CNS in a biological fluid,
and the results are useful for detecting a neurological discase such as AD, PD, and prion

discase. It is also possible to use these peripheral body fluid based but CNS specific markers
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for differential diagnosis, roonitoring discase progression and or objectively assessing
treatment effects of ONS diseases.

The present invention is directed to a method for enriching CNS-derived exosomes
from a biological fluid of a subject. The method comprises the steps of: {8) contacting a
biological fluid containing UNS-derived exosomes with an anti-L1CAM antibody to form an
mnmunocomplex; (b) binding CNS-derived exosormes in the biological fluid to a solid phase
through the immunocomplex; and (¢} separating the solid phase bound exosomes from the
biclogical fluid to enrich the CNS-derived exosomes. In one embodiment, the anti-LICAM
antibody in step (a) 1s immobilized on the solid phase. The biological fluids suttable for this
mvention include blood, serum, plasma, saliva, and urine. A preferred biological flaid s
blood, serum, plasma, or saliva.

To specifically enrich exosomes dertved from the CNS in a biological fhuid, the
present invention uses an irnmunoatfinity capturing protocol to solate LICAM-containing
exosomes from a biological fluid of a subject. LICAM 1s a warker on the surface of
exosomes derived from the ONS (Simpson et al,, Journal of Extracellular Vesicles 1:18374,
2012} LICAM is spectfically expressed by nervous systenty; it has no expression in other
organ systems (reported to date), including blood cells and platelets. For instance, Anti-
LACAM antibody 1s specific and does not bind to NK and NKT cells of the immune system
like NCAM does {[Fiandaca et al., Alzhetmer’s Pementia, S1552-5260(14)02469-K, 2014},
and thus does not capture cxosomes derived from immune cells or other organ systems non-
spectfically.

The anti-L1ICAM antibody used to capture the CNS-derived exosomes can be a
polyclional antibody, a monoclonal antibody, single chain antibody, or an antibody fragment
containing the LICAM antigen binding domain such as Fab or F(ab'y, fragment.

The anti-L1CAM antibody can be iramobilized on a solid phase, oritcan bein a
hauid phase when contacting CNS-denived exosores in a biological fluid to form an
mmunocomplex, and then the anti-L1ICAM bound exosomes are bound to a solid phase
immaobilized with reagents that can capture anti-LICAM,

in one preferred crabodiment, the anti-LICAM 18 bound to a solid phase when
contacting a biological thid. Methods to rnobilize reagents to the solid phase are cormnmon
in immunochemistry and involve formation of covalent, hydrophobic or electrostatic bonds
between the solid phase and reagent. Anti-L1CAM can be directly immobilized on a solid

phase. Alternatively, anti-LICAM can be indirectly immobilized on a solid phase through a
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binding pair. For example, a first member of a binding pair (¢.g., streptavidin, anti-
fluorescein, ete.) can be fivst immeobilized cither by adsorption to a solid surface or by
covalently binding to aminopropylsilane coated on a solid surface. Then anti-L1CAM that is
labeled with a second member of a binding pair {e.g., biotin, fluorescein, ¢tc.} can be bound

5 to the solid surface through the binding of biotin-streptavidin or tluorescein and anti-
fluorescein {a binding pair).

After the UNS-~derived exosomes are specifically captured by a solid phase through
the immunoccomplex of LICAM and anti-L ICAM, the exosomes are separated from the
biclogical tluid to enrich the CNS-derived exosorncs. The solid phase bound exosomes can

10 be used directly or they can be chuted from the solid phase for further use and/or
measurement.

The L1CAM-containing exosomes in the biological fluid produced by the immuno-
capture method of the present invention, arc shown to have similar quality, as demonstrated
by electron microscopy or other measurement, to those obtained by other exosome isolation

15 technigues, including the current “gold standard” - ultracentrifugation plus density gradient.
Since no ultracentrifugation is invelved in our protocol, the method of the present mvention is
more practical for use in a routine chinieal setting after further optimization. In addition,
ultracentrifugation does not provide the specificity of exosomes only derived frorn the CNS.

