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METHOD FOR ACCURATE DIAGNOSIS OF A DISEASE
TARGETING BIOMARKERS IN LIQUID BIOPSY

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims the benefit of U.S. Serial No. 62/478,021, filed March 28, 2017
and U.S. Serial No. 62/560,180, filed September 18, 2017, the entire contents and disclosures of
which are hereby incorporated by reference into this application. This application also cites various

publications, the entire contents of which are incorporated herein by reference into this application.

FIELD OF THE INVENTION
[0002] The present invention relates to a method for improving the detection and diagnosis
targeting biomarkers using an aqueous two-phase system (ATPS). In particular, the present
invention provides a method for improving the performance of detection and diagnosis targeting

biomarkers found in liquid biopsy.

BACKGROUND OF THE INVENTION

[0003] Biomarkers are molecular indicators of a specific biological property, a biochemical
feature or facet that can be used to measure the presence, severity or progress of a disease or the
effects of a treatment. For example, tumor-derived DNA present in the cell-free plasma or serum
of cancer patients can be used as a diagnostic biomarker for evaluating a particular type of tumors
or cancers in the patient. Very often, different diagnostic biomarkers are specifically related
towards different type and form of diseases s in the plasma or serum of patients.

[0004] Diagnostic tests using biomarkers as molecular indicators do not only detect the presence
or absence of the biomarker, but often measure the exact concentration of the biomarker to
determine whether an abnormal condition exists. Because of the requirement for accuracy, the
process of sample collection, preparation, and analysis are often complicated and time consuming.
Currently, blood-based assays for biomarker presence or activity are considered to be the “gold
standard” for biomarker-type assays.

[0005] In particular to cancers, an accurate detection and quantification of cancer biomarkers are
particularly important for an accurate and sensitive diagnosis of the cancer as well as monitoring
of the treatment, in both the onset and advanced stage of the cancer. Cancer biomarkers may be
present in minute amount in the early stage of cancer while the profile of cancer biomarkers may
become more complex and confusing as the cancer progresses to an advanced stage especially

where metastasis occurs. An accurate and reliable drug response analysis based on cancer
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and drawbacks of a particular treatment must be evaluated to devise the best treatment strategy for
the patients.

[0006] It has been a huge challenge to detect the existence of an analyte which has an extremely
minute concentration. The analyte can be a biomarker of a cancer disease such as a cell free DNA
(cfDNA), Alpha-fetoprotein (AFP) for hepatocellular carcinoma cancer, Cancer Antigen such as
CA15-3 for Breast cancer and so on which may exist in the blood, saliva, urine or other body fluids
of the patients. Many of the existing diagnostic or detection methods may falsely report that the
analyte does not exist if the concentration is too low. The gold standard of diagnostics such as PCR
and ELISA may produce a false negative result if the targeted analyte has extremely low
concentration. Moreover, there are various biomolecules present in blood, serum and plasma which
will interfere and affect the diagnostics accuracy such as peptides, oligosaccharides, ligands, small
molecule and natural products. Effective purification and concentration method is highly desired.
[0007] There are purification products widely used in literature to concentrate cfDNA and other
cancer biomarkers. However, these expensive product kits are limited by the maximum sample
volume they can process, as well as the amount of DNA that can be purified before clogging in the
blood samples. A method to concentrate the analyte by porous material embedded with ATPS has
been disclosed in patent W(02017041030. Unfortunately, the fold of concentration was only about
10-fold, which hardly satisfies the requirement for an accurate and sensitive diagnosis of cancer.
An improved method and device to achieve higher concentration of target biomarkers is highly
desired.

[0008] To overcome these limitations, the present invention provides an improved method to
purify and concentrate the target analytes (biomarkers) present in liquid biopsy including blood,
serum and plasma for further analysis easily and quickly in a single step without the need of
complex equipment. Using porous material embedded with ATPS, the present method can purify
biomarkers from liquid biopsy and concentrate the biomarkers for up to 100x or more. Overall,
the methods described herein can improve the accuracy, sensitivity and efficiency of the detection
and quantification of biomarkers and therefore are capable of improving the performance of
various analytical or diagnostic technologies relying on the detection and/or quantification of

biomarkers. Many life-threatening diseases are cured if the diseases are detected early.

BRIEF SUMMARY OF THE INVENTION

[0009] The present invention relates to a method for improving the detection and diagnosis
targeting biomarkers using an aqueous two-phase system (ATPS).
[0010] In one embodiment, the present invention provides a method for improving a diagnostic

procedure involving the detection or quantification of one or more biomarkers in liquid biopsy, the
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method comprises contacting a porous material embedded with ATPS components with a liquid
biopsy containing the biomarkers, purifying and concentrating the target biomarkers, and
providing a product comprising the target biomarkers for performing the diagnostic procedure.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] Figure 1 shows the phase separation using different pre-coated porous materials embedded with

ATPS components.

[0012] Figure 2 shows one embodiment of the present invention in which biomolecules were
concentrated in the leading front of the ATPS on the porous material up to various concentration

factors.

DETAILED DESCRIPTION OF THE INVENTION

[0013] The present invention relates to a method for improving the detection and diagnosis
targeting biomarkers in liquid biopsy using an aqueous two-phase system (ATPS).

[0014] In the following description, several embodiments of the present invention are described.
For purposes of explanation, specific configurations and details are set forth in order to provide a
thorough understanding of the embodiments. In addition, to the plural or singular forms of a word
and to the extent that orientations of the embodiments are described as, “top”, “bottom”, “front”,
“back”, “left”, “right” and the like, these wordings are to aid the reader in understanding the
embodiments and are not meant to be limiting physically. It is apparent to a person skilled in the
art that the present invention may be practiced without specific details. The invention will be better
understood by reference to the examples which follow, but those skilled in the art will readily
appreciate that the specific examples are for illustrative purposes only and should not limit the
scope of the invention which is defined by the claims which follow thereafter. It is to be noted that
the transitional term “comprising” or “including”, which is synonymous with “containing” or
“characterized by”, is inclusive or open-ended and does not exclude additional, unrecited elements
or method steps.

