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(57) ABSTRACT

The present invention disclosed a method of fabricating an
antibody immunolipoplex nanoparticle (Ab-ILN) biochip
and antibody tethered lipoplex nanoparticle (Ab-TLN) bio-
chip. The aforementioned antibody-based lipoplex nanopar-
ticle biochip or the related array contains molecular probes
and is applied for detecting the presence of a disease or
condition in a subject obtaining a body fluid sample by cap-
turing and identifying both membrane protein and intra-ve-
sicular DNA/RNA/proteins of extracellular vesicles (EVs).
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IMMUNOLIPOPLEX NANOPARTICLE
BIOCHIP CONTAINING MOLECULAR
PROBES FOR CAPTURE AND
CHARACTERIZATION OF
EXTRACELLULAR VESICLES

TECHNICAL FIELD OF THE INVENTION

[0001] The present invention relates to array biochips con-
sisted of an antibody based capture system for extracellular
vesicles (EVs) and liposomal nanoparticles containing
molecular probes (MPs), such as molecular beacons and
aptamers, to identify nucleic acids and protein content inside
the captured EVs. MPs inside the liposomal nanoparticles and
antibody or other ligands on the biochip surface can simulta-
neously capture target EVs from body fluids based on EV
surface receptors and identify target messenger RNAs,
microRNAs, long non-coding RNAs (IncRNA), circulating
genomic DNAs, circulating tumor DNA and/or proteins in the
EVs based on MPs as biomarkers. The arrays can also be used
to capture and identify viruses and cells.

BACKGROUND OF THE INVENTION

[0002] Early and convenient detection has become
extremely important against various diseases including can-
cer, cardiovascular diseases and infectious diseases. The ear-
lier a disease is diagnosed, the more likely it can be cured or
successfully managed. Although significant progress has
been made in disease diagnosis and treatment, mortality rates
of diseases such as cancer, heart failure and AIDS have not
changed much in the last several decades. One reason is the
lack of sensitive, easy, fast, non-invasive and affordable
screening tests for early disease detection. ‘Liquid biopsy’ by
capturing and identifying EV's in human blood or body fluid
samples, such as urine, saliva, amniotic fluid and breast milk,
has gained a great deal of interest in recent years because of its
potential for early and patient-friendly disease detection and
monitoring. Surface receptors on EVshave been used for EV
separation/isolation via polymer- or magnetic beads-assisted
methods where antibodies and other ligands are immobilized
onto polymer chains or magnetic particles to capture EVs in
body fluids. These methods, however, do not allow the detec-
tion of intra-EV contents and mainly serve as an EV isolation
step in EV-based assays.

[0003] Afterthe EV separation/isolation process, the DNA,
RNA and/or protein content in the isolated EVs needs to be
collected, and methods, such as proteomic analysis, next gen-
eration sequencing (NGS), DNA/RNA microarrays, poly-
merase chain reaction (PCR) are needed to identify surface
antigens on EVs and DNA/RNA/protein targets inside the
isolated EVs. The entire sample preparation and target detec-
tion process requires more than 30 steps, so it is time con-
suming, expensive and labor intensive. Furthermore, the
separation/isolation and identification/amplification methods
are based on the total nucleic acids and proteins collected
from all EVs secreted from normal and disease cells. Since
EVs secreted from both normal and disease cells may contain
similar biomolecules and EV's from disease cells are a minor-
ity, particularly in the early stage of the disease, these meth-
ods cannot provide high detection sensitivity. They also can-
not provide information for individual EVs. New detection
methods are needed that can simultaneously identify intra-
EV DNA/RNA/protein and EV membrane protein targets at
the single EV basis.
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[0004] Patent application (US 20140094383) demon-
strated abiochip with tethered cationic lipoplex nanoparticles
(cTLNs) where intra-vesicular RNAs and DNAs are detected
by the fusion of negatively charged EVs with positively
charged lipoplex nanoparticles tethered on the biochip sur-
face by electrostatic interactions. The same patent application
also showed another biochip design where tethered immuno-
lipoplex nanoparticles (TLN) may capture EV's with target
membrane proteins based on antibodies post-inserted onto
the tethered lipoplex nanoparticles. However, lipoplex nano-
particles without antibody insertion may also capture EVs, so
the iTLN biochip lacks high specificity to identify membrane
proteins on EV surface. Herein, we demonstrate new biochip
designs to overcome this limitation.

[0005] In enzyme-linked immune sorbent assay (ELISA),
we have demonstrated that bioactivity of antibodies can be
increased by more than 100 times when non-specific binding
is minimized by using Protein A connection, polyethylene
glycol (PEG) spacers and PEG linkers. These features are
included in our new biochip designs.

SUMMARY OF THE INVENTION

[0006] The present invention is related to the design of new
immunolipoplex nanoparticle (ILN) biochips for capture and
characterization of extracellular vesicles (EVs) in blood and
other body fluids using antibodies to identify membrane pro-
tein targets on EV surface and molecular probes (MPs) in
lipoplex nanoparticles to detect intra-vesicular DNA/RNA/
protein targets at the individual EV basis. In addition, an array
type design can be made, which allows multiplexing detec-
tion of membrane protein and intra-vesicular DNA/RNA/
protein targets on a single biochip. Furthermore, a whole
blood biochip design can also be made to eliminate most
sample preparation steps. Theses ILN biochips can also be
used to capture and identify viruses and other pathogens.
[0007] Utilizing aforementioned design concept, fusion of
MP-containing lipoplex nanoparticles allows direct detection
of intra-vesicular nucleic acids or proteins contained inside
the captured EVs, viruses and other pathogens without any
amplification steps.

[0008] In one aspect, the present invention disclosed a
method of fabricating an antibody immunolipoplex nanopar-
ticle (Ab-ILN) biochip, said method comprises the following
steps:

[0009] Provide a substrate which comprises glass, silicon
wafer, polymer and ceramics; coat gold onto the substrate to
form a gold layer on surfaces of the substrate; provide a
composition which comprises a lipidic anchor molecule, a
linker which comprises a biotin-conjugated thiol molecule
with ethylene oxide unites and a lateral spacer; form a self-
assambly monolayer with the composition on the gold layer,
wherein the self-assambly monolayer containing lipoplex
nanoparticles; add an avidin which comprises neutravidin and
straptavid into the self-assambly monolayer, wherein the avi-
din reacts with the linker to form an avidin-modified surface;
bind a protein onto the avidin-modified surface to form an
active site, wherein the protein comprises biotin-conjugated
Protein A; and perform a reaction with antibodies to have an
antibody conjugation on the active site, so as to form the
antibody immunolipoplex nanoparticle (Ab-ILN) biochip,
wherein the antibody conjugation is a ligands-receptors inter-
action which comprises avidin-biotin, digoxigenin-anti-Dig,
fluorescein-anti-FITC and hapten linkages of antibody mol-
ecules.
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[0010] The aforementioned method is a simple one for
preparing an immunolipoplex nanoparticle (ILN) biochip or
microarray biochip. In one example, a mixture of lipidic
anchor molecule, biotin-PEG-SH and a lateral spacer i-met-
captoethanol (FME) in ethanol were added onto a gold-
coated glass substrate to form self-assembly monolayers
(SAMs). The biotin-conjugated Protein A was bound on the
avidin-modified substrate surface through biotin-avidin intet-
action. The Protein A-supported antibody could capture the
target-antigen specific EVs. Cationic lipoplex nanoparticles
(CLNs) containing molecular probes (MPs) were then added
onto the chip and reacted with the captured EVs on the sub-
strate surface through vesicle fusion such that the MPs could
detect intra-vesicular RNA and DNA targets. Since an anti-
body is used for capturing EV's and viruses in this design, we
named this ILN biochip as Ab-ILN. In addition to antibodies,
other ligands such as peptides and carbohydrates can also be
bound onto the ILN biochip for capture and detection of EV,
virus and other pathogens.