The inventor has discovered that measurements of biomarkers contained m CNS-

20 derived exosomes in a biological fluid are useful in detecting neurological discases. The
biomarkers can be etther protein or nucleic acids such as DNA or RNA. For exaraple, g-syn
ot phosphorylated a~-syn {e.g., serine 129-a-syn, the phosphorylation of a-syn at vesidue
serine~-129 or psi29) in UNS-derived exosomes are biomarkers for PD. Tav or
phosphorylated tau, ¢.g. p-tau 181, in CNS-derived exosomes is a biomarker of AD. Prion

25 protein or phosphorylated prior protein in CNS-derived exosomes 18 a biomarker of prion
disease such as Creutzfeldt-Jakob Disease.

RNMNAs contained in UNS-derived exosomes as biomarkers for AD melude those
associated with genes UBAP2L, YBX1, SERF2, UBE2B, RPLIQA, H3F3AP4, PPP2CA,
NMD3, RNF7, RPLP(, SPARC, WTAP, HNRNPU, LINC00265, INMT, SLC3SE2, CT60,

30 SYNCRIP, RGS2, SMC6, ARSA, SPDYETR, SMIM17, TRAF3IP2-AS T, KONCZ,
SEC24A1, HLCS, GOSRI, MNI, MGATS, NBPFI4, FBX(031, WDRS2Z, TBCIDZE,
ZINF648, NBPF16, PAGRIL, AQP2, PRKCL SCN2B, DPYSL3, TMEM26, TSPANIL, ELL2,
FAMIS6A, CDS59, THSD4, GOLGAGB, ARHGEFS, PKDI, BPTF, FLG, POMI21LIGP,
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NXPH3, H3F3A, SH3TC2, GGCX, and GREBLE,

RNA contained in CNS-derived exosormes as blomarkers for PD include those
associated with genes BLOCIST, UBEZL3, RNF149, FAME9B, LCE6A, NTSDC2, PPPICC,
CCLS5, HDEBP, HNRNPAR, NXN, SLC9A4, EIF2AKI, PAPOLA, TRIMSY, S1X4,
RAB3P, VANGL2, DHRSX, FOXP4, SYNM, ZNF543, ATF6, LOC100132832, and
BLOCISI-RDHS.

Protein biomarkers can be measured in enriched exosomes while captured on a solid
phase, or after eluted from the solid phase. For a protein biomarker that is exposed on the
surface of exosomes, it can be racasured without lysis of the cxosomes. For 4 protein
biomarker that is contained within the exosomes, it can be measured after lysis of the
exosomes. Protetn biomarkers can be measured by any method known to a person skilled in
the art. Immmunoassays such as ELISA, Luminex, and more recently Quanterix are preferred
methods for measuring protein biornarkers.

For nucleic acid biomarkers, the captured exosorues need to be lysed before the
nucleic acid biomarkers are measured. Nucleic acids can be detected by any method known
to a person skilled in the art, e.g., DNA or RNA probe, or any known sequencing techniques.

The present invention 18 also directed to method for detecting a neurological discase
or for differential diagonosis in a subject. The method comprises the steps of: {8} contacting a
biological fluid from a subject with an anti-L1CAM antibody to form an mmunocomplex,
wherein the biological fluid is blood, scrum, plasma, saliva, or urine; (b} binding CNS-
derived exosomes in the biological fhuid to a solid phase through the immunocomplex; (¢}
separating the solid phase bound exosomes from the biological fluid to curich the CNS-
derived exosomes, {d} determining the level of a biomarker from the enriched CNS-derived
exosomes, wherein an clevated level of the biomarker from the CNS-derived cxosomes m the
subject comparing with a control level from a normal subject (for detecting) or from a subject
with another neurological disease {for differcutial diagnosis) indicates that the subject has the
neurological disease {e.g. AD, P} or prion disease). In one embodiment, the biomarker is a-
synt or phosphorylated a-syn and the neurological disease is PD. In another emboediment, the
biomarker 18 tau, phosphorylated tau or A species and the neurclogical discase is AD. In
another embodiment, the biomarker 18 Prion protein and the neurological discase 1s prion
disease.

