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METHODS OF PRODUCING PATIENT-SPECIFIC ANTI-CANCER

THERAPEUTICS AND METHODS OF TREATMENT THEREFOR
[001] This application is a non-provisional application claiming the benefit under 35 U.S.C.
119(e) of U.S. Provisional Application No. 62/279,341, filed on January 15,2016, U.S.
Provisional Application No. 62/411,690, filed on October 23, 2016; and of U.S. Provisional
Application No. 62/412,092, filed on October 24, 2016, each of which disclosures is herein

mcorporated by reference 1 its entirety.

FIELD

[002] Methods for 1solating B cells that produce cancer-specific antibodies are provided, as

well as methods of treatment using those antibodies and/or derivatives thereof.

BACKGROUND

[003] Immunotherapy 1s the burgeoning field of using a patient’s own immune system to
help fight cancer. A variety of immunotherapy strategies have been evaluated, including
stimulating the patient’s own immune system to attack cancer cells or admiistering immune
system components from an external source. For example, monoclonal antibodies designed
to attack cancer cells 7z vivo have been admmistered alone or 1n genetically engmneered
constructs. In addition, CAR-T (chimeric antigen receptor T cell) therapy has been
mvestigated. In this therapeutic approach, genetically engineered T cells express antibody-
containing fusion proteins on their surface, which target the T cells to the cancer in question
and allows for the T cells to kill the cancer cells. Because the CAR-T cells can become
permanently engrafted in the patient’s body, this approach seems particularly promising.
These approaches, however, still require further refinement.

[004] One of the key problems in monoclonal antibody therapy or CAR-T therapy i1s
identifying or designing an antibody that will provide the maximum benefit to the patient in
question, keeping in mind that the patient may have a very short window of time before the
treatment can begin or before treatment success 1s required to prevent significant morbidity

and mortality.
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[005] The present embodiments offer a solution to identifying antibodies that will provide
the maximum benefit to the patient in question, minimizing the amount of time required for

research mvestigation and allowing for treatment to begin as soon as possible.

SUMMARY

[006] In accordance with the description, a method of preparing an antibody therapeutic
comprises:
a) providing a dissociated cell sample from at least one solid tumor sample obtained
from a patient;
b) loading the dissociated cell sample mto a microfluidic device having at least one
1solation region;
¢) moving at least one B cell from the dissociated cell sample into at least one
1solation region 1 the microfluidic device, thereby obtaming at least one 1solated
B cell;
d) identifying at least one 1solated B cell that produces antibodies capable of binding
to a cancer cell-associated antigen.
[007] 'This method and others described herem provide the advantage of identifying B cells
that, in some embodimments, the patient’s own body has produced 1n order to target the type
of cancer that the patient 1s suffering from. By using a microfluidic device to 1solate these
antibodies, a plurality of B cells can be tested mn parallel m a relatively rapid assay format and
spectfic B cells of mnterest can be 1dentified, cultured, and sequenced (or used to produce a
hybridoma). This enables investigators to produce patient-specific anti-cancer antibodies,
which can be administered as monoclonal antibodies or fragments thereof, or genetically
engineered constructs such as fusion protems or CAR-T therapeutics, or used in methods of
detection, etc.
[008] Additional embodiments imnclude methods of treating a patient having cancer
comprising treating the patient with an antibody or fragment thereof produced by the
methods herem. Cancer 1n a patient may also be labeled or detected using antibodies or
fragments thereof conjugated to a detectable label. As compositions for treatments,

engineered I cells comprising the antibodies or fragments thereof displayed on their surface
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may be provided, as well as engineered antibody constructs that comprise at least the heavy
chain CDRs of the antibody 1dentified herein, at least the heavy and light chain CDRs, at
least the heavy chain variable region, or at least the heavy and light chain variable regions.
[009] Additional objects and advantages will be set forth m part mn the description which
follows, and in part will be obvious from the description, or may be learned by practice. The
objects and advantages will be realized and attaimned by means of the elements and
combmations particularly pomted out i the appended claims.

[0010] It 1s to be understood that both the foregoing general description and the followimng
detailed description are exemplary and explanatory only and are not restrictive of the claims.
[0011] The accompanying drawings, which are incorporated m and constitute a part of this
spectfication, illustrate one (several) embodmment(s) and together with the description, serve

to explain the principles described herein.

BRIEF DESCRIPTION OF THE DRAWINGS
[0012] Figure 1A 1llustrates an example of a microfluidic device and a system for use with
the microfluidic device, mcludmg associated control equipment accordmng to some
embodiments.
[0013] Figures 1B and 1C 1llustrate vertical and horizontal cross-sectional views, respectively,
of a microfluidic device accordmng to some embodiments.
[0014] Figures 2A and 2B 1llustrate vertical and horizontal cross-sectional views, respectively,
of a microfluidic device having 1solation pens according to some embodiments.
[0015] Figure 2C 1llustrates a detailed horizontal cross-sectional view of a sequestration
chamber according to some embodiments.
[0016] Figure 2D 1llustrates a partial horizontal cross-sectional view of a microfluidic device
having 1solation pens accordmng to some embodmments.
[0017] Figures 2E and 2F 1llustrate detailed horizontal cross-sectional views of sequestration
chambers according to some embodiments.
[0018] Figure 2G 1llustrates a microfluidic device having a flow region which contains a
plurality of flow channels, each flow channel fluidically connected to a plurality of

sequestration chambers, accordmg to an embodiment.
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[0019] Figure 2H 1llustrates a partial vertical cross-sectional view of a microfluidic device
which the inward facing surface of the base and the mward facing surface of the cover are
conditioned surfaces accordmg to some embodiments.

[0020] Figure 3A 1llustrates a specific example of a system nest, configured to operatively
couple with a microfluidic device, and associated control equipment according to some
embodiments.

[0021] Figure 3B 1llustrates an optical tramn of a system for controlling a microfluidic device
according to some embodiments.

[0022] Figure 4 illustrates steps m an exemplary workflow for identifymg a B cell lymphocyte
expressing an antibody that specifically binds to a cancer cell-associated antigen according to
some embodiments.

[0023] Figures 5A-5C depict a microfluidic device comprising a plurality of microfluidic
channels, each fluidically connected with a plurality of sequestration chambers. Fach
sequestration chamber contains a plurality of mouse spenocytes. Fig. 5A 1s a bright field
mmage of a portion of the microchannel device. Figs. 5B and 5C are fluorescence images
obtained using a Texas Red filter. In Fig. 5B, the image was obtained 5 minutes after the
start of the antigen spectficity assay described m Example 1. In Fig. 5C, the image was
obtamed 20 minutes after the start of the antigen specificity assay described m Example 1.
The white arrows in Fig. 5C point to sequestration chambers that generated a positive signal
mn the assay.

[0024] Figure 6 shows a Western blot of various fractions from Jurkat cells.

[0025] Figure 7 shows beads coated with Jurkat cell membrane fractions stamed with anti-
CD3, anti-CD45 or anti-Na/K-ATPase antibodies.

[0026] Figure 8 shows beads coated with HEK293 cells stained with the same antibodies as
m Fig. 7.

DETAILED DESCRIPTION OF THE EMBODIMENTS

I. DEFINITIONS
[0027] This specification describes exemplary embodiments and applications of the

mvention. The mvention, however, is not limited to these exemplary embodiments and
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applications or to the manner 1 which the exemplary embodiments and applications operate
or are described herein. Moreover, the figures may show simplified or partial views, and the

dimensions of elements m the figures may be exaggerated or otherwise not in proportion. In

addition, as the terms "on," "attached to," "connected to," "coupled to," or similar words are

used herein, one element (e.g., a material, a layer, a substrate, etc.) can be "on," "attached to,"
"connected to," or "coupled to" another element regardless of whether the one element 1s
directly on, attached to, connected to, or coupled to the other element or there are one or
more mtervening elements between the one element and the other element. Also, unless the
context dictates otherwise, directions (e.g., above, below, top, bottom, side, up, down, under,
over, uppet, lower, horizontal, vertical, "x," "y," "z," etc.), if provided, are relative and
provided solely by way of example and for ease of llustration and discussion and not by way
of limitation. In addition, where reference 1s made to a list of elements (e.g., elements a, b,
¢), such reference 1s intended to mclude any one of the listed elements by itself, any
combination of less than all of the listed elements, and/or a combination of all of the listed
elements. Section divisions in the specification are for ease of review only and do not limit
any combmation of elements discussed.

[0028] As used herein, "substantially" means sufficient to work for the intended purpose.
The term "substantially" thus allows for minor, insignificant variations from an absolute or
perfect state, dimension, measurement, result, or the like such as would be expected by a
person of ordinary skill in the field but that do not appreciably affect overall performance.
When used with respect to numerical values or parameters or characteristics that can be
expressed as numerical values, "substantially” means within ten percent.

[0029] The term "ones" means more than one.

[0030] As used herein, the term “plurality” can be 2, 3, 4,5, 6,7, 8, 9, 10, or more.

[0031] As used herein, the term "disposed” encompasses within its meaning "located.”
[0032] As used herein, a “microfluidic device” or “microfluidic apparatus” 1s a device that
mcludes one or more discrete microfluidic circuits configured to hold a fluid, each

microfluidic circuit comprised of fluidically interconnected circuit elements, mcludmg but

not limited to region(s), flow path(s), channel(s), chamber(s), and/or pen(s), and at least two
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ports configured to allow the fluid (and, optionally, micro-objects suspended 1m the fluid) to
flow into and/or out of the microfluidic device. Typically, a microfluidic circuit of a
microfluidic device will include at least one microfluidic channel and at least one chamber,
and will hold a volume of fluid of less than about 1 mL, e.g., less than about 750, 500, 250,
200, 150, 100, 75, 50, 25, 20, 15, 10,9, 8,7, 6, 5,4, 3, or 2 ul.. In certain embodiments, the
microfluidic circuit holds about 1-2, 1-3, 1-4, 1-5, 2-5, 2-8, 2-10, 2-12, 2-15, 2-20, 5-20, 5-30,
5-40, 5-50, 10-50, 10-75, 10-100, 20-100, 20-150, 20-200, 50-200, 50-250, or 50-300 pl..
[0033] As used herein, a “nanofluidic device” or “nanofluidic apparatus” 1s a type of
microfluidic device having a microfluidic circuit that contains at least one circuit element
configured to hold a volume of fluid of less than about 1 uL, e.g., less than about 750, 500,
250, 200, 150, 100, 75, 50, 25, 20, 15,10, 9, 8,7, 6, 5,4, 3,2, 1 nl. or less. A nanofluidic
device may comprise a plurality of circuit elements (e.g., atleast 2, 3, 4,5,6,7, 8,9, 10, 15,
20, 25, 50, 75, 100, 150, 200, 250, 300, 400, 500, 600, 700, 800, 900, 1000, 1500, 2000, 2500,
3000, 3500, 4000, 4500, 5000, 6000, 7000, 8000, 9000, 10,000, or more). In certain
embodiments, one or more (e.g., all) of the at least one circuit elements 1s configured to hold
a volume of fluid of about 100 pL to 1 nL, 100 pL to 2 nL, 100 pL to 5 nL, 250 pL to 2 nL,
250 pL to 5 nl., 250 pL to 10 nL, 500 pL to 5 nL, 500 pL to 10 nL, 500 pL to 15 nL, 750 pL
to 10 nL, 750 pL to 15 nL, 750 pL to 20 nL., 1 to 10 nL, 1 to 15 nL, 1 to 20 nL, 1 to 25 nL,,
or 1 to 50 nL.. In other embodiments, one or more (e.g., all) of the at least one circuit
elements 1s configured to hold a volume of fluid of about 20 nL to 200nL, 100 to 200 nL,
100 to 300 nl., 100 to 400 nl., 100 to 500 nl., 200 to 300 nl., 200 to 400 nl., 200 to 500 nl.,
200 to 600 nl., 200 to 700 nl., 250 to 400 nl., 250 to 500 nl., 250 to 600 nl., or 250 to

750 nl..

[0034] A “microfluidic channel” or “flow channel” as used herein refers to a flow region of
a microfluidic device having a length that 1s significantly longer than both the hortzontal and
vertical dimensions. For example, the flow channel can be at least 5 times the length of
either the horizontal or vertical dimension, e.g., at least 10 times the length, at least 25 times
the length, at least 100 times the length, at least 200 times the length, at least 500 times the

length, at least 1,000 times the length, at least 5,000 times the length, or longer. In some
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embodiments, the length of a flow channel 1s in the range of from about 50,000 microns to
about 500,000 microns, including any range therebetween. In some embodiments, the
horizontal dimension 1s i the range of from about 100 microns to about 1000 microns (e.g.,
about 150 to about 500 microns) and the vertical dimension 1s m the range of from about 25
microns to about 200 microns, e.g., from about 40 to about 150 microns. It 1s noted that a
flow channel may have a variety of different spatial configurations in a microfluidic device,
and thus 1s not restricted to a perfectly linear element. For example, a flow channel may
mclude one or more sections having any of the following configurations: curve, bend, spiral,
mcline, declme, fork (e.g., multiple different flow paths), and any combination thereof. In
addition, a flow channel may have different cross-sectional areas along its path, widening and
constricting to provide a destred fluid flow therem.

[0035] As used heremn, the term “obstruction” refers generally to a bump or similar type of
structure that 1s sufficiently large so as to partially (but not completely) impede movement of
target micro-objects between two different regions or circuit elements 1 a microfluidic
device. The two different regions/ circuit elements can be, for example, a microfluidic
sequestration chamber and a microfluidic channel, or a connection region and an 1solation
region of a microfluidic sequestration chamber.

[0036] As used heremn, the term “constriction” refers generally to a narrowimg of a width of a
circuit element (or an interface between two circuit elements) in a microfluidic device. The
constriction can be located, for example, at the mterface between a microfluidic
sequestration chamber and a microfluidic channel, or at the mterface between an 1solation
region and a connection region of a microfluidic sequestration chamber.

[0037] As used herein, the term “transparent” refers to a material which allows visible light
to pass through without substantially altering the light as 1s passes through.

[0038] As used heremn, the term “micro-object” refers generally to any microscopic object
that may be 1solated and collected in accordance with the present mmvention. Non-limiting
examples of micro-objects mclude: mnanimate micro-objects such as microparticles;
microbeads (e.g., polystyrene beads, Luminex™ beads, or the like); magnetic beads;

microrods; microwires; quantum dots, and the like; biological micro-objects such as cells
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(e.g., embryos, oocytes, ova, sperm cells, cells dissociated from a tissue, eukaryotic cells,
protist cells, animal cells, mammalian cells, human cells, immunological cells, hybridomas,
cultured cells, cells from a cell line, cancer cells, infected cells, transfected and/or
transformed cells, reporter cells, prokaryotic cells, and the like); biological organelles;
vesicles, or complexes; synthetic vesicles; liposomes (e.g., synthetic or derived from
membrane preparations); lipid nanorafts (as described 1 Ritchie et al. (2009) “Reconstitution
of Membrane Proteins i Phospholipid Bilayer Nanodiscs,” Methods Enzymol., 464:211-
231), and the like; or a combmation of manimate micro-objects and biological micro-objects
(e.g., microbeads attached to cells, liposome-coated micro-beads, liposome-coated magnetic
beads, or the like). Beads may further have other moieties/molecules covalently or non-
covalently attached, such as fluorescent labels, proteins, small molecule signaling moieties,
antigens, or chemical/biological species capable of use in an assay.

[0039] As used herein, the term "cell" refers to a biological cell, which can be a plant cell, an
animal cell (e.g., 2 mammalian cell), a bacterial cell, a fungal cell, or the like. A mammalian
cell can be, for example, from a human, a mouse, a rat, a horse, a goat, a sheep, a cow, a
primate, or the like.

[0040] A colony of biological cells is "clonal" if all of the living cells in the colony that are
capable of reproducing are daughter cells dertved from a single parent cell. The term "clonal
cells" refers to cells of the same clonal colony.

[0041] As used herein, “colony” of biological cells refers to 2 or more cells (e.g. 2-20, 4-40,
6-60, 8-80, 10-100, 20-200, 40-400, 60-600, 80-800, 100-1000, or greater than 1000 cells).
[0042] As used herein, the term “mamtaining (a) cell(s)” refers to providing an environment
comprising both fluidic and gaseous components and, optionally a surface, that provides the
conditions necessary to keep the cells viable and/or expanding.

[0043] A “component” of a fluidic medium 1s any chemical or biochemical molecule present
mn the medmum, including solvent molecules, 10ns, small molecules, antibiotics, nucleotides
and nucleosides, nucleic acids, amino acids, peptides, proteins, sugars, carbohydrates, lipids,

fatty acids, cholesterol, metabolites, or the like.
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[0044] As used herem in reference to a fluidic medum, “diffuse” and “diffusion” refer to
thermodynamic movement of a component of the fluidic medium down a concentration
gradient.

[0045] The phrase “flow of a medium” means bulk movement of a fluidic medium primarily
due to any mechanism other than diffusion. For example, flow of a medum can mvolve
movement of the fluidic medium from one point to another pomnt due to a pressure
differential between the points. Such flow can include a continuous, pulsed, periodic,
random, mtermittent, or reciprocating flow of the liquid, or any combination thereof. When
one fluidic medium flows mto another fluidic medum, turbulence and mixmg of the media
can result.

[0046] The phrase “substantially no flow” refers to a rate of flow of a fluidic medium that,
averaged over time, 1s less than the rate of diffusion of components of a material (e.g., an
analyte of interest) into or within the fluidic medium. The rate of diffusion of components
of such a material can depend on, for example, temperature, the size of the components, and
the strength of mteractions between the components and the fluidic medmum.

[0047] As used herein m reference to different regions within a microfluidic device, the
phrase “fluidically connected” means that, when the different regions are substantially filled
with fluid, such as fluidic media, the fluid m each of the regions 1s connected so as to form a
single body of fluid. This does not mean that the fluids (or fluidic media) in the different
regions are necessarily identical m composition. Rather, the fluids 1n different fluidically
connected regions of a microfluidic device can have different compositions (e.g., different
concentrations of solutes, such as protems, carbohydrates, 10ns, or other molecules) which
are in flux as solutes move down their respective concentration gradients and/or fluids flow
through the device.

[0048] As used herein, a “flow path” refers to one or more fluidically connected circuit
elements (e.g. channel(s), region(s), chamber(s) and the like) that define, and are subject to,
the trajectory of a flow of medrum. A flow path 1s thus an example of a swept region of a

microfluidic device. Other circuit elements (e.g., unswept regions) may be fluidically
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connected with the circuit elements that comprise the flow path without being subject to the
flow of medium 1n the flow path.

[0049] As used herein: pm means micrometer, um3 means cubic micrometer, pL. means
picoliter, nl. means nanoliter, and pL (or ul)) means microliter.