[0015] In one embodiment of the present method, ATPS (aqueous two phase system) components
are embedded entirely within a porous material, allowing spontaneous phase separation and
therefore, purification and concentration of target biomarkers from the sample with only a single-
step. The present invention can be applied to various diagnostic or detection technologies that
based on the detection or quantification of biomarkers, including but are not limited to Enzyme-
Linked Immune Sorbent Assay (ELISA), Polymerase Chain Reaction (PCR), Radioimmunoassay

(RIA), proteomic approach and so on.
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[0016] In one embodiment, the present invention provides a method for improving the
performance of diagnosis involving the detection or quantification of a target biomarker in a biopsy
using a porous material embedded with an aqueous two-phase system (ATPS). In one embodiment,
the present invention comprises the steps of purifying and concentrating the target biomarkers
present in a biopsy such as blood, serum and plasma of cancer patient effectively and efficiently.
In one embodiment, the purified and concentrated target biomarkers obtained by the present
invention are then subject to downstream technologies for the detection or diagnosis of a particular

type of disease or a particular health indicator.

Type of Samples and Biomarkers

[0017] In one embodiment, the present method is used to improve the performance of a diagnosis
involving the detection or quantification of a target biomarker in a sample.

[0018] In one embodiment, the present method is applicable to any types of sample containing a
biomolecule which is indicative of a disease or a health condition (i.e., a biomarkers). In one
embodiment, samples include but are not limited to blood, plasma, serum, tissues, bacteria, viruses,
RNA viruses, smear preparations, bacteria cultures, cell cultures (e.g. cell suspensions and
adherent cells), urine, saliva, fecal matters, and bodily discharges (e.g. tears, sputum,
nasopharyngeal mucus, vaginal discharge and penile discharge), polymerase chain reaction (PCR)
mixtures and in vitro nucleic acid modification reaction mixtures.

[0019] In one embodiment, the sample is a liquid biopsy taken from a subject including but is not
limited to blood, plasma, serum, urine, saliva and various types of bodily discharges (e.g. tears,
sputum, nasopharyngeal mucus, vaginal discharge and penile discharge).

[0020] In one embodiment, the present methods can separate a target analyte or biomarker from
non-target molecules (e.g., small molecules and macromolecules which are typically of natural
origin and may interfere with the detection or quantification of target biomarker) in a sample and
thereby allows a more accurate detection and diagnosis.

[0021] In one embodiment, biomarker subject to the present method is any biomolecule exists in
a subject and is indicative of a disease or a health condition in the subject.

[0022] In one embodiment, the biomarker is a nucleic acid, a protein or a small molecule.

[0023] In one embodiment, the biomarker is a cell-free molecule including but is not limited to a
cell-free DNA (cfDNA), a cell-free protein, an exosome and a cell-free molecule circulating in the
body fluid of the subject. In one embodiment, the biomarker is a molecule attached to the surface
of a cell, or included in a cell.

[0024] In one embodiment, the biomarker is a nucleic acid of various types (e.g. DNA including

c¢DNA, RNA including mRNA and rRNA), forms (e.g. single-stranded, double-stranded, coiled,
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as a plasmid, non-coding or coding) and lengths (e.g. an oligonucleotide, a gene, a chromosome
and genomic DNA), originated from the subject or an exogenous agent or both.

[0025] In one embodiment, the biomarker is a protein which is a peptide or a polypeptide,
including an intact protein molecule, a degraded protein molecule and digested fragments of a
protein molecule. In one embodiment, biomarkers include but are not limited to antigens, receptors
and antibodies, originated from the subject or an exogenous agent or both.

[0026] In one embodiment, the biomarker is a small molecule such as a metabolite. In one
embodiment, the metabolite is a disease-related metabolite which is indicative of the presence or
extent of a disease or a health condition. In one embodiment, the metabolite is a drug-related
metabolite such as a drug by-product of which the level changes in a subject body consuming the
drug.

[0027] In one embodiment, the target biomarker is originated from the subject himself or herself
(e.g. molecules that are derived or released from any organs, tissues or cells of the subject), an
exogenous source (e.g. a pathogen such as virus or bacteria associated with a particular disease),
or a food or drug taken by the subject.

[0028] In one embodiment, the target biomarker is a molecule produced by a tumor or cancer, or
by the body of the subject in response to a tumor or cancer.

[0029] In one embodiment, the target biomarker is not normally found in healthy subject. In one
embodiment, the target biomarker is a molecule that is normally found in a healthy subject but the
level of which is indicative of a particular disease or a health condition.

[0030] In one embodiment, the target biomarker is a biomolecule which is associated with a tumor
or cancer, including but is not limited to, , cell-free DNA, alpha-fetoprotein (AFP), Cancer Antigen
(CA15-3), cancer Antigen (CA125), Prostate specific antigen BRCA1, Carcinoembryonic antigen,
c-erb-2, P16, p53 , Aldose reductase, Angiogenin, Annexin Al, B-cell activating factor (BAFF),
B-cell lymphoma 2 (BCL2)-like 2, Beta Human chorionic gonadotropin, Cal5-3, Calcyclin,
Calvasculin, Cathepsin D, Caveolin-1, Chromogranin A, Alpha-crystallin B chain (CRYAB),
Endostatin, Eotaxin-2, Epithelial cell adhesion molecule (EpCAM), Ezrin, fatty acid binding
protein 4 (FABP4), Galectin-3, y-glutamylcysteine ligase regulatory chain (GCLR), Gelsolin,
Glucose 6-phosphate (G6P), Glycoprotein 130 (gp130), Glutathione S-transferase Mu 1 (GSTM1),
Hepsin, High-mobility group protein B1 (HMGB-1), Insulin-like growth factor binding protein 1
(IGFBP-1), Insulin-like growth factor binding protein 4 (IGFBP-4), Insulin-like growth factor
binding protein 5 (IGFBP-5), Insulin-like growth factor binding protein 6 (IGFBP-6), LGL,
latency associated peptide (LAP), macrophage stimulating protein (MSP), MHC class I
polypeptide-related sequence A (MICA), Nucleoside diphosphate kinase B (NME2), Neuron-