‘the present invention 18 further directed to a method for monitoring the progression of

a neurological disease in a subject. 'The method comprises the steps of: {(3) obtaining
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biclogical fluid samples at ditferent time points {e.g., at tirne zcro, 6 months, 1 year, or 2
years) frorn a subject, wherein the biological flnid 1s blood, serum, plasma, saliva, or urine;
{b) contacting each sample with an anti-E 1CAM antibody to form an immunocomplex, (¢}
binding CNS-derived exosomes in each biological fluid to a solid phase through the
mumunocomplex; (d) separating the solid phase bound exosomces from cach sample to enrich
the CNS-derived exosoroes, (e} determining the level of a biomarker in the enriched CNS-
derived exosomes from each sample, wherein an elevated level in the sample of a later time
point indicates that the discase is progressive. In one embodiment, the biomarker is o -syn or
phosphorylated o -syn and the ncurclogical discase 1s PD. In another embodiruent, the
biomarker 1s tau or phosphorylated tan or AP species and the ncurological discasc 1s AD. Tn
another embodiment, the biorarker is Prion protein or phosphorylated prion protein and the
neurological disease is prion disease.

The present invention is further directed to a method for monitoring a drug treatment
of a ncurological discasc 1n a subject. The method comprises the steps of: {a) obtaining
biological fluid samples before and after drag treatiuent from a subject, wherein the biological
fluid is blood, serum, plasma, saliva, or urine; (b} contacting cach sample with an anti-
LICAM antibody to form an immunocomplex, (¢) binding CNS-derived cxosomes in cach
biclogical fluid to a solid phase through the inrnunocomplex; {d) separating the sohid phase
bound exosorues from each sample to enrich the CNS-derived exosomes, {¢) determining the
level of a biomarker in the enriched CNS-derived exosomes from each sample, wherein a
decreased level in the sample after drug treatment indicates that the drug treatment is
ctfective. In one embodiment, the biomarker is g-syn or phosphorylated g-syn and the
neurological disease is PD. In another ernbodirnent, the biomarker is tau or phosphorylated
tau or AR species and the neurological disease 1s AD. In another ernbodimaent, the biomarker
is Prion protein or phosphorylated prion protein and the neurological disease is prion discase.

The subject of the present invention is a mammal subject such as a human, horse, and

dog: with human being the preferred subjoct.,

The following examples further iHhustrate the present tnvention. These examples are
intended merely to be illustrative of the present invention and are not to be construed as being

Lirniting.
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EXAMPLES
Example 1.  Exosome isolation

Exosomes were tsolated from mouse or human plasma using antibody-coated
superparamagnetic microbeads following a protocol adapted from Tauro et al (Methods 56:
293-304,2012). Briefly, 10 pg of anti-LICAM antibodies {(clone UJ127, Abcam, Cambridge,
MA, USA), or anti-CD63 antibodics (clone HSC6, BD Biosciences, San Diego, CA, USA), or
vorroal roouse IgGs (Santa Cruz Biotechnology, Dallas, TX, USA) as negative controls, were
coated onto one set (1 rog) of M-270 Epoxy beads using 8 DYNABEADS® Antibody
Coupling Kit (Life Technologies, Grand Island, NY, USA) according to the manufacturer’s
nstructions. After thawing quickly (within 2 minutes) at 37°C, plasma samples (>300 ul)
were centrifuged at 2,000 x g for 15 minutes followed by 12,000 x g for 30 minutes, and then
the supernatant was diluted 1:3 with phosphate buffered saline (PBS) (pH7.4). One set of
antibody-coated beads and 900 uL of diluted plasma were incubated for about 24 hours at
4°C with gentle rotation. The beads were then washed four times with T mL of 8.1% bovine
scrum albumin (BSAYPBS (pH7.4) and transferred into a now tube.