[0050] Section divisions 1n the specification are for ease of review only and do not limit any

combination of elements discussed.

II. METHOD OF PREPARING AN ANTIBODY THERAPEUTIC
[0051] An antibody therapeutic may be prepared using a method comprising the steps of:
a) providing a dissociated cell sample from at least one solid tumor sample obtamned
from a patient;
b) loading the dissociated cell sample mto a microfluidic device having a flow region
and at least one 1solation region fluidically connected to the flow region;
¢) moving at least one B cell from the dissociated cell sample into at least one
1solation region m the microfluidic device, thereby obtaming at least one 1solated
B cell; and
d) identifying at least one 1solated B cell that produces antibodies capable of binding

to a cancer cell-associated antigen.

[0052] This method of identifying antibodies may be practiced in a variety of different
modes, keeping 1n mind one potential goal of having a relationship between the B cells
producing the antibodies and the cancer cells that are posing the problem for the patient for
whom a therapeutic 1s desired. One particular method 400 1s outlined 1n Figure 4.

[0053] In certain mstances, the method further comprises determining paired heavy chain
and light chain variable domain antibody sequences from the identified B cell(s). For
example, the sequencing may be performed after at least one B cell producing an antibody
bmdmg to the cancer cells 1s exported from the microfluidic device. In other mstances, the
method comprises generating a hybridoma from at least one 1solated B cell. If the antibody
sequence 1s determmed, the method may also comprise generating an antibody therapeutic
comprising some or all of the paired heavy cham and light chan variable domam sequences
from the at least one identified B cell. For example, a method may comprise preparing an

11
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antibody or functional part thereof that comprises all six CDRs from the heavy and light

chain variable domain sequences from the at least one 1dentified B cell.

A. Preparation of the Dissociated Cell Sample
[0054] In certain mstances, the methods mclude the step of obtaining a sample from a solid
tumor. For example, as shown i step 410 of method 400 in Figure 4. The solid tumor
sample can be a tumor biopsy, such as a surgically resected biopsy or a fine needle aspirate
(FNA). In some mstances, the tumor has a terttary lymphoid structure, which may comprise
proliferating B cells and/or a B-cell follicle. The tumor may be breast cancer, genitourinary
cancer, a cancer of the nervous system, mtestinal cancer, lung cancer, melanoma, or another
type of cancer. In some embodiments, the breast cancer may be a medullary breast cancer.
In some embodiments, the genitourinary cancer may be a cancer originating in the urinary
tract, such as m the kidneys (e.g., renal cell carcinoma), ureters, bladder, or urethra. In some
embodiments, the genitourinary cancer may be a cancer of the male reproductive tract (e.g.,
testicular cancer, prostate cancer, or a cancer of the seminal vesicles, seminal ducts, or penis)
or of the female reproductive tract (e.g., ovarian cancer, uterine cancer, cervical cancer,
vaginal cancer, or a cancer of the fallopian tubes). In some embodments, the cancer of the
nervous system may be neuroblastoma. In some embodiments, the testinal cancer may be
colorectal cancer. In some embodiments, the lung cancer may be mesothelioma.
[0055] In some 1nstances, a single tumor sample 1s obtained. In other mstances, multiple
tumor samples are obtained. In one mstance, all tumor samples are from the same patient.
For example, one tumor sample may be used from the patient (such as a single biopsy) or
multiple tumor samples may be used from the same patient (such as multiple biopsies from
the same tumor or from different tumors n the patient).
[0056] In other mstances, tumor samples may be used from different patients. For example,
the B cells can be from a first patient and cancer cells (e.g., cancer cells used as a source of
cancer cell-associated antigen) are from a second patient. In some of these modes, the B
cells are from the patient who desires treatment. In some of these modes the cancer cells are
from a cancer cell line. If the samples are from different patients, some relationship between

the B cells producing the antibodies and the cancer cell-associated antigen may also be
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preserved. For example, 1f the cancer cell-associated antigen 1s not from the cancer cells of
the same patient, in some embodmments, they may be from the same type of cancer. In
certamn mstances, cancer cells used m the microfluidic device or otherwise used to provide
cancer-assoctated antigen exhibit one or more markers that are characteristic of the type of
tumor that the patient 1s suffering from. For example, the cancer cells can have one or more
such markers that are also present m the patient’s tumor sample.

[0057] In certain mstances, the methods mclude the step of processing the tumor sample to
produce a dissociated cell sample. For example, as shown 1 step 420 of method 400 m
Figure 4. The dissociated cell sample may comprise at least one single cell that is dissociated
from a tumor (e.g., tumor biopsy or FNA). In some mstances, all of the cells are 1n single
cell form. In other mstances, some of the cells are not in single cell form, but remam n
clumps of about 2, 3, 4,5, 6,7, 8,9, 10 cells or more, yet other cells are m single cell form.
A dissociated cell sample mcludes a cancer cell line grown 1n culture i dissociated form.
Thus, the cells may either be actively dissociated (by obtaining at least one solid tumor
sample and dissociating at least one single cell) or passively dissociated (by obtaming a
sample that has been previously dissociated or grown m dissociated form).

[0058] The dissociation may be conducted in a number of ways. For example, the tumor
sample may be dissociated using a collagenase plus DNase digestion. The tumor sample
may also be dissociated using a cell dissociator mstrument, such as the gentleMACS™
mstrument from Milteny1 Biotec.

[0059] In some instances, the method further comprises performing a selection on the
dissociated cell sample prior to loading, to 1solate a fraction that has a greater percentage
and/or concentration of B cells than the original dissociated sample. For example, as shown
m step 430 of method 400 m Figure 4. If desired, B cells may be selected from the
dissociated cell sample using at least one marker, such as those chosen from CD19, CID20,
IegM, IgD, CID38, CD27, CID138, PNA, and GL7. Alternatively, or in addition, a negative
selection may be performed to remove non-B cells (e.g., using at least one marker that 1s not
expressed on B cells). For example, the dissociated cell sample may be depleted of cancer

cells (e.g., using a cancer-cell specific marker) and/or T cells (e.g., using a T cell-specific
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marker, such as CD3, CD4, CD8, etc.). In still other mstances, the dissociated cell sample 1s
loaded mto the microfluidic device without being processed to enrich for B cells.

[0060] Regardless of whether the dissociated cell sample 1s processed to enrich for B cells,
the dissociated cell sample 1s loaded 1nto a microfluidic device. See, for example, step 440 of
method 400 m Figure 4. In some mstances, a single dissociated cell sample may be loaded
onto the microfluidic device. The single dissociated cell sample may comprise both B cells
and other types of cells (e.g., cancer cells). In other mstances, (1) separate fractions of a
single dissociated cell sample or (11) different dissociated cell samples (e.g., each fractionated
separately and/or in a different manner), may be loaded at different times. In some
mstances, a dissociated cell sample may be processed to produce a fraction that has a greater
percentage and/or concentration of cancer cells than the original sample. The cancer cell
fraction may be the fraction that remains after selection of B cells, or vice versa.

[0061] If desired, the cancer cells may be selected from the dissociated cell sample using at
least one marker characteristic of the cancer. In some mstances, the cells may be separated
using morphological differences. Cancer cells often display irregular cell size (e.g., larger cell
size, or smaller cell cell), bigger nuclei, contain more DNA, or contain nuclear structural
changes. In many cases, these differences can be discerned visually and/or by image
analysis, which may be automated. To facilitate or enhance such analysis, the dissociated cell
sample can be stained for nucleic acids (e.g., when stained with a nucleic acid-binding dye,
cancer cells often stam brighter than normal cells) or for markers assoctated with the nuclear
envelope, nucleoli, and/or nuclear matrix. Examples of such markers include lamins (e.g.,
A- or B-type lamins), nuclear membrane proteimns (e.g., nuclear lamma-assoctated proteins,
such as emerin), fibrillarin, nuclear pore protems (NUDPs, such as Nup153, Nup210, etc.),
histone proteins, and nuclear matrix protems (e.g., p84)), any of which can highlight
differences m nuclear structure.

[0062] Aside from morphological differences, a variety of markers are known i the art as
being useful for identifying certain types of cancer cells, including but not limited to:

[0063] For breast cancer, CD44, HLA-DR, K1-67 (or MK167), aldehyde dehydrogenase 1
(ALDH1), and ganglioside GD2 tend to be present and/or elevated in cancer cells, while
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estrogen receptor (ER), progesterone receptor (PR), human epidermal growth factor
receptor 2 (HER2), and CID24 tend to be absent or reduced in cancer calls; ER-/PR-/HER2-
/HLA-DR* can be used to identify medullary breast cancer; and CD44h:/CID24lo / ATLDH 1™
or CD44h /CID241e /G2 can be used to identify breast cancer stem cells.

[0064] For renal cancer, C-reactive protein, aquaporin-1 (AQP1), adipophilin (ADFP),
msulin-like growth factor IT mRNA bmdmg protem 3 (IGEF2BP3 or IMP3), B7-H1 (or PD-
L1), and Ki-67 (MK167) tend to be present and/or elevated in cancer cells.

[0065] For bladder cancer, nuclear mitotic apparatus protein (NMP22), bladder tumor
antigen (BT'A), and fibrin/fibrinogen degradation products tend to be present and/or
elevated in cancer cells, while adipocyte fatty acid binding protein (A-FABP), glutathione S-
transferase mu (GST-p), prostaglandin dehydrogenase (PGDH), and keratin 13 tend to be
absent or reduced relative to normal cells; at the genetic level, the p16 tumor suppressor
gene or the 9p21 locus may be deleted m cancer cells.

[0066] For urothelial cancer, complement factor H-related protemn (CFHrp) may exhibit
mcreased levels and/or secretion in cancer cells; at the nuclear level, telomerase reverse
transcriptase (I'ERT) tends to exhibit increased mRNA expression in cancer cells.

[0067] For endometrial cancer, cancer antigen 15-3 (CA15-3), cancer antigen 125 (CA125),
cancer antigen 19.9 (CA19.9), cancer antigen 72.4 (CA72.4), and carcnoembryonic antigen
(CEA) tend to be present and/or elevated in cancer cells.

[0068] For ovarian cancer, tumor-associated trypsin mhibitor (I'ATT), cancer antigen 125
(CA125), Claudmnb, human epidydmis protein 4 (HE4), carcinoembryonic antigen (CEA),
VCAM-1, and miR-181a tend to be present and/or elevated in cancer cells; TATT, CA125,
and Claudin 5 have been used 1n combmation to diagnose ovartan cancer, as have HE4 and
CA125, optionally in conjunction with CEA and VCAM-1; STAT1 can be used to
distinguish between ovartan cancers that are responstve to chemotherapy and those that are
not.

[0069] For cervical cancer, human papilloma virus (HPV) (e.g., types 16, 18, 31, 33, 35, 39,
45,51,52,56, 58,59, 68, 6,11, 42, 43, and 44), p16'Nk4, and msulin-like growth factor II
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mRNA binding protein 3 (IGE2BP3 or IMP3) tend to be present and/or elevated in cancer
cells.

[0070] For prostate cancer, prostate specific antigen (PSA), sarcosme (a metabolite), prostate

cancer gene 3 (PCA3), and TMPRSS2:ERG fusion product tend to be present and/or
elevated i cancer cells, while prostatic acid phosphatase, fibrinogen o cham precursor,

collagen a-1 (III), collagen a-1 (I), psortasis susceptibility 1 candidate gene 2 protein,
hepatocellular carcinoma associated protein TB6, histone H2BB, osteopontin, polymeric Ig
receptor, Na/K-transporting ATPase v, transmembrane secretory component, and
semenogelin 1 tend to be absent or reduced relative to normal cells.

[0071] For neuroblastoma, increased levels and/or secretion of vanillylmandelic acid (VMA),
homovanillic acid (HVA), and ferritin are associated with cancer cells, and neuron-specific
enolase (NSE), lactate dehydrogenase (LDH), and ganglioside GD2 tend to be present
and/or elevated in cancer cells; at the genomic level, deletions in parts of chromosomes 1p
and 11q and duplication of a part of 17q are assoctated with cancer cells.

[0072] For colorectal cancer, carcinoembryonic antigen (CEA), cancer antigen 19-9 (CA19-
9), colon-cancer-specific antigen 3 (CCSA-3), colon-cancer-specific antigen 4 (CCSA-4), and
B-Raf mutation V60OE tend to be present and/or elevated in cancer cells; at the genetic
level, colorectal cancer cells exhibit microsatellite instability and various K-Ras mutations.
[0073] For small cell lung carcinoma, ganglioside GD2 tends to be present and/or elevated
mn cancer cells; for non-small cell lung carcinoma, B-Raf mutation V60OE tends to be present
in cancer cells; for mesothelioma, calretinin, cytokeratin 5/6, and W'l tend to be present
and/or elevated in cancer cells, while carcinoembryonic antigen (CEA), epithelial cell
adhesion molecule (Ep-CAM)(e.g., as detected by the MOC-31 or Ber-EP4 antibodies),
Lewis Y blood group (e.g., as detected by the BG-8 antibody), and the tumor associated
glycoprotein detected by the B72.3 antibody tend to be absent or reduced; and, conversely,
for pulmonary adenocarcinoma, CEA, Ep-CAM (e.g., as detected by the MOC-31 or Ber-
EP4 antibodies), Lewis Y blood group (e.g., as detected by the BG-8 antibody), and the

tumor associated glycoprotein detected by the B72.3 antibody tend to be present and/or
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elevated in cancer cells, while calretinin, cytokeratin 5/6, and WI'1 tend to be absent or
reduced.

[0074] For melanoma, the human endogenous retrovirus (HERV-K), ganglioside GD2, B-
Raf mutation V60OE, Hsp90, regulator of G-protem signaling 1 (RGS1), Osteopontin,
human epidermal growth factor receptor 3 (HER3), nuclear receptor coactivator 3
(NCOA3), and mmichromosome maintenance complex components 4 and 6 (MCM4 and
MCMG, respectively) tend to be present and/or elevated in cancer cells, while inhibitor or
growth protems 3 and 4 (ING3 and INGH4, respectively) tend to be absent or reduced
relattve to normal cells.

[0075] In some mstances, the cancer cells may be selected from the dissociated cell sample
using at least two markers characteristic of the cancer. For example, the two or more
markers can mclude a morphological marker, at least one positive marker (e.g., a marker
which is present and/or elevated in the cancer cells), and/or at least one negative marker
(e.g., a marker which 1s absent or reduced relative to normal cells), or any combimation
thereof. In certamn modes, the B cells (e.g., memory B cells, plasma B cells, or the like, and
combinations thereof) and/or cancer cells may be selected from the dissociated cell sample
by FACS. Alternatively, or i addition, the B cells (e.g., memory B cells, plasma B cells, or
the like, and combinations thereof) and/or cancer cells may also be selected from the
dissociated sample by using magnetic bead-based sorting. The selection can enrich the
sample for B cells that express CD27 (or some other memory B cell marker) or for B cells
that express CID138 (or some other plasma cell marker). The selection can be positive (e.g.,
based on a B cell-specific or a cancer cell-specific marker). Alternatively, the selection can be
negative. For example, non-B cell cell types can be depleted from the dissociated cell sample
using techniques that are well known m the art, such as treating the sample with the
DYNABEADS™ Untouched Human B Cells reagent (Thermo Fisher), the B Cell Isolation
Kit (Miltenyi), the RosetteSep Human B Cell Enrichment Cocktam (Stem Cell
Technologies), or the like. As another example, the selection can deplete the sample of B

cells expressing IgM antibodies, IgA antibodies, IgD antibodies, IgG antibodies, or any
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combination thereof. Alternatively, or in addition, the B cells and/or cancer cells may be

selected using a microfluidic device, as discussed further below.

B. Loading and Moving B Cells Into and Within the Microfluidic Device
[0076] The dissociated cell sample (optionally fractionated as discussed above) can be loaded
mto the microfluidic device by flowing the cells of the sample through an mlet m the device
and mto the flow region. For example, step 440 of method 400 shown 1n Figure 4 provides
for loading the dissociated cell sample mto the microfluidic device. In some embodiments,
the flow region mcludes a flow channel (or microfluidic channel), and loading the dissociated
cell sample mcludes flowing the cells mto the flow channel.
[0077] Once the dissociated cell sample 1s loaded nto the flow region (or flow channel) of
the microfluidic device, B cells 1n the sample can be moved mto 1solation regions of the
microfluidic device. For example, as llustrated in step 450 of method 400 (Figure 4), B cells
can be moved from the flow region (or flow channel) mto one or more 1solation regions,
which may be located within 1solation chambers that are fluidically connected with and open
off of the flow region (or flow channel). The B cell can be, for example, a CD27* B cell or a
CD138* B cell. In some embodiments, the B cell 1s a memory B cell. In other
embodiments, the B cell is a plasma cell. The movement of the B cells may be accomplished
by a variety of means, as discussed generally herein, including using gravity (such as by
tipping the microfluidic device), inducing localized fluid flow (such as by depressing or
pulling a deformable surface of the microfluidic device located adjacent or proximal to the
1solation region), applying dielectrophoretic (IDEP) force (such as by optoelectronic tweezers
(OET)), or any combination thereof.
[0078] In some mstances, prior to loading the dissociated cell sample, the method further
comprises labeling B cells 1n the dissociated cell sample with at least one detectable marker.
The marker may be a B cell-specific marker, such as any one of the B cell markers disclosed
herein (e.g., CD19, CD20, IgM, IgD, CD38, CD27, CD138, PNA, GL7, and the like). The
marker may aid 1n selecting B cells for movement based on the detection of the detectable
marker, such as in the embodiment where the B cell 1s moved by applying DEP force.

Alternatively, the detectable marker can bind to a non-B cell marker, such as a T cell marker
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or a cancer cell-associated marker. In such instances, B cells can be selected for movement
based on their lack of the detectable marker.

[0079] The B cells loaded into the isolation region(s) of the microfluidic device can include a
mixture of differ B cell types, such as memory B cells, plasma cells, and the like. In some
embodiments, it may be desirable to select plasma cells for movement mto the 1solation
regions. In some embodiments, 1t may be desirable to select B cell that express an IgG-type
antibody for movement into the 1solation regions.

[0080] In some mstances, only one B cell 1s moved into each 1solation region, whether all of
the 1solation regions are loaded or not. In other instances, the B cells can be mitially pooled
mnto one or more isolation regions, and later separated mto mdividual isolation regions (1.e.,
one B cell per isolation region). The latter embodiments allow for greater throughput when
screening the B cells for production of antibodies that bind to the cancer cells. Placement of
only one B cell m each 1solation region allows for clonal expansion of the B cell, which can
facilitate the identification of paired heavy cham and light chamn variable domam sequences.
[0081] In certain embodiments, the B cells are loaded into the microfluidic device and
moved mto the 1solation regions before the cancer cell-associated antigen 1s loaded nto the
microfluidic device. In other embodiments, the B cells are loaded into the microfluidic
device and moved mto the 1solation regions after the cancer cell-assoctated antigen have
been loaded mto the microfluidic device and moved into the 1solation regions. In still other
embodiments, the B cells and the cancer cell-associated antigen are loaded nto the
microfluidic device at the same time (e.g., as part of a dissoctated cell sample that includes
both B cells and cancer cells). In some embodiments, once the B cells are loaded nto the
1solation regions they remain there until after at least one B cell produces antibodies capable

of binding to the cancer cell-associated antigen has been identified.