specific Enolase (NSE), Osteopontin, Osteoprotegerin, Pepsinogen, Peroxiredoxin, Phosphoserine
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aminotransferase (PSAT1), Prostate Specific Antigen, Receptor tyrosine-protein kinase erbB-3
(ErbB3), Serpin B3, Vascular smooth muscle cell growth factor R2 (VSGF R2/KDR), Vascular
endothelial growth factor R3 (VEGF R3/Flt-4), Thyroglobulin, Tyrosine kinase with
immunoglobulin-like and EGF-like domains 2 (TIE-2), Tissue plasminogen activator (tPA),
Transforming growth factor beta (TGF-f1), Tumor necrosis factor receptor 1 (TNF-R1),
urokinase-type Plasminogen Activator (uPA), urokinase-type Plasminogen Activator Receptor

(uPAR), Brcal, Breall, kallikreins, e-cadherin, Hox peptide, and Engrailed-2.

ATPS (Aqueous two-phase system)

[0031] In one embodiment, there is provided a two-component ATPS embedded entirely within a
porous material for purifying a target biomarker from a sample and concentration of the biomarker.
When the ATPS is applied on a porous material (e.g. paper), the two phases of the ATPS separate
from each other as the mixed phase solution flows through the porous materials. The resulting
phase solutions are of different physicochemical properties and each phase travels through the
porous matrix at different rates. Different molecules in a mixture would be distributed
differentially between the two phase solutions due to their different properties, and it is possible
to separate and concentrate target molecules using ATPS with minimal set up and human
intervention. No power or equipment is necessary to bring about the phase separation, as the fluid

flow relies purely on capillary action which is based on isothermal-dynamic principles.

[0032] The advantage of the invention is that high purity and concentration of the target biomarker
can be obtained in a simple way and compatible with downstream application analysis without

further step of purification or concentration.

[0033] The methods and devices provided herein are robust, inexpensive, simple, easy to handle,
safe, user friendly and fast. The present method is able to purify and concentrate the target
biomarker and thereby ensures the performance of the downstream applications using the purified
and concentrated biomarker will not be affected by impurities in the original sample. Since the
present invention does not require any additional power source, complex instrumentation or
electronic hardware to operate, it provides a fast and affordable means for rapid analyte isolation

and purification.

[0034] Because of the unique features described herein, the present invention can purify and
concentrate the target biomarker conveniently and rapidly without the use of external power source
or complex instrumentation, and is applicable to samples containing the target biomarker in a very
low amount, or of a small volume. Furthermore, the present method is readily adaptable to

automation including high throughput screening systems.
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[0035] In one embodiment, the present method is used to purify and concentrate a target biomarker
from blood. The present method is able to lyse the blood cells to release their contents, separate
the target biomarker from non-target molecules including cell debris, and concentrate the target

biomarker simultaneously.

[0036] In another embodiment, the present method is used to purify and concentrate a target

biomarker from serum or plasma.

[0037] In one embodiment of the present method, the target biomarker is retained on the ATPS
while non-target materials are left in the liquid system (i.e., original sample plus any non-ATPS

components).

[0038] In one embodiment, by changing the amounts of ATPS components embedded on the
porous material and thereby the volume ratio of the two phases, the target biomarker can be
preferentially concentrated in one phase. In one embodiment, the target biomarker is retained in
the leading front of the ATPS, which is then collected and optionally further analyzed using
appropriate technologies. In one embodiment as illustrated by the examples provided herein, target
biomolecule is purified at the top of the porous material embedded with ATPS components and

concentrated for up to 50-100 folds as compared to a control stack having no ATPS components.

Design of ATPS-embedded porous material

[0039] In one embodiment, the present invention provides a porous material embedded with ATPS
components. Various ATPS systems can be used in the present invention, including but are not
limited to polymer-polymer (e.g. PEG-dextran), polymer-salt (e.g. PEG-salt), and micellar (e.g.
Triton X-114). Porous material may be made of any suitable porous material which can absorb
and transfer liquid. Suitable porous materials for this invention include but are not limited to
fiberglass paper, cotton-based paper, other types of paper, polymer foams, cellulose foams, other
types of foams, rayon fabric, cotton fabric, other types of fabric, wood, stones, and any other
materials that can absorb and transfer liquid.

[0040] In one embodiment, the porous material is commercially available or manufactured in-
house.

[0041] Figure 1 illustrates the ability of several types of porous materials (fiberglass paper, cotton-
based paper, single-layer matrix paper and polyolefin foam pad) from three vendors in inducing
phase separation when impregnated with ATPS components. Target analytes were indicated by a
purple color. As shown in Figure 1, fiberglass paper FG1 from vendor 1, FG1 and FG2 from vendor
2 and polyolefin foam pad from vendor 3 were the best at concentrating analyte with a strong
leading purple front.

Adjustment of concentration factors
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[0042] In one embodiment, the relative amounts of ATPS components in the porous material can
be changed. The volume ratio of the two components of ATPS are controlled so as to concentrate
the target biomarker preferentially in one component.

[0043] To better quantify the phenomena associated with the present invention, an assay was
developed to evaluate the correlation between the relative amounts of ATPS components
embedded on the porous material and the fold of concentration achieved. With this, the
concentration factor can be selected and fine-tuned by adjusting the relative amount of the ATPS
components as needed.

[0044] In one embodiment, to integrate the ATPS components into the porous material, the ATPS
components were solubilized in water (or appropriate buffer) and applied on the porous material
in certain ratios. The porous materials were then placed in a lyophilizer to remove water, resulting
in the ATPS components embedded directly on the porous material. Upon introduction of the
sample to the porous materials, the ATPS components instantly undergo rehydration and thereby
separate the molecules in the sample and concentrate the target analyte at the front of the fluid
flow without any external power or equipment to provide a driving force.

