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Description

CROSS-REFERENCES TO RELATED APPLICATIONS

[0001] This application is a nonprovisional application of a U.S. Patent Application Serial No. 61/502,844, filed on 29
June 2011 , and US Patent Application Serial No. 61/606,220, filed on 2 March, 2012.

STATEMENT AS TO RIGHTS TO INVENTIONS MADE UNDER FEDERALLY SPONSORED RESEARCH AND DE-
VELOPMENT

[0002] NOT APPLICABLE

REFERENCE TO A "SEQUENCE LISTING," A TABLE, OR A COMPUTER PROGRAM LISTING APPENDIX SUB-
MITTED ON A COMPACT DISK

[0003] Table 1 is the amino acid sequence of EpAb4-1 antibody.

BACKGROUND OF THE INVENTION

[0004] The shedding of cells into the circulation is an intrinsic property of the malignant tumor, and this feature provides
important information with regard to the diagnosis, staging, treatment response and survival of cancer patients. For
example, Pantel et al found the number of circulating tumor cells (CTCs) in the blood is correlated with the aggressiveness
of the cancer as well as the efficacy of the therapy. (Pantel, K. et. al., "Detection, clinical relevance and specific biological
properties of disseminating tumor cells", Nat Rev Cancer, 2008, 8(5):329--40).
[0005] However, CTCs, as few as one per 109 blood cells in patients with metastatic cancer, are rare cells. This makes
the detection and isolation of CTCs technically challenging (see Kahnet al. Breast Cancer Res Treat 2004, 86:237-47).
An enrichment process is therefore necessary to effectively detect and isolate CTCs.
[0006] An example of such enrichment process is the use of a highly overexpressed cell surface biomarker with high
specificity and sensitivity for CTCs, such as the epithelial cell adhesion molecule (EpCAM). The Cellsearch System™
(Veridex), the only FDA-approved platform for CTC detection, utilizes anti -EpCAM antibody-coated magnetic nanopar-
ticles to capture and enrich CTCs, followed by cytokeratin immunostaining. The AdnaTest (AdnaGen AG, Germany),
another commercially available system for CTC detection, adopts similar immunomagnetic approach by using anti-
EpCAM and Mucin 1 (MUC1) conjugated magnetic beads. More recently, "CTC chips" based on anti-EpCAM antibody-
coated microfluidics chip were developed for CTC detection and enrichment (Nagrath et al, Nature 2007, 450: 1235-9).
However, the disadvantage of the above techniques is the low detection rate of pure CTCs, due to the non-specific
binding of blood cells with anti- EpCAM antibody.
[0007] In order to maximize the detection and isolation of CTCs, it is necessary to reduce the nonspecific binding of
other circulating blood cells. This can be achieved by surface modification with bioinert materials. For example, Kaladhar
et al. observed a significant fewer circulating blood cells (e.g. platelets, leukocytes, and erythrocytes) binding onto the
solid substrate modified with supported monolayer of various lipid compositions containing phosphatidyl- choline, cho-
lesterol, and glycolipid (Kaladhar et al, Langmuir 2004, 20: 11115-22 and Kaladhar et al, J Biomed Mater Res A 2006,
79A:23-35).
[0008] WO 2010/132795 discloses systems, devices and methods for specific capture and release of biological sample
components, such as living cells.
[0009] Despite the advance in the detection and isolation CTCs technology, there is still a need for a more specific
and effective method for detecting, purification and releasing CTCs and other biological substances for further cultivation
and characterization .

BRIEF SUMMARY OF THE INVENTION

[0010] In one aspect, the present invention is directed to a composition for capture of a circulating tumor cell from a
biological sample, the composition comprising:

(a) a non-fouling layer comprising a lipid layer selected from the group consisting of a supported lipid bilayer, a lipid
multilayer and liposomes;
(b) a binding moiety comprising an antibody that is selective for the circulating tumor cell; and
(c) a solid substrate; wherein the binding moiety is coupled to the non-fouling layer, and wherein the non-fouling
layer is non-covalently coupled to the solid substrate with a surface linker comprising functional groups capable of
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non-covalent attachment to a functional group present in the non-fouling layer and a functional group present on
the solid substrate.

Also described is a surface coating to capture a circulating rare cell (CRC). This surface coating increases the capture
efficiency of a CRC, such as CTC, circulating stem cells (e.g. tumor stem cell and bone marrow stem cells), fetal cells,
bacteria, virus, epithelial cells, endothelial cells or the like and reduces the binding of non-specific cells or protein
adsorption.
[0011] The surface coating comprises 1) a non-fouling composition that reduces the binding of non-specific blood cells
and adsorption of other blood components, such as protein; and 2) a bioactive composition that captures a CRC. The
surface coating further comprises a linker composition that attaches to the non-fouling composition and the bioactive
composition, as illustrated in Fig. 1A.
[0012] In another aspect, the present invention is directed to a method comprising:

(a) contacting a biological sample comprising a circulating tumor cell and non-specific cells to the composition of
the invention,
(b) binding the circulating tumor cell to the antibody and the non-specific cells to the non-fouling layer,
(c) washing the non-fouling layer, and
(d) releasing the circulating tumor cell.

Also described is a surface coating to capture and release a biological substance. This surface coating increases the
capture efficiency of a biological substance, such as CTC, circulating stem cells (e.g. tumor stem cell, liver stem cells
and bone marrow stem cells), fetal cells, bacteria, virus, epithelial cells, endothelial cells or the like and enhances the
removal or release of the non-specific cells or protein from the surface coating.
[0013] The surface coating comprises 1) a releasable composition for releasing or removing nonspecific blood cells
and other blood components, such as protein, from the surface coating; and 2) a bioactive composition that captures a
biological substance. The surface coating further comprises a linker composition that attaches to the releasable com-
position and the bioactive composition.
[0014] Also described is a microfluidic device, with specific microstructure designs to create a disturbed flow of blood,
body fluid or biological samples to increase the capture rate of the biological substance.
[0015] Also described is a method of manufacturing the surface coating, comprising a) forming the nonfouling or the
releasable composition; and b) attaching the linker composition with the nonfouling/releasable composition from step
a) and the bioactive composition, or c) attaching the nonfouling/releasable composition from step a) with the bioactive
composition.
[0016] The present invention is also directed to methods to capture and release the biological substance from the
surface coating. The biological substance on the surface coating can be purified by removing the non-specific cells or
protein. The captured biological substance can be released by air bubbles, ultraviolet irradiation and the like.
[0017] The present invention is also directed to uses of a biotinylated anti-EpCam antibody, EpAb4- 1 antibody, to
capture a CTC.

DESCRIPTION OF THE DRAWINGS

[0018] Embodiments of the present invention may be described with reference to the accompanying drawings.

Fig. 1A illustrates schematically an embodiment of the surface coating comprising a nonfouling composition, a linker
composition and a bioactive composition.

Fig. IB illustrates schematically the binding of a circulating tumor cell with the surface coating from Fig. 1A.

Fig. 2A to Fig. 2F illustrate the chemical structures of examples of nonfouling materials.

Fig. 3 illustrates the chemical reactions of conjugation between the functional groups on the nonfouling composition
and the bioactive compositon.

Fig. 4A illustrates schematically the attachment of the surface coating and the solid substrate without a surface linker.

Fig. 4B and Fig. 4C illustrate schematically a linker composition with a cleavable functional group.

Fig. 4D illustrates schematically the attachment of the surface coating and the solid substrate using a surface linker.
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Fig 5A and Fig 5B illustrates schematically the formation of the surface coating on a solid substrate.

Fig. 6A and 6B illustrate schematically the components of a microfluidic chip.

Fig. 6C illustrates schematically the microfluidic chip assembly to capture CTCs from a biological sample.

Fig. 7A to Fig. 7H illustrate schematically the designs of the microstructures on the solid substrate.

Fig. 7I and 7J illustrate the capture efficiency of various microstructure designs in DMEM solution and blood respec-
tively.

Fig. 8 illustrates the shear stresses of a buffer solution to release the non-specific cells and purify the captured
biological substance.