[0011] Inone aspect, the present invention also disclosed a
method of fabricating an antibody immunolipoplex nanopar-
ticle (Ab-ILN) biochip without coating gold onto a substrate,
said method comprises the following steps

[0012] Provide a substrate which comprises glass, silicon
wafer, polymer and ceramics; provide a silane which com-
prises trimethoxy [3-(oxiranylmethoxy)propyl] silane, tri-
ethoxy [3-(oxiranylmethoxy)propyl] silane, trimethoxy(m-
ethyl) silane, trimethoxy(propyl) silane and triethoxy(propy1)
silane; form a self-assambly monolayer with the silane on
surfaces of the substrate, wherein the self-assambly mono-
layer containing lipoplex nanoparticles; bind a protein onto
the surfaces to form a active site, wherein the protein com-
prises Protein A; and perform a reaction with antibodies to
have a antibody conjugation on the active site, so as to form
the antibody immunolipoplex nanoparticle (Ab-ILN) bio-
chip, wherein the antibody conjugation is a ligands-receptors
interaction which comprises avidin-biotin, digoxigenin-anti-
Dig, fluorescein-anti-FITC and hapten linkages of antibody
molecules.

[0013] In another aspect, the present invention disclosed a
method of fabricating an antibody tethered lipoplex nanopat-
ticle (Ab-TLN) biochip, said method comprises the following
steps:

[0014] (1). Provide a substrate which comprises glass, sili-
con wafer, polymer and ceramics; (2). Coat gold onto the
substrate to form a gold layer on surfaces of the substrate; (3).
Provide a composition which comprises a tethering molecule,
a linker which comprises a biotin-conjugated thiol molecule
with ethylene oxide unites and a lateral spacer; (4). Form a
self-assambly monolayer with the composition on the gold
layer, wherein the self-assambly monolayer containing teth-
ered liposomal nanoparticles; (5). Add an avidin which com-
prises neutravidin and straptavidin to the self-assambly
monolayer, wherein the avidin reacts with the linker to form
a avidin-modified surface; and (6). Perform a reaction with
antibodies to have an antibody conjugation on the avidin-
modified surface, so as to form the antibody tethered lipoplex
nanoparticle (Ab-TLN) biochip, wherein the antibody conju-
gation is a ligands-receptors interaction which comprises
complementary DNA/RNA, avidin-biotin, digoxigenin-anti-
Dig, fluorescein-anti-FITC and hapten linkages of antibody
molecules.

[0015] In one example, a mixture of lipidic anchor mol-
ecule, biotin-PEG-SH, PEG(2000)-SH spacer and a lateral
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spacer fME in ethanol was added onto a gold coated glass
substrate to form self-assembly monolayers (SAMs). A lipid
mixture was used to form the liposomal nanoparticles (LNs).
The cationic lipoplex nanoparticles (CLNs) containing
molecular beacons (MBs) were tethered on the substrate sur-
face through biotin-avidin interactions. In addition to the
biotin-avidin interactions, other ligand-receptors, such as
digoxigenin (Dig)-anti-Dig, Fluorescein-anti-FITC or other
hapten linkages can also be used to bind LNs onto the TLN
biochip surface for EV capture and detection of intra-EV
DNA/RNA/protein. The ligand-specific antibody was then
added onto the EV-fused TLN biochip for the detection of EV
membrane protein. This design allows simultaneous detec-
tion of intra-vesicular DNA/RNA/protein targets inside the
captured EVs and EV membrane protein targets on the sur-
face of EVs through co-localization analysis. Since an anti-
body is used for detecting membrane protein targets, we name
this TLN biochip as Ab-TLN.

[0016] To calibrate the Ab-ILN/TLN biochips, we have
designed and prepared EV-like liposomes made of anionic
lipopolyplex nanoparticles (ALNs). Various amounts of
single strand microRNAs, e.g. miR-21, mixed with a low-cost
oligodeoxynucleotide (ODN), such as G3139, were conju-
gated with phosphate lipids. A typical phospholipids formu-
lation includes 1-palmitoyl-2-oleoyl-sn-glycero-3-phospho-
choline (POPC) (68%), Cholesterol (30%) and 1,2-
distearoyl-sn-glycero-3-phosphoethanolamine-N-[methoxy
(polyethylene glycol)|(DSPE-PEG) (2%). Various types and
amounts of membrane proteins could be inserted onto the
surface of ALNs. These EV-mimic ALNs were loaded onto
the Ab-TLN/ILN biochips to serve as an internal standard for
chip normalization.

[0017] In still another aspect, a method of detecting the
presence of a disease or condition in a subject is provided,
said method comprises the following steps:

[0018] (1). Provide a body fluid sample containing mem-
brane proteins and intra-vesicular DNA/RNA/proteins of
extracellular vesicles; (2). Provide an antibody-based biochip
which comprises an antibody immunolipoplex nanoparticle
(Ab-ILN) biochip and an antibody tethered lipoplex nanopar-
ticle (Ab-TLN) biochip; (3). Contact the body fluid sample
with the antibody-based biochip, wherein the membrane pro-
teins and the intra-vesicular DNA/RNA/proteins of extracel-
lular vesicles are captured by molecular probes on the anti-
body-based biochip, wherein the molecular probes comprises
molecular beacons and aptarmer beacons; and (4). Charac-
terize the membrane proteins and the intra-vesicular DNA/
RNA/proteins of extracellular vesicles by using instrument
which comprises total internal reflection fluorescence (TIRF)
microscope, fluorescence microscope, plate reader, micro-
plate reader and portable fluorescence detector, so as to detect
the presence of a disease or condition in the subject.

[0019] Inthe aforementioned method of detecting a disease
or condition in a subject, we encapsulated MBs in lipoplex
nanoparticles (LNs) in order to detect intra-vesicular biom-
arkers in captured EVs. Other biomolecules, drugs and imag-
ing reagents and their combinations can also be encapsulated
in LNs. This biochip can be extended to include a series of
microarrays where each small array is consisted of specific
antibody, peptide, carbohydrate, or their mixture on the chip
surface and specific MB or MB mixture inside the lipoplex
nanoparticles.

[0020] Such multiplexing array allows capture and detec-
tion of many target EVs in a combinatorial design. For
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example, such a multiplexing array allows capture and detec-
tion of >300 RNA targets in a single sample within 2 hours
assay time using an automated total internal reflection fluo-
rescence (TIRF) microscope.

[0021] The antibody based ILN and TLN biochip designs
can be modified to allow for EV capture and detection from a
whole blood sample. Here, a droplet of blood is obtained by a
finger prick and sucked up by using a heparinized capillary
tube. The modified ILN/TLN biochip consists of a double
asymmetric membrane filter, such as a polysulfone mem-
brane to remove peripheral blood cells, a track etch mem-
brane or a silicon-based porous elastomeric polymer spacer
like polydimethylsiloxane (PDMS) to guide the cell-free
serum towards the chip surface, and a syringe with a flow rate
controller to drive the blood sample via the double membrane
filter onto the chip surface. The EVsinserum are captured and
detected by using previously described ILN or TLN designs.
We have shown that 20 plL of whole blood could be filtered
within 1 minute using a 0.4 pL/s of flow rate.

[0022] Inconclusion. the present invention disclosed meth-
ods of fabricating an antibody immunolipoplex nanoparticle
(Ab-ILN) biochip and a method of fabricating an antibody
tethered lipoplex nanoparticle (Ab-TLN) biochip. A novel
method of detecting a disease or condition in a subject with-
out any amplification steps is also provided.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023] FIG.1. (A) Schematic of an Ab-ILN biochip design
where EVs with specific surface protein are captured by anti-
body molecules on the chip surface, and their intra-vesicular
DNA/RNA/protein content is then identified with lipoplex
nanoparticles containing molecular probes (MPs). F1G. 1.(B)
Fluorescence micrographs show that the biochip can distin-
guish the differences in TTF-1 mRNA level in EVs captured
by anti-CD-63 from sera of four Stage I lung cancer patients.
FIG. 1 (C) Comparison of TLN and Ab-ILN biochips for the
same patients showing good agreement of TTF-1 mRNA
expressionin EVs. CD-63 isa common membrane protein for
exosomes.