[0045] As illustrated in Figure 2 where two combinations of ATPS (micellar-based and
polymer/salt-based ATPS) were tested, the concentration of a targeted analyte could be achieved
up to 100X or more. Same amount of purple-colored analyte was loaded to porous materials
embedded with varying amount of ATPS components as well as porous materials without ATPS
components as a control. For the control, the analyte was homogenously distributed throughout
the porous material with the light purple color. On the other hand, introduction of ATPS
components into the porous materials allows for concentration of the analyte at the leading front
of the fluid flow, as signified by a darker purple color. The data herein demonstrated that the
concentration factors achieved were between 30x and 100x.More importantly, the data herein
demonstrated that by adjusting the ratios of ATPS components embedded on the porous material,
the present invention can adjust the concentration factor as needed. Furthermore, the data indicated
that multiple ATPS components (a polymer/salt system and micellar system) incorporated into
porous material can achieve purification and concentration of analyte. Other polymer/salt,

micellar, and polymer/polymer systems can be likewise implemented with further optimization.

[0046] In one embodiment, the porous fiberglass paper is impregnated with ATPS which is made
of polymer to polymer based PEG-dextran. When a sample containing a plurality of analytes is
poured onto the ATPS on the porous fiberglass paper, the impregnated porous fiberglass paper
preferentially causes the analyte-containing ATPS component to flow ahead of the other ATPS

component. Therefore, the targeted analyte is concentrated in the analyte-containing ATPS
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component at the front of the fluid flow.

[0047] In one embodiment, the porous fiberglass paper is pretreated with ATPS which is made of
polymer to salt based PEG-salt. When a sample containing a plurality of analytes is poured onto
the ATPS on the porous fiberglass paper, the pretreated porous fiberglass paper preferentially
causes the analyte-containing ATPS component to flow ahead of the other ATPS component.
Therefore, the targeted analyte is concentrated in the analyte-containing ATPS component and at
the front of the fluid flow.

[0048] In one embodiment, the porous fiberglass paper is impregnated with ATPS which is made
of micellar based surfactant-containing solutions. When a sample containing a plurality of analytes
is poured onto the ATPS on the porous fiberglass paper, the impregnated porous fiberglass paper
preferentially causes the analyte-containing ATPS component to flow ahead of the other ATPS
component. Therefore, the targeted analyte is concentrated in the analyte-containing ATPS
component at the front of the fluid flow.

[0049] In one embodiment, multiple ATPS components are incorporated into a porous material to
control the concentration factors of target analyte (i.e., biomarker).

[0050] In one embodiment, a polymer/salt ATPS is implemented with the optimization in the ratios
of the ATPS components to control the concentration factors.

[0051] In one embodiment, a polymer/polymer ATPS is implemented with the optimization in the
ratios of the ATPS components to control the concentration factors.

[0052] In one embodiment, a micellar ATPS is implemented with the optimization in the ratios of
the ATPS components to control the concentration factors.

[0053] In one embodiment, the ATPS embedded onto a porous material allows the concentration
of biomolecules at the leading front of the fluid flow. The ratios of the ATPS components are
adjusted to demonstrate concentration factors between 10 folds and 100 folds.

[0054] In one embodiment, the ATPS embedded in porous material is used with a blood sample,
the concentration factors are between 10 folds and 100 folds.

[0055] In one embodiment, there are various ATPS systems including but are not limited to
polymer-polymer (e.g. PEG-dextran), polymer-salt (e.g. PEG-salt), and micellar (e.g. Triton X-
114). The first and/or second component comprises a polymer. Polymer includes but is not limited
to polyalkylene glycols, such as hydrophobically modified polyalkylene glycols,
poly(oxyalkylene)polymers, poly(oxyalkylene)copolymers, such as hydrophobically modified
poly(oxyalkylene)copolymers, polyvinyl pyrrolidone, polyvinyl alcohol, polyvinyl caprolactam,
polyvinyl methylether, alkoxylated surfactants, alkoxylated starches, alkoxylated cellulose, alkyl
hydroxyalkyl cellulose, silicone-modified polyethers, and poly N-isopropylacrylamide and

copolymers thereof. In another embodiment, the first polymer comprises polyethylene glycol,
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polypropylene glycol, or dextran.

[0056] In one embodiment, the polymer concentration of the first component or second component
is in the range of about 0.01% to about 90% by weight of the total weight of the aqueous solution
(w/w). In various embodiments, the polymer solution is selected from a polymer solution that is
about 0.01% w/w, about 0.05% w/w, about 0.1 % w/w, about 0.15% w/w, about 0.2% w/w, about
0.25% w/w, about 0.3% w/w, about 0.35% w/w, about 0.4% w/w, about 0.45% w/w, about 0.5%
w/w, about 0.55% w/w, about 0.6% w/w, about 0.65% w/w, about 0.7% w/w, about 0.75% w/w,
about 0.8% w/w, about 0.85% w/w, about 0.9%) w/w, about 0.95% w/w, or about 1% w/w. In
some embodiments, the polymer solution is selected from polymer solution that is about 1% w/w,
about 2% w/w, about 3% w/w, about 4% w/w, about 5% w/w, about 6% w/w, about 7% w/w,
about 8% w/w, about 9% w/w, about 10% w/w, about 1 1% w/w, about 12% w/w, about 13% w/w,
about 14% w/w, about 15% w/w, about 16% w/w, about 17% w/w, about 18% w/w, about 19%
w/w, about 20% w/w, about 21% w/w, about 22% w/w, about 23% w/w, about 24% w/w, about
25% w/w, about 26% w/w, about 27% w/w, about 28% w/w, about 29% w/w, about 30% w/w,
about 31 % w/w, about 32% w/w, about 33% w/w, about 34% w/w, about 35% w/w, about 36%
w/w, about 37% w/w, about 38% w/w, about 39% w/w, about 40% w/w, about 41% w/w, about
42% w/w, about 43% w/w, about 44% w/w, about 45% w/w, about 46% w/w, about 47% w/w,
about 48% w/w, about 49% w/w, and about 50% w/w.