Fig 9. illustrates schematically the release of biological substance by the air bubble method.

Fig. 10A illustrates schematically the surface coating with a cleavable linker composition on a solid substrate.

Fig. 10B illustrates schematically the release of the biologic substance from the surface coating in Fig. 10A.

Fig. 11 illustrates QCM-D response of the surface coating construction.

Fig. 12 illustrates the QCM-D response of the addition of bovine serum albumin to the surface coating.

Fig. 13 are the photographs of the non-specific cells (top images) and the CTCs (bottom images) on the surface
coating before and after the buffer rinse.

Fig. 14A illustrates the capture efficiency and non-specific blood cell binding of various surface coatings.

Fig. 14B are photo images which illustrate the non-specific blood cell binding of various surface coatings before and
after the buffer rinse.

Fig. 15A to Fig. 15C are the photographs of the non- specific cells and the biological substance on the surface
coating before and after the buffer rinse purification.

Fig. 16 illustrates the various shear stress and flushing time for the removal of HCT116 and NIH-3T3 cell populations
from the surface coating.

Fig. 17 are the photographs of the CTCs released by the air bubbles.

Fig. 18 illustrates the cell cultures of the released CTCs on day 1, day 10 and day 14.

Fig. 19 illustrates schematically a CTC filtration device,

Fig. 20 illustrates the CTC binding specificity of biotinylated OC9801 antibody, biotinylated EpAb4- 1 antibody,
biotinylated EpCam antibody and IgG antibody.

DETAILED DESCRIPTION OF THE INVENTION

[0019] The present invention is directed to a surface coating to effectively capture a circulating rare cell, a circulating
tumor cell (CTC). Also described is a surface coating to effectively capture a circulating rare cell (CRC), such as CTC,
circulating stem cells (e.g. tumor stem cell and bone marrow stem cells), fetal cells, bacteria, virus, epithelial cells,
endothelial cells or the like.
[0020] The surface coating for the capture of a CRC comprises 1) a nonfouling composition that prevents the binding
of non-specific cells and adsorption of other blood components, such as protein; and 2) a bioactive composition that
captures the circulating rare cells. The nonfouling composition and the bioactive composition are joined by discrete
functional groups or moieties present in the nonfouling and bioactive compositions. Generally, a linkage between the
two compositions is formed by an interaction comprising electrostatic interaction, hydrophilic-hydrophilic interaction,
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polar-polar interaction, complementary DNA binding, magnetic force, or combinations thereof.
[0021] In one group of embodiments, complementary DNA fragments are used for binding the nonfouling composition
and the bioactive composition. The fragments are attached to each of the compositions and can be partially or completely
complementary over their lengths. A suitable length of DNA will generally be at least 15, 20, 25, 35, 50, 100 or more
bases in length. An example of the DNA used in the present invention is an DNA tweezer. (See, B Yurke et al., A DNA-
fuelled molecular machine made of DNA. Nature 2000, 406:605-608.)
[0022] In another group of embodiments, the surface coating comprises 1) a nonfouling layer; 2) a bioactive compo-
sition; and 3) a linker composition, which joins the nonfouling composition to the bioactive composition. See Fig. IA.
[0023] Also described is a surface coating to effectively capture a biological substance, such as CTC, circulating stem
cells (e.g. tumor stem cell, liver stem cells and bone marrow stem cells), fetal cells, bacteria, virus, epithelial cells,
endothelial cells or the like, purify the biological substance on the surface of the surface coating by releasing or removing
the non-specific cells and other serum components (e.g. protein) through a buffer rinse, and release the captured
biological substance from the surface coating.
[0024] The surface coating for the capture and purification of a biological substance comprises 1) a releasable com-
position for releasing nonspecific blood cells and other blood components, such as protein, through a buffer rinse; and
2) a bioactive composition that captures a biological substance. The releasable composition and the bioactive composition
are joined by discrete functional groups or moieties present in the releasable and bioactive compositions. Generally, a
linkage between the two compositions is formed by an interaction comprising electrostatic interaction, hydrophilic-hy-
drophilic interaction, polar-polar interaction, complementary DNA binding, magnetic force, or combinations thereof.
[0025] The surface coating may further comprise a linker composition that attaches to the releasable composition and
the bioactive composition.
[0026] As will be explained in more detail below, the surface coating can be incorporated into the following configu-
rations: cell cultural dishes, microfluidic channels, microfluidic chips, filtration filter, capillaries, tubes, beads, nanopar-
ticles, or the like, with an inner diameter ranging from about 50 to about 1000 um.

Nonfouling and Releasable Composition

[0027] The "nonfouling" composition (see Fig. 1A) reduces the binding of non-specific cells and adsorption of the
serum protein.
[0028] The "releasable" composition comprises a nonfouling composition which also acts as a "lubricating" surface
such that only low flow shear stress is required to remove or release the non-specific cells or blood components from
the surface coating, while the biological substance remains intact.
[0029] The nonfouling layer comprises a lipid layer selected from the group consisting of a supported lipid bilayer, a
lipid multilayer and liposomes. Also described is a nonfouling composition selected from the group consisting of: a
supported lipid layer such as liposomes, supported lipid bilayers (SLBs) or lipid multilayer, polypeptides, polyelectrolyte
multilayers (PEMs), polyvinyl alcohol, polyethylene glycol (PEG) as illustrated in Fig, 2A, hydrogel polymers, extracellular
matrix proteins, carbohydrate, polymer brushes, zwitterionic materials such as poly(carboxybetaine) (pCB)) as illustrated
in Fig, 2D, poly(sulfobetaine) (pSB) as illustrated in Fig. 2E and pDMAEMA as illustrated in Fig. 2F, small organic
compounds, and the combination of above materials forming a single or a multi-layer.
[0030] For those embodiments in which the nonfouling composition comprises supported lipid bilayers (SLBs), the
SLBs typically comprise lipids such as, for example, 1,2-dioleoyl-sn-glycero-3-phosphoethanolamine-N-(cap biotinyl)
(sodium salt) (b-PE) as illustrated in Fig. 2B and 1-Palmitoyl-2-oleoyl-sn-glycero-3-phosphocholine (POPC). The protein
resistant property of a SLB can be explained by the presence of neutral and zwitterionic phosphatidylcholine headgroups
in a wide pH range, as well as an aqueous thin film formed between the hydrophilic lipid head groups and the bulk
solution (see, Johnson et al, Biophys J1991, 59:289-94).
[0031] In another group of embodiments, the nonfouling composition also comprises PEG, preferably PEG with a
molecular weight from about 100 to about 100,000 and exhibits a nonfouling property.
[0032] In yet another group of embodiments, the nonfouling composition also comprises polyelectrolyte multilayers
(PEMs) or a polymer brush. Examples of suitable PEMs useful in the present invention include, but are not limited to,
poly-L-lysine/poly-L-glutamic acid (PLL/PLGA), poly-L-lysine/poly-L-aspartic acid or similar counter ionic polyelectrolytes.
The polymer brush comprises ([2-(acryloyloxy)ethyl] trimethyl ammonium chloride, TMA)/(2-carboxy ethyl acrylate, CAA)
copolymer as illustrated in Fig. 2C. Generally, the nonfouling layer has a thickness from a few nanometers up to hundreds
microns.
[0033] The nonfouling composition comprises functional groups capable of covalent, no covalent, or a combination of
covalent and non-covalent attachment, either directly to a functional group present in the bioactive composition, or
directly to a functional group that is part of the linkage composition.
[0034] In some embodiments, the functional groups of the nonfouling composition (prior to covalent attachment) are
selected from: hydroxy groups, amine groups, carboxylic acid or ester groups, thioester groups, aldehyde groups, epoxy
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or oxirane groups, hyrdrazine groups and thiol groups, which are selected to be reactive with functional groups present
in either the linker or bioactive composition. In other embodiments, the functional groups of the nonfouling composition
(prior to non-covalent attachment) which are first members of a binding pair, are selected from the group using specific
binding recognition consisting of biotin, avidin, streptavidin, DNA, RNA, ligand, receptor, antigen, antibody and positive-
negative charges, each of which is selected to bind to a second member of the binding pair which is present in either
the linker or bioactive composition.