[0024] FIG.2.(A) Schematic of an Ab-TLN biochip design
for BV capturing by tethered cationic lipoplex nanoparticles
and detection of intra-vesicular RNAs by MPs in the lipoplex
nanoparticles, followed with the detection of surface mem-
brane proteins using first antibody and then fluorescence
labelled second antibody. FIG. 2. (B) Fluorescence micro-
graphs show that intra-vesicular miR-21 and nucleolin (NCL)
membrane proteins identified by our Ab-TLN chip for a pan-
creatic cancer cell line. The overlapping peaks show co-lo-
calization of both miR-21 and NCL protein in the same EVs.
Non-specific binding of the second antibody on the biochip
was very low, which implies that the observed fluorescence
signal was from NCL proteins on the EV surface.

[0025] FIG. 3.(A) Ab-ILN biochip showing single-EV
analysis of co-localization of RNA and membrane protein
targets. Atomic Force Microscope (AFM) image of a single
captured EV by Ab-ILN biochip. FIG. 3.(B) Two captured
individual EVs showing strong miR-21 fluorescence signal.
FIG. 3.(C) Total fluorescence intensity of miR-21 rich only,
TTF-1 mRNA rich only, and miR-21/TTF-1 rich EVs with
CD-63 membrane protein or NCL. membrane protein for
A549 lung cancer cell line. Both miR-21 and TTF-1 molecu-
lar beacons were encapsulated in lipoplex nanoparticles.
[0026] FIG. 4.(A) Schematic of multiplexing ILN/TLN
array biochips for analysis of miRNA, mRNA and membrane
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protein target profiling in a single assay. This array design can
also be designed for the Ab-ILN chips by placing different
antibodies in the small areas for EV surface receptor profil-
ing. FIG. 4. (B) A typical ILN array biochip for 4x6 small
areas. FIG. 4. (C) Schematic of TLN microarray biochip con-
nected to a microfluidic setup. Cell culture medium or human
body fluids can be brought onto the microarray and EV wash-
ing can be carried out.

[0027] FIG.5. (A) Schematic of a whole blood ILN or TLN
biochip design. FIG. 5.(B) A droplet of blood obtained by a
finger prick and sucked up by using a heparinized capillary
tube. FIG. 5.(C) A blood test conducted on venous blood by
using a ILN or TLN biochip. The ILN/TLN biochip consists
of adouble asymmetric membrane filter to remove peripheral
blood cells, micro-channels on silicon-based elastomeric
polymer and a syringe with a flow rate controller.

[0028] FIG. 6. Photograph of two bottles of lyophilized
lipoplex nanoparticles for long term storage using a freeze-
drying method such as lyophilization of FDA approved drugs.

BRIEF DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0029] In one embodiment, the invention disclosed a
method of fabricating an antibody immunolipoplex nanopar-
ticle (Ab-ILN) biochip, said method comprises the following
steps:

[0030] Provide a substrate which comprises glass, silicon
wafer, polymer and ceramics; coat gold onto the substrate to
form a gold layer on surfaces of the substrate; provide a
composition which comprises a lipidic anchor molecule, a
linker which comprises a biotin-conjugated thiol molecule
with ethylene oxide unites and a lateral spacer; form a self-
assambly monolayer with the composition on the gold layer,
wherein the self-assambly monolayer containing lipoplex
nanoparticles; add an avidin which comprises neutravidin and
straptavid into the self-assambly monolayer, wherein the avi-
din reacts with the linker to form an avidin-modified surface;
bind a protein onto the avidin-modified surface to form an
active site, wherein the protein comprises biotin-conjugated
Protein A; and perform a reaction with antibodies to have an
antibody conjugation on the active site, so as to form the
antibody immunolipoplex nanoparticle (Ab-ILN) biochip,
wherein the antibody conjugation is a ligands-receptors inter-
action which comprises avidin-biotin, digoxigenin-anti-Dig,
fluorescein-anti-FITC and hapten linkages of antibody mol-
ecules.

[0031] Inoneexample of the aforementioned embodiment,
the lipidic anchor molecule comprises 20-tetradecyloxy-3,6,
9,12,15,18,22-heptaoxahexatricontane-1-thiol (WC14).
[0032] Inoneexample ofthe aforementioned embodiment,
the lateral spacer comprises 2-mercaptoethanol, 6-mercapto-
hexanol and 16-mercaptohexadecanoic acid.

[0033] Inoneexample of the aforementioned embodiment,
the antibodies were as receptors which comprise moieties for
binding to target extracellular vesicles, microvesicles, exo-
somes and circulating cell-free particles which is selected
from one of the group consisting of viruses, bacteria and
antigens.

[0034] Inoneexample of the aforementioned embodiment,
the lipoplex nanoparticles are lyophilized lipoplex nanopat-
ticles.

[0035] Inoneexample of the aforementioned embodiment,
the lipoplex nanoparticles further comprises reagents which
comprise molecular beacons, quantum dots, messenger RNA,
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microRNA, IncRNA, genomic DNA, circulating tumor
DNA, drug, DNA/RNA, magnetic particles, Au nanoparticles
and proteins.

[0036] Inoneexample of the aforementioned embodiment,
the antibody immunolipoplex nanoparticle (Ab-ILN) biochip
is applied for finger prick capillary blood assay.

[0037] In a second embodiment of the invention, the
present invention also disclosed a method of fabricating an
antibody immunolipoplex nanoparticle (Ab-ILN) biochip
without coating gold onto a substrate, said method comprises
the following steps:

[0038] Provide a substrate which comprises glass, silicon
wafer, polymer and ceramics; provide a silane which com-
prises trimethoxy [3-(oxiranylmethoxy)propyl] silane, tri-
ethoxy [3-(oxiranylmethoxy)propyl] silane, trimethoxy(m-
ethyl) silane, trimethoxy(propyl) silane and triethoxy(propyl)
silane; form a self-assambly monolayer with the silane on
surfaces of the substrate, wherein the self-assambly mono-
layer containing lipoplex nanoparticles; bind a protein onto
the surfaces to form an active site, wherein the protein com-
prises Protein A; and perform a reaction with antibodies to
have an antibody conjugation on the active site, so as to form
the antibody immunolipoplex nanoparticle (Ab-ILN) bio-
chip, wherein the antibody conjugation is a ligands-receptors
interaction which comprises avidin-biotin, digoxigenin-anti-
Dig, fluorescein-anti-FITC and hapten linkages of antibody
molecules.

[0039] Inoneexample of the second embodiment, the anti-
bodies were as receptors which comprise moieties for binding
to target extracellular vesicles, microvesicles, exosomes and
circulating cell-free particles which is selected from one of
the group consisting of viruses, bacteria and antigens.

[0040] In one example of the second embodiment, the
lipoplex nanoparticles are lyophilized lipoplex nanoparticles.

[0041] In one example of the second embodiment, the
lipoplex nanoparticles further comprise molecular beacons,
quantum dots, messenger RNA, microRNA, IncRNA,
genomic DNA, circulating tumor DNA, drug, DNA/RNA,
magnetic particles, Au nanoparticles and proteins.

[0042] Inoneexample of the second embodiment, the anti-
body immunolipoplex nanoparticle (Ab-ILN) biochip is
applied for finger prick capillary blood assay.

[0043] In a third embodiment, the present invention dis-
closed a method of fabricating an antibody tethered lipoplex
nanoparticle (Ab-TLN) biochip, said method comptises the
following steps:

[0044] (1). Provide a substrate which comprises glass, sili-
con wafer, polymer and ceramics; (2). Coat gold onto the
substrate to form a gold layer on surfaces of the substrate; (3).
Provide a composition which comprises a tethering molecule,
a linker which comprises a biotin-conjugated thiol molecule
with ethylene oxide unites and a lateral spacer; (4). Form a
self-assambly monolayer with the composition on the gold
layer, wherein the self-assambly monolayer containing teth-
ered liposomal nanoparticles; (5). Add an avidin which com-
prises neutravidin and straptavidin to the self-assambly
monolayer, wherein the avidin reacts with the linker to form
an avidin-modified surface; and (6). Perform a reaction with
antibodies to have an antibody conjugation on the avidin-
modified surface, so as to form the antibody tethered lipoplex
nanoparticle (Ab-TLN) biochip, wherein the antibody conju-
gation is a ligands-receptors interaction which comprises
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complementary DNA/RNA, avidin-biotin, digoxigenin-anti-
Dig, fluorescein-anti-FITC and hapten linkages of antibody
molecules.