C. Contacting B cells that Produce Antibodies with Cancer Cell-Associated
Antigens
[0082] The disclosed methods include the step of detecting whether a B cell 1s expressing an

antibody that specifically binds to a cancer cell-assoctated antigen. See, for example, step
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470 of method 400 in Figure 4. To detect such expression, the expressed antibody must be
allowed to interact with the cancer cell-associated antigen.

[0083] The cancer cell-associated antigen can be simple or complex; the antigen can be an
epitope on a protemn, a carbohydrate group or cham, a biological or chemical agent other
than a protemn or carbohydrate, or any combination thereof; the epitope may be lmear or
conformational. The cancer cell-associated antigen can be an antigen that uniquely 1dentifies
cancer cells (e.g., one or more particular types of cancer cells) or 1s upregulated on cancer
cells as compared to its expression on normal cells. Typically, the cancer cell-associated
antigen 1s present on the surface of the cancer cell, thus ensuring that it can be recognized by
an antibody. The antigen can be associated with any type of cancer cell, including any type
of cancer cell that can be found in a tumor known m the art or described herem. In
particular, the antigen can be associated with lung cancer, breast cancer, melanoma, and the
like. As used herein, the term “associated with a cancer cells,” when used 1 reference to an
antigen, means that the antigen 1s produced directly by the cancer cell or results from an
mteraction between the cancer cell and normal cells.

[0084] Detecting whether a B cell expressed antibody spectfically binds to a cancer cell-
assoctated antigen can be performed in a microfluidic device described herem. In particular,
the microfluidic device can include an enclosure having a flow region (e.g., 2 microfluidic
channel) and a sequestration chamber. The sequestration chamber can include an isolation
region and a connection region, the connection region providing a fluidic connection
between the isolation region and the flow region. The sequestration chamber can have a
volume of about 0.5 nL to about 5.0 nl, or any range therem (e.g., about 0.5 nl to about 1.0
nl, about 0.5 nl to about 1.5 nl, about 0.5 nl to about 2.0 nl, about 1.0 nl to about 1.5 nl,
about 1.0 nl to about 2.0 nl, about 1.0 nl to about 2.5 nl, about 1.5 nl to about 2.0 nl, about
1.5 nl to about 2.5 nl, about 1.5 nl to about 3.0 nl, about 2.0 nl to about 2.5 nl, about 2.0 nl
to about 3.0 nl, about 2.0 nl to about 3.5 nl, about 2.5 nl to about 3.0 nl, about 2.5 nl to
about 3.5 nl, about 2.5 nl to about 4.0 nl, about 3.0 nl to about 3.5 nl, about 3.0 nl to about
4.0 nl, about 3.0 nl to about 4.5 nl, about 3.5 nl to about 4.0 nl, about 3.5 nl to about 4.5 nl,

about 3.5 nl to about 5.0 nl, about 4.0 nl to about 4.5 nl, about 4.0 nl to about 5.0 nl, about
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4.5 nl to about 5.0 nl, or any range defined by one of the foregoing endpoints). The
connection region can have a width Weon as generally described heremn (e.g., about 20
microns to about 100 microns, or about 30 microns to about 60 microns). The isolation
region can likewise have a width Wi, that 1s generally as described herem (e.g., the 1solation
region can have a width Wi, that is greater than the width W, of the connection region).
In certain embodments, the 1solation region has a width Wi, that 1s about 50 microns to
about 250 microns.

[0085] The flow region, the sequestration chamber, and/or the isolation region of the
sequestration chamber can mclude at least one surface coated with a coating material that
promotes the viability of the antibody-expressing B cell (e.g., a memory B cell or a plasma
cell). As used 1n this context, “promote the viability” means that the viability of the B cell 1s
better on the coated surface as compared to an equivalent surface that 1s non-coated. In
certain embodiments, the flow region, the sequestration chamber, and/or the isolation
region has a plurality of surfaces each coated with a coating material that promotes the
viability of the B cell. The coating material can be any suitable coating material known in the
art and/or described herein. The coating material can, for example, comprise hydrophilic
molecules. The hydrophilic molecules can be selected from the group of polymers
comprising polyethylene glycol (PEG), polymers comprising carbohydrate groups, polymers
comprising amino acids, and combmations thereof.

[0086] The flow region, the sequestration chamber, and or the 1solation region of the
sequestration chamber can include at least one conditioned surface that promotes the
viability of the B cell (e.g., a memory B cell or a plasma cell). As used in this context,
“promote the viability” means that the viability of the B cell 1s better on the conditioned
surface as compared to an equivalent surface that 1s not conditioned. In certain
embodiments, the flow region, the sequestration chamber, and/or the isolation region has a
plurality of conditioned surfaces each of which 1s capable of promoting the viability of the B
cell. The conditioned surface(s) can comprise covalently linked molecules. The covalently
linked molecules can be any suitable molecules known in the art and/or disclosed herein,

including, for example, covalently linked hydrophilic molecules. The hydrophilic molecules
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can be selected from the group of polymers comprising polyethylene glycol (PEG), polymers
comprising carbohydrate groups, polymers comprising amino acids, and combinations
thereof. 'The hydrophilic molecules can form a layer of covalently linked hydrophilic
molecules, as described herem.

[0087] Detecting a B cell expressing an antibody that specifically binds to a cancer cell-
assoctated antigen can include mtroducing the cancer cell-associated antigen nto the
microfluidic device such that the antigen becomes located proximal to the B cell(s).
Introducing the cancer cell-associated antigen mto the microfluidic device can mclude, for
example, flowing a fluidic medium that contaimns the cancer cell-assoctated antigen mto the
flow region of the microfluidic device and stopping the flow of the fluidic medium when the
cancer cell-associated antigen 1s located proximal to the B cell(s). A location “proximal” to
the B cell can be within 1 millimeter (mm) of the B cell (e.g., within 750 microns, withm 600
microns, within 500 microns, within 400 microns, within 300 microns, within 200 microns,
within 100 microns, or within 50 microns of the B cell).

[0088] The cancer cell-assoicated antigen can be provided as part of a micro-object, which
may be any suitable micro-object known in the art and/or described herein (e.g., a cell, a
liposome, a lipid nanoraft, or a bead). Thus, mtroducing the cancer cell-assoicated antigen
mto the microfluidic device can mclude positioning such a micro-object adjacent to or within
the connection region of the sequestration chamber m which the B cell 1s located.
Alternatively, introducing the cancer cell-assoctated antigen can mclude moving such a
micro-object mto the isolation region of the sequestration chamber 1 which the B call 1s
located.

[0089] The micro-object can comprise antigen that has been fractionated from cancer cells,
such as membrane-associated antigens found 1n a cancer cell membrane preparation. Such
1solated membrane-associated antigens may be conjugated to beads to produce the micro-
objects used m the disclosed methods. Alternatively, the micro-object can comprise a
substantially pure antigen (e.g., a purified protem). Methods of conjugating antigenic
molecules, such as purified proteins, cell membrane preparations, and the like, to beads are

known in the art and/or are described in the Examples herein. Likewise, methods of
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isolating antigens from cancer cells are known m the art (see, e.g., Bachleitner-Hoffmann et
al. (2002), J. Clm. Endocrm. & Metab. 87(3): 1098-1104; and He et al. (2016), Oncology
Letters 12:1101-06). Thus, the isolation of cancer cell-associated antigens could be
performed by a variety of methods known 1n the art. In other embodiments, the micro-
object can be a cell, such as a cancer cell (e.g., 1solated from the patient’s sample) or a cell of
a cancer cell lme.

[0090] As indicated above, the micro-objects (e.g., cancer cells or antigen-conjugated beads)
can be loaded mto the microfluidic device (for the purpose of detecting antibody binding) by
flowing the micro-objects through an mlet in the device and mto the flow region. In some
embodiments, the flow region includes a flow channel, and loading the micro-objects
mcludes flowing the micro-objects mto the flow channel.

[0091] In some embodiments, the micro-objects are loaded mto the flow region (or flow
channel) of the microfluidic device and remain in the flow region (or flow channel) until
exported from the microfluidic device. In some embodiments, the micro-objects do not
enter the 1solation regions. In some embodiments, the micro-objects dip into the
connection regions of 1solatton chambers in addition to residimg n the flow region (or flow
channel). In any of these embodments, the micro-objects (e.g., cancer cells or antigen-
conjugated beads) can be loaded into the flow region (or flow channel) at a concentration of
at least about 1 x 107, 2.5 x 107, 5 x 107, 7.5 x 107, or 1 x 108 micro-objects/ml.

[0092] In some embodiments, the micro-objects are moved mto at least one 1solation region
mn the microfluidic device. As with the B cells, movement of the micro-objects (e.g., cancer
cells or antigen-conjugated beads) can be accomplished by a variety of means, mcluding
using gravity (such as by tipping the microfluidic device), inducing localized fluid flow (such
as by depressmg or pulling a deformable surface of the microfluidic device located adjacent
or proximal to the 1solation region), applying dielectrophoretic (DEP) force (such as by
optoelectronic tweezers (OET)), or any combination thereof. In such embodiments, one or
more (e.g., only 1, about 2, 3, 4,5, 6,7, 8,9, 10, or more, or from about 1 to 20, 1 to 10, 1 to
5,1 to 3, 1 to 2) micro-objects can be moved mto individual 1solation regions 1n the

microfluidic device, thereby obtaining at least one 1solation region having an isolated micro-
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object or a group of 1solated micro-objects. The isolated micro-object(s) and the B cell(s)
may be placed in the same 1solation region(s). Alternatively, the 1solated micro-object(s) and
the B cell(s) may be placed n different 1solation regions (such as 1 adjacent 1solation
regions).

[0093] Irrespective of the destred location for the micro-objects i the microfluidic device,
micro-objects that are cancer cells may be labeled with one or more detectable markers prior
to loading the cancer cells mto the microfluidic device. If the desired mode mcludes moving
at least one cancer cell mto at least one 1solation region, the detectable marker(s) may be
used to select at least one cancer cell for movement. Alternatively, or in addition,
morphological assessments of the cell size, cell shape, nuclear size, or nuclear structure may
be used to select at least one cancer cell for movement. Cancer cells may also be chosen by
the absence of a cellular marker, optionally in combmation with morphological assessments.
[0094] In certain embodiments, the cancer cells originate from a dissociated cell sample
obtamed from one or more solid tumor samples taken from the patient, and thus are the
patient’s own cancer cells. As discussed above, the cancer cells can be selected (or
fractionated) from the dissociated cell sample and/or the cancer cells can be loaded mto the
microfluidic device as part of the same dissoctated cell sample that contains the B cells. In
certain embodiments, the cancer cells are cultured and/or cloned prior to assaying the B
cells for production of antibodies capable of binding to the cancer cells. Such culturing
and/or cloning can be performed within the microfluidic device or prior to loading the
cancer cells into the microfluidic device (e.g., using conventional techniques for selecting,
culturing, and/or cloning cancer cells from a tumor sample). Regardless, the cancer cells can
be selected, cultured, and/or cloned to a concentration of at least about 1 x 107, 2.5 x 107, 5
x 107,7.5x 107, or 1 x 108 cells/ml.

[0095] As 1s well known 1n the art, a population of cancer cells derived from a tumor can be
relatively heterogeneous with respect to the morphological and genetic characteristics of
individual cells that make up the population. For example, the population may contam
cancer stem cells (which may divide slowly) and more differentiated cancer cells (which may

divide more rapidly and may contain differing subset of pro-cancer mutations). Marker-
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based selection and/or cloning of cancer cells can be used to provide more homogeneous
populations of cells. Accordingly, m certain embodmments, in some embodiments, a plurality
of heterogeneous cancer cells may be loaded onto the microfluidic device. Alternatively,
mdividual cancer cells may be selected and cloned before loading onto the microfluidic
device. Thus, in other embodiments, a substantially homogeneous population of cancer cells
can be loaded mto the microfluidic device and used to identify B cells that produce
antibodies capable of binding to the cancer cells. The substantially homogeneous population
can be a cancer cell line dertved from the patient providing the at least one tumor or from a
different patient.

[0096] In still other embodiments, providing the cancer cell-associate antigen can mvolve
flowing a solution comprising soluble antigen through the flow region of the microfluidic
device and allowing the soluble antigen to diffuse mto the sequestration chamber 1n which
the B cell 1s located. Such soluble antigen can be covalently bound to a detectable label (e.g.,

a fluorescent label).

D.  Detection of Binding and Processing of B Cells
[0097] Bindmng of antibodies produced by the B cells to the cancer cell-associated antigen
may be detected m a variety of ways. For example, when cancer cells are introduced into the
microfluidic device, cell clumping may be detected, such as may occur 1 an agglutiation
assay. Alternatively, a secondary antibody, such as an anti-human antibody conjugated to a
label (e.g., a fluorescent label), may be added m order to label micro-objects (e.g., cancer cells
or antigen-conjugated beads) that have antibody bound to them. Thus, in some
embodmments, the methods further comprise providing a labeled antibody-binding agent
prior to or concurrently with the cancer cell-associated antigen. In such embodiments,
monitormng of binding of the antigen antibody expressed by a B cell can mnvolve detecting
mdirect bindmg of the labeled antibody-binding agent to the cancer cell-associated antigen.
The labeled antibody-binding agent can be a labeled anti-IgG antibody, which may be
fluorescently labeled. In certamn embodmments, the labeled antitbody-binding agent 1s
provided 1n a mixture with the cancer cell-assoicated antigen. In other embodiments, the

labeled antibody-binding agent 1s provided after providing the cancer cell-associated antigen.
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[0098] In certain embodiments, the methods can further comprise identifying at least one
antibody expressing B cell (e.g., plasma cell or memory B cell) as expressing an antibody that
spectfically binds to the cancer cell-associated antigen. As discussed m more detail below,
the microfluidic device may comprise an imaging device that allows for visualization of the
signal (e.g., cancer cell clumping or accumulation of label at the surface of the micro-
objects). For example, the imaging device can periodically image the microfluidic device and
any increases m such signal over time can be detected. The images can be obtain, for
example, every few seconds (e.g., every 5, 10, 15, 20, 25, 30, 35, 40, 45, 50, 55, 60 seconds, or
more) or every few minutes (e.g., every 2,3,4,5, 6,7, 8,9, 10 minutes, or more). In some
embodiments, a plurality of images can be overlaid on top of one another, thereby creating a
“summed” 1mage which has the general effect of averaging out background signal and
creating better contrast between real signal and background signal. The detection of signal
can be manual, such as occurs when a person reviews the mmages, or automated (e.g., using
appropriate image analysis software).

[0099] Once binding has been detected between cancer cell-assoctated antigen and the
antibodies produced by the B cells, B cells producing such antibodies can be 1dentified and
their positions (e.g., the 1solation regions or 1solation chambers 1n which they are located)
can be noted and/or recorded. See, for example, step 480 in method 400 of Figure 4.
Optionally, the flow region (or flow channel) may be flushed once antibody binding to
cancer cells has been detected. Such flushing may occur before or after the identification of
B cells producmg antibodies that bind to the cancer cell-assoicated antigen (e.g., cancer cells
or antigen-conjugated beads). As another optional step, the B cells that did not produce
antibodies capable of binding the cancer cell-assoicated antigen may be discarded from the
microfluidic device.

[00100] In certain embodments, B cells identified as producmg antibodies that bind to
the cancer cell-associated antigen can be exported from the microfluidic device. For
example, 1n order to 1solate B cells for either sequencing (e.g., of antibody heavy and light

chain variable regions) or preparation of a hybridoma, the B cells producing antibodies that
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bind to the cancer cells may be exported from the microfluidic device. In some mstances,

each cell or population of cloned cells 1s exported mdividually.

E. Stimulation of B Cell Activation
[00101] In any of the foregoing embodmments, B cells that have been moved mto
1solation regions in the microfluidic device can be incubated under conditions conducive to
the production of antibodies. In some mstances, those antibodies can diffuse through
medmum m the microfluidic device to the location of the cancer cell-assoctated antigen
(whether comprised by a cancer cell or antigen-conjugated bead, or 1n solution; and whether
m the same 1solation region, the main flow channel, or in an adjacent 1solation region). In
the instance of adjacent 1solation regions, in some microfluidic devices there exist small gaps
m a thin wall between two adjacent 1solation regions, allowing the antibodies to diffuse
directly from one 1solation region mto another and without necessarily needing to enter the
main flow channel to diffuse mnto an adjacent 1solation region. Such small gaps allow for
diffusion of antibodies but do not allow for either the cancer cells or the B cells to leave the
1solation regions.
[00102] In some mstances, the detection of B cells that express an antibody that
spectfically binds to a cancer cell-associated antigen can include the step of contacting a B
cell with a stimulating agent that stimulates B cell activation. See, for example, step 460 in
method 400 of Figure 4. The stimulating agent can be a CD40 agonist, such as CD40L, a
derivative thereof, or an anti-CD40 antibody. Thus, the stimulating agent can comprise,
consist essentially of, or consist of CD40L+ feeder cells. The CD40L+ feeder cells can be T
cells (e.g., Jurkat D1.1 cells), or a dertvative thereof. Alternatively, the feeder cells can be a
cell line (e.g., NIH-3T3 cells) transfected/transformed with a CD40L-expressing construct.
The stimulating agent further comprises a toll-like receptor (I'LR) agonist (e.g., a TLRY
agonist). The TLR agonist can be, for example, a CpG oligonucleotide (e.g., CpG20006).
The CpG oligonucleotide can be used at a concentration of about 1 microgram/mlL to about
20 micrograms/mlL (e.g., about 1.5 to about 15 micrograms/mlL, about 2.0 to about 10

micrograms,/ml., or about 2.5 to about 5.0 micrograms/ml.). The B cell can be contacted
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(e.g., substantially continuously, or periodically/intermittently) with the stimulating agent for
a period of one to ten days (e.g., two to eight days, three to seven days, or four to six days).
[00103] Detecting a B cell expressing an antibody that specifically binds to a cancer
cell-assoctated antigen can further mclude the step of providing the B cell with culture
medium comprises one or more growth-inducing agents that promote B cell expansion. The
one or more growth-inducing agents can mclude at least one agent selected from the group
of I1.-2, 11.-4, I1.-6, 11.-10, I1.-21, and BAFF. The IL.-2 and/or I1.-4 can be provided at a
concentration of about 10 ng/ml. to about 1 microgram/ml.. The 11.-6, I1.-10, and/or IL-
21 can be provided at a concentration of about 10 ng/ml. to about 100 ng/ml.. The BAFF
can be provided at a concentration of about 10 ng/ml. to about 50 ng/ml.. In certain
embodiments, the culture medium is provided to the B cell for a period of one to ten days
(e.g., two to eight days, three to seven days, or four to six days). The culture medium can
comprise the stimulating agent (e.g., CD40 agonist and/or TLR agonist). Thus, for example,
providing the culture medum to the B cell can be performed at the same time as contacting
the B cell with the activating agent. In certain embodiments, the steps of contacting the B
cell lymphocyte with a stimulating agent and providing culture medmum to the B cell
lymphocyte are preformed at overlapping times (e.g., over a substantially coextensive period
of time). Additionally, as another optional step, the B cells may be cultured mto clonal
populations 1 the microfluidic device. Such culturing may occur, for example, for about 2

to 3 days and/or to a cell count of about 8 to 20 cells.
II1I. MICROFLUIDIC DEVICES

A. Microfluidic Device Terms
[00104] In some embodiments, a microfluidic device can comprise “swept” regions
and “unswept” regions. An unswept region can be fluidically connected to a swept region,
provided the fluidic connections are structured to enable diffusion but substantially no flow
of media between the swept region and the unswept region. The microfluidic device can
thus be structured to substantially 1solate an unswept region from a flow of medium 1n a
swept region, while enabling substantially only diffusive fluidic communication between the

swept region and the unswept region.