Exosomes were cluted trom the beads with 60 pl of g F:1 mixture of 0.1% BSA/PBS
{(pH7.4) and a fixing buffer (4% paraformaldehyde/5% glutaraldehyde) for electron
microscopy imaging. Or exosomes were fysed by incubating the beads 1 110 pll of 1%
Triton X-100 plus 10% of a protease imhibitor cocktail (P2714, Sigma-Aldrich, St Louis, MO,
USA; prepared in 10 ml of Hy0) in 0.1% BSA/PBS (pH7.4) for | hour at room temperature
with gentle shaking for Luminex measurements and other analyses.

Exosornes n clinical plasra samples were extracted 1n batches, and PD and control
samples were distributed mto each batch. Two reference plasma samples, pooled from 30
healthy controls, were added into each batch to help to climninate batch variations.

For quality countrol and assay development, some reference plasma samples {pooled
from healthy old controls) were also diluted in PBS and then subjected to uliracentrifugation
(100,000 = g for 3 hours at 4°C); the pellet was then resuspended, loaded onto an OptiPrep™
density gradient, and centrifuged at 100,000 x g for {8 hours at 4°C to obtain exosomes as
described in Tauro et al {(supra). Exosome-poor plasma samples were prepared by removing

exosomes after a 2-step ultracentrifugation {180,000 x g for 3 hours at 4°C x 2).
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Example 2. Characterization of anti-L1CAM-captured exosomes from human blood
plasma
Luminex Assays

Exosome preparations of 100 pk {extracted from 300 pub of plasma) were used to

quantify a-syn with an established Luminex protoco! (Brain 133:713-726, 2010},

Electron microscopy

Isolated exosome preparations mixed 111 with 4% (v/v) paratormaldehyde and 5%
{v/v) ghutaraldehyde were layered onto formvar/carbon-coated 300 mesh copper grids
(Polysciences, Warrington, PA, USA), and allowed to dry for 20 minutes at room
temperature. For direct imaging, grids were then washed twice with water for two minutes,
and stained with 2% {w/v} uranyl acetate 10 water (Electron Microscopy Sciences, Hatfield,
PA, USA) for 20 minutes at room temperature. For immunogold staining, grids were washed
with PBS before blocking for 30 minutes using a 1%BSA/5% normal goat seruny/PBS buffer.
The grids were re-washed with PBS, mcubated with or without a 1:50 dilution of the anti-
LICAM antibody {abcarn) in blocking buffer for two hours at room temperature, and then
incubated with an 18-nm gold conjugated goat anti-mouse IgG antibody (abecam) for 60
minutes at room temperature. The grids were washed again and left at room temperature to
dry betore contrasting with uranyl acctate. Imaging was performed on a JEOL (Peabody,

MA, USA) 1230 transmission electron microscope.

Western blot analysis

Western blotting was performed following a standard protocol. Exosome saraples
{(~10 ug proteins) were solubilized with Laemmli sample buffer and separated on a 1D SDS-
PAGE gel betore transfer to a polyvinvhidene difluoride mewbrave. The membrane was
probed with the following primary antibodies: mouse anti-human LICAM (Abcam, 1:500)
and mouse anti-human Alix (Cati# ABC40, Millipore, Billerica, MA, USA; 1:1000).

To examine the expression of LICAM in human blood cells, cell lysates (100 pg
proteins} from red blood cells and platelets were used, along with human cerebral cortex (100
1g proteins) homogenates as a control; membranes were probed with the anti-L1CAM

antibody.
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Results

FIG. I{a) shows the clectron micrograph of anti-LHCAM-captured plasma exosornes
{(inset: immuuogold labeling of LICAM). The Western blot of FIG. 1({b} shows that Alix, a
common exosome marker, and LICAM were enriched with anti-L 1CAM capture, but not
with normal fgG capture.