[0045] Inoneexample of the third embodiment, the tether-
ing molecules comprises 20-tetradecyloxy-3,6,9,12,15,18,
22-heptaoxahexatricontane-1-thiol  (WC14),29-hexadecy-
loxy-3,6,9,12,15,18,21,24,27,31-decaoxaheptatetracontan-
1-thiol (FC16), 20-(Z-octadec-9-enyloxy)-3,6,9,12,15,18,
22-heptaoxatetracont-31-ene-1-thiol (DC18), and thiolipids
with ethylene oxide units.

[0046] In one example of the third embodiment, the lateral
spacer comprises 2-mercaptoethanol, 6-mercaptohexanol
and 16-mercaptohexadecanoic acid.

[0047] In one example of the third embodiment, the teth-
ered liposomal nanoparticles were formed from a lipid mix-
ture which comprises 1,2-di-O-octadecenyl-3-trimethylam-
monium propane (DOTMA), 1,2-dioleoyl-3-
trimethylammonium-propane  (DOTAP), 3p-[N—(N'N'-
dimethylaminoethane)-carbamoyl|cholesterol
hydrochloride (DC-Cholesterol), 1,2-di-O-octadecenyl-3-
dimethylammonium propane (DODMA), 1,2-dioleoyl-3-
dimethylammonium-propane (DODAP), L-a-phosphatidyl-
choline (EggPC, SoyPC), Cholesterol, 1,2-dipalmitoyl-sn-
glycero-3-phosphocholine (DPPC), saturated fatty acid, 1,2-
dioleoyl-sn-glycero-3-phosphocholine ~ (DOPC),  1,2-
distearoyl-sn-glycero-3-phosphoethanolamine-N-[methoxy

(polyethylene  glycol)]  (DSPE-PEG), and PEG
phospholipids.
[0048] In one example of the third embodiment, the anti-

bodies are receptors which comprise moieties for binding to
target extracellular vesicles, microvesicles, exosomes and cir-
culating cell-free particles which is selected from one of the
group consisting of viruses, bacteria and antigens.

[0049] In one example of the third embodiment, the teth-
ered liposomal nanoparticles are lyophilized liposomal nano-
particles.

[0050] In one example of the third embodiment, the teth-
ered liposomal nanoparticles further comprise molecular bea-
cons, quantum dots, messenger RNA, microRNA, IncRNA,
genomic DNA, circulating tumor DNA, drug, DNA/RNA,
magnetic particles, Au nanoparticles and proteins.

[0051] In one example of the third embodiment, the anti-
body tethered lipoplex nanoparticle (Ab-TLN) biochip is
applied for finger prick capillary blood assay.

[0052] 1In still another embodiment, a method of detecting
the presence of a disease or condition in a subject is provided,
said method comprises the following steps:

[0053] (1). Provide a body fluid sample containing mem-
brane proteins and intra-vesicular DNA/RNA/proteins of
extracellular vesicles; (2). Provide an antibody-based biochip
which comprises an antibody immunolipoplex nanoparticle
(Ab-ILN) biochip and an antibody tethered lipoplex nanopar-
ticle (Ab-TLN) biochip; (3). Contact the body fluid sample
with the antibody-based biochip, wherein the membrane pro-
teins and the intra-vesicular DNA/RNA/proteins of extracel-
lular vesicles are captured by molecular probes on the anti-
body-based biochip, wherein the molecular probes comprises
molecular beacons and aptarmer beacons; and (4). Charac-
terize the membrane proteins and the intra-vesicular DNA/
RNA/proteins of extracellular vesicles by using instrument
which comprises TIRF microscope, fluorescence micro-
scope, plate reader, microplate reader and portable fluores-
cence detector, so as to detect the presence of a disease or
condition in the subject.
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[0054] In one example of this embodiment, the body fluid
sample comprises blood, serum, urine, sputum and saliva
from the subject.

[0055] In one example of this embodiment, the antibody-
based biochip is connected to a microfluidic setup, so a cell
culture medium or the body fluid sample is able to be brought
onto the antibody-based biochip.

[0056] In one example of this embodiment, surfaces of the
antibody-based biochip have ligands which comprise anti-
body molecules, peptides, carbohydrates, DNA and RNA,
and wherein said ligands being for detecting specific extra-
cellular vesicles surface biomakers.

[0057] In one example of this embodiment, the antibody
immunolipoplex nanoparticle (Ab-ILN) biochip has lipoplex
nanoparticles which comprise reagents being selected from
one ofthe groups or the combinations consisting of molecular
beacons, quantum dots, messenger RNA, microRNA,
IncRNA, genomic DNA, circulating tumor DNA, drug,
DNA/RNA, magnetic particles, Au nanoparticles and pro-
teins.

[0058] In one example of this embodiment, the tethered
lipoplex nanoparticle (Ab-TLN) biochip has tethered liposo-
mal nanoparticles which comprise reagents being selected
from one of the groups or the combinations consisting of
molecular beacons, quantum dots, messenger RNA,
microRNA, IncRNA, genomic DNA, circulating tumor
DNA, drug, DNA/RNA, magnetic particles, Au nanoparticles
and proteins.

[0059] In one example of this embodiment, the disease or
condition comprises a cancer, an antigen and extracellular
vesicles derived from a cancer lymphomas (Hodgkins and
non-Hodgkins), B cell lymphoma, T cell lymphoma, myeloid
leukemia, leukemias, mycosis fungoides, carcinomas, carci-
nomas of solid tissues, squamous cell carcinomas, adenocar-
cinomas, sarcomas, gliomas, blastomas, neuroblastomas,
plasmacytomas, histiocytomas, melanomas, adenomas,
hypoxic tumors, myelomas, AIDS related lymphomas or sar-
comas, metastatic cancers, bladder cancer, brain cancer, net-
vous system cancer, squamous cell carcinoma of head and
neck, neuroblastoma/glioblastoma, ovarian cancer, skin can-
cer, liver cancer, melanoma, squamous cell carcinomas of the
mouth, throat, larynx, and lung, colon cancer, cervical cancer,
cervical carcinoma, breast cancer, epithelial cancer, renal
cancer, genitourinary cancer, pulmonary cancer, esophageal
carcinoma, head and neck carcinoma, hematopoietic cancers,
testicular cancer, colon-rectal cancers, prostatic cancer, pan-
creatic cancer, and cancer cachexia.

[0060] In one example of this embodiment, the antigen
comprises extracellular vesicles, exosome, proteins, pep-
tides, and nucleic acids from the cancer.

[0061] In accordance with the foregoing summary, the fol-
lowing presents a detailed description of the example of the
present invention, which is presently considered the best
mode thereof. However, this invention can also be applied
extensively to other embodiments, and the scope of this
present invention is expressly not limited except as specified
in the accompanying claims.

[0062] In conclusion, the invention disclosed a method of
preparing of antibody-based biochip and their application in
detecting the presence ofa disease or condition in a subject. In
other words, a method of detecting the presence of a disease
or condition in a subject obtaining a body fluid sample by
capturing and identifying both membrane protein and intra-
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vesicular DNA/RNA/proteins of EVs using an antibody-
based immune lipoplex nanoparticle (Ab-ILN) biochip or
array is provided.