The Linker Composition

[0035] The linker composition joins the nonfouling /releasable composition and the bioactive composition and com-
prises functional groups capable of covalent, non-covalent, or a combination of covalent and non-covalent attachment
directly to a functional group present in the nonfouling/releasable composition and to a functional group that is part of
the bioactive composition.
[0036] In some embodiments, the linker composition comprises functional groups (prior to covalent attachment) se-
lected from: hydroxy groups, amine groups, carboxylic acid or ester groups, thioester groups, aldehyde groups, epoxy
or oxirane groups, hyrdrazine groups and thiol groups, which are selected to be reactive with functional groups present
in either the nonfouling or bioactive composition.
[0037] In other embodiments, the linker composition comprises functional groups (prior to non-covalent attachment)
which are first members of a binding pair, selected from the group using specific binding recognition consisting of biotin,
avidin, streptavidin, DNA, RNA, ligand, receptor, antigen, antibody and positive- negative charges, each of which is
selected to bind to a second member of the binding pair which is present on the nonfouling/releasable composition or
the bioactive composition.
[0038] The functional groups on the linker composition can also be a cleavable functional group, selected from: a
photosensitive functional group cleavable by ultraviolet irradiation, an electrosensitive functional group cleavable by
electro pulse mechanism, a magnetic material cleavable by the absence of the magnetic force, a polyelectrolyte material
cleavable by breaking the electrostatic interaction, a DNA cleavable by hybridization, and the like.

Bioactive Composition

[0039] The bioactive composition joins to either the linker composition or the nonfouling composition, and comprises
a binding moiety comprising an antibody selective for the detection of the biological substance, CTC.
[0040] The bioactive composition comprises functional groups capable of covalent, non-covalent, or a combination of
covalent and non-covalent attachment directly to a functional group present in the nonfouling layer or to a functional
group that is part of the linker composition.
[0041] In some embodiments, the functional groups of the bioactive composition (prior to covalent attachment) are
selected from: hydroxy groups, amine groups, carboxylic acid or ester groups, thioester groups, aldehyde groups, epoxy
or oxirane groups, hyrdrazine groups and thiol groups which are selected to be reactive with functional groups present
in either the nonfouling or linker composition. In other embodiments, the functional groups of the bioactive composition
(prior to non-covalent attachment) are selected from the group using specific binding recognition consisting of biotin,
avidin, streptavidin, DNA, RNA, ligand, receptor, antigen-antibody and positive-negative charges, each of which is
selected to bind to a second member of the binding pair which is present on the nonfouling /releasable composition or
the linker composition.
[0042] The binding moiety of the bioactive composition has specific affinity with the biological substance, CTC, through
molecular recognition, chemical affinity, or geometrical/shape recognition. The binding moiety for the detection of the
CTC comprises an antibody that is selective for the CTC. Also described are binding moieties for the detection of the
biological substance including, but not limited to: synthetic polymers, molecular imprinted polymers, extracellular matrix
proteins, binding receptors, antibodies, DNA, RNA, antigens or any other surface markers which present high affinity to
the biological substance. A preferred antibody is the anti-EpCAM membrane protein antibody (commercially available
from many sources, including R&D Systems, MN, USA), which provides high specificity for CTCs because EpCAM is
frequently overexpressed in the lung, colorectal, breast, prostate, head and neck, and hepatic malignancies, but is absent
from haematologic cells. Another preferred antibody is Anti-HER2, which has high specificity for CTCs but absent in
haematologic cells.
[0043] In one embodiment, the anti-EpCAM membrane protein antibody is EpAb4-1 antibody, comprising a heavy
chain sequence with SEQ ID No: 1 and a light chain sequence with SEQ ID NO: 2 shown in Table 1.
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Complementary-determining regions 1-3 (CDRl-3), framework regions 1-4 (FWl-4) for both the VH and VL domains are
shown. The V domain families were aligned by VBASE2 database (www.vbase2.org).
[0044] The bioactive composition can have a variety of thicknesses, selected so that it does not affect the function or
the performance of the surface coating.
[0045] In one embodiment, the conjugation linkers or catalysts for the nonfouling composition and the bioactive com-
position are biotin/avidin or their derivatives. In another embodiment, the conjugation linkers or catalysts for the nonfouling
composition and the bioactive composition are EDC/NHS. In yet another preferred embodiment, the conjunction linkers
or catalysts for the nonfouling composition and the bioactive compositiona are sulfo- SMCC, Fig. 3 schematically illustrates
the chemical reactions of these embodiments,

Solid Substrate

[0046] In some embodiments, the surface coating is attached to the solid substrate without a surface linker, as illustrated
in Fig. 4A. The non-fouling layer is non-covalently coupled to the solid substrate with a surface linker comprising functional
groups capable of non-covalent attachment to a functional group present in the non-fouling layer and a functional group
present on the solid substrate. Also described is a nonfouling/releasable composition attached to the solid substrate via
one of the following interactions: covalent bonding (for PEG nonfouling composition), hydrogen bonding, electrostatic
interaction, hydrophilic- hydrophilic interaction (for SLB nonfouling/releasable composition), polar-polar interaction, com-
plimentary DNA binding, magnetic force, or the like.
[0047] In other embodiments, the surface coating is attached to the solid substrate with a surface linker, as illustrated
in Fig. 4D. Examples of the solid substrate used in the present invention include, but are not limited to: metals, plastics,
glass, silicon wafers, hydroxylated poly(methyl methacrylate) (PMMA), and a combination thereof. The shape of the
solid substrate include, but are not limited to: planar, circular and irregular shapes with micro, or nano-structures such
as nanoparticles, nanowires, and a combination thereof.
[0048] The surface linker composition comprises functional groups capable of covalent, non-covalent, or a combination
of covalent and non-covalent attachment directly to a functional group present in the nonfouling /releasable composition
and to a functional group that is part of the solid substrate. Examples of the surface linker for binding the surface coating
to a glass substrate include, but are not limited to, silane, aminopropyltriethoxy silane, aminopropyltrimethoxy silane,
silane-PEG-NH2, silane-PEG-N3 (PEG molecular weight is about 1,000 to about 30,000 daltons) and silane-PEG biotin.
[0049] In one group of embodiments, the surface linker comprises a cleavable functional group selected from: a
photosensitive functional group cleavable by ultraviolet irradiation, an electrosensitive functional group cleavable by
electro-pulse mechanism, an iron or magnetic material in which the absence of the magnetic force will release the
nonfouling composition, a polyelectrolyte material cleavable by breaking the electrostatic interaction, an DNA cleavable
by hybridization, and the like.
[0050] In one embodiment, the nonfouling composition also comprises silane-functionalized PEG and the solid sub-
strate is preferably selected from the group consisting of silicon, glass, hydroxylated poly(methyl methacrylate) (PMMA),
aluminum oxide, TiO2 and the like. In another embodiment, the nonfouling composition also comprises thiol-functionalized

Table 1. Amino Acid Sequence of VH and VL domains of EpAb4-1 antibody

FW1 CDR1 FW2 CDR2

SEQ ID 
NO: 1 (VH)

SEQ ID 
NO: 2 (VL)

HMSNLAS

FW3 CDR3 FW4 Family

SEQ ID 
NO: 1 (VH)

FGRSVDF WGQGTSVTVSS VH9

SEQ ID 
NO:2 (VL)

FGGGTKLEIK VK24/25
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compounds and the solid substrate is preferably selected from the group consisting of Au, Ag, Pt, and the like.

The Method of Manufacturing the Surface Coating

[0051] Figs 5A and 5B show the steps of forming the surface coating:

1. Formation of the nonfouling /releasable composition (e.g. SLB or PEG) with appropriate functional group (biotin);

2. Attaching the functional group (streptavidin) on the linker composition to the functional group (biotin) on the
nonfouling /releasable composition;

3. Formation of the bioactive composition and attaching the functional group (biotin) on the bioactive composition
to the functional group (streptavidin) on the linker composition.