28



WO 2017/123978 PCT/US2017/013483

[00105] The capability of biological micro-objects (e.g., biological cells) to produce
spectfic biological materials (e.g., proteins, such as antibodies) can be assayed 1n such a
microfluidic device. For example, sample material comprising biological micro-objects (such
as a B cell) to be assayed for production of an analyte of interest (such as an antibody) can be
loaded mto a swept region of the microfluidic device. Ones of the biological micro-objects
can be selected for particular characteristics and disposed m unswept regions. The remaining
sample matertal can then be flowed out of the swept region and an assay material flowed
mto the swept region. Because the selected biological micro-objects are in unswept regions,
the selected biological micro-objects are not substantially affected by the flowing out of the
remaining sample material or the flowing in of the assay material. The selected biological
micro-objects can be allowed to produce the analyte of mterest, which can diffuse from the
unswept regions mto the swept region, where the analyte of mterest can react with the assay
matertal to produce localized detectable reactions, each of which can be correlated to a
particular unswept region. Any unswept region associated with a detected reaction can be
analyzed to determine which, if any, of the biological micro-objects m the unswept region

are sufficient producers of the analyte of mterest.

B. System Including a Microfluidic Device
[00106] Figure 1A 1llustrates an example of a microfluidic device 100 and a system 150
which can be used for isolating and screening tumor-derived B cells 1n vitro. A perspective
view of the microfluidic device 100 1s shown having a partial cut-away of its cover 110 to
provide a partial view into the microfluidic device 100. The microfluidic device 100
generally comprises a microfluidic circuit 120 comprising a flow path 106 through which a
fluidic medum 180 can flow, optionally carrying one or more micro-objects (not shown)
into and/or through the microfluidic circuit 120. Although a single microfluidic circuit 120
1s lustrated mn Figure 1A, surtable microfluidic devices can include a plurality (e.g., 2 or 3) of
such microfluidic circuits. Regardless, the microfluidic device 100 can be configured to be a
nanofluidic device. As illustrated m Figure 1A, the microfluidic circuit 120 may mclude a
plurality of microfluidic sequestration chambers 124, 126, 128, and 130, where each

sequestration chamber has one or more openings i fluidic communication with flow path
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106. In some embodiments of the device of Figure 1A, the sequestration chambers have
only a single opening in fluidic communication with the flow path 106. As discussed further
below, the microfluidic sequestration chambers comprise various features and structures that
have been optimized for retaming micro-objects 1 the microfluidic device, such as
microfluidic device 100, even when a medum 180 1s flowing through the flow path 106.
Before turning to the foregomg, however, a brief description of microfluidic device 100 and
system 150 1s provided.

[00107] As generally 1llustrated in Figure 1A, the microfluidic circuit 120 1s defmed by
an enclosure 102. Although the enclosure 102 can be physically structured 1 different
configurations, in the example shown m Figure 1A the enclosure 102 1s depicted as
comprising a support structure 104 (e.g., a base), a microfluidic circuit structure 108, and a
cover 110. The support structure 104, microfluidic circuit structure 108, and cover 110 can
be attached to each other. For example, the microfluidic circuit structure 108 can be
disposed on an mner surface 109 of the support structure 104, and the cover 110 can be
disposed over the microfluidic circuit structure 108. Together with the support structure
104 and cover 110, the microfluidic circuit structure 108 can define the elements of the
microfluidic circuit 120.

[00108] The support structure 104 can be at the bottom and the cover 110 at the top
of the microfluidic circuit 120 as illustrated m Figure 1A. Alternatively, the support structure
104 and the cover 110 can be configured in other orientations. For example, the support
structure 104 can be at the top and the cover 110 at the bottom of the microfluidic circuit
120. Regardless, there can be one or more ports 107 each comprising a passage mnto or out
of the enclosure 102. Examples of a passage mclude a valve, a gate, a pass-through hole, or
the like. As llustrated, port 107 1s a pass-through hole created by a gap m the microfluidic
circutt structure 108. However, the port 107 can be situated m other components of the
enclosure 102, such as the cover 110. Only one port 107 1s illustrated i Figure 1A but the
microfluidic circuit 120 can have two or more ports 107. For example, there can be a first
port 107 that functions as an mlet for fluid entering the microfluidic circuit 120, and there

can be a second port 107 that functions as an outlet for fluid exiting the microfluidic circuit
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120. Whether a port 107 function as an inlet or an outlet can depend upon the direction that
fluid flows through flow path 106.

[00109] The support structure 104 can comprise one or more electrodes (not shown)
and a substrate or a plurality of interconnected substrates. For example, the support
structure 104 can comprise one or more semiconductor substrates, each of which 1s
electrically connected to an electrode (e.g., all or a subset of the semiconductor substrates
can be electrically connected to a smgle electrode). The support structure 104 can further
comprise a printed circuit board assembly (“PCBA”). For example, the semiconductor
substrate(s) can be mounted on a PCBA.

[00110] The microfluidic circuit structure 108 can define circuit elements of the
microfluidic circuit 120. Such circuit elements can comprise spaces or regions that can be
fluidly interconnected when microfluidic circuit 120 1s filled with fluid, such as flow regions
(which may mclude or be one or more flow channels), chambers, pens, traps, and the like.
In the microfluidic circuit 120 llustrated in Figure 1A, the microfluidic circuit structure 108
comprises a frame 114 and a microfluidic circuit material 116. The frame 114 can partially
or completely enclose the microfluidic circuit material 116. The frame 114 can be, for
example, a relatively rigid structure substantially surroundimng the microfluidic circuit material
116. For example, the frame 114 can comprise a metal material.

[00111] The microfluidic circuit material 116 can be patterned with cavities or the like
to define circuit elements and mnterconnections of the microfluidic circuit 120. The
microfluidic circuit material 116 can comprise a flexible material, such as a flexible polymer
(e.g. rubber, plastic, elastomer, silicone, polydimethylsiloxane (“PDMS”), or the like), which
can be gas permeable. Other examples of matertals that can compose microfluidic circuit
matertal 116 include molded glass, an etchable material such as silicone (e.g. photo-
patternable silicone or “PPS”), photo-resist (e.g., SUS8), or the like. In some embodiments,
such materials—and thus the microfluidic circuit material 116—can be rigid and/or
substantially impermeable to gas. Regardless, microfluidic circuit material 116 can be

disposed on the support structure 104 and inside the frame 114.
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[00112] The cover 110 can be an integral part of the frame 114 and/or the
microfluidic circuit material 116. Alternatively, the cover 110 can be a structurally distinct
element, as illustrated in Figure 1A. The cover 110 can comprise the same or different
materials than the frame 114 and/or the microfluidic circuit material 116. Similarly, the
support structure 104 can be a separate structure from the frame 114 or microfluidic circuit
matertal 116 as llustrated, or an integral part of the frame 114 or microfluidic circuit material
116. Likewise, the frame 114 and microfluidic circuit material 116 can be separate structures
as shown 1n Figure 1A or mntegral portions of the same structure.

[00113] In some embodiments, the cover 110 can comprise a rigid material. The rigid
material may be glass or a material with similar properties. In some embodiments, the cover
110 can comprise a deformable material. The deformable material can be a polymer, such as
PDMS. In some embodiments, the cover 110 can comprise both rigid and deformable
materials. For example, one or more portions of cover 110 (e.g., one or more portions
posttioned over sequestration chambers 124, 126, 128, 130) can comprise a deformable
matertal that mterfaces with rigid materials of the cover 110. In some embodiments, the
cover 110 can further include one or more electrodes. The one or more electrodes can
comprise a conductive oxide, such as indium-tin-oxide (ITO), which may be coated on glass
or a similarly msulating material. Alternatively, the one or more electrodes can be flexible
electrodes, such as single-walled nanotubes, multi-walled nanotubes, nanowires, clusters of
electrically conductive nanoparticles, or combimations thereof, embedded m a deformable
matertal, such as a polymer (e.g., PDMS). Flexible electrodes that can be used 1n
microfluidic devices have been described, for example, in U.S. 2012/0325665 (Chiou et al.),
the contents of which are mcorporated herein by reference. In some embodiments, the
cover 110 can be modified (e.g., by conditioning all or part of a surface that faces mward
toward the microfluidic circuit 120) to support cell adhesion, viability and/or growth. The
modification may mclude a coating of a synthetic or natural polymer. In some
embodiments, the cover 110 and/or the support structure 104 can be transparent to light.
The cover 110 may also include at least one material that is gas permeable (e.g., PDMS or
PPS).
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[00114] Figure 1A also shows a system 150 for operating and controlling microfluidic
devices, such as microfluidic device 100. System 150 includes an electrical powet soutce
192, an imaging device 194 (incorporated within imaging module 164,), and a tilting device
190 (part of tilting module 166, whete device 190 is not illustrated in Figure 1A).

[00115] The electrical power source 192 can provide electtic power to the microfluidic
device 100 and/or tilting device 190, providing biasing voltages ot currents as needed. The
electrical power source 192 can, for example, comptise one or more alternating current (AC)
and/or direct current (DC) voltage or cutrent sources. The imaging device (part of imaging
module 164, discussed below) can comprise a device, such as a digital camera, for capturing
images inside microfluidic circuit 120. In some instances, the imaging device 194 further
comptises a detector having a fast frame rate and/or high sensitivity (e.g. for low light
applications). The imaging device can also include a mechanism for directing stimulating
radiation and/or light beams into the microfluidic circuit 120 and collecting radiation and/or
light beams reflected or emitted from the microfluidic circuit 120 (or micro-objects
contained thetein). The emitted light beams may be in the visible spectrum and may, e.g.,
include fluorescent emissions. The reflected light beams may include reflected emissions
originating from an LED or a wide spectrum lamp, such as a mercury lamp (e.g. a high
pressure mercury lamp) or a Xenon arc lamp. As discussed with respect to Figure 3B, the
imaging device may further include a microscope (or an optical train), which may or may not
include an eyepiece.

[00116] System 150 further comprises a tilting device 190 (part of tilting module 166,
discussed below) configured to rotate a microfluidic device 100 about one or more axes of
rotation. In some embodiments, the tilting device 190 is configured to support and/or hold
the enclosure 102 comprising the microfluidic circuit 120 about at least one axis such that
the microfluidic device 100 (and thus the microfluidic circuit 120) can be held in a level
otientation (i.e. at 0° relative to x- and y-axes), a vertical orientation (i.e. at 90° relative to the
x-axis and/or the y-axis), or any orientation therebetween. The orientation of the

microfluidic device 100 (and the microfluidic circuit 120) relative to an axis is referred to
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herem as the “tdt” of the microfluidic device 100 (and the microfluidic circuit 120). For
example, the tilting device 190 can tilt the microfluidic device 100 at 0.1°, 0.2°, 0.3°, 0.4°,
0.5°,0.6°,0.7°,0.8°,0.9°, 1°,2°,3°,4°,5°,10°, 15°, 20°, 25°, 30°, 35°, 40°, 45°, 50°, 55°,
60°, 65°,70°,75°, 80°, 90° relative to the x-axis or any degree therebetween. The level
orientation (and thus the x- and y-axes) 1s defined as normal to a vertical axis defined by the
force of gravity. The tilting device can also tilt the microfluidic device 100 (and the
microfluidic circuit 120) to any degree greater than 90° relative to the x-axis and/or y-axis, or
tilt the microfluidic device 100 (and the microfluidic circuit 120) 180° relative to the x-axis or
the y-ax1s 1 order to fully invert the microfluidic device 100 (and the microfluidic circuit
120). Similarly, n some embodiments, the tilting device 190 tilts the microfluidic device 100
(and the microfluidic circuit 120) about an axis of rotation defined by flow path 106 or some
other portion of microfluidic circust 120.

[00117] In some instances, the microfluidic device 100 1s tilted mto a vertical
orientation such that the flow path 106 1s positioned above or below one or more
sequestration chambers. The term “above” as used herem denotes that the flow path 106 is
posttioned higher than the one or more sequestration chambers on a vertical axis defmed by
the force of gravity (1.e. an object in a sequestration chamber above a flow path 106 would
have a higher gravitational potential energy than an object in the flow path). The term
“below” as used herem denotes that the flow path 106 1s positioned lower than the one or
more sequestration chambers on a vertical axis defined by the force of gravity (1.e. an object
n a sequestration chamber below a flow path 106 would have a lower gravitational potential
energy than an object 1 the flow path).

[00118] In some mstances, the tilting device 190 tilts the microfluidic device 100 about
an axis that 1s parallel to the flow path 106. Moreover, the microfluidic device 100 can be
tilted to an angle of less than 90° such that the flow path 106 is located above or below one
or more sequestratton chambers without being located directly above or below the
sequestration chambers. In other mstances, the tilting device 190 tilts the microfluidic

device 100 about an axis perpendicular to the flow path 106. In still other nstances, the
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tilting device 190 tits the microfluidic device 100 about an axis that 1s neither parallel nor
perpendicular to the flow path 106.

[00119] System 150 can further include a media source 178. The media source 178
(e.g., a container, reservoir, or the like) can comprise multiple sections or contamers, each
for holding a different fluidic medium 180. Thus, the media source 178 can be a device that
1s outside of and separate from the microfluidic device 100, as illustrated m Figure 1A.
Alternatively, the media source 178 can be located m whole or m part mside the enclosure
102 of the microfluidic device 100. For example, the media source 178 can comprise
reservoirs that are part of the microfluidic device 100.

[00120] Figure 1A also tllustrates simplified block diagram depictions of examples of
control and monitoring equipment 152 that constitute part of system 150 and can be utilized
mn conjunction with a microfluidic device 100. As shown, examples of such control and
monitorg equipment 152 mclude a master controller 154 comprising a media module 160
for controlling the media source 178, a motive module 162 for controlling movement
and/or selection of micro-objects (not shown) and/or medium (e.g., droplets of medium) in
the microfluidic circuit 120, an imaging module 164 for controlling an imaging device (e.g., a
camera, microscope, light source or any combination thereof) for capturing images (e.g.,
digital images), and a tilting module 166 for controlling a tilting device 190. The control
equipment 152 can also include other modules 168 for controlling, monitoring, or
performing other functions with respect to the microfluidic device 100. As shown, the
equipment 152 can further include a display device 170 and an input/output device 172.
[00121] The master controller 154 can comprise a control module 156 and a digital
memory 158. The control module 156 can comprise, for example, a digital processor
configured to operate in accordance with machine executable instructions (e.g., software,
firmware, source code, or the like) stored as non-transitory data or signals 1 the memory
158. Alternatively, or in addition, the control module 156 can comprise hardwired digital
circuitry and/or analog circuitry. The media module 160, motive module 162, imaging
module 164, tilting module 166, and/or other modules 168 can be similatly configured.

Thus, functions, processes acts, actions, or steps of a process discussed herein as being
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performed with respect to the microfluidic device 100 or any other microfluidic apparatus
can be performed by any one or more of the master controller 154, media module 160,
motive module 162, imaging module 164, tilting module 166, and/or other modules 168
configured as discussed above. Similarly, the master controller 154, media module 160,
motive module 162, imaging module 164, tilting module 166, and/or other modules 168 may
be communicatively coupled to transmit and recetve data used m any function, process, act,
action or step discussed herein.

[00122] The media module 160 controls the media source 178. For example, the
media module 160 can control the media source 178 to mput a selected fluidic medium 180
mnto the enclosure 102 (e.g., through an mlet port 107). The media module 160 can also
control removal of media from the enclosure 102 (e.g., through an outlet port (not shown)).
One or more media can thus be selectively mnput into and removed from the microfluidic
circuit 120. The media module 160 can also control the flow of fluidic medium 180 in the
flow path 106 mside the microfludic circuit 120. For example, in some embodmments media
module 160 stops the flow of media 180 m the flow path 106 and through the enclosure 102
prior to the tilting module 166 causing the tilting device 190 to tidt the microfluidic device
100 to a destred angle of mcline.

[00123] The motive module 162 can be configured to control selection, trapping, and
movement of micro-objects (not shown) in the microfluidic circuit 120. As discussed below
with respect to Figures 1B and 1C, the enclosure 102 can comprise a dielectrophoresis
(DEP), optoelectronic tweezers (OET) and/or opto-electrowetting (OEW) configuration
(not shown 1 Figure 1A), and the motive module 162 can control the activation of
electrodes and/or transistors (e.g., phototransistors) to select and move micro-objects (not
shown) and/or droplets of medium (not shown) in the flow path 106 and/or sequestration
chambers 124, 126, 128, 130.

[00124] The imaging module 164 can control the imaging device. For example, the
mmaging module 164 can recetve and process image data from the imagmng device. Image
data from the 1maging device can comprise any type of mformation captured by the mmaging

device (e.g., the presence or absence of micro-objects, droplets of medium, accumulation of
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label, such as fluorescent label, etc.). Using the information captured by the imaging device,
the 1maging module 164 can further calculate the position of objects (e.g., micro-objects,
droplets of medium) and/or the rate of motion of such objects within the microfluidic
device 100.