[0063] Accordingly, one example of the invention is to
form an antibody-based biochip on surfaces treatment with an
ultrathin gold layer, the steps comprise:

[0064] Gold coating of a solid substrate with the substrate
being glass, silicon wafer, polymer, ceramics or any solid
materials; a thin layer of self-assembly monolayer such as
2-mercaptoethanol, 6-mercaptohexanol, 16-mercaptohexa-
decanoic acid (MHA), and other thiol-backfiller molecules;
linker molecules such as biotin-conjugated thiol molecules
with ethylene oxide unites; preparing neutravidin, straptavi-
din or other avidin-biotin linkages; and preparing biotin-
conjugated Protein A treatment for antibody conjugation.
[0065] Another example of the invention is to form an
antibody-based biochip on surfaces treatment without gold
coating, the steps comprise:

[0066] A cleaned solid substrate with the substrate being
glass, silicon wafer, polymer, ceramics or any solid materials;
a thin layer of self-assembly monolayer such as trimethoxy
[3-(oxiranylmethoxy)propyl] silane, triethoxy [3-(oxiranyl-
methoxy)propyl] silane or any epoxy-conjugated silane mol-
ecules; a thin mixture layer of self-assembly monolayer with
any epoxy-conjugated silanes and other silane-backfiller
molecules such as trimethoxy(methyl) silane, trimethoxy
(propyl) silane, triethoxy(propyl) silane; and preparing Pro-
tein A treatment for antibody conjugation.

[0067] For preparing antibody conjugation, the steps com-
prise: conjugation with antibodies on Protein A treated or
untreated surfaces; conjugation with antibodies on gold
coated surface or other surfaces; target specific antibodies as
receptors comprising one or more surface targeting moieties
for binding to target extracellular vesicles, microvesicles,
exosomes and circulating cell-free particles including
viruses, bacteria or antigens that corresponds to a particular
disease or condition.

[0068] In the present invention, the ligands contain anti-
body molecules, peptides, carbohydrates, DNA/RNA or their
mixtures as ligands for detecting specific EV surface biom-
akers.

[0069] Inthe presentinvention, the antibody conjugation is
achieved by Protein A, avidin-biotin, digoxigenin (Dig)-anti-
Dig, fluorescein-anti-FITC or other hapten linkages of anti-
body molecules.

[0070] In the present invention, the lipoplex nanoparticles
contain reagents or reagent mixtures such as molecular bea-
cons, quantum dots, and/or other sensing molecules and par-
ticles as molecular probes for detecting intra-cellular biom-
arkers such as messenger RNA, microRNA, IncRNA,
genomic DNA, circulating tumor DNA and proteins.

[0071] In the present invention, the lipoplex nanoparticles
contain reagents or reagent mixtures such as drug, DNA/
RNA, magnetic particles, Au nanoparticles and/or other
therapeutic molecules, imaging molecules and particles.
[0072] In the present invention, the Ab-ILN array chip is
connected to a microfluidic setup so cell culture medium or
human body fluids can be brought onto the array and EV
washing can be carried out after certain EV incubation time.
[0073] In the present invention, the Ab-ILN biochip or
arrays are used for finger prick capillary blood assay.

[0074] In the present invention, lyophilized lipoplex nano-
particles can be used for Ab-ILN biochip or arrays.
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[0075] In the present invention, the body fluid sample is
blood, serum, urine, sputum or saliva from the subject.

[0076] Inthe presentinvention, the Ab-ILN biochips. other
TLN biochip, array chips, microarrays and particles capture
target microvesicles, exosomes, extracellular vesicles and/or
circulating cell-free particles with the contained mRNAs,
microRNAs, [ncRNAs, circulating genomic DNAs, circulat-
ing tumor DNAs and/or proteins being detected by molecular
probes such as molecular beacons and aptarmer beacons
using a total internal reflective fluorescence (TIRF) micro-
scope. fluorescence microscope, plate reader, microplate
reader or portable fluorescence detector.

[0077] In the present invention, single-EV analysis of co-
localization of multiple RNA and membrane protein targets
comprise: antibodies on Ab-ILN chip are used to capture a
few EVs for single-EV analysis; single-EV analysis can iden-
tify co-localization of multiple RNA and membrane protein
targets in individual EV's with high sensitivity; conjugation
with antibodies on Ab-ILN is used for both separation and
identification of a specific membrane protein on a single EV;
conjugation with antibodies on Protein A treated or untreated
surfaces; conjugation with antibodies on gold coated surface
or other surfaces and target specific antibodies as receptors
comprise one or more surface targeting moieties for binding
to target extracellular vesicles, microvesicles, exosomes and
circulating cell-free particles including viruses, bacteria or
antigens that corresponds to a particular disease or condition.

[0078] Inthe presentinvention, the disease or conditionis a
cancer and the antigen or EV detected by the LN is derived
from a cancer which is selected from the group consisting of
lymphomas (Hodgkins and non-Hodgkins), B cell lym-
phoma, T cell lymphoma, myeloid leukemia, leukemias,
mycosis fungoides, carcinomas, carcinomas of solid tissues,
squamous cell carcinomas, adenocarcinomas, sarcomas,
gliomas, blastomas, neuroblastomas, plasmacytomas, histio-
cytomas, melanomas, adenomas, hypoxic tumors, myelomas,
AIDS related lymphomas or sarcomas, metastatic cancers,
bladder cancer, brain cancer, nervous system cancer, squa-
mous cell carcinoma of head and neck, neuroblastoma/glio-
blastoma, ovarian cancer, skin cancer, liver cancer, mela-
noma, squamous cell carcinomas of the mouth, throat, larynx,
and lung, colon cancer, cervical cancer, cervical carcinoma,
breast cancer, epithelial cancer, renal cancer, genitourinary
cancer, pulmonary cancer, esophageal carcinoma, head and
neck carcinoma, hematopoietic cancers, testicular cancer,
colon-rectal cancers, prostatic cancer, pancreatic cancer, or
cancer cachexia.

[0079] In the present invention, the antigen is an EV, exo-
some, protein, peptide, or nucleic acid from the cancer.

[0080] Inthe presentinvention, a method of detecting both
membrane protein and intravesicular DNA/RNA/proteins of
EVs at the single EV basis by using an Ab-TLN biochip is
disclosed, the method comprises the following steps:

[0081]

[0082] Au coating of a solid substrate with the substrate
being glass, silicon wafer, polymer, ceramics or any solid
materials; a thin layer of self-assembly monolayer such as
2-mercaptoethanol, 6-Mercaptohexanol, 16-mercaptohexa-
decanoic acid (MHA), and other thiol-backfiller molecules;
tethering molecules such as lipidic thiol anchor molecule
WC14 [20-tetradecyloxy-3,6,9,12,15,18,22-heptacxa-
hexatricontane-1-thiol], FC16, DC18, and other thiolipids
with ethylene oxide units.

Surface tethering treatment, the steps comprise:
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[0083] Prepare tethered liposomal nanoparticles which
comprises: lipid mixtures such as 1,2-di-O-octadecenyl-3-
trimethylammonium propane (DOTMA), 1,2-dioleoyl-3-tri-
methylammonium-propane (DOTAP), 3f-[N—(N',N'-dim-
ethylaminoethane)-carbamoyl]cholesterol ~ hydrochloride
(DC-Cholesterol), and other ionizable lipids, 1,2-di-O-octa-
decenyl-3-dimethylammonium propane (DODMA), 1,2-dio-
leoyl-3-dimethylammonium-propane (DODAP), and other
non-ionizable lipids, L-a-phosphatidylcholine (Egg PC,
SoyPC), Cholesterol, 1,2-dipalmitoyl-sn-glycero-3-phos-
phocholine (DPPC), and other saturated fatty acid, 1,2-dio-
leoyl-sn-glycero-3-phosphocholine (DOPC), and other
helper lipids and 1,2-distearoyl-sn-glycero-3-phosphoetha-
nolamine-N-[methoxy(polyethylene glycol)] (DSPE-PEG),
and other PEG phospholipids.