[0052] The surface coating without a linker composition can be formed by:

1. Formation of the nonfouling /releasable composition with appropriate functional group (e.g. carboxyl group of N-
glutaryl phosphatidylethanolamine or NGPE);
2. Formation and attaching the functional group (primary amine) on the bioactive composition to the functional group
(carboxyl group of NGPE) on the nonfouling /releasable composition in step 1.

[0053] The steps in paragraphs [0077] and [0078] can be reversed.

Microfluidic Chip

[0054] As illustrated in Fig. 6A, the microfluidic chip comprises a first solid substrate 1 (e.g. PMMA) and a second solid
substrate 2 (e.g. glass), wherein the first and second solid substrates are adhered together using all adhesive means 3
or other means.
[0055] Referring to Fig. 6B, the surface of one or both solid substrates can be engraved with microstructures 4. In one
group of embodiments, the microstructures 4 are arranged in a linear fashion. In another group of embodiments, the
microstructures 4 are arranged in herringbone fashion. The shaded region on the adhesive 3 in Fig. 6B is carved out to
accommodate the microstructures 4 on the surface of the solid substrate 1. A sealed channel 5 is created by adhering
the first solid substrate 1 and the second solid substrate 2 together with an adhesive 3. The height of the channel 5 is
determined by the thickness of the adhesive 3.
[0056] Once the microfluidic chip is formed, the surface coating can be attached to one or both solid substrates. In
one group of embodiments, the surface coating is attached to the solid substrate with a surface linker. In anothr group
of embodiments, the surface coating is attached to the solid substrate via one of the following interactions: covalent
bonding (for PEG nonfouling composition), hydrogen bonding, electrostatic interaction, hydrophilic-hydrophilic interaction
(for SLB nonfouling/releasable composition), polar-polar interaction, complimentary DNA binding, magnetic force, or the
like.
[0057] Referring to Fig. 6C, the microstructures 4 on the solid substrate 1 are perpendicular to the flow direction and
create a chaotic or disturbed flow of the blood, body fluid or biologic sample as it passes through the sealed channel 5
of the microfluidic chip. The disturbed flow enhances the biological substance-surface coating contact.
[0058] Two factors govern the capture effeiciency of the microfluidic chip:

(1) The linear speed of the blood, body fluid or biological sample, which determines the contact time of the biological
substance and the surface coating. In a preferred embodiment, the linear speed is about 0.1 mm/s to 1mm/s. In a
more preferred embodiment, the linear speed is about 0.42mm/s or 0.5 ml/h for Design E in Fig. 7F.
(2) The flow disturbance of the blood, body fluid or biological sample, created by the microstructures 4 on the solid
substrate(s). The flow disturbance increases contact between the biological substance and the surface coating.

[0059] Fig. 7A shows various designs of the microstructures 4 on the solid substrate. The microstructures in Design
F are arranged in a herringbone pattern whereas the microstructures in Designs A-E and H are arranged in a linear
pattern. The dimensions of the microstructures 4 are as follows: the length is about 50 mm for O-D and G and about
120mm for E-F, the height is about 30 mm, the width is about 1.5 mm for O and A, about 3.0 mm for B, and about 5.5
mm for C-G. The height of the sealed channel 5 varies with the thickness of the adhesive 3, preferably about 30-90 mm,
more preferably about 60mm.
[0060] Fig. 7B-7H show the details of Designs A-G in Fig. 7A. Design G in Fig. 7H is the preferred pattern, with the
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following dimensions: the width of Microstructure (W) is about 150 mm, the length of microstructure (L) is about 1000
mm, the distance between two rows of microstructures (Sr) is about 250 mm, the distance between two adjacent micro-
structures (Sc) is about 350 mm, the height of the microstructure (D) is about 30 mm and the height of the sealed channel
5 (H) is about 60 mm.
[0061] The biological substance capture efficiency of the various designs are shown in Fig. 7I and Fig. 7J. Capture
rate is defined as (captured biological substance/original biological substance in the testing sample) x 100%. Channel
O has no microstructure and has the lowest biological substance capture rate, at 27% and 1 % for DMEM sample and
blood sample, respectively. Design E has a 80% capture rate for HCT116 cancer cells spiked in DMEM, and a 30%
capture rate for HCT116 cancer cells spiked in blood sample. Design F has the best capture rate, on average over 70%
of HCT116 cancer cells spiked in blood sample were captured (see Fig. 7J).

Flow Purification

[0062] The biological substance on the surface coating can be further purified by removing the non-specific cells and
other blood components on the surface of the nonfouling /releasable composition. The nonfouling /releasable composition
has low affinity for non-specific cells and other blood components. Therefore, rinsing the surface coating with a low flow
buffer solution of about 0.8 dyne/cm2 to about 50 dyne/cm2 is sufficient to remove non-specific cells and other blood
components on the nonfouling /releasable composition while the biological substance remains on the surface coating.
[0063] In a preferred embodiment, the shear force of the buffer rinse is 2.5 to 10 dyne/cm2, Fig. 8 shows that when
the shear stress of the buffer flow is about 3.3 dyne/cm2, 80% of the non-specific cells (i.e. white blood cells) were
removed while none of the biological substance (i.e. HCT 116 cancer cells) were removed from the surface coating.
When the shear stress of the buffer flow was increased to 8 dyne/cm2, almost all of the non-specific cells were removed
while none of the biological substance was removed from the surface coating.

Release of the Biological Substance

[0064] After removing the majority of the non-specific cells and blood components by flow purification, the biological
substance can be released from the surface coating.
[0065] The nonfouling /releasable composition comprises a lipid or a mixture of lipid. The captured biological substance
can be released by introducing an air bubble solution or oil phase. As shown in Fig. 9, the surface coating comprises a
nonfouling composition A (lipid bilayer) and a bioactive composition B (antibody) and is bound to a solid substrate S,
The biological substance, CTC, is bound to the bioactive composition B, whereas other cells were repelled by the
nonfouling composition A. As the air bubble approaches the lipid bilayer, the hydrophobic tails of the lipid bilayer are
turned upside down due to its high affinity with the air inside the air bubble, which is also hydrophobic. This breaks up
the hydrophilic- hydrophilic interaction at the surface of the lipid bilayer and allows the air bubble to "lift off" the top layer
of the lipid bilayer, together with the CTC bound on the bioactive composition.
[0066] Also disclosed is if the nonfouling composition comprises a composition other than a lipid or a mixture of lipid,
the captured biological substance can be released by breaking the cleavable functional group on the linker composition
or on the surface linker. This release mechanism is illustrated in Figs 10A and 10B. Fig. 10A shows a surface coating
on a solid substrate, wherein the surface coating comprises a bioactive composition B, a linker composition with a
cleavable functional group C, and a nonfouling composition A. The surface coating is attached to a solid substrate S
(e.g. glass) by a surface linker 1. Fig. 10B shows the release of the biologic substance (e.g. CTC) from the surface
coating in Fig. 10A. The biologic substance is bound to the bioactive composition B, whereas other cells were repelled
by the nonfouling composition A. The surface coating is irradiated with 365nm ultraviolet light, which breaks the cleavable
functional group on the linker composition C and the biologic substance is released for subsequent analysis but main-
taining the viability.
[0067] The biological substance can also be released by other mechanisms. In one group of embodiments, the linker
composition or the surface linker comprises an electrosensitive cleavable functional group, and the biological substance
is released by electro pulse mechanism. In another group of embodiments, the linker composition or the surface linker
comprises a magnetic material as the cleavable functional group, and the absence of the magnetic field or force releases
the biological substance. In yet another group of embodiments, the linker composition or the surface linker comprises
a PEM as the cleavable functional group, and the biological substance is released by changing the electrostatic interaction
between the layers. In yet another group of embodiments, the linker composition or the surface linker comprises an DNA
piece as the cleavable functional group, and the biological substance is released by DNA hybridization.