FIG. {c) shows that a~syn levels in anti-LICAM-captured plasma exosomes were
higher than the evels in normal mouse IgG-captured (mig() plasma exosomes or “Empty
capture” {no bead) plasma exosome. The a-syn signal in anti-L1CAM-captured plasma
exosomes was unlikely to be from free o-syn contamination, because the signal from normal
mouse IgG-captured or “erapty capturce” saraples was minimal.

To further confirm that the o-syn signal was from cxosomes, exosome-poor plasma
was generated using ultracentrifugation. Coranpared to regular plasma, the o-syn signal in
L1CAM-containing exosomes in this exosorne~-poor plasma was reduced more than 10-fold
(FIG. 1d).

The LICAM expression in blood cells was alse cxamined, and the results show that

LI1CAM was not detectable 1n red blood cells and platelets.

Example 3. Evaluation of plasma exosomal a-syn in clinical samples

A large cohort of 267 PD and 215 age- and sex- matched healthy control plasma
samples are collected and their o-syn concentrations in plasma L1ICAM-containing exosomes
and 1n whole plasma were measured using Luminex assays (see Example 1), The results arc
shown in FIG. 2. FIG. 214 shows that the a-syn concentrations in plasma L1CAM-containing
exosomes were significantly higher 1u patients with PD compared to healthy coutrols
{(p=<0.0001).

FIG. 2b shows no significant difference in the total plasma a-syn concentrations in PD versus
controls (p=0.134, t-test).

To further evaluate the potential for plasma o-syn in LICAM-containing cxosomes to
aid 1 PD diagnosis, ROC (recerver operating characteristic) curves for analytes were
generated in 267 patients with PD and 215 healthy control, to characterize their sensitivity
and specificity in distinguishing PP from healthy control subjects. The performance of
plasma exosomal a-syn was found to be moderate {AUC = 0.654, sensitivity = 70.1%,
specificity = 52.9%) (FIG. 3A). ROC analysis was also performed in a subset of subjects

with CSF samples available (100 PD and 100 controls); FIG. 3B shows that the CSF total -

10
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syn provided an AUC of 0.724 (sensitivity=76.8%, specitficity=53.5%). The above results
dernonstrate essentially equivalent diagnostic perforrance (sensitivity and specificity) has
been achieved coraparing plasma exosomal a-syn to CSF total a-syn, which is the best
molecular biomarker of PD described to date (Mollenhauer et al., Exp Newrol 213 (2):313-
325, 2008}

Furthermore, the correlation between plasma exosomal a-syn and PD discase severity
was examined. Significant correlations between the plasma o-syn in LICAM-containing
exosomes {r=0.176, p=0.004, Pearson correlation; see FIG. 3C) or the plasma exo/total g-syn
ratio (r=0.130, p=0.035) with the UPDRS motor scores were observed. The results show that
plasma exosomal a-syn displayed a significant, though weak, correlation with discase
severity (UPDRS motor), indicating that plasma exosomal «-syn 18 useful in monitoring or
predicting discase progression. To thas end, i should be eruphasized that this correlation is
not observed in CSF g-syn o relationship to PP severity by several groups {e.g., Hong et al,
Brain, 133:713-26, 2010). Therefore, the plasma exosomal g-syn performs better than CSF

a—syn i correlating with PD severity and also likely in correlating with PD progression.

Example 4.  Measurement of taun in anti-LICAM enriched exosomes,

Mice were intracerebroventricularly injected with '**I-labeled tau ZN4R (I-Tau).
Brain and blood plasma were then collected at 2, §, 10, 20 and 60 min after injection. Levels
of radioactivity in the brain (FIG. 4A) and the plasma (FIG. 4B) were determined using a
gamma counter. The results show that tau was transported from the brain to blood.