[0084] In the present invention, the TLN conjugation is
achieved by avidin-biotin, complementary DNA/RNA,
digoxigenin (Dig)-anti-Dig, fluorescein-anti-FITC or other
hapten linkages of antibody molecules or their mixtures.
[0085] In the present invention, the ligands contain anti-
body molecules, peptide, carbohydrate, DNA/RNA or their
mixtures as ligands for detecting specific EV surface biom-
akers.

[0086] In the present invention, the lipoplex nanoparticles
are used to form Ab-TLN array biochip.

[0087] Inthe presentinvention, said lipoplex nanoparticles
contain reagents or reagent mixtures such as molecular bea-
cons, quantum dots, and/or other sensing molecules and par-
ticles as molecular probes for detecting intra-cellular biom-
arkers such as messenger RNA, microRNA, IncRNA,
genomic DNA, circulating tumor DNA and proteins.

[0088] Inthe presentinvention, said lipoplex nanoparticles
contain reagents or reagent mixtures such as drug, DNA/
RNA, magnetic particles, Au nanoparticles and/or other
therapeutic molecules, imaging molecules and particles.
[0089] Inthe present invention, said Ab-TLN array chip is
connected to a microfluidic setup so cell culture medium or
human body fluids can be brought onto the array and EV
washing can be carried out after certain EV incubation time.
[0090] In the present invention, the Ab-TLN biochip or
arrays are used to finger prick capillary blood assay.

[0091] In the present invention, lyophilized lipoplex nano-
particles can be used to Ab-TLN biochip or arrays.

[0092] In the present invention, the body fluid sample is
blood, serum, urine, sputum or saliva from the subject.
[0093] Inthepresentinvention, the Ab-TLN biochips, other
TLN biochips, array chips, microarrays and particles capture
target microvesicles, exosomes, extracellular vesicles and/or
circulating cell-free particles with the contained mRNAs,
microRNAs, IncRNAs, circulating genomic DNAs, circulat-
ing tumor DNAs and/or proteins being detected by molecular
probes such as molecular beacons and aptarmer beacons
using a TIRF microscope, fluorescence microscope, plate
reader, microplate reader or portable fluorescence detector.
[0094] Inthe presentinvention, the disease or conditionis a
cancer and the antigen or EV detected by the LN is derived
from a cancer which is selected from the group consisting of
lymphomas (Hodgkins and non-Hodgkins), B cell lym-
phoma, T cell lymphoma, myeloid leukemia, leukemias,
mycosis fungoides, carcinomas, carcinomas of solid tissues,
squamous cell carcinomas, adenocarcinomas, sarcomas,
gliomas, blastomas, neuroblastomas, plasmacytomas, histio-
cytomas, melanomas, adenomas, hypoxic tumors, myelomas,
AIDS related lymphomas or sarcomas, metastatic cancers,
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bladder cancer, brain cancer, nervous system cancer, squa-
mous cell carcinoma of head and neck, neuroblastoma/glio-
blastoma, ovarian cancer, skin cancer, liver cancer, mela-
noma, squamous cell carcinomas of the mouth, throat, larynx,
and lung, colon cancer, cervical cancer, cervical carcinoma,
breast cancer, epithelial cancer, renal cancer, genitourinary
cancer, pulmonary cancer, esophageal carcinoma, head and
neck carcinoma, hematopoietic cancers, testicular cancer,
colon-rectal cancers, prostatic cancer, pancreatic cancer, or
cancer cachexia.

[0095] In the present invention, the antigen is an EV, exo-
some, protein, peptide, or nucleic acid from the cancer.

Example 1

Fabricate and Test Ab-ILN Biochip

[0096] We show a new biochip design which could simul-
taneously detect membrane protein targets and intra-vesicu-
lar RNA targets of individual EVs.

[0097] Inonemethod, a mixture of 1-thiahexa(ethyleneox-
ide) lipidic anchor molecule WC14 [20-tetradecyloxy-3,6,9,
12,15,18,22-heptaoxahexatricontane-1-thiol], biotin-PEG-
SH and a lateral spacer 3-mercaptoethanol (FME) in ethanol
was added onto a gold coated glass substrate to form self-
assembly monolayers (SAMs). Avidin was then added and
un-reacted avidin was washed away using PBS. The biotin-
conjugated Protein A was bound on the avidin-modified sub-
strate surface through biotin-avidin interactions and the
unbound Protein A was washed away with PBS. A target-
specific antibody was then added and un-reacted antibody
was washed away using PBS. The antibody-modified biochip
can be used as an Ab-ILN biochip as shown in the first step of
FIG. 1A.

[0098] We can tether antibodies on the chip surface to cap-
ture the EVs presenting the target receptor as shown in FIG.
1A. Our previous works on protein chips and immune-nano-
particles-based gene delivery showed that bioactivity of teth-
ered antibodies could increase >100 times when non-specific
binding was minimized by using Protein A, PEG linkers and
PEG spacers. We have optimized these design parameters to
achieve high EV binding at low antibody consumption.

[0099] The Ab-ILN biochips only captured the Ab-specific
EVs, while other EVs could be washed away.

[0100] After washing away unbound EVs, we applied cat-
ionic LNs containing MBs of the RNA targets, say miR-21, to
the chip. If captured EVs contain miR-21, the MB would
report a fluorescence signal after the fusion between LNs and
EVs. This concept is explained schematically in FIG. 1A.

[0101] FIG. 1B shows the results of using anti-CD-63 to
capture CD-63-rich EVs and some, but not all, captured
CD-63-rich EVs are rich in miR-21. The total internal reflec-
tive fluorescence (TIRF) microscopeimages demonstrate that
the assay can distinguish the differences in EV-enriched
TTF-1 mRNA among four Stage I lung cancer plasma
samples.

[0102] The Ab-ILN biochip and a TLN biochip described
in our previous patent application (US 20140094383) were
used to test the same Stage I lung cancer plasma samples, and
the results are compared in FIG. 1C. The results from four
Stage I lung cancer patients show a similar trend in the two
assays.
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Example 2

Fabricate and Test Ab-TLN Biochip

[0103] FIG. 2A shows the schematic of an Ab-TLN biochip
design for EV capturing by tethered cationic lipoplex nano-
particles and detection of intra-vesicular RNAs by MPs in the
lipoplex nanoparticles, followed with the detection of surface
membrane proteins using first antibody and then fluorescence
labeled second antibody.

[0104] EVs from culture supernatants of 2x107 cells or 20
uL plasma samples were captured by an Ab-TLN biochip
which consists of either empty liposomes or liposomes con-
taining RNA-specific MBs (e.g. miR-21). After the fusion of
negatively charged EVs with positively charged cationic LN,
aTIRF microscope was used to measure the surface receptors
of captured EVs by fluorescence labelled antibody and RNA
targets inside the captured EVs by the RNA-specific MBs.
Using two different fluorescent molecules as shown in FIG.
2B, e.g. FAM (green) and Cy5 (red), the co-localization of
both the RNA target and the surface receptor for individual
EVs can be identified via the compounded images.

[0105] FIG. 2B shows nucleolin (NCL) EV surface pro-
teins and EV-encapsulated miR-21 identified by our Ab-TLN
chip for a pancreatic cancer cell line. The overlapping peaks
show co-localization of both miR-21 and NCL protein in the
same EVs.

Example 3

Ab-ILN Biochip Showing Single-EV Analysis of
Co-localization of RNA and Membrane Protein
Targets

[0106] We demonstrate single-EV analysis of co-localiza-
tion of multiple RNA and membrane protein targets.

[0107] OurILN biochip canbeused to identify amembrane
protein target and 1-2 RNA targets in a single EV.

[0108] FIG. 3A shows a biological atomic force micros-
copy (Bio-AFM) image of single EV secreted by A549 lung
cancer cells captured by anti-CD63 antibody in aqueous solu-
tion. The diameter of this CD63-rich EV is ~100 nm.

[0109] FIG. 3B shows a TIRF microscopy image of two
miR-21-rich EVs with CD63 membrane proteins. The green
fluorescent signal reports the fusion of LNs containing miR-
21-specific MBs with the captured EVs.