[0057] In one embodiment, the first and/or second component comprises a salt, the salt includes
but is not limited to kosmotropic salts, chaotropic salts, inorganic salts containing cations such as
straight or branched trimethyl ammonium, triethyl ammonium, tripropyl ammonium, tributyl
ammonium, tetramethyl ammonium, tetraecthyl ammonium, tetrapropyl ammonium and tetrabutyl
ammonium, and anions such as phosphates, sulphate, nitrate, chloride and hydrogen carbonate. In
another embodiment, the salt is selected from the group consisting of NaCl, Na3P0O4, K3PO4,
Na2S04, potassium citrate, (NH4)2S04, sodium citrate, sodium acetate and combinations thereof.
Other salts, e.g. ammonium acetate, may also be used.

[0058] In one embodiment, the total salt concentration is in the range of 0.001 mM to 100mM. A
skilled person in the art will understand that the amount of salt needed to form an aqueous two-
phase system will be influenced by molecular weight, concentration and physical status of the
polymer.

[0059] In various embodiments, the salt phase is selected from a salt solution that is about 0.001%
t0 90% w/w. In various embodiments, the salt solution is selected from a salt solution that is about
0.01% w/w, about 0.05% w/w, about 0.1 % w/w, about 0.15% w/w, about 0.2% w/w, about 0.25%
w/w, about 0.3% w/w, about 0.35% w/w, about 0.4% w/w, about 0.45% w/w, about 0.5% w/w,

about 0.55% w/w, about 0.6% w/w, about 0.65% w/w, about 0.7% w/w, about 0.75% w/w, about

10



10

15

20

25

30

35

WO 2018/183465 PCT/US2018/024796

0.8% w/w, about 0.85% w/w, about 0.9%) w/w, about 0.95% w/w, or about 1% w/w. In some
embodiments, the salt solution is selected from polymer solution that is about 1% w/w, about 2%
w/w, about 3% w/w, about 4% w/w, about 5% w/w, about 6% w/w, about 7% w/w, about 8% w/w,
about 9% w/w, about 10% w/w, about 1 1% w/w, about 12% w/w, about 13% w/w, about 14% w/w,
about 15% w/w, about 16% w/w, about 17% w/w, about 18% w/w, about 19% w/w, about 20%
w/w, about 21% w/w, about 22% w/w, about 23% w/w, about 24% w/w, about 25% w/w, about
26% w/w, about 27% w/w, about 28% w/w, about 29% w/w, about 30% w/w, about 31 % w/w,
about 32% w/w, about 33% w/w, about 34% w/w, about 35% w/w, about 36% w/w, about 37%
w/w, about 38% w/w, about 39% w/w, about 40% w/w, about 41% w/w, about 42% w/w, about
43% w/w, about 44% w/w, about 45% w/w, about 46% w/w, about 47% w/w, about 48% w/w,
about 49% w/w, and about 50% w/w.

[0060] In one embodiment, the first component and/or the second component in the ATPS
comprises a solvent that is immiscible with water. In some embodiments, the solvent comprises a
non-polar organic solvent. In some embodiments, the solvent comprises an oil. In some
embodiments, the solvent is selected from pentane, cyclopentane, benzene, 1,4- dioxane, diethyl
ether, dichloromethane, chloroform, toluene and hexane.

[0061] In one embodiment, the first component and/or second component in the ATPS comprises
a micellar solution. In some embodiments, the micellar solution comprises a nonionic surfactant.
In some embodiments, the micellar solution comprises a detergent. In some embodiments, the
micellar solution comprises Triton-X. In some embodiments, the micellar solution comprises a
polymer similar to Triton-X, such as Igepal CA-630 and Nonidet P-40. In some embodiments, the
micellar solution consists essentially of Triton-X.

[0062] In one embodiment, the first component in the ATPS comprises a micellar solution and the
second component in the liquid phase comprises a polymer. In one embodiment, the second
component in the liquid phase comprises a micellar solution and the first component in the liquid
phase comprises a polymer. In one embodiment, the first component in the liquid phase comprises
a micellar solution and the second component in the liquid phase comprises a salt. In one
embodiment, the second component in the liquid phase comprises a micellar solution and the first
component comprises a salt. In one embodiment, the micellar solution is a Triton-X solution. In
one embodiments, the first component comprises a first polymer and the second component
comprises a second polymer. In one embodiment, the first/second polymer is selected from
polyethylene glycol and dextran. In one embodiments, the first component comprises a polymer
and the second component comprises a salt. In one embodiment, the second component comprises
a polymer and the first component comprises a salt. In some embodiments, the first component

comprises polyethylene glycol and the second component comprises potassium phosphate. In
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some embodiments, the second component comprises polyethylene glycol and the first component
comprises potassium phosphate. In one embodiment, the first component comprises a salt and the
second component comprises a salt. In one embodiments, the first component comprises a
kosmotropic salt and the second component comprises a chaotropic salt. In some embodiments,
the second component comprises a kosmotropic salt and the first component comprises a
chaotropic salt.

[0063] In one embodiments, ratios of the first component to the second component are in the range
of 1:1 to 1:1000. In some embodiments, the ratio of the first component to the second component
is selected from a ratio of about 1:1, about 1:2, about 1:3, about 1:4, about 1:5, about 1:6, about
1:7, about 1:8, about 1:9, and about 1:10. In some embodiments the ratio of the first component to
the second component is selected from a ratio of about 1:20, about 1:30, about 1:40, about 1:50,
about 1:60, about 1:70, about 1:80, about 1:90, and about 1: 100. In some embodiments the ratio
of the first component to the second component is selected from a ratio of about 1:200, about 1:300,
about 1:400, about 1:500, about 1:600, about 1:700, about 1:800, about 1:900, and about 1:1000.
[0064] In one embodiment, the ratio of the second component to the first component is selected
from a ratio of about 1:1, about 1:2, about 1:3, about 1:4, about 1:5, about 1:6, about 1:7, about
1:8, about 1:9, and about 1:10. In some embodiments the ratio of the second component to the first
component is selected from a ratio of about 1:20, about 1:30, about 1:40, about 1 :50, about 1:60,
about 1:70, about 1:80, about 1:90, and about 1:100. In some embodiments the ratio of the second
component to the first component is selected from a ratio of about 1:200, about 1:300, about 1:400,

about 1:500, about 1:600, about 1:700, about 1:800, about 1:900, and about 1:1000.