Blood was collected at 60 min after injection, followed by L1CAM-containing
exosome extraction from platelet-free plasma (sce Example 1}, Levels of radioactivity were
measured in the whole plasrua, the exosome fraction (Exo), and the exosome-less fraction
{(supernatant after immunoaffinity capture). The results of radioactive Tau (cpny/uk. plasma)}
are shown in exosome fractions and in supernatant fractions (F1G. 4C). The results show that
tau, the key marker for AD, 1s well detectable 1n exosorme enriched by anti-LICAM over
control exosomes {eropty exosomes or mouse-1g(s attached exosomes). Tau species are also

readily detectable in human blood {data not shown).

Example 5. LICAM detected in human saliva
Human saliva from norroal subject was collected according to the procedures

described by Bevic et al (Brain. 134(Pt 7}:e178. dor: 10.1093/bram/awr(15. Epub 2011 Feb
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243. Briefly, saliva samples were collected between 9-11 AM from individuals without pre-
existing health concerns. To remove insoluble materials and debris, the sarples were
centrifuged at 15,000 g for 15 min at 4°C. 10% {(v/v) protease inhibitor cocktail was
immediately added to the supernatant and then the proteins were precipitated with 20% (v/v)
of TCA on ice for 1 hour. The raixture was centrifuged at 15,000 g for 15 nun at 4°C. The
supernatant was rernoved and the peliet was washed with ice-~cold acetone twice. The protein
concentration was assessed with a BCA protein assay kit (Thermo Scientific Pierce},
eraploying BSA as a standard and then the sample was stored at -20°C until analysis. The
supernatant was incubated with anti-L1CAM antibody coated beads or normal mouse IgG
coated beads {negative control} according to the protocols deseribed in Exarople 1.

The captured exosomes were lysed for Western blot analysis according to the
protocols described in Example 2. The membrane was probed with mouse anti-human Alix.
Alix {a common exosome rarker) was clearly detectable with an expected molecular weight
of 95 kilodalton (kD3a) tn exosomes captured by anti-LICAM, but not detectable in exosomes
captured by normal mouse IgG (negative control). There are no other nonspecific bands
except known heavy and light chains of human IgG with appropriate molecular weights of 50
kDa and 25 kDa, respectively.

In anti-L ICAM captured exosomes, o-syn was also detectable by Luminex method as
described in Exaraple 3 but optitnized for a-syn assays in human saliva (Devic ot al Brain

2001 Jubi134(Pt 7yel78.doi 10.1093/braw/awe(15. Epub 2011 Feb 24).

Example 6. Nucleic Acids extracted from L1CAM exosomes

To 1solate CNS-derived nuclete acids, L1ICAM-exosomes were enriched from the
plasma of a total of 72 subjeets (24 with AD, 24 with PD and 24 age-matched health
controls}, according to the methods described in Example 1. Each category (AD, PP and
Health Controls) was divided into three small pools (n=8/group) before RNAseq analysis.

Nuclete acids were extracted from LICAM cxosomes. Following the single ccll RNA
seq protocol (Tang et al, Nat, Protoc. §, 516535, 2010), the extracted RNA was reverse
transcribed to ¢cNAL These cIPNAs were pre~amplified to about 50-80 nanograms with
universal primers.

After ¢cDNA fragmentation with Covaris 82 system, the fragmented ¢DNA was
applied to hibrary construct with DNA hibrary construction kit (NEB #E7370L).

By comparing the genes identified in the 3 pools, there are 58 genes uniquely

12
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identified in AD samples, but not in PD or healthy control sarapics. Those 58 genes are:
UBAPZL, YBX 1, SERF2, UBEZB, RPL10A, H3F3AP4, PPP2CA, NMD3, RNE7, RPLPG,
SPARC, WTAP, HNRNPU, LINCO0265, INMT, SLC35E2, CT60, SYNCRIP, RGSZ,
PSMC6, ARSA, SPDYETP, SMIMI7, TRAF3IP2-AS1, KONC2, SLC24A1, HLCS, GOSRI,
MMNI, MGATS, NBPF14, FBX0O31, WDRSZ, TBCID2ZB, ZNF648, NBPF16, PAGRI,
AQP2, PRKCI, SONZB, DPYSL3, TMEM26, TSPANIT, ELLZ, FAMIS6A, CDS9, THSDM,
GOLGASE, ARHGEFS, PKDI, BPTYE, FLG, POMI2TLIOP, NXPH3, H3F3A, SH3TC2,
GGCX, and GREBL.