EXAMPLES

[0068] The following examples further illustrate the present invention.
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Example 1: Preparation Of The Two-Layer Surface Coating

Preparation of the nonfouling composition:

[0069] Supported lipid bilayer (SLB) was prepared by the following steps:

(1) POPC and b-PE (commercially available from Avanti Polar Lipids, USA) were dissolved in chloroform and the
final lipid concentration was 5 mg/mL. The POPC/b-PE solution was vortex dried under a slow stream of nitrogen
to form a thin, uniform POPC/b-PE film. The POPC/b-PE film was further dried in a vacuum chamber overnight to
remove residual chloroform.

(2) The POPC/biotin-PE film in step (1) was dispersed in and mixed with a phosphate buffer containing 10 mM of
phosphate buffered saline, 150 mM of sodium chloride aqueous solution, and 0.02 % (w/v) of sodium azide (NaN3,
commercially available from Sigma-Aldrich, USA), with the pH adjusted to 7.2. The mixed solution was filtered
through the 100-nm, followed by the 50-nm Nuclepore® track-etched polycarbonate membranes (Whatman Sch-
leicher & Schuell, Germany) at least 10 times under 150 psi at room temp.

(3) The filtered solution in step (2) was passed through the LIPEX™ Extruder (Northern Lipids, Inc. Canada) to
generate a homogenous population of unilamillar vesicles. The size of the POPC/biotin-PE vesicles was about 65
6 3 nm, determined by the dynamic laser light scattering detector (Zetasizer Nano ZS, Malvern Instruments, Ger-
many).

Preparation of the bioactive composition

[0070] Biotinylated EpCAM Antibody was prepared by the following steps:

(1) The anti-EpCAM monoclonal antibody (OC98-1 or EpAb4-1) was generated by method described by Chen et
al (Clin Vaccine Immunol 2007;14:404-11).

(2) The antibody in step (1) was dissolved in a buffer solution containing 10 mM of PBS and 1.50mM of NaCl, with
a pH about 7.2. The concentration of the antibody buffer solution was about 0.65 mg/mL, determined by Nanodrop
1000 spectrophotometer (Thermo Scientific, USA).

(3) The antibody solution in step (2) was mixed with 10mM of Sulfo NHS-LC-Biotin (with a molar ratio of 1 to 10)
and dissolved in Milli-Q water (Milli-Q RO system, USA) at room temperature for 30 min. Excess biotin was removed
by dialysis in phosphate buffered saline at 4 °C for 24 h, with a buffer change every 12 h.

(4) The ratio of biotin and antibody in the biotinylated anti-EpCAM antibody (bOC98-1 or bEpAb4-1) was 1.5 to 1,
determined by the HABA assay using a biotin quantitation kit (Pierce, USA).

[0071] Alternatively, commercially available biotinylated goat anti-human anti-EpCAM antibody from R and D Systems
(Minneapolis, MN) could be used.

Preparation of Solid Substrates of the present invention

[0072] Glass substrate (such as microscope coverslips from Deckglaser, Germany) were cleaned with 10% DECON
90 (Decon Laboratories L imited, England), rinsed with Milli-Q water, dried under nitrogen gas, and exposed to oxygen
plasma in a plasma cleaner (Harrick Plasma, Ithaca, NY, U.S.A.) at 100 mtorr for 10 min. Prior to each use, the glass
substrate was rinsed with ethanol and dried under nitrogen gas.
[0073] Silicon oxide based solid substrates (e.g. silicon wafer or glass coverslips) were cleaned with piranha solution
(70% sulfuric acid and 30% hydrogen peroxide (v/v)) at 120°C for 40 min, subsequently washed with distilled water and
rinsed with acetone. The solid substrates were dried under a stream of nitrogen and treated with a plasma cleaner.
[0074] For the vapor phase silanization reaction, clean silicon oxide substrates and a Petridish containing 150 uL of
3-(aminopropyl)-triethoxysilane (Sigma, USA) were placed in a desiccator (Wheaton dry-seal desiccator, 100nm) under
reduced pressure at ∼0.3 Torr for 16h. The substrates were cleaned by acetone and dried under nitrogen stream.
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Construction of the SLB Surface Coating on a solid substrate

[0075] 0.25 mg/ml of POPC/b-PE vesicle solution from paragraph [0084] was added to the cleaned solid substrate to
form a SLB coated solid substrate. This was followed by an extensive rinse with a phosphate buffer containing 10mM
PBS and 150mM NaCl (pH=7.2) to remove excess POPC/b-PE vesicles. Biotin was the functional group in the SLB
which binds with the functional group (streptavidin) in the linker composition
[0076] 0.1 mg/mL of streptavidin (SA) solution (commercially available from Pierce Biotechnology, Rockford, IL, USA)
was added to the SLB coated solid substrate and incubated for 1 hour, followed with a PBS buffer rinse to remove excess
SA.
[0077] About 0.05 mg/mL of b-Anti-EpCAM solution was added to the SA-SLB coated solid substrate to form the
surface coating of the present invention.

Construction of the PEG Surface Coating on a solid substrate

[0078] The biotinylated PEG silane solution (Si-bPEGs) was added to the clean glass substrate and incubated for 1
hour to form a Si-bPEG nonfouling composition on the glass substrate, followed by an ethanol rinse to remove excess
Si-bPEGs. Silane was the surface linker and the biotin was the functional group that bind with the functional group (SA)
in the linker composition.
[0079] 0.1 mg/mL of SA solution was added to the Si-bPEGs coated solid substrate and incubated for 1 hour, followed
by a PBS buffer rinse to remove excess SA.
[0080] 0.05 mg/mL of b-Anti-EpCAM solution was added and bound with SA-Si-bPEGs surface coating, followed by
PBS buffer rinse to remove excess b-Anti-EpCAM.

Construction of the PEM Surface Coating on a solid substrate

[0081] Physical deposition of PEM films was performed by batch and static conditions as follows: initially, all polypep-
tides were dissolved in 10 mM Tris-HCl buffer with 0.15 M NaCl, pH 7.4. Solid substrates were then immersed in PLL
(MW 15000-30000; Sigma, St Louis, MO) solution (1 mg/mL) for 10 min at room temperature, followed by rinsing with
1 mL of Tris-HCl buffer for 1 min. To couple PLGA, the PLL-coated slide was subsequently immersed in the PLGA
solution (MW 3000-15000, Sigma, St Louis, MO, 1 mg/mL) for 10 min, followed by rinsing with1 mL of Tris-HCl buffer
for 1 min. Lastly, substrates were cleaned with fresh PBS to remove uncoupled polypeptides. The resulting c-(PLL/PLGA)i,
where i was denoted as the number of polyelectrolyte pairs generated by repeating the above steps: i) 0.5 was referred
to c-PLL only, i) 1 was referred to c-(PLL/PLGA)1, and the like.

QCM-D Characterization of the SLB Surface Coating

[0082] The construction of the surface coating was monitored by quartz crystal microbalance with dissipation (QCM-
D). The QCM-D response in Fig. 11 shows the construction of the surface coating on a SiO2-pretreated quartz crystal.
First, 0.25 mg/mL of POPC/b-PE vesicle mixture (in phosphate buffer) was dispensed into the QCM chamber at point
(I). The normalized frequency change F and dissipation shift D were 26.060,7 Hz and 0.1960.03 x 10-6 respectively,
which are the characteristics of a highly uniformed lipid bilayer. After two buffer washes (denoted as *), 0.1 mg/mL of
SA solution was dispensed at point II. SA binding was saturated at F = 52.865.4 Hz and D = 3.8460.54x10-6. At point
(III), 0.025 mg/mL of OC98-1 antibody solution was dispensed into the QCM chamber and there was no frequency or
dissipation change. This shows there was no interaction between the OC98-1 antibody and the SA-lipid bilayer surface.
In contrast, adding biotinylated antibody solution (bOC98-1 or bEpAb4-1) at point (IV) resulted in frequency and dissipation
change, with equilibrated shifts of F = 39.466.8 Hz and D = 1.6360.28 x 10-6. This demonstrates the binding of
biotinylated antibody to SA-lipid bilayer surface.
[0083] The characteristics of the SLB nonfouling composition on the surface coating were examined using QCM-D
(Fig. 12). Bovine serum albumin (BSA, commercially available from Sigma-Aldrich, USA) was added to the surface
coating and there was a sudden change in frequency and dissipation, with equilibrated shifts of F = 6.9 Hz and D = 3.35
x 10-6. This indicates an immediate BSA adsorption. Three buffer rinses (*) caused an increase in frequency and a
decrease in disspation, with saturated shifts of F = 6.1 Hz and D = 3.16 x 10-6. This indicates the adsorbed BSA can
be easily removed from the surface coating and thus, a very weak interaction between BSA and SLB.