Downstream processing of the isolated biomarkers

[0065] In various embodiments, the present invention can be used in combination with one or
more processes or reagents for the purpose of washing and elution of the biomarkers retained in the
porous matrix, or post-isolation treatment of the retained biomarker.

[0066] In one embodiment, after contacting the biomarker-containing solution with the ATPS, a
washing buffer is applied on the ATPS, once or for multiple times, to wash off non-target biomarker
or impurities from the porous matrix. Washing buffers may comprise solutions of varying ionic
strength, pH values, or contain additives such as detergents. Examples of washing buffers include
but are not limited to a solution of 20%-50% ethanol and 20%-50% isopropanol; a solution of
about 0.1-4.0 M guanidinium hydrochloride, detergents and up to about 80% ethanol; or a solution
of about 80% ethanol.

[0067] In one embodiment, target biomarker enters the porous matrix of the ATPS and flows to

one end of the porous matrix. In one embodiment, target biomarker isolated by the present
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invention is eluted out of the porous matrix using appropriate elution buffers or deionized water.
In one embodiment, isolated target biomarker is not eluted but stored for future use in the porous
matrix. For instance, after the isolation of biomarker using the present invention, the porous
material (e.g. a paper) containing the target biomarker (e.g. a DNA biomarker) is dried and stored.
In one embodiment, biomarker retained on the porous matrix can be eluted for further analysis or
treatment. The selection of the elution buffer may depend on the contemplated use of the purified
biomarker. Examples of suitable elution buffers for nucleic acid type of biomarkers include, but
are not limited to, Tris-EDTA (TE) buffer, aqua bidest and PCR buffer. In one embodiment, the
purified analyte on porous paper is eluted in a tube containing TE buffer (10 mM Tris.Cl, 1 mM
EDTA solution with pH 7.5), and the purified analyte is recovered in a relatively small volume,

e.g., less than 100 pl.

Improvement of diagnostic procedures using the present invention

[0068] Biomarkers obtained by the present method can be subject to a wide range of downstream
applications such as detection or analysis of the biomarkers in forensic, diagnostic or therapeutic
applications, and laboratory procedures such as sequencing, amplification, reverse transcription,
labeling, digestion, blotting procedures and the like. It is expected that the present invention is able
to improve the performance of downstream characterization or processing of the biomarkers.
[0069] In one embodiment, the present is capable of purifying and concentrating target biomarkers
indicative of a disease present in a sample, the product obtained is subject to downstream
diagnostic procedure requiring the detection or quantification of the target biomarkers. In
particular, since the present invention can perform cell lysis and purification and concentration of
target biomarkers in one single step with simple set up and quickly, regardless of the sample size
or the amount of the target biomarkers in the sample, the present invention provides high quality
samples containing the target biomarkers and thereby significantly improves the performance of
diagnosis in terms of accuracy, sensitivity and efficiency. It is also expected that the present
invention can reduce the signal-to-noise ratio and enhance the positive signal in downstream
procedures since most of the impurities have been removed. False positive rate and false negative
rate could also be lowered as a result.

[0070] In one embodiment, downstream applications of the purified biomarker include, but are
not limited to, any detection, analytical or diagnostic procedures involving the detection or
quantification of the purified biomarker. In one embodiment, detection, analytical or diagnostic
procedures to be coupled with the present invention include but are not limited to any such
procedure performed in commercial clinical laboratory, and laboratory procedures such as

sequencing, amplification (e.g. PCR, RT-PCR, real-time PCR, and real-time RT-PCR), reverse
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transcription, labeling, digestion, blotting procedures, ELISA, RIA, immunoassays, enzymatic
assays, GC/MS, proteomic-based approach, and the like. In one embodiment, the present invention
is coupled with enzyme-linked immunosorbent assay (ELISA) and specific antibody-antigen.
There are two huge benefits. First, the lengthy time spent in assessing conjugated enzyme activity
via incubation with a substrate to produce a measurable product will be cut short. The present
method for preparing the target analytes functions isothermally and based only on thermal dynamic
principles. The whole sample preparation process takes only 10 minutes to about an hour instead
of hours or even days in conventional ELISA procedures. Secondly, the low concentration of
targeted biomolecules such as peptides, proteins, antibodies and hormones can be improved
significantly by the prevent invention. The concentration can be improved by up to 10 folds to 100
folds and therefore it is possible to detect molecules which could not be detected due to their low
abundance or interference by impurities in the sample.

[0071] In one embodiment, the present invention is coupled with polymerase chain reaction (PCR).
In one embodiment, DNA molecules present in very minute amount or minute concentration
(which can be due to large volume of the sample or minute amount of the DNA or both) is highly
concentrated by the present invention. Originally minute concentration of DNA may not be
detected and processed by existing sample preparation kits in the art which have strong
requirements and limitations on sample sizes. After processed by the present invention, targeted
DNA biomarkers can be concentrated by 10 folds to 1000 folds. Thus, the sample volume size is
substantially reduced and the amplification and sensitivity of PCR test is much improved.

[0072] In one embodiment, biomarkers mentioned herein can be detected through any known
method for the detection, such as high-pressure liquid chromatography, immunoassays, and an
indicator rinsed by a chemical or enzymatic method. In an exemplary embodiment of an indicator
rinse of the present disclosure, the rinse may further comprise one or more additional component
as described herein. These additional components may include stabilizing agents, as well as
Generally Recognized as Safe (GRAS) components.