[00125] The tilting module 166 can control the tilting motions of tilting device 190.
Alternatively, or m addition, the tilting module 166 can control the tilting rate and timing to
optimize transfer of micro-objects to the one or more sequestration chambers via
gravitational forces. The tilting module 166 is communicatively coupled with the imaging
module 164 to receive data describing the motion of micro-objects and/or droplets of
medmum m the microfluidic circuit 120. Usmg this data, the tilting module 166 may adjust
the tilt of the microfluidic circuit 120 m order to adjust the rate at which micro-objects
and/or droplets of medium move in the microfluidic circuit 120. The tilting module 166
may also use this data to iteratively adjust the position of a micro-object and/or droplet of
medmum m the microfluidic circuit 120.

[00126] In the example shown 1n Figure 1A, the microfluidic circuit 120 1s illustrated
as comprising a microfluidic channel 122 and sequestration chambers 124, 126, 128, 130.
Each pen comprises an opening to channel 122, but otherwise 1s enclosed such that the pens
can substantially isolate micro-objects inside the pen from fluidic medium 180 and/or
micro-objects in the flow path 106 of channel 122 or in other pens. The walls of the
sequestration chamber extend from the mner surface 109 of the base to the mside surface of
the cover 110 to provide enclosure. The opening of the pen to the microfluidic channel 122
1s ortented at an angle to the flow 106 of fluidic medmum 180 such that flow 106 1s not
directed mto the pens. The flow may be tangential or orthogonal to the plane of the
opening of the pen. In some instances, pens 124, 126, 128, 130 are configured to physically
corral one or more micro-objects within the microfluidic circuit 120. Sequestration
chambers m accordance with the present disclosure can comprise various shapes, surfaces
and features that are optimized for use with DEP, OET, OEW, fluid flow, and/or

gravitational forces, as will be discussed and shown 1n detail below.
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[00127] The microfluidic circuit 120 may comprise any number of microfluidic
sequestration chambers. Although five sequestration chambers are shown, microfluidic
circutt 120 may have fewer or more sequestration chambers. As used herein, the terms
“sequestration chamber” and “sequestration pen” are used mterchangeably. As shown,
microfluidic sequestration chambers 124, 126, 128, and 130 of microfluidic circuit 120 each
comprise differing features and shapes which may provide one or more benefits useful
detecting cell-specific antibody secretions, such as 1solating one B cell from an adjacent B
cell. In some embodiments, the microfluidic circuit 120 comprises a plurality of identical
microfluidic sequestration chambers.

[00128] In some embodiments, the microfluidic circuit 120 comprises a plurality of
microfluidic sequestration chambers, wherein two or more of the sequestration chambers
comprise differing structures and/or features which provide differing benefits in maintaining
different types of cells. One non-limiting example may mclude maintaining B cells 1 one
type of pen while maintaming cancer cells 1 a different type of pen.

[00129] In the embodiment illustrated in Figure 1A, a smngle channel 122 and flow
path 106 1s shown. However, other embodiments may contain multiple channels 122, each
configured to comprise a flow path 106. The microfluidic circuit 120 further comprises an
mlet valve or port 107 1n fluid communication with the flow path 106 and fluidic medium
180, whereby fluidic medium 180 can access channel 122 via the mlet port 107. In some
mstances, the flow path 106 comprises a sigle path. In some nstances, the single path 1s
arranged 1 a zigzag pattern whereby the flow path 106 travels across the microfluidic device
100 two or more times 1n alternating directions.

[00130] In some mstances, microfluidic circuit 120 comprises a plurality of parallel
channels 122 and flow paths 106, wherem the fluidic medum 180 withmn each flow path 106
flows m the same direction. In some mstances, the fluidic medmum within each flow path
106 flows m at least one of a forward or reverse direction. In some mstances, a plurality of
sequestration chambers 1s configured (e.g., relative to a channel 122) such that the

sequestration chambers can be loaded with target micro-objects m parallel.
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[00131] In some embodiments, microfluidic circuit 120 further comprises one or more
micro-object traps 132. The traps 132 are generally formed in a wall forming the boundary
of a channel 122, and may be positioned opposite an opening of one or more of the
microfluidic sequestration chambers 124, 126, 128, 130. In some embodiments, the traps
132 are configured to recetve or capture a smgle micro-object from the flow path 106. In
some embodiments, the traps 132 are configured to recetve or capture a plurality of micro-
objects from the flow path 106. In some instances, the traps 132 comprise a volume
approximmately equal to the volume of a single target micro-object.

[00132] The traps 132 may further comprise an opening which 1s configured to assist
the flow of targeted micro-objects mto the traps 132. In some mnstances, the traps 132
comprise an opening having a height and width that 1s approximately equal to the
dimensions of a single target micro-object, whereby larger micro-objects are prevented from
entering mto the micro-object trap. The traps 132 may further comprise other features
configured to assist m retention of targeted micro-objects within the trap 132. In some
mstances, the trap 132 1s aligned with and situated on the opposite side of a channel 122
relative to the opening of a microfluidic sequestration chamber, such that upon tilting the
microfluidic device 100 about an axis parallel to the microfluidic channel 122, the trapped
micro-object exits the trap 132 at a trajectory that causes the micro-object to fall mto the
opening of the sequestration chamber. In some mstances, the trap 132 comprises a side
passage 134 that 1s smaller than the target micro-object m order to facilitate flow through the
trap 132 and thereby increase the likelthood of capturing a micro-object mn the trap 132.
[00133] In some embodiments, dielectrophoretic (DEP) forces are applied across the
fluidic medium 180 (e.g., in the flow path and/or in the sequestration chambers) via one or
more electrodes (not shown) to manipulate, transport, separate and sort micro-objects
located therem. For example, m some embodiments, DEP forces are applied to one or
more portions of microfluidic circuit 120 in order to transfer a single micro-object from the
flow path 106 mnto a desired microfluidic sequestration chamber. In some embodiments,
DEP forces are used to prevent a micro-object within a sequestration chamber (e.g.,

sequestration pen 124, 126, 128, or 130) from bemg displaced therefrom. Further, in some
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embodiments, DEP forces are used to selectively remove a micro-object from a
sequestration chamber that was previously collected m accordance with the embodiments of
the current disclosure. In some embodiments, the DEP forces comprise optoelectronic
tweezer (OET) forces.

[00134] In other embodiments, optoelectrowetting (OEW) forces are applied to one
or more positions in the support structure 104 (and/or the cover 110) of the microfluidic
device 100 (e.g., positions helping to define the flow path and/or the sequestration
chambers) via one or more electrodes (not shown) to manipulate, transport, separate and
sort droplets located in the microfluidic circuit 120. For example, n some embodiments,
OEW forces are applied to one or more positions in the support structure 104 (and/or the
cover 110) m order to transfer a single droplet from the flow path 106 mto a desired
microfluidic sequestration chamber. In some embodiments, OEW forces are used to
prevent a droplet within a sequestration chamber (e.g., sequestration chamber 124, 126, 128,
or 130) from being displaced therefrom. Further, in some embodmments, OEW forces are
used to selectively remove a droplet from a sequestration chamber that was previously
collected 1n accordance with the embodmments of the current disclosure.

[00135] In some embodiments, DEP and/or OEW forces are combined with other
forces, such as flow and/or gravitational force, so as to manipulate, transport, separate and
sort micro-objects and/or droplets within the microfluidic circuit 120. For example, the
enclosure 102 can be tilted (e.g., by tilting device 190) to position the flow path 106 and
micro-objects located therem above the microfluidic sequestration chamber, and the force of
gravity can transport the micro-objects and/or droplets into the chambers. In some
embodiments, the DEP and/or OEW forces can be applied prior to the other forces. In
other embodiments, the DEP and/or OEW forces can be applied after the other forces. In
still other instances, the DEP and/or OEW forces can be applied at the same time as the
other forces or 1n an alternating manner with the other forces.

[00136] Figures 1B, 1C, and 2A-2H 1llustrates various embodiments of microfluidic
devices that can be used 1 the practice of the embodiments of the present disclosure.

Figure 1B depicts an embodiment 1 which the microfluidic device 200 is configured as an
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optically-actuated electrokmetic device. A vartety of optically-actuated electrokinetic devices
are known m the art, including devices having an optoelectronic tweezer (OET)
configuration and devices having an opto-electrowetting (OEW) configuration. Examples
of suitable OET configurations are illustrated in the following U.S. patent documents, each
of which 1s mcorporated herein by reference in its entirety: U.S. Patent No. RE 44,711 (Wu
et al.) (origmally 1ssued as U.S. Patent No. 7,612,355); and U.S. Patent No. 7,956,339 (Ohta
etal). Examples of OEW configurations are illustrated m U.S. Patent No. 6,958,132 (Chiou
etal.) and U.S. Patent Application Publication No. 2012/0024708 (Chiou et al.), both of
which are mcorporated by reference herein in their entirety. Yet another example of an
optically-actuated electrokinetic device includes a combined OET/OEW configuration,
examples of which are shown m U.S. Patent Publication Nos. 20150306598 (Khandros et al.)
and 20150306599 (Khandros et al.) and their corresponding PCT Publications
W0O2015/164846 and WO2015/164847, all of which are incorporated herein by reference in
thetr entirety.

[00137] Examples of microfluidic devices having pens in which tumor-derived cells,
such as B cells, T cells, or cancer cells can be placed, cultured, and/or monitored have been
described, for example, in US 2014,/0116881 (application no. 14/060,117, filed October 22,
2013), US 2015/0151298 (application no. 14,/520,568, filed October 22, 2014), and US
2015/0165436 (application no. 14/521,447 filed October 22, 2014), each of which is
incorporated herein by reference in its entirety. US application nos. 14/520,568 and
14/521,447 also describe exemplary methods of analyzing secretions of cells cultured in a
microfluidic device. Fach of the foregoing applications further describes microfluidic
devices configured to produce dielectrophoretic (DEP) forces, such as optoelectronic
tweezers (OET) or configured to provide opto-electro wetting (OEW). For example, the
optoelectronic tweezers device llustrated in Figure 2 of US 2014/0116881 is an example of a
device that can be utilized in embodmments of the present disclosure to select and move an

mdividual biological micro-object or a group of biological micro-objects.
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C. Microfluidic device motive configurations.
[00138] As described above, the control and monitoring equipment of the system can
comprise a motive module for selecting and moving objects, such as micro-objects or
droplets, in the microfluidic circuit of a microfluidic device. The microfluidic device can
have a variety of motive configurations, dependmg upon the type of object being moved and
other considerations. For example, a dielectrophoresis (DEP) configuration can be utilized
to select and move micro-objects in the microfluidic circuit. Thus, the support structure 104
and/or cover 110 of the microfluidic device 100 can comprise a DEP configuration for
selectively mnducing DEP forces on micro-objects m a fluidic medum 180 m the microfluidic
circuit 120 and thereby select, capture, and/or move individual micro-objects or groups of
micro-objects. Alternatively, the support structure 104 and/or cover 110 of the microfluidic
device 100 can comprise an electrowetting (EW) configuration for selectively mducing EW
forces on droplets in a fluidic medium 180 in the microfluidic circuit 120 and thereby select,
capture, and/or move individual droplets or groups of droplets.
[00139] One example of a microfluidic device 200 comprismg a DEP configuration 1s
llustrated 1 Figures 1B and 1C. While for purposes of simplicity Figures 1B and 1C show a
side cross-sectional view and a top cross-sectional view, respectively, of a portion of an
enclosure 102 of the microfluidic device 200 having a region/chamber 202, it should be
understood that the region/chamber 202 may be part of a fluidic circuit element having a
more detailed structure, such as a growth chamber, a sequestration pen, a flow region, or a
flow channel. Furthermore, the microfluidic device 200 may mclude other fluidic circuit
elements. For example, the microfluidic device 200 can mclude a plurality of growth
chambers or sequestration pens and/or one or more flow regions or flow channels, such as
those described herein with respect to microfluidic device 100. A DEP configuration may
be incorporated mto any such fluidic circuit elements of the microfluidic device 200, or
select portions thereof. It should be further appreciated that any of the above or below
described microfluidic device components and system components may be incorporated mn
and/or used in combination with the microfluidic device 200. For example, system 150

mcludmg control and monitormg equipment 152, described above, may be used with
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microfluidic device 200, including one or more of the media module 160, motive module
162, imaging module 164, tilting module 166, and other modules 168.

[00140] As seen in Figure 1B, the microfluidic device 200 includes a support structure
104 having a bottom electrode 204 and an electrode activation substrate 206 overlying the
bottom electrode 204, and a cover 110 having a top electrode 210, with the top electrode
210 spaced apart from the bottom electrode 204. The top electrode 210 and the electrode
activation substrate 206 define opposing surfaces of the region/chamber 202. A medium
180 contained in the region/chamber 202 thus provides a resistive connection between the
top electrode 210 and the electrode activation substrate 206. A power source 212 configured
to be connected to the bottom electrode 204 and the top electrode 210 and create a biasing
voltage between the electrodes, as required for the generation of DEP fotces in the
region/chamber 202, is also shown. The power source 212 can be, for example, an
alternating cutrent (AC) power source.

[00141] In certain embodiments, the microfluidic device 200 illustrated in Figures 1B
and 1C can have an optically-actuated DEP configuration. Accordingly, changing patterns
of light 218 from the light source 216, which may be controlled by the motive module 162,
can selectively activate and deactivate changing patterns of DEP electrodes at regions 214 of
the inner surface 208 of the electrode activation substrate 206. (Hereinafter the regions 214
of a microfluidic device having a DEP configuration ate referred to as “DEP electrode
regions.”) As illustrated in Figure 1C, a light pattern directed onto the inner surface 208 of
the electrode activation substrate 206 can illuminate select DEP electrode regions 214a
(shown in white) in a pattern, such as a square light pattern 220. The non-illuminated DEP
electrode regions 214 (cross-hatched) are hereinafter referred to as “dark” DEP electrode
regions 214. The relative electrical impedance through the DEP electrode activation
substrate 206 (i.e., from the bottom electrode 204 up to the inner surface 208 of the
clectrode activation substrate 206 which interfaces with the medium 180 in the flow region
106) is greater than the relative electrical impedance through the medium 180 in the
region/chamber 202 (i.e., from the inner surface 208 of the electrode activation substrate
206 to the top electrode 210 of the cover 110) at each dark DEP electrode region 214. An

illuminated DEP electrode region
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214a, however, exhibits a reduced relative impedance through the electrode activation
substrate 206 that 1s less than the relative impedance through the medmum 180 1 the
region/chamber 202 at each illuminated DEP electrode region 214a.

[00142] With the power source 212 activated, the foregomg DEP configuration creates
an electric field gradient m the fluidic medium 180 between illuminated DEP electrode
regions 214a and adjacent dark DEP electrode regions 214, which m turn creates local DEP
forces that attract or repel nearby micro-objects (not shown) in the fluidic medmum 180.
DEP electrodes that attract or repel micro-objects m the fluidic medium 180 can thus be
selectively activated and deactivated at many different such DEP electrode regions 214 at the
inner surface 208 of the region/chamber 202 by changing light patterns 218 projected from
a light source 216 mto the microfluidic device 200. Whether the DEP forces attract or repel
nearby micro-objects can depend on such parameters as the frequency of the power source
212 and the dielectric properties of the medium 180 and/or micro-objects (not shown).
[00143] The square pattern 220 of illuminated DEP electrode regions 214a illustrated
m Figure 1C 1s an example only. Any pattern of the DEP electrode regions 214 can be
fllummated (and thereby activated) by the pattern of light 218 projected into the microfluidic
device 200, and the pattern of illuminated/activated DEP electrode regions 214 can be
repeatedly changed by changing or moving the light pattern 218.

[00144] In some embodiments, the electrode activation substrate 206 can comprise or
consist of a photoconductive material. In such embodmments, the mner surface 208 of the
electrode activation substrate 206 can be featureless. For example, the electrode activation
substrate 206 can comprise or consist of a layer of hydrogenated amorphous silicon (a-St:H).
The a-Si:H can comprise, for example, about 8% to 40% hydrogen (calculated as 100 * the
number of hydrogen atoms / the total number of hydrogen and silicon atoms). The layer of
a-St:H can have a thickness of about 500 nm to about 2.0 pm. In such embodiments, the
DEP electrode regions 214 can be created anywhere and 1n any pattern on the mner surface
208 of the electrode activation substrate 206, in accordance with the light pattern 218. The
number and pattern of the DEP electrode regions 214 thus need not be fixed, but can

correspond to the light pattern 218. Examples of microfluidic devices having a DEP
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configuration comprising a photoconductive layer such as discussed above have been
described, for example, m U.S. Patent No. RE 44,711 (Wu et al.) (origmally 1ssued as U.S.
Patent No. 7,612,355), the entire contents of which are mcorporated herein by reference.
[00145] In other embodiments, the electrode activation substrate 206 can comprise a
substrate comprising a plurality of doped layers, electrically msulating layers (or regions), and
electrically conductive layers that form semiconductor integrated circuits, such as 1s known
m semiconductor fields. For example, the electrode activation substrate 206 can comprise a
plurality of phototransistors, including, for example, lateral bipolar phototransistors, each
phototransistor corresponding to a DEP electrode region 214. Alternatively, the electrode
activation substrate 206 can comprise electrodes (e.g., conductive metal electrodes)
controlled by phototransistor switches, with each such electrode corresponding to a DEP
electrode region 214. The electrode activation substrate 206 can include a pattern of such
phototransistors or phototransistor-controlled electrodes. The pattern, for example, can be
an array of substantially square phototransistors or phototransistor-controlled electrodes
arranged 1 rows and columns, such as shown m Fig. 2B. Alternatively, the pattern can be
an array of substantially hexagonal phototransistors or phototransistor-controlled electrodes
that form a hexagonal lattice. Regardless of the pattern, electric circuit elements can form
electrical connections between the DEP electrode regions 214 at the mner surface 208 of the
electrode activation substrate 206 and the bottom electrode 210, and those electrical
connections (1.e., phototransistors or electrodes) can be selectively activated and deactivated
by the light pattern 218. When not activated, each electrical connection can have high
mpedance such that the relative impedance through the electrode activation substrate 206
(1e., from the bottom electrode 204 to the mner surface 208 of the electrode activation
substrate 206 which interfaces with the medium 180 in the region/chamber 202) is greater
than the relattive impedance through the medmum 180 (1.e., from the mnner surface 208 of the
electrode activation substrate 206 to the top electrode 210 of the cover 110) at the
correspondmg DEP electrode region 214. When activated by light 1 the light pattern 218,
however, the relative impedance through the electrode activation substrate 206 1s less than

the relative impedance through the medmum 180 at each lluminated DEP electrode region
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214, thereby activating the DEP electrode at the corresponding DEP electrode region 214 as
discussed above. DEP electrodes that attract or repel micro-objects (not shown) 1 the
medmum 180 can thus be selectively activated and deactivated at many different DEP
electrode regions 214 at the mner surface 208 of the electrode activation substrate 206 1n the
region/chamber 202 in a manner determined by the light pattern 218.