[0110] We compare CD63-rich and NCL-rich EVs with
miR-21 and TTF-1 content from A549 cell secreted EVs as
shown in FIG. 3C. There are more EVs containing CD63 than
NCL surface receptor, and a small fraction (12.2 and 10.9%
for CD63 and NCL EVs, respectively) of those EVs contains
bothmiR-21 and TTF-1 mRNA. This is the first time that both
membrane protein and intra-vesicular RNA targets of indi-
vidual EVs are detected on a single chip.

Example 4

Multiplexing ILN/TLN Array Biochips for Analysis
of a Large Number of MicroRNA, Messenger RNA
and Membrane Protein Targets

[0111] The ILN/TLN biochip can be extended to an array
type design as shown in FI1G. 4 where each spot in the ILN
array contains [.Ns with 2 RNA-specific MBs, one with green
(FAM) and the other with red (Cy5) fluorescence dyes inside
each LN.
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[0112] Such a multiplexing array allows capture and the
detection of >300 RNA targets in a single sample within 2
hours of assay time. Our data (not shown) indicate that fluo-
rescence background would remain unchanged on chip for at
least 4 hours.

[0113] Formostapplications, we suggest to test an array for
~100 RNA and membrane protein targets. Each ILN spot in
the 10x10 array is 0.5 mm in diameter and ~50 pL of sample
(cell culture media or patient plasma) is sufficient for the
entire array. Here, 20 images (80 umx80 um for each image
area) taken within 25 seconds, instead of 100 images taken in
2 minutes for each MB as in our standard ILN assay, are used
to keep the sample size small and the assay time short.
[0114] Although the fluorescence signal variation of
20-image average is slightly larger than that of the 100-image
average, it should be acceptable for the profiling purpose. In
comparison, a typical gRT-PCR assay requires collecting
total RNA from >100-200 pL of plasma sample for either
single or ~10 RNA targets.

[0115] This ILN array design can also be designed by plac-
ing different antibodies in the small areas for EV surface
receptor profiling.

Exaniple 5

Design of Finger Prick Whole Blood Assay by Using
ILN or TLN Biochip for Disease Detection

[0116] We have demonstrated a simple whole blood ILN/
TLN biochip design which does not need any sample prepa-
ration procedure. FIG. SA shows the schematic of a whole
blood ILN or TLN biochip design.

[0117] FIG. 5B shows a photograph of blood droplet col-
lection by a capillary using a finger pricker. The amount of
blood collected can be controlled from 0.5 to 30 pL using a
depth of lancet.

[0118] FIG. 5C shows a typical whole blood ILN or TLN
biochip. The typical whole blood ILN/TLN biochip consists
of adouble asymmetric membrane filter to remove peripheral
blood cells, micro-channels on a silicon-based elastomeric
polymer such as PDMS, and a syringe with a flow rate con-
troller.

Examiple 6

Lyophilization of Lipoplex Nanoparticles for
Long-Term Storage

[0119] Here, we demonstrate lyophilization of free CLN
nanoparticles for extending shelflife of LNs as shown in FIG.
6. The freeze-drying method used follows the FDA-approved
drug manufacturing procedure.

[0120] The lyophilized LNs can be used for the Ab-ILN/
Ab-TLN biochip or array.

[0121] The Ab-ILN and Ab-TLN assay can provide the
co-localization of both the target RNA and the surface recep-
tor for individual EVs via the merged images.

[0122] The Ab-ILN/Ab-TLN biochips can detect EVs with
tumor-specific membrane proteins and intra-vesicular RNAs.
[0123] The finger prick whole blood ILN/TLN biochips are
very easy to use and require a very small amount of blood
sample.

[0124] Lyophilization of lipoplex nanoparticles can pro-
vide long-term storage of ILN/TLN biochips.

[0125] While theinvention has beenexplained in relation to
its preferred embodiments, it is to be understood that various
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modifications thereof will become apparent to those skilled in
the art upon reading the specification. Therefore, it is to be
understood that the invention disclosed herein is intended to
cover such modifications as fall within the scope of the
appended claims.

What is claimed is:

1. A method of fabricating an antibody immunolipoplex
nanoparticle (Ab-ILN) biochip, said method comprising

(1). Providing a substrate which comprises glass, silicon
wafer, polymer and ceramics;

(2). Coating gold onto the substrate to form a gold layer on
surfaces of the substrate;

(3). Providing a composition which comprises a lipidic
anchor molecule, a linker which comprises a biotin-
conjugated thiol molecule with ethylene oxide unites
and a lateral spacer;

(4). Forming a self-assambly monolayer with the compo-
sition on the gold layer, wherein the self-assambly
monolayer containing lipoplex nanoparticles;

(5). Adding an avidin which comprises neutravidin and
straptavid into the self-assambly monolayer, wherein
the avidin reacts with the linker to form an avidin-modi-
fied surface;

(6). Binding a protein onto the avidin-modified surface to
form an active site, wherein the protein comprises
biotin-conjugated Protein A; and

(7). Performing a reaction with antibodies to have an anti-
body conjugation on the active site, so as to form the
antibody immunolipoplex nanoparticle (Ab-ILN) bio-
chip, wherein the antibody conjugation is a ligands-
receptors interaction which comprises avidin-biotin,
digoxigenin-anti-Dig, fluorescein-anti-FITC and hapten
linkages of antibody molecules.

2. The method according to claim 1, wherein the lipidic
anchor molecule comprises 20-tetradecyloxy-3,6,9,12,15,18,
22-heptaoxahexatricontane-1-thiol.

3. The method according to claim 1, wherein the lateral
spacer comprises 2-mercaptoethanol, 6-mercaptohexanol
and 16-mercaptohexadecanoic acid.

4. The method according to claim 1, wherein the antibodies
being receptors which comprise moieties for binding to target
extracellular vesicles, microvesicles, exosomes and circulat-
ing cell-free particles whichis selected from one of the groups
consisting of viruses, bacteria and antigens.

5. The method according to claim 1, wherein the lipoplex
nanoparticles are lyophilized lipoplex nanoparticles.

6. The method according to claim 1, wherein the lipoplex
nanoparticles further comprising reagents which comprise
molecular beacons, quantum dots, messenger RNA,
microRNA, IncRNA, genomic DNA, circulating tumor
DNA, drug, DNA/RNA, magnetic particles, Au nanoparticles
and proteins.

7. The method according to claim 1, wherein the antibody
immunolipoplex nanoparticle (Ab-ILN) biochip is applied
for finger prick capillary blood assay.

8. A method of fabricating an antibody immunolipoplex
nanoparticle (Ab-ILN) biochip, said method comprising

(1). Providing a substrate which comprises glass, silicon
wafer, polymer and ceramics;

(2). Providing a silane which comprises trimethoxy [3-
(oxiranylmethoxy)propyl] silane, triethoxy [3-(oxira-
nylmethoxy)propyl] silane, trimethoxy(methyl) silane,
trimethoxy(propyl) silane and triethoxy(propyl) silane;
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(3). Forming a self-assambly monolayer with the silane on
surfaces of the substrate, wherein the self-assambly
monolayer containing lipoplex nanoparticles;

(6). Binding a protein onto the surfaces to form aactive site,
wherein the protein comprises Protein A; and

(7). Performing a reaction with antibodies to have an anti-
body conjugation on the active site, so as to form the
antibody immunolipoplex nanoparticle (Ab-ILN) bio-
chip, wherein the antibody conjugation is a ligands-
receptors interaction which comprises avidin-biotin,
digoxigenin-anti-Dig, fluorescein-anti-FITC and hapten
linkages of antibody molecules.

9. The method according to claim 8, wherein the antibodies
being receptors which comprise moieties for binding to target
extracellular vesicles, microvesicles, exosomes and circulat-
ing cell-free particles which s selected from one of the groups
consisting of viruses, bacteria and antigens.