[0073] In one embodiment, buffer solution used herein includes, but are not limited to, phosphate-
buffered saline (PBS), Tris-EDTA (TE) buffer. In this invention, prefer buffer is PBS buffer 9.57
Mm (8 mM Sodium chloride, 0.2 mM Potassium chloride, 1.15 mM Sodium monohydrogen
phosphate, 0.2 mM Potassium dihydrogen phosphate, solution with pH 7.35-7.65). In this
invention, prefer buffer is TE buffer containing 2% bovine serum albumin (BSA), 0.1% Tween-
20, 0.1%PEG and 20 mM Tris, pH 7.5 respectively.

[0074] In one embodiment, the present invention provides a method for accurate diagnosis of a
disease, the method comprises the steps of’:

(a) providing a sample solution comprising a target biomarker of said disease;
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(b) providing a porous material embedded with components of an aqueous two-phase
system (ATPS), wherein said components form two phase solutions when an aqueous
solution travels through said porous material so that one phase solution travels faster
than the other phase solution;

(¢) allowing said porous material to wick said sample solution, wherein the target
biomarker in the sample solution partitions into the faster moving phase solution and
becomes concentrated at the front of the faster moving phase solution;

(d) colleting the target biomarker from the front of the faster moving phase solution,
resulting in a final solution containing the target biomarker at a concentration at least
50-fold higher than the concentration of the target biomarker in said sample solution;
and

(e) subjecting said final solution to a diagnostic assay for detection or quantification of
said target biomarker; wherein the accuracy of diagnosing said disease is significantly
improved.

[0075] In one embodiment of the method described herein, the porous material is selected from
the group consisting of fiber-glass paper, cotton-based paper, single-layer matrix paper and
polyolefin foam pad.

[0076] In one embodiment of the method described herein, the ATPS components are selected
from polymers, salts and surfactants.

[0077] In one embodiment of the method described herein, the polymers are selected from the
group consisting of polyalkylene glycols, poly(oxyalkylene)polymers,
poly(oxyalkylene)copolymers, polyvinyl pyrrolidone, polyvinyl alcohol, polyvinyl caprolactam,
polyvinyl methylether, alkoxylated surfactants, alkoxylated starches, alkoxylated cellulose, alkyl
hydroxyalkyl cellulose, silicone-modified polyethers, poly N-isopropylacrylamide, polyethylene
glycol, polypropylene glycol and dextran.

[0078] In one embodiment of the method described herein, the salts are selected from the group
consisting of kosmotropic salts, chaotropic salts, inorganic salts having a cation of trimethyl
ammonium, triethyl ammonium, tripropyl ammonium, tributyl ammonium, tetramethyl
ammonium, tetraethyl ammonium, tetrapropyl ammonium or tetrabutyl ammonium, and an anion
of phosphate, sulphate, nitrate, chloride or hydrogen carbonate, NaCl, Na;PO4, K3;PO4, NaySOs,
potassium citrate, (NH4)2SOs4, sodium citrate, sodium acetate, ammonium acetate, and any
combinations thereof.

[0079] In one embodiment of the method described herein, the surfactants are selected from the

group consisting of nonionic surfactants, detergents, Triton-X, Igepal CA-630 and Nonidet P-40.
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[0080] In one embodiment of the method described herein, the sample solution comprises one or
more of blood, plasma, serum, urine, saliva, fecal matters and bodily discharges.

[0081] In one embodiment of the method described herein, the target biomarker is selected form
the group consisting of nucleic acids, proteins, carbohydrates, lipids, metal ions, vitamins and
metabolites.

[0082] In one embodiment of the method described herein, the nucleic acids are cell-free DNA or
circulating tumor DNA.

[0083] In one embodiment of the method described herein, the target biomarker is selected form
the group consisting of alpha-fetoprotein (AFP), Cancer Antigen (CA15-3), cancer Antigen
(CA125), Prostate specific antigen BRCA1, Carcinoembryonic antigen, c-erb-2, P16, p53, Aldose
reductase, Angiogenin, Annexin A1, B-cell activating factor (BAFF), B-cell lymphoma 2 (BCL2)-
like 2, Beta Human chorionic gonadotropin, Cal5-3, Calcyclin, Calvasculin, Cathepsin D,
Caveolin-1, Chromogranin A, Alpha-crystallin B chain (CRYAB), Endostatin, Eotaxin-2,
Epithelial cell adhesion molecule (EpCAM), Ezrin, fatty acid binding protein 4 (FABP4),
Galectin-3, y-glutamylcysteine ligase regulatory chain (GCLR), Gelsolin, Glucose 6-phosphate
(G6P), Glycoprotein 130 (gp130), Glutathione S-transferase Mu 1 (GSTMI1), Hepsin, High-
mobility group protein B1 (HMGB-1), Insulin-like growth factor binding protein 1 (IGFBP-1),
Insulin-like growth factor binding protein 4 (IGFBP-4), Insulin-like growth factor binding protein
5 (IGFBP-5), Insulin-like growth factor binding protein 6 (IGFBP-6), LGL, latency associated
peptide (LAP), macrophage stimulating protein (MSP), MHC class I polypeptide-related sequence
A (MICA), Nucleoside diphosphate kinase B (NME2), Neuron-specific Enolase (NSE),
Osteopontin, Osteoprotegerin, Pepsinogen, Peroxiredoxin, Phosphoserine aminotransferase
(PSAT1), Prostate Specific Antigen, Receptor tyrosine-protein kinase erbB-3 (ErbB3), Serpin B3,
Vascular smooth muscle cell growth factor R2 (VSGF R2/KDR), Vascular endothelial growth
factor R3 (VEGF R3/Flt-4), Thyroglobulin, Tyrosine kinase with immunoglobulin-like and EGF-
like domains 2 (TIE-2), Tissue plasminogen activator (tPA), Transforming growth factor beta
(TGF-B1), Tumor necrosis factor receptor 1 (TNF-R1), urokinase-type Plasminogen Activator
(uPA), urokinase-type Plasminogen Activator Receptor (uPAR), Brcal, Breall, kallikreins, e-
cadherin, Hox peptide, and Engrailed-2.

[0084] In one embodiment of the method described herein, the target biomarker is concentrated
by up to 100-fold.