[00146] Examples of microfluidic devices having electrode activation substrates that
comprise phototransistors have been described, for example, mn U.S. Patent No. 7,956,339
(Ohta et al.) (see, e.g., device 300 illustrated m Figures 21 and 22, and descriptions thereof),
and U.S. Patent Publication No. 2016/0184821 (Hobbs et al.) (see, e.g., devices 200, 502,
504, 600, and 700 dllustrated throughout the drawings, and descriptions thereof), the entire
contents of each of which are incorporated herem by reference. Examples of microfluidic
devices having electrode activation substrates that comprise electrodes controlled by
phototransistor switches have been described, for example, m U.S. Patent Publication No.
2014/0124370 (Short et al.) (see, e.g., devices 200, 400, 500, 600, and 900 illustrated
throughout the drawings, and descriptions thereof), the entire contents of which are
mcorporated herem by reference.

[00147] In some embodiments of a DEP configured microfluidic device, the top
electrode 210 1s part of a first wall (or cover 110) of the enclosure 102, and the electrode
activation substrate 206 and bottom electrode 204 are part of a second wall (or support
structure 104) of the enclosure 102. The region/chamber 202 can be between the first wall
and the second wall. In other embodiments, the electrode 210 1s part of the second wall (or
support structure 104) and one or both of the electrode activation substrate 206 and/or the
electrode 210 are part of the first wall (or cover 110). Moreover, the light source 216 can
alternatively be used to lluminate the enclosure 102 from below.

[00148] With the microfluidic device 200 of Figures 1B-1C having a DEP
configuration, the motive module 162 can select a micro-object (not shown) m the medum
180 in the region/chamber 202 by projecting a light pattern 218 into the microfluidic device
200 to activate a first set of one or more DEP electrodes at DEP electrode regions 214a of

the mner surface 208 of the electrode activation substrate 206 1n a pattern (e.g., square
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pattern 220) that surrounds and captures the micro-object. The motive module 162 can then
move the m situ-generated captured micro-object by moving the light pattern 218 relative to
the microfluidic device 200 to activate a second set of one or more DEP electrodes at DEP
electrode regions 214. Alternatively, the microfluidic device 200 can be moved relative to
the light pattern 218.

[00149] In other embodiments, the microfluidic device 200 can have a DEP
configuration that does not rely upon light activation of DEP electrodes at the inner surface
208 of the electrode activation substrate 206. For example, the electrode activation substrate
206 can comprise selectively addressable and energizable electrodes positioned opposite to a
surface mcluding at least one electrode (e.g., cover 110). Switches (e.g., transistor switches in
a semiconductor substrate) may be selectively opened and closed to activate or mactivate
DEP electrodes at DEP electrode regions 214, thereby creating a net DEP force on a micro-
object (not shown) in region/chamber 202 in the vicinity of the activated DEP electrodes.
Depending on such characteristics as the frequency of the power source 212 and the
dielectric properties of the medium (not shown) and/or micro-objects in the
region/chamber 202, the DEP force can attract or repel a nearby micro-object. By
selectively activating and deactivating a set of DEP electrodes (e.g., at a set of DEP
electrodes regions 214 that forms a square pattern 220), one or more micro-objects in
region/chamber 202 can be trapped and moved within the region/chamber 202. The
motive module 162 mn Figure 1A can control such switches and thus activate and deactivate
mdividual ones of the DEP electrodes to select, trap, and move particular micro-objects (not
shown) around the region/chamber 202. Microfluidic devices having a DEP configuration
that mcludes selectively addressable and energizable electrodes are known 1n the art and have
been described, for example, in U.S. Patent Nos. 6,294,063 (Becker et al.) and 6,942,776
(Medoro), the entire contents of which are mcorporated herein by reference.

[00150] As yet another example, the microfluidic device 200 can have an
electrowetting (EW) configuration, which can be 1n place of the DEP configuration or can
be located m a portion of the microfluidic device 200 that 1s separate from the portion which

has the DEP configuration. The EW configuration can be an opto-electrowetting
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configuration or an electrowetting on dielectric (EWOD) configuration, both of which are
known m the art. In some EW configurations, the support structure 104 has an electrode
activation substrate 206 sandwiched between a dielectric layer (not shown) and the bottom
electrode 204. The dielectric layer can comprise a hydrophobic material and/or can be
coated with a hydrophobic material, as described below. For microfluidic devices 200 that
have an EW configuration, the mner surface 208 of the support structure 104 1s the mner
surface of the dielectric layer or its hydrophobic coating.

[00151] The dielectric layer (not shown) can comprise one or more oxide layers, and
can have a thickness of about 50 nm to about 250 nm (e.g., about 125 nm to about 175 nm).
In certain embodmments, the dielectric layer may comprise a layer of oxide, such as a metal
oxide (e.g., aluminum oxide or hathium oxide). In certain embodiments, the dielectric layer
can comprise a dielectric material other than a metal oxide, such as silicon oxide or a nitride.
Regardless of the exact composition and thickness, the dielectric layer can have an
mpedance of about 10 kOhms to about 50 kOhm:s.

[00152] In some embodiments, the surface of the dielectric layer that faces mmward
toward region/chamber 202 is coated with a hydrophobic material. The hydrophobic
material can comprise, for example, fluormated carbon molecules. Examples of fluormated
carbon molecules mclude perfluoro-polymers such as polytetrafluoroethylene (e.g.,
TEFLON®) or poly(2,3-difluoromethylenyl-perfluorotetrahydrofuran) (e.g., CYTOP™).
Molecules that make up the hydrophobic material can be covalently bonded to the surface of
the dielectric layer. For example, molecules of the hydrophobic matertal can be covalently
bound to the surface of the dielectric layer by means of a linker such as a siloxane group, a
phosphonic acid group, or a thiol group. Thus, in some embodiments, the hydrophobic
material can comprise alkyl-termiated siloxane, alkyl-termination phosphonic acid, or alkyl-
terminated thiol. The alkyl group can be long-chain hydrocarbons (e.g., having a chain of at
least 10 carbons, or at least 16, 18, 20, 22, or more carbons). Alternatively, fluorinated (or
perfluorinated) carbon chains can be used in place of the alkyl groups. Thus, for example,
the hydrophobic material can comprise fluoroalkyl-termmated siloxane, fluoroalkyl-

termimated phosphonic acid, or fluoroalkyl-terminated thiol. In some embodiments, the
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hydrophobic coating has a thickness of about 10 nm to about 50 nm. In other
embodiments, the hydrophobic coating has a thickness of less than 10 nm (e.g., less than 5
nm, or about 1.5 to 3.0 nm).

[00153] In some embodments, the cover 110 of a microfluidic device 200 having an
electrowetting configuration is coated with a hydrophobic material (not shown) as well. The
hydrophobic material can be the same hydrophobic material used to coat the dielectric layer
of the support structure 104, and the hydrophobic coating can have a thickness that 1s
substantially the same as the thickness of the hydrophobic coating on the dielectric layer of
the support structure 104. Moreover, the cover 110 can comprise an electrode activation
substrate 206 sandwiched between a dielectric layer and the top electrode 210, m the manner
of the support structure 104. The electrode activation substrate 206 and the dielectric layer
of the cover 110 can have the same composition and/or dimensions as the electrode
activation substrate 206 and the dielectric layer of the support structure 104. Thus, the
microfluidic device 200 can have two electrowetting surfaces.

[00154] In some embodiments, the electrode activation substrate 206 can comprise a
photoconductive material, such as described above. Accordingly, in certamn embodiments,
the electrode activation substrate 206 can comprise or consist of a layer of hydrogenated
amorphous silicon (a-St:H). The a-Si:H can comprise, for example, about 8% to 40%
hydrogen (calculated as 100 * the number of hydrogen atoms / the total number of
hydrogen and silicon atoms). The layer of a-Si:H can have a thickness of about 500 nm to
about 2.0 um. Alternatively, the electrode activation substrate 206 can comprise electrodes
(e.g., conductive metal electrodes) controlled by phototransistor switches, as described
above. Microfluidic devices having an opto-electrowetting configuration are known 1n the
art and/or can be constructed with electrode activation substrates known in the art. For
example, U.S. Patent No. 6,958,132 (Chiou et al.), the entire contents of which are
mcorporated herein by reference, discloses opto-electrowetting configurations having a
photoconductive material such as a-Si:H, while U.S. Patent Publication No. 2014/0124370
(Short et al.), referenced above, discloses electrode activation substrates having electrodes

controlled by phototransistor switches.
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[00155] The microfluidic device 200 thus can have an opto-electrowetting
configuration, and light patterns 218 can be used to activate photoconductive EW regions or
photoresponsive EW electrodes m the electrode activation substrate 206. Such activated
EW regions or EW electrodes of the electrode activation substrate 206 can generate an
electrowetting force at the mner surface 208 of the support structure 104 (1.e., the mner
surface of the overlaying dielectric layer or its hydrophobic coating). By changmg the light
patterns 218 (or moving microfluidic device 200 relative to the light source 216) mcident on
the electrode activation substrate 2006, droplets (e.g., containing an aqueous medmum,
solution, or solvent) contacting the mner surface 208 of the support structure 104 can be
moved through an immiscible fluid (e.g., an oil medium) present in the region/chamber 202.
[00156] In other embodiments, microfluidic devices 200 can have an EWOD
configuration, and the electrode activation substrate 206 can comprise selectively addressable
and energizable electrodes that do not rely upon light for activation. The electrode
activation substrate 206 thus can mclude a pattern of such electrowetting (EW) electrodes.
The pattern, for example, can be an array of substantially square EW electrodes arranged in
rows and columns, such as shown m Fig. 2B. Alternatively, the pattern can be an array of
substantially hexagonal EW electrodes that form a hexagonal lattice. Regardless of the
pattern, the EW electrodes can be selectively activated (or deactivated) by electrical switches
(e.g., transistor switches m a semiconductor substrate). By selectively activating and
deactivating EW electrodes m the electrode activation substrate 206, droplets (not shown)
contacting the mner surface 208 of the overlaying dielectric layer or its hydrophobic coating
can be moved within the region/chamber 202. The motive module 162 in Figure 1A can
control such switches and thus activate and deactivate individual EW electrodes to select and
move particular droplets around region/chamber 202. Microfluidic devices having a
EWOD configuration with selectively addressable and energizable electrodes are known in
the art and have been described, for example, mn U.S. Patent No. 8,685,344 (Sundarsan et al.),
the entire contents of which are incorporated herein by reference.

[00157] Regardless of the configuration of the microfluidic device 200, a power source

212 can be used to provide a potential (e.g., an AC voltage potential) that powers the
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electrical circuits of the microfluidic device 200. The power source 212 can be the same as,
or a component of, the power source 192 referenced m Fig. 1. Power source 212 can be
configured to provide an AC voltage and/or current to the top electrode 210 and the
bottom electrode 204. For an AC voltage, the power source 212 can provide a frequency
range and an average or peak power (e.g., voltage or current) range sufficient to generate net
DEP forces (or electrowetting forces) strong enough to trap and move mdividual micro-
objects (not shown) in the region/chamber 202, as discussed above, and/or to change the
wetting properties of the inner surface 208 of the support structure 104 (1.e., the dielectric
layer and/or the hydrophobic coating on the dielectric layer) in the region/chamber 202, as
also discussed above. Such frequency ranges and average or peak power ranges are known
m the art. See, e.g., US Patent No. 6,958,132 (Chiou et al.), US Patent No. RE44,711 (Wu et
al.) (origmally 1ssued as US Patent No. 7,612,355), and US Patent Application Publication
Nos. US2014,/0124370 (Short et al.), US2015/0306598 (Khandros et al.), and
US2015/0306599 (Khandros et al.).

D. Sequestration chambers.
[00158] Non-limiting examples of generic sequestration chamber 224, 226, and 228 are
shown within the microfluidic device 230 depicted 1 Figures 2A-2C. Fach sequestration
chamber 224, 226, and 228 can comprise an 1solation structure 232 defining an 1solation
region 240 and a connection region 236 fluidically connecting the 1solation region 240 to a
channel 122. The connection region 236 can comprise a proximal opening 234 to the
microfluidic channel 122 and a distal opening 238 to the isolation region 240. The
connection region 236 can be configured so that the maximum penetration depth of a flow
of a fluidic medmum (not shown) flowing from the microfluidic channel 122 nto the
sequestration chamber 224, 226, 228 does not extend imnto the isolation region 240. Thus,
due to the connection region 236, a micro-object (not shown) or other material (not shown)
disposed 1n an 1solation region 240 of a sequestration chamber 224, 226, 228 can thus be
solated from, and not substantially affected by, a flow of medmum 180 m the microfluidic

channel 122.
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[00159] The sequestration chambers 224, 226, and 228 of Figures 2A-2C each have a
single opening which opens directly to the microfluidic channel 122. The opening of the
sequestration chamber opens laterally from the microfluidic channel 122. The electrode
activation substrate 206 underlays both the microfluidic channel 122 and the sequestration
chambers 224, 226, and 228. The upper surface of the electrode activation substrate 206
within the enclosure of a sequestration chamber, forming the floor of the sequestration
chambert, is disposed at the same level or substantially the same level of the upper surface
the of electrode activation substrate 206 within the microfluidic channel 122 (ot flow region
if a channel is not present), forming the floot of the flow channel (or flow region,
respectively) of the microfluidic device. The electrode activation substrate 206 may be
featureless or may have an irregular or patterned surface that varies from its highest elevation
to its lowest depression by less than about 3 microns, 2.5 microns, 2 mictons, 1.5 microns, 1
micron, 0.9 microns, 0.5 microns, 0.4 microns, 0.2 microns, 0.1 microns or less. The
vatiation of elevation in the upper surface of the substrate across both the microfluidic
channel 122 (or flow region) and sequestration chambers may be less than about 3%, 2%,
1%. 0.9%, 0.8%, 0.5%, 0.3% or 0.1% of the height of the walls of the sequestration chamber
or walls of the microfluidic device. While described in detail for the microfluidic device 200,
this also applies to any of the microfluidic devices 100, 230, 250, 280, 290, and 320 described
herein.

[00160] The microfluidic channel 122 can thus be an example of a swept region, and
the isolation regions 240 of the sequestration chambers 224, 226, 228 can be examples of
unswept regions. As noted, the microfluidic channel 122 and sequestration chambers 224,
2206, 228 can be configured to contain one or more fluidic media 180. In the example shown
in Figures 2A-2B, the potts 222 are connected to the mictofluidic channel 122 and allow a
fluidic medium 180 to be introduced into or removed from the microfluidic device 230.
Prior to introduction of the fluidic medium 180, the microfluidic device may be primed with
a gas such as carbon dioxide gas. Once the microfluidic device 230 contains the fluidic
medium 180, the flow 242 of fluidic medium 180 in the microfluidic channel 122 can be

selectively generated and stopped. For example, as shown, the ports 222 can be disposed at
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different locations (e.g., opposite ends) of the microfluidic channel 122, and a flow 242 of
medmum can be created from one port 222 functioning as an mlet to another port 222
functioning as an outlet.

[00161] Figure 2C 1illustrates a detailed view of an example of a sequestration chamber
224 according to the present disclosure. Examples of micro-objects 246 are also shown.
[00162] As 18 known, a flow 242 of fluidic medium 180 in a microfluidic channel 122
past a proximal opening 234 of sequestration chamber 224 can cause a secondary flow 244
of the medium 180 into and/or out of the sequestration chamber 224. To isolate micro-
objects 246 1n the 1solation region 240 of a sequestration chamber 224 from the secondary
flow 244, the length Lcon of the connection region 236 of the sequestration chamber 224 (1.e.,
from the proximal opening 234 to the distal openimng 238) should be greater than the
penetration depth Dy, of the secondary flow 244 mto the connection region 236. The
penetration depth D, of the secondary flow 244 depends upon the velocity of the fluidic
medum 180 flowing m the microfluidic channel 122 and various parameters relating to the
configuration of the microfluidic channel 122 and the proxmmal opening 234 of the
connection region 236 to the microfluidic channel 122. For a given microfluidic device, the
configurations of the microfluidic channel 122 and the opening 234 will be fixed, whereas
the rate of flow 242 of fluidic medum 180 1n the microfluidic channel 122 will be variable.
Accordingly, for each sequestration chamber 224, a maximal velocity Vmax for the flow 242
of fluidic medium 180 1n channel 122 can be 1dentified that ensures that the penetration
depth D, of the secondary flow 244 does not exceed the length Leon of the connection
region 236. As long as the rate of the flow 242 of fluidic medum 180 in the microfluidic
channel 122 does not exceed the maxmum velocity Vi, the resulting secondary flow 244
can be limited to the microfluidic channel 122 and the connection region 236 and kept out
of the 1solation region 240. The flow 242 of medium 180 in the microfluidic channel 122
will thus not draw micro-objects 246 out of the 1solation region 240. Rather, micro-objects
246 located m the 1solation region 240 will stay m the 1solation region 240 regardless of the

flow 242 of fluidic medium 180 in the microfluidic channel 122.
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[00163] Moreover, as long as the rate of flow 242 of medmum 180 in the microfluidic
channel 122 does not exceed Vmax, the flow 242 of fluidic medium 180 i the microfluidic
channel 122 will not move miscellaneous particles (e.g., microparticles and/or nanoparticles)
from the microfluidic channel 122 into the 1solation region 240 of a sequestration chamber
224. Havimng the length Lo, of the connection region 236 be greater than the maxmmum
penetration depth D, of the secondary flow 244 can thus prevent contamination of one
sequestration chamber 224 with miscellaneous particles from the microfluidic channel 122 or
another sequestration chamber (e.g., sequestration chambers 226, 228 1n Fig. 2D).