Example 2: Preparation of the microfluidic chip

[0084] The microfluidic chip can be prepared by the following steps:
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1. A commercial CO2 laser scriber (Helix 24, Epilog, USA) was used to engrave the microtrenches to form micro-
structures on the PMMA substrate.

2. The PMMA substrate, glass substrate and nuts were cleaned with MeOH, detergent and water, followed by 10
min sonication. The nuts and the solid substrates were dried by nitrogen gas and baked for 10 min at 60 °C.

3. The PMMA substrate was bonded with nuts by chloroform treatment.

4. PMMA substrate and the glass slide were joined together using an adhesive (e.g. 3M doubled sided tape from
3M, USA).

Example 3: CTCs Binding To The Anti-EpCAM functionalized SLB Surface coating

[0085] Eight blood samples were used to determine the CTC capture rate of the Anti-EpCAM functionalized SLB
surface coating in a microfluidic chip in Example 2. Each blood sample contained 2 ml of blood from a stage IV colon
cancer patient and the sample was introduced to the sealed channel of the microfluidic chip at 0.5ml/hr, controlled by a
syringe pump. Subsequently, the sealed channel in the microfluidic chip was rinsed with 0.5 ml of PBS buffer at the flow
rate of 1 ml/h, followed by in situ immunostaining.
[0086] The number of CTCs captured per ml of blood for these 8 samples were 26, 34, 36, 39, 47, 67 79, and 99. 25%
of the blood samples had 79 or higher CTC count per ml of testing sample and the median CTC count was 43 per ml of
testing sample. There was minimal binding of the non-specific cells and proteins after the buffer rinse.
[0087] As a comparison, the CTC count for the FDA approved Veridex CellSearch is as follows: 25% of the samples
had 3 or more CTCs per 7.5 ml of testing sample and the median CTC counts was 0.
[0088] The anti-EpCAM functionalized SLB surface was incubated with 150 uL of HCT116 cancer cell spiked human
blood (with HCT116 cancer cell density of approximately 10 to 100 per 100mL of blood), followed by a buffer rinse to
remove non-specific cells. Fig. 13 shows the surface coating before and after the buffer rinse. Prior to the buffer rinse,
the surface coating was covered with non-specific cells (upper left) and four HCT116 cancer cells (lower left). After the
buffer rinse, almost all of the non-specific cells were removed (upper right) but the four HCT116 cancer cell (lower right)
remained on the surface coating.
[0089] The results show the surface coating of the present invention is effective in capturing CTCs and releasing the
non-specific cells.

Example 4: Comparison of Capture Efficiency and Nonfouling Property Of Various Surface Conditions

[0090] The capture rate of HCT116 cancer cells (biological substance) and the nonfouling property of six different
surface conditions are illustrated in Fig 14A.
[0091] The results show that the surface coatings of the present invention (lipid/SA/b-anti-EpCAM and
PEG(15mM)/SA/b-anti-EpCAM) are more effective in capturing the biological substance. There is less binding of the
non-specific cells (white blood cells or WBC) on the surface coatings of the present invention compare to a surface
coating without a nonfouling composition (glass only).
[0092] Fig. 14B shows the non-specific blood cell binding of the following surfaces: (A) Glass only; (B) biotinylated
SLB (b-SLB), (C) Streptavidin conjugated-bSLB, and (D) OC98-1-conjugated bSLB. These surfaces were incubated
with diluted human blood from healthy donor (1uL of blood in 100uL PBS buffer) for 4 hours, followed by a PBS buffer
rinse. Images (E) to (H) are the after rinse images which correspond to the surface coatings in (A) to (D). The results
show that after a buffer rinse, there is less non-specific blood cell on the surface coatings with a releasable composition
(i.e. SLB) compare to the surface coating without a releasable composition (i.e. glass only).

Example 5: Purification by Flow

[0093] The differentiated flow shear could selectively "flush" out the non-specific cells based on the affinity of these
cells to the nonfouling composition, while the biological substance remains on the surface coating.
[0094] In this study, the surface coating comprised a SLB, a linker composition and fibronectin as the bioactive com-
position. Fig. 15A shows fibroblast 3T3 (green) and colon cancer cell line HCT116 (red) were incubated on the surface
coating for 4h. The surface coating was rinsed with a buffer solution, which has a shear stress of 3 dyne/cm2.
[0095] The HCT 116 cells (red) were flushed away from the surface coating within 5 min of the buffer rinse, as shown
in Fig. 15B. The fibroblast 3T3 cells (green) remained on the surface coating after 30min of buffer rinse, as shown in
Fig. 15C, due to its high affinity to fibronectin.
[0096] The result shows a shear stress about 3 dyne/cm2 is sufficient to remove the non-specific cells from the re-
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leasable composition.
[0097] Fig. 16 summarizes the respective shear stress and flushing time for the HCT116 and NIH-3T3 cell populations
(non-specific cells). To remove HCT116 cells from the releasable compostion of the surface coating, the shear stress
is about 3 to about 4.5 dyne/cm2. To remove NIH-3T3 cells from the releasable compostion of the surface coating, the
shear stress is about 8.5 to about 12 dyne/cm2 (N/N0 is the percentage of the cells remains attached to the surface
coating using various shear stresses. N is the final cell number and N0 is the initial cell number.)

Example 6: Release of CTCs from the Surface Coating

[0098] The captured HCT116 cancer cells on the surface coating in Example 3 were released by introducing air
bubbles. Fig. 17 shows HCT116 cells in the red circle were removed from the surface coating within 3 seconds of
introducing air bubbles.

Example 7: Culture of Released CTCs From the Surface Coating

[0099] The captured CTCs were incubated with 5mM of EDTA at 37°C for 5 to 10 min and released by flowing a culture
medium into the sealed channel of the microfluidic chip. A total of 18 colo205 cells were relased from this procedure.
The released colo205 cells, together with a serum-containing culture medium and antibiotics (penicillin + streptomycin
+ gentamicin), were placed into a 48-well tissue cultured polystyrene plate for cultivation.
[0100] Figs 18A-18C show a portion of 18 colo205 cells on day 1, on day 10 and day 14 respectively. This study
demonstrates the released colo205 cells retained their viability for subsequent cell culture.

Example 8: Capture CTCs through a CTC filtration Device

[0101] Any membranes, tubes, capillaries, beads, nanoparticles or channels can be coated with the surface coating
of the present invention. Fig. 19 illustrates schematically a filtration device, wherein the filtration filter is coated with the
surface coating of the present invention. The filter could accommodate high volume blood flow and capture a biological
substance for a diagnostic or therapeutic purpose. To access the patient’s blood or body fluid, a catheter can be inserted
into the patient’s vein or fistula and the patient’s blood flows through the CTC filtration device, wherein the surface coating
on the filters captures the CTCs. The filtered blood flows back to the patient.

Example 9: Capture CTCs through a biotinylated EpAb4-1 Antibody

[0102] The binding specificity of biotinylated OC9801 antibody, biotinylated EpAb4-1 antibody and biotinylated EpCam
antibody (commercially available from R&D system, USA) were examined using the HCT116 (colorectal) CTCs and
SAS (tongue) CTCs.
[0103] The CTCs were spiked in a buffer solution (about 105 CTCs/ml). The CTC-spiked buffer solution was introduced
to the surface coatings with the following bioactive composition: biotinylated OC9801 antibody, biotinylated BpAb4-1
antibody, biotinylated EpCam antibody and IgG antibody.
[0104] The CTC binding specificy of the antibodies was determined by colorimetric method, by measuring the absorp-
tion optical density at 490 nm. Fig. 20 shows biotinylated EpAb 4-1 is effective in capturing HCT116 CTCs and SAS CTCs.