[0085] In one embodiment of the method described herein, the disease is cancer.

[0086] In one embodiment of the method described herein, the diagnostic assay is selected form

the group consisting of Enzyme-Linked Immune Sorbent Assay (ELISA), Polymerase Chain
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Reaction (PCR), Radioimmunoassay (RIA), proteomic-based approach, blotting procedure,

immunoassay, enzymatic assay and GC/MS.

[0087] This invention will be better understood by reference to the examples which follow.
However, one skilled in the art will readily appreciate that the examples provided are merely for
illustrative purposes and are not meant to limit the scope of the invention which is defined by the
claims following thereafter.

EXAMPLES
Example 1 - Embedding ATPS on with porous material

[0088] The formulated ATPS components, 20% (w/w) PEG 4600, 2% (w/w) SDS, 16% (w/w)

Triton-X114 and 18.5% (w/w) Na»SQ4, were dehydrated onto the porous paper (including
fiberglass paper, cotton-based paper, a proprietary single-layer matrix paper, and a polyolefin foam
pad, of width 2.2 cm and variable lengths). PEG solution (in DI H»0) was added to the narrow end
of each porous material. 50 uL of a Tris-buffered solution containing 2% bovine serum albumin
(BSA), 0.1% Tween-20, and 0.1%PEG, 20 mM Tris pH 7.5 respectively) was added immediately
adjacent to the first solution.

[0089] The above porous materials with embedded ATPS were then dried in a lyophilizer for 1
hour and cut into 0.5 cm strips lengthwise (new dimensions: 4 cm x 0.5 ¢cm). Pieces were then
stacked (four strips per stack) and cut at one end from the corner to a spot 0.5 cm from the end
(forming a triangle, see Figure 1). The ATPS-embedded porous materials were then placed in an
indicator-containing (colloidal gold) buffer solution with salt (in this case, potassium phosphate)

in PBS (overall pH 7.4), resulting in capillary action-mediated flow.

Example 2 - Concentration of Circulating cell free DNA (ccfDNA) in plasma using the
present invention

[0090] Plasma samples were collected from patients and healthy individuals. ccfDNA was purified
from the plasma sample using the present invention or QIAamp Circulating Nucleic Acid Kit
(QIAGEN). As described in the previous examples, ATPS-paper stack and the control stack were
immersed in the plasma samples, and wicked for approximately 2 minutes until the solution
reached the top. The top was extracted and subjected to ethanol precipitation for Nanodrop
analysis. The results were compared with the results obtained from QIAamp Circulating Nucleic
Acid Kit (QIAGEN). Table 1 shows that the present invention can isolate cfDNA from plasma

samples obtained from patients or healthy subjects at a higher yield than the commercial kit.

Table 1. Isolation and concentration of ccfDNA from serum samples obtained from patients and

healthy subjects using the present method or QIAamp Circulating Nucleic Acid Kit
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DNA Isolation method Yield (ng)

Patient sample Present ATPS method 184
QIAamp Circulating Nucleic Acid Kit 89

Healthy control Present ATPS method 27
QIAamp Circulating Nucleic Acid Kit 5

Example 3 - Concentration of alpha-fetoprotein (AFP) in serum using the present

invention
[0091] Serum samples were collected from patients and healthy individuals. Alpha-fetoprotein

(AFP) was purified and concentrated from the serum sample using the present invention and the
Alpha-Fetoprotein (AFP) ELISA Kit provided by BioSupply Ltd, 11 The Grove, Shipley, BD18
4LD. alpha-fetoprotein (AFP) standard was spiked into one set of the serum sample for
comparison.

[0092] As described in Example 1, ATPS-paper stack and the control stack were immersed in the
serum samples, and wicked for approximately 2 minutes until the solution reached the top. The
top was extracted and subjected to analysis. Table 2 shows that the present invention can
concentrate alpha-fetoprotein (AFP) from serum samples obtained from patients or healthy
individuals.

[0093] AFP standard was prepared by dissolving AFP (Sigma Aldrich, Product No. A 8452) with
deionized water which is 50ng/L.

Table 2: Isolation and concentration of alpha-fetoprotein (AFP) from serum samples obtained from

patients or healthy individual

Healthy Present 1000 ng/L 10 ng/L 100-fold
control Method

ELISA KIT 600 ng/L 10 ng/L 60-fold
Patient Present 50 ug/L 500 ng/L 100-fold
sample Method

ELISA KIT 27.5ug/L 500 ng/L 55-fold
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Example 4 - Concentration of Cancer Antigen (CA15-3) in serum using the present

invention and CANCER ANTIGEN 15-3 (CA15-3) ELISA KIT
[0094] Serum samples were collected from patients and healthy individuals. Cancer Antigen

(CA15-3) was purified and concentrate from the serum sample using the present invention and the
Cancer Antigen 15-3 (CA15-3) ELISA Kit provided by BioSupply Ltd, 11 The Grove, Shipley,
BD18 4LD. Cancer Antigen (CA15-3) standard was spiked into one set of the serum sample for
comparison.

[0095] As described in Example 1, ATPS-paper stack and the control stack were immersed in the
serum samples, and wicked for approximately 2 minutes until the solution reached the top. The
top was extracted and subjected to analysis. Table 3 shows that the present invention can
concentrate Cancer Antigen 15-3 from serum samples obtained from patients or healthy
individuals.

[0096] Cancer Antigen 15-3 (CA15-3) standard was prepared by dissolving Cancer Antigen 15-3
(commercially available from Fitzgerald Industries International, Inc. (CA15-3 MAb M8071022)
with deionized water which is 25 kU/L.

Table 3: Isolation and concentration of Cancer Antigen 15-3 from serum samples obtained from

patients or healthy individual

Healthy Present 2500 kU/L 25kU /L 100-fold
control Method

ELISA KIT 1250 kU /L 25 kU /L 50-fold
Patient Present 3100 kU /L 31 kU/L 100-fold
sample Method

ELISA KIT 1550 kU /L 31 kU/L 50-fold
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