[00164] Because the microfluidic channel 122 and the connection regions 236 of the
sequestration chambers 224, 226, 228 can be affected by the flow 242 of medmum 180 m the
microfluidic channel 122, the microfluidic channel 122 and connection regions 236 can be
deemed swept (or flow) regions of the microfluidic device 230. The isolation regions 240 of
the sequestration chambers 224, 226, 228, on the other hand, can be deemed unswept (or
non-flow) regions. For example, components (not shown) m a first fluidic medum 180 1n
the microfluidic channel 122 can mix with a second fluidic medium 248 in the 1solation
region 240 substantially only by diffusion of components of the first medmum 180 from the
microfluidic channel 122 through the connection region 236 and into the second fluidic
medmum 248 m the 1solation region 240. Similarly, components (not shown) of the second
medum 248 m the 1solation region 240 can mix with the first medum 180 m the
microfluidic channel 122 substantially only by diffusion of components of the second
medmum 248 from the 1solation region 240 through the connection region 236 and mto the
first medium 180 in the microfluidic channel 122. In some embodiments, the extent of
fluidic medium exchange between the isolation region of a sequestration chamber and the
flow region by diffusion 1s greater than about 90%, 91%0, 92%, 93%, 94% 95%, 96%, 97%,
98%, or greater than about 99% of fluidic exchange. The first medium 180 can be the same
medium or a different medium than the second medium 248. Moreover, the first medium
180 and the second medmum 248 can start out bemng the same, then become different (e.g.,
through conditioning of the second medmum 248 by one or more cells in the isolation region

240, or by changing the medmum 180 flowimg through the microfluidic channel 122).
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[00165] The maximum penetration depth D, of the secondary flow 244 caused by the
flow 242 of fluidic medmum 180 m the microfluidic channel 122 can depend on a number of
parameters, as mentioned above. Examples of such parameters include: the shape of the
microfluidic channel 122 (e.g., the microfluidic channel can direct medmum into the
connection region 236, divert medium away from the connection region 236, or direct
medum in a direction substantially perpendicular to the proximal opening 234 of the
connection region 236 to the microfluidic channel 122); a width Wen (or cross-sectional area)
of the microfluidic channel 122 at the proxmmal opening 234; and a width W, (or cross-
sectional area) of the connection region 236 at the proximal opening 234; the velocity V of
the flow 242 of fluidic medmum 180 m the microfluidic channel 122; the viscosity of the first
medium 180 and/or the second medium 248, or the like.

[00166] In some embodiments, the dimensions of the microfluidic channel 122 and
sequestration chambers 224, 226, 228 can be oriented as follows with respect to the vector
of the flow 242 of fluidic medmum 180 1m the microfluidic channel 122: the microfluidic
channel width W, (or cross-sectional area of the microfluidic channel 122) can be
substantially perpendicular to the flow 242 of medium 180; the width Weon (or cross-
sectional area) of the connection region 236 at opening 234 can be substantially parallel to
the flow 242 of medium 180 in the microfluidic channel 122; and/or the length Lcon of the
connection region can be substantially perpendicular to the flow 242 of medum 180 1n the
microfluidic channel 122. The foregoing are examples only, and the relative position of the
microfluidic channel 122 and sequestration chambers 224, 226, 228 can be in other
orientations with respect to each other.

[00167] As 1llustrated 1n Figure 2C, the width Weo, of the connection region 236 can
be uniform from the proximal opening 234 to the distal opening 238. The width Ween of the
connection region 236 at the distal openmg 238 can thus be 1n any of the ranges 1dentified
herem for the width Weon of the connection region 236 at the proximal opening 234.
Alternatively, the width Weon of the connection region 236 at the distal openmng 238 can be

larger than the width Weon of the connection region 236 at the proximal opening 234.
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[00168] As 1llustrated 1 Figure 2C, the width of the 1solation region 240 at the distal
opening 238 can be substantially the same as the width Weon of the connection region 236 at
the proximal opening 234. 'The width of the isolation region 240 at the distal opening 238
can thus be m any of the ranges identified herem for the width W of the connection
region 236 at the proximal opening 234. Alternatively, the width of the 1solation region 240
at the distal opening 238 can be larger or smaller than the width W, of the connection
region 236 at the proxmmal opening 234. Moreover, the distal opening 238 may be smaller
than the proximal opening 234 and the width W, of the connection region 236 may be
narrowed between the proximal opening 234 and distal openmg 238. For example, the
connection region 236 may be narrowed between the proximal opening and the distal
opening, using a variety of different geometries (e.g. chamfering the connection region,
beveling the connection region). Further, any part or subpart of the connection region 236
may be narrowed (e.g. a portion of the connection region adjacent to the proximal opening
234).

[00169] Figures 2D-2F depict another exemplary embodiment of a microfluidic device
250 contaming a microfluidic circuit 262 and flow channels 264, which are variations of the
respective microfluidic device 100, circuit 132 and channel 134 of Figure 1A. The
microfluidic device 250 also has a plurality of sequestration chambers 266 that are additional
variations of the above-described sequestration chambers 124, 126, 128, 130, 224, 226 or
228. In particular, it should be appreciated that the sequestration chambers 266 of device
250 shown 1 Figures 2D-2F can replace any of the above-described sequestration chambers
124, 126, 128, 130, 224, 226 or 228 in devices 100, 200, 230, 280, 290, 300. Likewsise, the
microfluidic device 250 1s another variant of the microfluidic device 100, and may also have
the same or a different DEP configuration as the above-described microfluidic device 100,
200, 230, 280, 290, 300, as well as any of the other microfluidic system components
described herein.

[00170] The microfluidic device 250 of Figures 2D-2Fcomprises a support structure
(not visible m Figures 2D-2F, but can be the same or generally similar to the support

structure 104 of device 100 depicted in Figure 1A), a microfluidic circuit structure 256, and a
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cover (not visible 1n Figures 2DD-2F, but can be the same or generally similar to the cover 122
of device 100 depicted m Figure 1A). The microfluidic circuit structure 256 includes a frame
252 and microfluidic circuit material 260, which can be the same as or generally similar to the
frame 114 and microfluidic circuit material 116 of device 100 shown m Figure 1A. As
shown 1n Figure 2D, the microfluidic circuit 262 defined by the microfluidic circuit material
260 can comprise multiple channels 264 (two are shown but there can be more) to which
multiple sequestration chambers 266 are fluidically connected.

[00171] Fach sequestration chamber 266 can comprise an 1solation structure 272, an
1solation region 270 within the 1solation structure 272, and a connection region 268. From a
proximal opening 274 at the microfluidic channel 264 to a distal opening 276 at the 1solation
structure 272, the connection region 268 fluidically connects the microfluidic channel 264 to
the 1solation region 270. Generally, in accordance with the above discussion of Figures 2B
and 2C, a flow 278 of a first fluidic medium 254 1n a channel 264 can create secondary flows
282 of the first medium 254 from the microfluidic channel 264 into and/or out of the
respective connection regions 268 of the sequestration chambers 266.

[00172] As 1llustrated 1n Figure 2E, the connection region 268 of each sequestration
chamber 266 generally includes the area extending between the proximal opening 274 to a
channel 264 and the distal opening 276 to an isolation structure 272. The length Leon of the
connection region 268 can be greater than the maximum penetration depth D, of secondary
flow 282, in which case the secondary flow 282 will extend into the connection region 268
without bemng redirected toward the 1solation region 270 (as shown m Figure 2D).
Alternatively, at illustrated in Figure 2F, the connection region 268 can have a length Leon
that 1s less than the maximum penetration depth Dy, m which case the secondary flow 282
will extend through the connection region 268 and be redirected toward the isolation region
270. In this latter situation, the sum of lengths Lc; and Lo of connection region 268 1s
greater than the maximmum penetration depth Dy, so that secondary flow 282 will not extend
mto 1solation region 270. Whether length Leon of connection region 268 1s greater than the
penetration depth Dy, or the sum of lengths L¢1 and Lea of connection region 268 1s greater

than the penetration depth Dy, a flow 278 of a first medium 254 in channel 264 that does
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not exceed a maximum velocity Vmax will produce a secondary flow having a penetration
depth Dy, and micro-objects (not shown but can be the same or generally similar to the
micro-objects 246 shown n Figure 2C) 1n the 1solation region 270 of a sequestration
chamber 266 will not be drawn out of the 1solation region 270 by a flow 278 of first medium
254 m channel 264. Nor will the flow 278 m channel 264 draw miscellaneous materials (not
shown) from channel 264 into the 1solation region 270 of a sequestration chamber 266. As
such, diffusion 1s the only mechanism by which components in a first medium 254 1n the
microfluidic channel 264 can move from the microfluidic channel 264 into a second medum
258 m an 1solation region 270 of a sequestratton chamber 266. Likewise, diffusion 1s the
only mechanism by which components m a second medum 258 in an 1solation region 270 of
a sequestration chamber 266 can move from the 1solation region 270 to a first medum 254
in the microfluidic channel 264. The first medium 254 can be the same medium as the
second medium 258, or the first medium 254 can be a different medium than the second
medium 258. Alternatively, the first medium 254 and the second medum 258 can start out
being the same, then become different, e.g., through conditioning of the second medmum by
one or more cells 1n the 1solation region 270, or by changing the medium flowing through
the microfluidic channel 264.

[00173] As 1llustrated 1n Figure 2E, the width W, of the microfluidic channels 264
(1e., taken transverse to the direction of a fluid medium flow through the microfluidic
channel mdicated by arrows 278 m Figure 2D) 1n the microfluidic channel 264 can be
substantially perpendicular to a width Weon1 of the proximal opening 274 and thus
substantially parallel to a width Weenz of the distal opening 276. The width Ween1 of the
proximal opening 274 and the width Weonz of the distal opening 276, however, need not be
substantially perpendicular to each other. For example, an angle between an axis (not
shown) on which the width Weoa1 of the proximal opening 274 is oriented and another axis
on which the width Ween2 of the distal opening 276 1s oriented can be other than
perpendicular and thus other than 90°. Examples of alternatively oriented angles include
angles in any of the following ranges: from about 30° to about 90°, from about 45° to about

90°, from about 60° to about 90°, or the like.
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[00174] In various embodiments of sequestration chambers (e.g. 124, 126, 128, 130,
224,226, 228, or 260), the 1solation region (e.g. 240 or 270) 1s contigured to contain a
plurality of micro-objects. In other embodiments, the 1solation region can be configured to
contam only one, two, three, four, five, or a similar relatively small number of micro-objects.
Accordingly, the volume of an 1solation region can be, for example, at least 1x10¢, 2x109,
4x10°, 6x10¢ cubic microns, or more.

[00175] In various embodiments of sequestration chambers, the width W, of the
microfluidic channel (e.g., 122) at a proximal opening (e.g. 234) can be within any of the
following ranges: about 50-1000 microns, 50-500 microns, 50-400 microns, 50-300 microns,
50-250 microns, 50-200 microns, 50-150 microns, 50-100 microns, 70-500 microns, 70-400
microns, 70-300 microns, 70-250 microns, 70-200 microns, 70-150 microns, 90-400 microns,
90-300 microns, 90-250 microns, 90-200 microns, 90-150 microns, 100-300 microns, 100-
250 microns, 100-200 microns, 100-150 microns, and 100-120 microns. In some other
embodiments, the width W, of the microfluidic channel (e.g., 122) at a proximal opening
(e.g. 234) can be m a range of about 200-800 microns, 200-700 microns, or 200-600 microns.
The foregoing are examples only, and the width W, of the microfluidic channel 122 can be
m other ranges (e.g., a range defined by any of the endpomts listed above). Moreover, the
Wen of the microfluidic channel 122 can be selected to be 1 any of these ranges m regions of
the microfluidic channel other than at a proximal opening of a sequestration chamber.
[00176] In some embodmments, a sequestration chamber has a height of about 30 to
about 200 microns, or about 50 to about 150 microns. In some embodiments, the
sequestration chamber has a cross-sectional area of about 1 x104 — 3 x10¢ square microns, 2
x10* — 2 x10¢ square microns, 4 x10* — 1 x10¢ square microns, 2 x10*- 5 x10> square
microns, 2 x104- 1 x105 square microns or about 2 x105 — 2x109 square microns.

[00177] In various embodiments of sequestration chambers, the height Ha, of the
microfluidic channel (e.g.,122) at a proximal opening (e.g., 234) can be within any of the
following ranges: 20-100 microns, 20-90 microns, 20-80 microns, 20-70 microns, 20-60
microns, 20-50 microns, 30-100 microns, 30-90 microns, 30-80 microns, 30-70 microns, 30-

60 microns, 30-50 microns, 40-100 microns, 40-90 microns, 40-80 microns, 40-70 microns,
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40-60 microns, or 40-50 microns. The foregoing are examples only, and the height Ha, of
the microfluidic channel (e.g.,122) can be in other ranges (e.g., a range defed by any of the
endpomts listed above). The height Ha, of the microfluidic channel 122 can be selected to
be 1n any of these ranges 1 regions of the microfluidic channel other than at a proximal
opening of an sequestration chamber.

[00178] In various embodiments of sequestration chamber a cross-sectional area of
the microfluidic channel ( e.g., 122) at a proximal openimng (e.g., 234) can be within any of the
following ranges: 500-50,000 square microns, 500-40,000 square microns, 500-30,000 square
microns, 500-25,000 square microns, 500-20,000 square microns, 500-15,000 square
microns, 500-10,000 square microns, 500-7,500 square microns, 500-5,000 square microns,
1,000-25,000 square microns, 1,000-20,000 square microns, 1,000-15,000 square microns,
1,000-10,000 square microns, 1,000-7,500 square microns, 1,000-5,000 square microns,
2,000-20,000 square microns, 2,000-15,000 square microns, 2,000-10,000 square microns,
2,000-7,500 square microns, 2,000-6,000 square microns, 3,000-20,000 square microns,
3,000-15,000 square microns, 3,000-10,000 square microns, 3,000-7,500 square microns, or
3,000 to 6,000 square microns. The foregoing are examples only, and the cross-sectional
area of the microfluidic channel (e.g., 122) at a proximal opening (e.g., 234) can be in other
ranges (e.g., a range defined by any of the endpoints listed above).

[00179] In various embodiments of sequestration chambers, the length Leon of the
connection region (e.g., 236) can be m any of the followimg ranges: about 1-600 microns, 5-
550 microns, 10-500 microns, 15-400 microns, 20-300 microns, 20-500 microns, 40-400
microns, 60-300 microns, 80-200 microns, or about 100-150 microns. The foregoing are
examples only, and length Leon of a connection region (e.g., 236) can be in a different range
than the foregomg examples (e.g., a range defmed by any of the endpoints listed above).
[00180] In various embodiments of sequestration chambers the width W, of 2
connection region (e.g., 236) at a proximal opening (e.g., 234) can be i any of the following
ranges: 20-500 microns, 20-400 microns, 20-300 microns, 20-200 microns, 20-150 microns,
20-100 microns, 20-80 microns, 20-60 microns, 30-400 microns, 30-300 microns, 30-200

microns, 30-150 microns, 30-100 microns, 30-80 microns, 30-60 microns, 40-300 microns,
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40-200 microns, 40-150 microns, 40-100 microns, 40-80 microns, 40-60 microns, 50-250
microns, 50-200 microns, 50-150 microns, 50-100 microns, 50-80 microns, 60-200 microns,
60-150 microns, 60-100 microns, 60-80 mictons, 70-150 microns, 70-100 microns, and 80-
100 microns. The foregoing are examples only, and the width Weon of a connection region
(e.g., 236) at a proximal opening (e.g., 234) can be different than the foregoing examples
(e.g., a range defined by any of the endpoints listed above).

[00181] In various embodiments of sequestration chambers, the width Wy, of a
proximal opening of a connection region may be at least as large as the largest dimension of
a micro-object (e.g., a biological micro-object such as a cell) that the sequestration chamber
is intended for. For example, the width Wp,: may be about 50 microns, about 60 microns,
about 100 microns, about 200 microns, about 300 microns ot may be in a range of about 50-
300 microns, about 50-200 microns, about 50 -100 microns, about 75- 150 microns, about
75-100 microns, or about 200- 300 microns

[00182] In various embodiments of sequestration chambers, a ratio of the length Leon
of a connection region (e.g., 236) to a width Weon of the connection region (e.g., 236) at the
proximal opening 234 can be greater than or equal to any of the following ratios: 0.5, 1.0,
1.5,2.0,25, 3.0, 3.5, 4.0,4.5, 5.0, 6.0, 7.0, 8.0, 9.0, 10.0, ot more. The foregoing are
examples only, and the ratio of the length Leon of a connection region 236 to a width Weon of

the connection region 236 at the proximal opening 234 can be different than the foregoing

examples.

[00183] In various embodiments of microfluidic devices 100, 200, 230, 250, 280, 290,
300, Vimax can be set around 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9, 1.0, 1.1, 1.2, 1.3, 1.4, or 1.5
microliters/sec.

[00184] In various embodiments of microfluidic devices having sequestration

chambers, the volume of an isolation region (e.g., 240) of a sequestration chamber can be,
for example, at least 5x105, 8x105, 1x106, 2x106, 4x106, 6x106, 8x106, 1x107, 5x107, 1x108,
5x108, or 8x108 cubic microns, or more. In various embodiments of microfluidic devices
having sequestration chambers, the volume of a sequestration chamber may be about 5x105,

6x10°, 8x105, 1x106, 2x106, 4x10¢, 8x109, 1x107, 3x107, 5x107, or about 8x107 cubic microns,
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or more. In some other embodmments, the volume of a sequestration chamber may be about
1 nanoliter to about 50 nanoliters, 2 nanoliters to about 25 nanoliters, 2 nanoliters to about
20 nanoliters, about 2 nanoliters to about 15 nanoliters, or about 2 nanoliters to about 10
nanoliters.

[00185] In various embodiment, the microfluidic device has sequestration chambers
configured as i any of the embodmments discussed herem where the microfluidic device has
about 5 to about 10 sequestration chambers, about 10 to about 50 sequestration chambers,
about 100 to about 500 sequestration chambers; about 200 to about 1000 sequestration
chambers, about 500 to about 1500 sequestration chambers, about 1000 to about 2000
sequestration chambers, or about 1000 to about 3500 sequestration chambers. The
sequestration chambers need not all be the same size and may mclude a variety of
configurations (e.g., different widths, different features withm the sequestration chamber.
[00186] Figure 2G 1llustrates a microfluidic device 280 according to one embodiment.
The microfluidic device 280 1s 1llustrated in Figure 2G is a stylized diagram of a microfluidic
device 100. In practice the microfluidic device 280 and 1ts constituent circuit elements (e.g.
channels 122 and sequestration chambers 128) would have the dimensions discussed herein.
The microfluidic circuit 120 illustrated in Figure 2G has two ports 107, four distinct
channels 122 and four distinct flow paths 106. The microfluidic device 280 further
comprises a plurality of sequestration chambers opening off of each channel 122. In the
microfluidic device 1llustrated m Figure 2G, the sequestration chambers have a geometry
similar to the pens illustrated in Figure 2C and thus, have both connection regions and
solation regions. Accordmgly, the microfluidic circuit 120 mcludes both swept regions (e.g.
channels 122 and portions of the connection regions 236 withm the maximum penetration
depth D, of the secondary flow 244) and non-swept regions (e.g. 1solation regions 240 and
portions of the connection regions 236 not within the maximum penetration depth D, of

the secondary flow 244).