SEQUENCE LISTING

[0105]

<110> Academia Sinica

<120> The Capture, Purification and Release of Biological Substance Using a Surface Coating

<130> N401878EP

<140> EP12805303.0
<141> 2012-06-28

<150> US 61/502,844
<151> 2011-06-29
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<150> US 61/606,220
<151> 2012-03-02

<160> 2

<170> PatentIn version 3.5

<210> 1
<211> 116
<212> PRT
<213> Artificial Sequence

<220>
<223> synthetic anti-epithelial cell adhesion molecule (EpCAM) membrane protein antibody EpAb4-1 heavy chain
V-H9 domain

<220>
<221> PEPTIDE
<222> (1)..(25)
<223> framework region 1 (FW1)

<220>
<221> PEPTIDE
<222> (26)..(35)
<223> complementarity-determining region 1 (CDR1)

<220>
<221> PEPTIDE
<222> (36)..(50)
<223> framework region 2 (FW2)

<220>
<221> PEPTIDE
<222> (51)..(58)
<223> complementarity-determining region 2 (CDR2)

<220>
<221> PEPTIDE
<222> (59)..(98)
<223> framework region 3 (FW3)

<220>
<221> PEPTIDE
<222> (99)..(105)
<223> complementarity-determining region 3 (CDR3)

<220>
<221> PEPTIDE
<222> (106)..(116)
<223> framework region 4 (FW4)

<400> 1
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<210> 2
<211> 112
<212> PRT
<213> Artificial Sequence

<220>
<223> synthetic anti-epithelial cell adhesion molecule (EpCAM) membrane protein antibody EpAb4-1 light chain V-
kappa24/25 domain

<220>
<221> PEPTIDE
<222> (1)..(23)
<223> framework region 1 (FW1)

<220>
<221> PEPTIDE
<222> (24)..(39)
<223> complementarity-determining region 1 (CDR1)

<220>
<221> PEPTIDE
<222> (40)..(54)
<223> framework region 2 (FW2)

<220>
<221> PEPTIDE
<222> (55)..(61)
<223> complementarity-determining region 2 (CDR2)
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<220>
<221> PEPTIDE
<222> (62)..(93)
<223> framework region 3 (FW3)

<220>
<221> PEPTIDE
<222> (94)..(102)
<223> complementarity-determining region 3 (CDR3)

<220>
<221> PEPTIDE
<222> (103)..(112)
<223> framework region 4 (FW4)

<400> 2

Claims

1. A composition for capture of a circulating tumor cell from a biological sample, the composition comprising:

(a) a non-fouling layer comprising a lipid layer selected from the group consisting of a supported lipid bilayer,
a lipid multilayer and liposomes;
(b) a binding moiety comprising an antibody that is selective for the circulating tumor cell; and
(c) a solid substrate;

wherein the binding moiety is coupled to the non-fouling layer, and
wherein the non-fouling layer is non-covalently coupled to the solid substrate with a surface linker comprising
functional groups capable of non-covalent attachment to a functional group present in the non-fouling layer and a
functional group present on the solid substrate.
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2. The composition of claim 1, wherein the lipid layer is a supported lipid bilayer.

3. The composition of claim 1, wherein the lipid layer is a lipid multilayer.

4. The composition of claim 1, wherein the lipid layer is liposomes.

5. The composition of claim 2, wherein the supported lipid bilayer comprises 1,2-dioleoyl-sn-glycero-3-phosphoeth-
anolamine-N-(cap biotinyl), 1-palmitoyl-2-oleoyl-sn-glycero-3-phosphocholine, salts thereof, or combinations there-
of.

6. The composition of any one of claims 1-5, wherein the non-fouling layer is non-covalently coupled to the binding
moiety by functional groups in the non-fouling layer and binding moiety capable of non-covalent attachment between
the non-fouling layer and binding moiety.

7. The composition of claim 6, wherein the non-fouling layer is non-covalently coupled to the binding moiety by a linker
comprising a functional group selected from the group consisting of biotin, avidin, streptavidin, EDC, NHS, NH2 and
sulfo-SMCC, wherein the functional group is a first member of a binding pair and binds to a second member of the
binding pair, wherein the second member of the binding pair is present on the non-fouling layer or the binding moiety.

8. The composition of any one of claims 1-7, wherein the non-fouling layer is non-covalently coupled to the solid
substrate by a surface linker comprising a functional group selected from the group consisting of biotin, avidin,
streptavidin, DNA, RNA, ligand, receptor, antigen, antibody, and positive-negative charges, wherein the functional
group is a first member of a binding pair and binds to a second member of the binding pair, wherein the second
member of the binding pair is present on the non-fouling layer or the solid substrate.

9. The composition of any one of claims 1-8, further comprising a circulating tumor cell bound to the binding moiety.

10. The composition of claim 9, further comprising an air bubble coupled to a portion of the non-fouling layer, wherein
the portion of the non-fouling layer coupled to the air bubble is coupled to the binding moiety bound to the circulating
tumor cell and is not bound to the solid substrate.

11. A method comprising:

(a) contacting a biological sample comprising a circulating tumor cell and non-specific cells to the composition
of any one of claims 1-10,
(b) binding the circulating tumor cell to the antibody and the non-specific cells to the non-fouling layer,
(c) washing the non-fouling layer, and
(d) releasing the circulating tumor cell.

12. The method of claim 11, wherein (c) comprises washing the non-fouling layer with a low flow buffer 1 at a shear
stress of from 2.5 dyne/cm2 to 10 dyne/cm2.

13. The method of claim 11 or 12, wherein (d) comprises flowing an air bubble over the non-fouling layer.

14. The method of any one of claims 11-13, wherein (d) comprises releasing a portion of the non-fouling layer from the
solid substrate, wherein the released portion of the non-fouling layer is coupled to the circulating tumor cell.

Patentansprüche

1. Zusammensetzung zum Einfangen einer zirkulierenden Tumorzelle aus einer biologischen Probe, wobei die Zu-
sammensetzung umfasst:

(a) eine Nicht-Fouling-Schicht, umfassend eine Lipidschicht, die ausgewählt ist aus der Gruppe bestehend aus
einer gestützten Lipid-Doppelschicht, einer Lipid-Mehrfachschicht und Liposomen;
(b) einen Bindungsteil, umfassend einen Antikörper, der für die zirkulierende Tumorzelle selektiv ist; und
(c) ein Festsubstrat;
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wobei der Bindungsteil an die Nicht-Fouling-Schicht gekoppelt ist und
wobei die Nicht-Fouling-Schicht nicht-kovalent an das Festsubstrat mit einem Oberflächen-Linker gekoppelt ist, der
Funktionsgruppen umfasst, die zu einer nicht-kovalenten Anbindung an eine in der Nicht-Fouling-Schicht vorhandene
Funktionsgruppe und eine auf dem Festsubstrat vorhandene Funktionsgruppe fähig sind.

2. Zusammensetzung nach Anspruch 1, wobei die Lipidschicht eine gestützte Lipid-Doppelschicht ist.

3. Zusammensetzung nach Anspruch 1, wobei die Lipidschicht eine Lipid-Mehrfachschicht ist.

4. Zusammensetzung nach Anspruch 1, wobei die Lipidschicht Liposomen ist.

5. Zusammensetzung nach Anspruch 2, wobei die gestützte Lipid-Doppelschicht 1,2-Dioleoyl-sn-glycero-3-phosphoe-
thanolamin-N-(cap biotinyl), 1-Palmitoyl-2-oleoyl-sn-glycero-3-phosphocholin, Salze davon oder Kombinationen da-
von umfasst.