There are 25 genes uniquely identified in PD samples, but not in AD or healthy
control samples. Those 25 genes are BLOCIS, UBEZL3, RNF149, FAMESB, LCE6A,
NT5DC2, PPPICC, CCLS, HDLBP, HNRNPAB, NXN, SLC9A4, EIF2ZAK], PAPOLA,
TRIMSO, SEX4, RAB3IP, VANGLZ, DHRSX, FOXP4, SYNM, ZNF543, ATFS,
LOC100132832, and BLOCISI-RDHS.

it is to be understood that the foregoing describes preferred embodiments of the present

mvention and that modifications may be made therein without departing from the scope of the

present invention as sct forth in the claims.

13
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WHAT IS CLAIMED 1S

I. A method for enriching CNS-derived exosomes from a bislogical fluid, comprising:

{(a) contacting a biological fluid containing CNS-derived exosomes with an anti-
LI1CAM antibody to form an immunocorapiex, wherein the biological fluid s blood, serum,
plasma, or saliva;

{b) binding CNS-derived exosomes in the biological fluid to a solid phase through
the immunocomplex; and

{¢) separating the solid phase bound exosomes from the biological fluid to enrich
the CNS-derived exosomes.
2 The method of Claim 1, wherein the anti-L1CAM antibody in step () is immobilized

on the solid phase.

3. The method of Claim 1, further comprising a step (d} of eluting the bound exosomes

from the solid phase.

4. A voethod for detecting a CNS-derived biomarker {or a neurological discases m a
body fluid, comprising:

{(a) contacting a biological fluid with an anti-LICAM antibody to form an
mmunocomplex, wherein the biclogical fluid is blood, serum, plasma, or saliva;

(b}  bmding CNS-derived exosomes in the biological fluid to a solid phase through
the immunocomplex,

{c) separating the bound exosomes from the biological fhud, and

{d) deterruining the level of the CNS-derived biomarker from the exosomes of (¢},

wherein the biomarker 1s a nucleic acid or a protein.

5. The method according to Claim 4, wherein the neurological diseases is Parkinson’s

discase, and the biomarker 1s a-synuclein or phosphorylated g-synuciein.

6. The method according to Claim 4, wherein the neurclogical discases is Alzheuner’s

disease, and the biomarker is tau or phosphorylated tau.

14
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7. The method according to Claim 4, wherein the neurclogical discases 1s prion disease,

and the biomarker 18 prion protein.

8. A method for detecting a neurologic discase in a subject, comprising the steps of:

{a) contacting a biological fluid from a subject with an anti-L1CAM antibody to
forrn an immunocomplex, wherein the biological fluid 1s blood, serum, plasma, or saliva;

{b) binding CNS-derived exosomes in the biological fluid to a solid phase through
the immunocomplex;

{c) separating the solid phase bound exosomes from the biological fluid to enrich
the UNS-derived exosomes, and

(d) determining the level of a biomarker from the enriched CNS-derived
CXOSOMES,

wherein an elevated level of the biomarker from the CNS-derived exosomes in the
subject coraparing with a control level from a subject without the neurologic disease indicates

that the subject has the neurologic disease.

9. The method according to Claim &, wherein the neurclogical discases s Parlanson’s

disease, and the biomarker is a-syonucleim or phosphorylated g-synuciein.

10, The method according to Claim 8, wherein the neurological discases is Alzheimer’s

discase, and the biomarker 18 tau or phosphorylated tau.

11, The method according to Clamn &, wherein the neurological discases is prion discase,

and the biomarker is prion protein.

15
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