10. The method according to claim 8, wherein the lipoplex
nanoparticles are lyophilized lipoplex nanoparticles.

11. The method according to claim 8, wherein the lipoplex
nanoparticles further comprise molecular beacons, quantum
dots, messenger RNA, microRNA, IncRNA, genomic DNA,
circulating tumor DNA, drug, DNA/RNA, magnetic par-
ticles, Au nanoparticles and proteins.

12. The method according to claim 8, wherein the antibody
immunolipoplex nanoparticle (Ab-ILN) biochip is applied
for finger prick capillary blood assay.

13. A method of fabricating an antibody tethered lipoplex
nanoparticle (Ab-TLN) biochip, said method comprising

(1). Providing a substrate which comprises glass, silicon
wafer, polymer and ceramics;

(2). Coating gold onto the substrate to form a gold layer on
surfaces of the substrate;

(3). Providing a composition which comprises a tethering
molecule, a linker which comprises a biotin-conjugated
thiol molecule with ethylene oxide unites and a lateral
spacer;

(4). Forming a self-assambly monolayer with the compo-
sition on the gold layer, wherein the self-assambly
monolayer containing tethered liposomal nanoparticles;

(5). Adding an avidin which comprises neutravidin and
straptavidin to the self-assambly monolayer, wherein
the avidin reacts with the linker to form an avidin-modi-
fied surface; and

(6). Performing a reaction with antibodies to have an anti-
body conjugation on the avidin-modified surface, so as
to form the antibody tethered lipoplex nanoparticle (Ab-
TLN) biochip, wherein the antibody conjugation is a
ligands-receptors interaction which comprises comple-
mentary DNA/RNA, avidin-biotin, digoxigenin-anti-
Dig, fluorescein-anti-FITC and hapten linkages of anti-
body molecules.

14. The method according to claim 13, wherein the tether-
ing molecules comprise 20-tetradecyloxy-3,6,9,12,15,18,22-
heptaoxahexatricontane-1-thiol,29-hexadecyloxy-3,6,9,12,
15,18,21,24,27 31-decaoxaheptatetracontan-1-thiol, 20-Z-
octadec-9-enyloxy)-3,6,9,12,15,18,22-heptaoxatetracont-
31-ene-1-thiol, and thiolipids with ethylene oxide units.

15. The method according to claim 13, wherein the lateral
spacer comprises 2-mercaptoethanol, 6-mercaptohexanol
and 16-mercaptohexadecanoic acid.

16. The method according to claim 13, wherein the tethered
liposomal nanoparticles being formed from a lipid mixture
which comprises 1,2-di-O-octadecenyl-3-trimethylammo-

Jul. 14,2016

nium propane (DOTMA), 1,2-dioleoyl-3-trimethylammo-
nium-propane (DOTAP), 38-[N—(N',N'-dimethylaminoet-
hane)-carbamoyl]cholesterol hydrochloride (DC-
Cholesterol), 1,2-di-O-octadecenyl-3-dimethylammonium
propane (DODMA), 1,2-dioleoyl-3-dimethylammonium-
propane (DODAP), L-a-phosphatidylcholine (EggPC,
SoyPC), Cholesterol, 1,2-dipalmitoyl-sn-glycero-3-phos-
phocholine (DPPC), saturated fatty acid, 1,2-dioleoyl-sn-
glycero-3-phosphocholine (DOPC), 1,2-distearoyl-sn-glyc-
ero-3-phosphoethanolamine-N-[methoxy(polyethylene
glycol)] (DSPE-PEG), and PEG phospholipids.

17. The method according to claim 13, wherein the anti-
bodies being receptors which comprise moieties for binding
to target extracellular vesicles, microvesicles, exosomes and
circulating cell-free particles which are selected from one of
the groups consisting of viruses, bacteria and antigens.

18. The method according to claim 13, wherein the tethered
liposomal nanoparticles are lyophilized liposomal nanopat-
ticles.

19. The method according to claim 13, wherein the tethered
liposomal nanoparticles further comprise molecular beacons,
quantum dots, messenger RNA, microRNA, IncRNA,
genomic DNA, circulating tumor DNA, drug, DNA/RNA,
magnetic particles, Au nanoparticles and proteins.

20. The method according to claim 13, wherein the anti-
body tethered lipoplex nanoparticle (Ab-TLN) biochip being
applied for finger prick capillary blood assay.

21. A method of detecting the presence of a disease or
condition in a subject, said method comprising

(1). Providing a body fluid sample containing membrane
proteins and intra-vesicular DNA/RNA/proteins of
extracellular vesicles;

(2). Providing an antibody-based biochip which comprises
an antibody immunolipoplex nanoparticle (Ab-ILN)
biochip and an antibody tethered lipoplex nanoparticle
(Ab-TLN) biochip;

(3). Contacting the body fluid sample with the antibody-
based biochip, wherein the membrane proteins and the
intra-vesicular DNA/RNA/proteins of extracellular
vesicles are captured by molecular probes on the anti-
body-based biochip, wherein the molecular probes com-
prise molecular beacons and aptarmer beacons; and

(4). Characterizing the membrane proteins and the intra-
vesicular DNA/RNA/proteins of extracellular vesicles
by using instrument which comprises TIRF microscope,
fluorescence microscope, plate reader, microplate
reader and portable fluorescence detector, so as to detect
the presence of a disease or condition in the subject.

22. The method according to claim 21, wherein the body
fluid sample comprises blood, serum, urine, sputum and
saliva from the subject.

23. The method according to claim 21, wherein the anti-
body-based biochip is connected to a microfluidic setup, so a
cell culture medium or the body fluid sample is able to be
brought onto the antibody-based biochip.

24. The method according to claim 21, wherein surfaces of
the antibody-based biochip having ligands which comprises
antibody molecules, peptides, carbohydrates, DNA and
RNA, and wherein said ligands being for detecting specific
extracellular vesicles surface biomakers.

25. The method according to claim 21, wherein the anti-
body immunolipoplex nanoparticle (Ab-ILN) biochip having
lipoplex nanoparticles which comprise reagents being
selected from one of the groups or the combinations consist-



US 2016/0202248 Al

ing of molecular beacons, quantum dots, messenger RNA,
microRNA, IncRNA, genomic DNA, circulating tumor
DNA, drug, DNA/RNA, magnetic particles, Au nanoparticles
and proteins.

26. The method according to claim 21, wherein the tethered
lipoplex nanoparticle (Ab-TLN) biochip having tethered
liposomal nanoparticles which comprise reagents being
selected from one of the groups or the combinations consist-
ing of molecular beacons, quantum dots, messenger RNA,
microRNA, IncRNA, genomic DNA, circulating tumor
DNA, drug, DNA/RNA, magnetic particles, Au nanoparticles
and proteins.

27. The method according to claim 21, wherein the disease
or condition comprises a cancer, an antigen and extracellular
vesicles derived from a cancer lymphomas (Hodgkins and
non-Hodgkins), B cell lymphoma, T cell lymphoma, myeloid
leukemia, leukemias, mycosis fungoides, carcinomas, carci-
nomas of solid tissues, squamous cell carcinomas, adenocar-
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cinomas, sarcomas, gliomas, blastomas, neuroblastomas,
plasmacytomas, histiocytomas, melanomas, adenomas,
hypoxic tumors, myelomas, AIDS related lymphomas or sar-
comas, metastatic cancers, bladder cancer, brain cancer, ner-
vous system cancer, squamous cell carcinoma of head and
neck, neuroblastoma/glioblastoma, ovarian cancer, skin can-
cer, liver cancer, melanoma, squamous cell carcinomas of the
mouth, throat, larynx, and lung, colon cancer, cervical cancer,
cervical carcinoma, breast cancer, epithelial cancer, renal
cancer, genitourinary cancer, pulmonary cancer, esophageal
carcinoma, head and neck carcinoma, hematopoietic cancers,
testicular cancer, colon-rectal cancers, prostatic cancer, pan-
creatic cancer, and cancer cachexia.

28. The method according to claim 27, wherein the antigen
comprises extracellular vesicles, exosome, proteins, pep-
tides, and nucleic acids from the cancer.
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