6. Zusammensetzung nach einem der Ansprüche 1-5, wobei die Nicht-Fouling-Schicht nicht-kovalent an den Bin-
dungsteil durch Funktionsgruppen in der Nicht-Fouling-Schicht und den Bindungsteil, der zu einer nicht-kovalenten
Anbindung zwischen der Nicht-Fouling-Schicht und dem Bindungsteil fähig ist, gekoppelt ist.

7. Zusammensetzung nach Anspruch 6, wobei die Nicht-Fouling-Schicht nicht-kovalent an den Bindungsteil durch
einen Linker gekoppelt ist, umfassend eine Funktionsgruppe, die ausgewählt ist aus der Gruppe bestehend aus
Biotin, Avidin, Streptavidin, EDC, NHS, NH2 und Sulfo-SMCC, wobei die Funktionsgruppe ein erstes Glied eines
Bindungspaares ist und an ein zweites Glied des Bindungspaares bindet, wobei das zweite Glied des Bindungs-
paares auf der Nicht-Fouling-Schicht oder dem Bindungsteil vorhanden ist.

8. Zusammensetzung nach einem der Ansprüche 1-7, wobei die Nicht-Fouling-Schicht nicht-kovalent an das Festsub-
strat durch einen Oberflächen-Linker gekoppelt ist, umfassend eine Funktionsgruppe, die ausgewählt ist aus der
Gruppe, bestehend aus Biotin, Avidin, Streptavidin, DNA, RNA, Ligand, Rezeptor, Antigen, Antikörper und positiv-
negativen Ladungen, wobei die Funktionsgruppe ein erstes Glied eines Bindungspaares ist und an ein zweites Glied
des Bindungspaares bindet, wobei das zweite Glied des Bindungspaares auf der Nicht-Fouling-Schicht oder dem
Festsubstrat vorhanden ist.

9. Zusammensetzung nach einem der Ansprüche 1-8, ferner umfassend eine zirkulierende Tumorzelle, die an den
Bindungsteil gebunden ist.

10. Zusammensetzung nach Anspruch 9, ferner umfassend eine Luftblase, die an einen Abschnitt der Nicht-Fouling-
Schicht gekoppelt ist, wobei der an die Luftblase gekoppelte Abschnitt der Nicht-Fouling-Schicht an den Bindungsteil,
der an die zirkulierende Tumorzelle gebunden ist, gekoppelt ist und nicht an das Festsubstrat gebunden ist.

11. Verfahren, umfassend:

(a) In Kontakt bringen einer biologischen Probe, umfassend eine zirkulierende Tumorzelle und unspezifische
Zellen, mit der Zusammensetzung nach einem der Ansprüche 1-10,
(b) Binden der zirkulierenden Tumorzelle an den Antikörper und der unspezifischen Zellen an die Nicht-Fouling-
Schicht,
(c) Waschen der Nicht-Fouling-Schicht und
(d) Freisetzen der zirkulierenden Tumorzelle.

12. Verfahren nach Anspruch 11, wobei (c) das Waschen der Nicht-Fouling-Schicht mit einem Puffer 1 mit geringem
Durchfluss bei einer Schubspannung von 2,5 Dyn/cm2 bis 10 Dyn/cm2 umfasst.

13. Verfahren nach Anspruch 11 oder 12, wobei (d) das Strömen einer Luftblase über die Nicht-Fouling-Schicht umfasst.

14. Verfahren nach eine der Ansprüche 11-13, wobei (d) das Freisetzen eines Abschnitts der Nicht-Fouling-Schicht aus
dem Festsubstrat umfasst, wobei der freigesetzte Abschnitt der Nicht-Fouling-Schicht an die zirkulierende Tumor-
zelle gekoppelt ist.
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Revendications

1. Composition pour la capture d’une cellule tumorale en circulation à partir d’un échantillon biologique, la composition
comprenant :

(a) une couche anti-encrassement comprenant une couche lipidique choisie dans le groupe constitué par une
bicouche lipidique supportée, une multicouche lipidique et des liposomes ;
(b) un fragment de liaison comprenant un anticorps qui est sélectif pour la cellule tumorale en circulation ; et
(c) un substrat solide ;

le fragment de liaison étant couplé à la couche anti-encrassement, et
la couche anti-encrassement étant couplé de manière non covalents au substrat solide avec un lieur de surface
comprenant des groupes fonctionnels capables d’une fixation non covalente à un groupe fonctionnel présenté dans
la couche anti-encrassement et un groupe fonctionnel présent sur le substrat solide.

2. Composition de la revendication 1, dans laquelle la couche lipidique est une bicouche lipidique supportée.

3. Composition de la revendication 1, dans laquelle la couche lipidique est une multicouche lipidique.

4. Composition de la revendication 1, dans laquelle la couche lipidique est constituée de liposomes.

5. Composition de la revendication 2, dans laquelle la bicouche lipidique supportée comprend du 1,2-dioléoyl-sn-
glycéro-3-phosphoéthanolamine-N-(cap biotinyle), de la 1-palmitoyl-2-oléoyl-sn-glycéro-3(phosphocholine, des sels
de ceux-ci ou des combinaisons de ceux-ci.

6. Composition de l’une quelconque des revendications 1 à 5, dans laquelle la couche anti-encrassement est couplée
de manière non covalente au fragment de liaison par des groupes fonctionnels dans la couche anti-encrassement
et un fragment de liaison capable d’une fixation non covalente entre la couche anti-encrassement le fragment de
liaison.

7. Composition de la revendication 6, dans laquelle la couche anti-encrassement est couplée de manière non covalente
au fragment de liaison par un lieur comprenant un groupe fonctionnel choisi dans le groupe constitué par la biotine,
l’avidine, la streptavidine, EDC, NHS, NH2 et sulfo-SMCC, le groupe fonctionnel étant un premier élément d’une
paire de liaison et se liant à un deuxième élément de la paire de liaison, le deuxième élément de la paire de liaison
étant présent dans la couche anti-encrassement ou le fragment de liaison.

8. Composition de l’une quelconque des revendications 1 à 7, dans laquelle la couche anti-encrassement est couplée
de manière non covalente au substrat solide par un lieur de surface comprenant un groupe fonctionnel choisi dans
le groupe constitué par la biotine, l’avidine, la streptavidine, un ADN, un ARN, un ligand, un récepteur, un antigène,
un anticorps et des charges positives-négatives, le groupe fonctionnel étant un premier élément d’une paire de
liaison et se liant à un deuxième élément de la paire de liaison, le deuxième élément de la paire de liaison étant
présent sur la couche anti-encrassement o le substrat solide.

9. Composition de l’une quelconque des revendications 1 à 8, comprenant en outre une cellule tumorale en circulation
liée au fragment de liaison.

10. Composition de la revendication 9, comprenant en outre une bulle d’air couplée à une partie de la couche anti-
encrassement, la partie de la couche anti-encrassement couplée à la bulle d’air étant couplée au fragment de liaison
lié à la cellule tumorale en circulation et n’étant pas liée au substrat solide.

11. Procédé comprenant :

(a) la mise en contact d’un échantillon biologique comprenant une cellule tumorale en circulation et des cellules
non spécifiques avec la composition de l’une quelconque des revendications 1 à 10,
(b) la liaison de la cellule tumorale en circulation à l’anticorps et des cellules non spécifiques à la couche anti-
encrassement,
(c) le lavage de la couche anti-encrassement, et
(d) la libération de la cellule tumorale en circulation.
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12. Procédé de la revendication 11, dans lequel (c) comprend le lavage de la couche anti-encrassement avec un tampon
1 à faible débit à une contrainte de cisaillement de 2,5 dyne/cm2 à 10 dyne/cm2.

13. Procédé de la revendication 11 ou 12, dans lequel (d) comprend le déplacement d’une bulle d’air sur la couche anti-
encrassement.

14. Procédé de l’une quelconque des revendications 11 à 13, dans lequel (d) comprend la libération d’une partie de la
couche anti-encrassement du substrat solide, la partie libérée de la couche anti-encrassement étant couplée à la
cellule tumorale en circulation.
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