E. System Nest

[00187] Figures 3A through 3B shows various embodiments of system 150 which can
be used to operate and observe microfluidic devices (e.g. 100, 200, 230, 250, 280, 290, 300)
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according to the present disclosure. As illustrated in Figure 3A, the system 150 can mclude a
structure (“nest”) 300 configured to hold a microfluidic device 100 (not shown), or any other
microfluidic device described herem. The nest 300 can include a socket 302 capable of
mterfacing with the microfluidic device 320 (e.g., an optically-actuated electrokinetic device
100) and providing electrical connections from power source 192 to microfluidic device 320.
The nest 300 can further include an integrated electrical signal generation subsystem 304.
The electrical signal generation subsystem 304 can be configured to supply a biasing voltage
to socket 302 such that the biasing voltage 1s applied across a pair of electrodes m the
microfluidic device 320 when 1t 1s being held by socket 302. 'Thus, the electrical signal
generation subsystem 304 can be part of power source 192. The ability to apply a biasing
voltage to microfluidic device 320 does not mean that a biasmng voltage will be applied at all
times when the microfluidic device 320 1s held by the socket 302. Rather, in most cases, the
biasing voltage will be applied intermittently, e.g., only as needed to facilitate the generation
of electrokimetic forces, such as dielectrophoresis or electro-wetting, in the microfluidic
device 320.

[00188] As llustrated m Figure 3A, the nest 300 can mclude a printed circuit board
assembly (PCBA) 322. The electrical signal generation subsystem 304 can be mounted on
and electrically integrated into the PCBA 322. The exemplary support includes socket 302
mounted on PCBA 322, as well.

[00189] Typically, the electrical signal generation subsystem 304 will include a
waveform generator (not shown). The electrical signal generation subsystem 304 can further
include an oscilloscope (not shown) and/or a waveform amplification circuit (not shown)
configured to amplify a waveform received from the waveform generator. The oscilloscope,
if present, can be configured to measure the waveform supplied to the microfluidic device
320 held by the socket 302. In certain embodiments, the oscilloscope measures the
waveform at a location proximal to the microfluidic device 320 (and distal to the waveform
generator), thus ensuring greater accuracy in measuring the waveform actually applied to the
device. Data obtained from the oscilloscope measurement can be, for example, provided as

teedback to the waveform generator, and the waveform generator can be configured to
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adjust its output based on such feedback. An example of a suitable combined waveform
generator and oscilloscope 1s the Red Pitaya™.

[00190] In certain embodmments, the nest 300 further comprises a controller 308, such
as a microprocessor used to sense and/or control the electrical signal generation subsystem
304. Examples of suitable microprocessors include the Arduino™ microprocessors, such as
the Arduino Nano™. The controller 308 may be used to perform functions and analysis or
may communicate with an external master controller 154 (shown m Figure 1A) to perform
functions and analysis. In the embodiment illustrated m Figure 3A the controller 308
communicates with a master controller 154 through an mterface 310 (e.g., a plug or
connector).

[00191] In some embodiments, the nest 300 can comprise an electrical signal
generation subsystem 304 comprising a Red Pitaya™ waveform generator/oscilloscope unit
(“Red Pitaya unit”) and a waveform amplification circuit that amplifies the waveform
generated by the Red Pitaya unit and passes the amplified voltage to the microfluidic device
100. In some embodiments, the Red Pitaya unit 1s configured to measure the amplified
voltage at the microfluidic device 320 and then adjust its own output voltage as needed such
that the measured voltage at the microfluidic device 320 1s the desired value. In some
embodmments, the waveform amplification circuit can have a +6.5V to -6.5V power supply
generated by a pair of DC-DC converters mounted on the PCBA 322, resulting 1n a signal of
up to 13 Vpp at the microfluidic device 100.

[00192] As 1llustrated 1n Figure 3A, the support structure 300 (e.g., nest) can further
include a thermal control subsystem 306. The thermal control subsystem 306 can be
configured to regulate the temperature of microfluidic device 320 held by the support
structure 300. For example, the thermal control subsystem 306 can mclude a Peltier
thermoelectric device (not shown) and a cooling unit (not shown). The Peltier
thermoelectric device can have a first surface configured to mterface with at least one surface
of the microfluidic device 320. The cooling unit can be, for example, a cooling block (not
shown), such as a iquid-cooled aluminum block. A second surface of the Peltier

thermoelectric device (e.g., a surface opposite the first surface) can be configured to mterface
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with a surface of such a cooling block. The cooling block can be connected to a fluidic path
314 configured to circulate cooled fluid through the cooling block. In the embodiment
llustrated m Figure 3A, the support structure 300 comprises an mlet 316 and an outlet 318
to recetve cooled fluid from an external reservoir (not shown), introduce the cooled fluid
mto the fluidic path 314 and through the cooling block, and then return the cooled fluid to
the external reservoir. In some embodiments, the Peltier thermoelectric device, the cooling
unit, and/or the fluidic path 314 can be mounted on a casing 3120f the suppott structure
300. In some embodiments, the thermal control subsystem 306 1s configured to regulate the
temperature of the Peltier thermoelectric device so as to achieve a target temperature for the
microfluidic device 320. Temperature regulation of the Peltier thermoelectric device can be
achieved, for example, by a thermoelectric power supply, such as a Pololu™ thermoelectric
power supply (Pololu Robotics and Electronics Corp.). The thermal control subsystem 306
can include a feedback circuit, such as a temperature value provided by an analog circuit.
Alternatively, the feedback circuit can be provided by a digital circuit.

[00193] In some embodiments, the nest 300 can mclude a thermal control subsystem
306 with a feedback circuit that 1s an analog voltage divider circuit (not shown) which
includes a resistor (e.g., with resistance 1 kOhm+/-0.1 %, temperature coefficient +/-0.02
ppm/C0) and a N'TC thermistor (e.g., with nominal resistance 1 kOhm+/-0.01 %). In some
mstances, the thermal control subsystem 306 measures the voltage from the feedback circuit
and then uses the calculated temperature value as mnput to an on-board PID control loop
algorithm. Output from the PID control loop algorithm can drive, for example, both a
directional and a pulse-width-modulated signal pm on a Pololu™ motor drive (not shown)
to actuate the thermoelectric power supply, thereby controlling the Peltier thermoelectric
device.

[00194] The nest 300 can include a serial port 324 which allows the microprocessor of
the controller 308 to communicate with an external master controller 154 via the interface.
In addition, the microprocessor of the controller 308 can communicate (e.g., via a Plink tool
(not shown)) with the electrical signal generation subsystem 304 and thermal control

subsystem 306. Thus, via the combination of the controller 308, the interface 310, and the
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sertal port 324, the electrical signal generation subsystem 304 and the thermal control
subsystem 306 can communicate with the external master controller 154. In this manner,
the master controller 154 can, among other things, assist the electrical signal generation
subsystem 304 by performing scaling calculations for output voltage adjustments. A
Graphical User Interface (GUI) (not shown) provided via a display device 170 coupled to
the external master controller 154, can be configured to plot temperature and waveform data
obtamed from the thermal control subsystem 306 and the electrical signal generation
subsystem 304, respectively. Alternatively, or in addition, the GUI can allow for updates to

the controller 308, the thermal control subsystem 306, and the electrical signal generation

subsystem 304.
F. System Imaging Device
[00195] As discussed above, system 150 can include an imaging device. In some

embodiments, the imaging device comprises a light modulating subsystem 330 (See Figure
3B). The light modulating subsystem 330 can include a digital mirror device (DMD) or a
microshutter array system (MSA), either of which can be configured to recerve light from a
light source 332 and transmits a subset of the recetved light into an optical train of
microscope 350. Alternatively, the light modulating subsystem 330 can include a device that
produces its own light (and thus dispenses with the need for a light source 332), such as an
organic light emitting diode display (OLED), a liquid crystal on silicon (LCOS) device, a
terroelectric liquid crystal on silicon device (FLCOS), or a transmissive liquid crystal display
(LCD). The light modulating subsystem 330 can be, for example, a projector. Thus, the
light modulating subsystem 330 can be capable of emitting both structured and unstructured
light. One example of a surtable light modulating subsystem 330 1s the Mosaic™ system
from Andor Technologies™. In certain embodiments, imaging module 164 and/or motive
module 162 of system 150 can control the light modulating subsystem 330.

[00196] In certain embodmments, the imaging device further comprises a microscope
350. In such embodiments, the nest 300 and light modulating subsystem 330 can be
individually configured to be mounted on the microscope 350. The microscope 350 can be,

for example, a standard research-grade light microscope or fluorescence microscope. Thus,
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the nest 300 can be configured to be mounted on the stage 3440t the microscope 350
and/or the light modulating subsystem 330 can be configured to mount on a port of
microscope 350. In other embodiments, the nest 300 and the light modulating subsystem
330 described herein can be integral components of microscope 350.

[00197] In certain embodmments, the microscope 350 can further mclude one or more
detectors 348. In some embodments, the detector 348 1s controlled by the imaging module
164. The detector 348 can include an eye piece, a charge-coupled device (CCD), a camera
(e.g., a digital camera), or any combination thereof. If atleast two detectors 348 are present,
one detector can be, for example, a fast-frame-rate camera while the other detector can be a
high sensitivity camera. Furthermore, the microscope 350 can include an optical train
configured to receive reflected and/or emitted light from the microfluidic device 320 and
focus at least a portion of the reflected and/or emitted light on the one or more detectors
348. 'The optical train of the microscope can also include different tube lenses (not shown)
for the different detectors, such that the final magnification on each detector can be
different.

[00198] In certain embodments, imaging device 1s configured to use at least two light
sources. For example, a first light source 332 can be used to produce structured light (e.g.,
via the light modulating subsystem 330) and a second light source 334 can be used to
provide unstructured light. The first light source 332 can produce structured light for
optically-actuated electrokinesis and/or fluorescent excitation, and the second light source
334 can be used to provide bright field illumination. In these embodiments, the motive
module 164 can be used to control the first light source 332 and the imaging module 164 can
be used to control the second light source 334. The optical train of the microscope 350 can
be configured to (1) recetve structured light from the light modulating subsystem 330 and
focus the structured light on at least a first region 1n a microfluidic device, such as an
optically-actuated electrokimetic device, when the device 1s being held by the nest 300, and
(2) receive reflected and/or emitted light from the microfluidic device and focus at least a
portion of such reflected and/or emitted light onto detector 348. The optical train can be

further configured to recetve unstructured light from a second light source and focus the
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unstructutred light on at least a second region of the microfluidic device, when the device is
held by the nest 300. In certain embodiments, the first and second regions of the
microfluidic device can be overlapping regions. For example, the first region can be a subset
of the second region. In other embodiments, the second light source 334 may additionally
or alternatively include a laser, which may have any suitable wavelength of light. The
representation of the optical system shown in Figure 3B is a schematic representation only,
and the optical system may include additional filters, notch filters, lenses and the like. When
the second light source 334 includes one or more light source(s) for brightfield and/or
fluorescent excitation, as well as laser illumination the physical arrangement of the light
source(s) may vary from that shown in Figure 3B, and the laser illumination may be
introduced at any suitable physical location within the optical system. The schematic
locations of light source 432 and light source 402/light modulating subsystem 404 may be
interchanged as well.

[00199] In Figure 3B, the first light source 332 is shown supplying light to a light
modulating subsystem 330, which provides structured light to the optical train of the
microscope 350 of imaging device 194. The second light source 334 is shown providing
unstructured light to the optical train via a beam splitter 336. Structured light from the light
modulating subsystem 330 and unstructured light from the second light soutce 334 travel
from the beam splitter 336 through the optical train together to reach a second beam splitter
(o dichroic filter 338, depending on the light provided by the light modulating subsystem
330), whete the light gets teflected down through the objective 340 to the sample plane 342.
Reflected and/or emitted light from the sample plane 342 then travels back up through the
objective 340, through the beam splitter and/or dichroic filter 338, and to a dichroic filter
346. Only a fraction of the light reaching dichroic filter 346 passes through and reaches the
detector 348.

[00200] In some embodiments, the second light source 334 emits blue light. With an
appropriate dichroic filter 346, blue light reflected from the sample plane 342 is able to pass
through dichroic filter 346 and reach the detector 348. In contrast, structured light coming

from the light modulating subsystem 330 gets reflected from the sample plane 342, but does
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not pass through the dichroic filter 346. In this example, the dichroic filter 346 1s filtering
out visible light having a wavelength longer than 495 nm. Such filtering out of the light from
the light modulating subsystem 330 would only be complete (as shown) if the light emitted
from the light modulating subsystem did not include any wavelengths shorter than 495 nm.
In practice, 1f the light commg from the light modulating subsystem 330 includes
wavelengths shorter than 495 nm (e.g., blue wavelengths), then some of the light from the
light modulating subsystem would pass through filter 346 to reach the detector 348. In such
an embodment, the filter 346 acts to change the balance between the amount of light that
reaches the detector 348 from the first ight source 332 and the second light source 334.
This can be beneficial if the first light source 332 1s significantly stronger than the second
light source 334. In other embodiments, the second light source 334 can emit red light, and
the dichroic filter 346 can filter out visible light other than red light (e.g., visible light having

a wavelength shorter than 650 nm).

G. Coating solutions and coating agents.
[00201] Without intending to be limited by theory, mamtenance of a biological micro-
object (e.g., a biological cell) within a microfluidic device (e.g., a DEP-configured and/or
EW-configured microfluidic device) may be facilitated (1.e., the biological micro-object
exhibits increased viability, greater expansion and/or greater portability within the
microfluidic device) when at least one or more mner surfaces of the microfluidic device have
been conditioned or coated so as to present a layer of organic and/or hydrophilic molecules
that provides the primary interface between the microfluidic device and biological micro-
object(s) maintained theremn. In some embodments, one or more of the inner surfaces of
the microfluidic device (e.g. the mner surface of the electrode activation substrate of a DEP-
configured microfluidic device, the cover of the microfluidic device, and/or the surfaces of
the circuit material) may be treated with or modified by a coating solution and/or coating
agent to generate the desired layer of organic and/or hydrophilic molecules.
[00202] The coating may be applied before or after introduction of biological micro-
object(s), or may be mtroduced concurrently with the biological micro-object(s). In some

embodiments, the biological micro-object(s) may be imported into the microfluidic device 1n
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a fluidic medum that includes one or more coating agents. In other embodments, the inner
surface(s) of the microfluidic device (e.g., a DEP-configured microfluidic device) are treated
or “primed” with a coating solution comprising a coating agent prior to introduction of the
biological micro-object(s) mnto the microfluidic device.

[00203] In some embodiments, at least one surface of the microfluidic device mcludes
a coating material that provides a layer of organic and/or hydrophilic molecules suitable for
maintenance and/or expansion of biological micro-object(s) (e.g. provides a conditioned
surface as described below). In some embodiments, substantially all the inner surfaces of the
microfluidic device include the coating material. The coated mner surface(s) may include the
surface of a flow region (e.g., channel), chamber, or sequestration chamber, or a
combination thereof. In some embodiments, each of a plurality of sequestration chambers
has at least one mner surface coated with coating materials. In other embodmments, each of
a plurality of flow regions or channels has at least one inner surface coated with coating
materials. In some embodiments, at least one mner surface of each of a plurality of
sequestration chambers and each of a plurality of channels 1s coated with coating materials.
[00204] Coating agent/Solution. Any convenient coating agent/coating solution
can be used, including but not limited to: serum or serum factors, bovine serum albumin
(BSA), polymers, detergents, enzymes, and any combination thereof.

[00205] Polymer-based coating materials. The at least one inner surface may
include a coating material that comprises a polymer. The polymer may be covalently or non-
covalently bound (or may be non-specifically adhered) to the at least one surface. The
polymer may have a variety of structural motifs, such as found m block polymers (and
copolymers), star polymers (star copolymers), and graft or comb polymers (graft
copolymers), all of which may be suitable for the methods disclosed heremn.

[00200] The polymer may include a polymer including alkylene ether moieties. A wide
variety of alkylene ether contamning polymers may be suitable for use in the microfluidic
devices described herem. One non-limiting exemplary class of alkylene ether contaming
polymers are amphiphilic nonionic block copolymers which include blocks of polyethylene

oxide (PEQO) and polypropylene oxide (PPO) subunits m differing ratios and locations within
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the polymer chain. Pluronic® polymers (BASF) are block copolymers of this type and are
known in the art to be suitable for use when in contact with living cells. The polymers may
range 1 average molecular mass My, from about 2000Da to about 20KDa. In some
embodmments, the PEO-PPO block copolymer can have a hydrophilic-lipophilic balance
(HLB) greater than about 10 (e.g. 12-18). Specific Pluronic® polymers useful for yielding a
coated surface include Pluronic® 1.44, 1.64, P85, and F127 (including F127NF). Another
class of alkylene ether contaming polymers 1s polyethylene glycol (PEG My <100,000Da) or
alternatively polyethylene oxide (PEO, My>100,000). In some embodiments, a PEG may
have an My of about 1000Da, 5000Da, 10,000Da or 20,000Da.

[00207] In other embodiments, the coating material may include a polymer containing
carboxylic acid moieties. The carboxylic acid subunit may be an alkyl, alkenyl or aromatic
motety contaming subunit. One non-limiting example 1s polylactic acid (PLA). In other
embodiments, the coating matertal may mclude a polymer containing phosphate moieties,
etther at a terminus of the polymer backbone or pendant from the backbone of the polymer.
In yet other embodiments, the coating matertal may mclude a polymer containing sulfonic
acid moieties. The sulfonic acid subunit may be an alkyl, alkenyl or aromatic moiety
containing subunit. One non-limiting example 1s polystyrene sulfonic acid (PSSA) or
polyanethole sulfonic acid. In further embodmments, the coating material may mclude a
polymer including amine moieties. The polyamino polymer may include a natural polyamine
polymer or a synthetic polyamine polymer. Examples of natural polyamines mclude
spermine, spermidine, and putrescine.

[00208] In other embodiments, the coating material may include a polymer containing
saccharide moieties. In a non-limiting example, polysaccharides such as xanthan gum or
dextran may be suitable to form a material which may reduce or prevent cell sticking 1 the
microfluidic device. For example, a dextran polymer having a size about 3kDa may be used
to provide a coating material for a surface within a microfluidic device.

[00209] In other embodiments, the coating material may include a polymer containing
nucleotide moieties, 1.e. a nucleic acid, which may have ribonucleotide moieties or

deoxyribonucleotide moieties, providing a polyelectrolyte surface. The nucleic acid may
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contam only natural nucleotide moieties or may contain unnatural nucleotide moieties which
comprise nucleobase, ribose or phosphate moiety analogs such as 7-deazaadenine, pentose,
methyl phosphonate or phosphorothioate moieties without limitation.

[00210] In yet other embodiments, the coating matertal may mclude a polymer
containing amino acid moieties. The polymer containing amino acid moieties may include a
natural amino acid containing polymer or an unnatural ammo acid containing polymer, either
of which may include a peptide, a polypeptide or a protein. In one non-limiting example, the
protein may be bovine serum albumin (BSA) and/or serum (or a combination of multiple
different sera) comprising albumin and/or one or more other similar proteins as coating
agents. The serum can be from any convenient source, including but not limited to fetal calf
serum, sheep serum, goat serum, horse serum, and the like. In certain embodiments, BSA in
a coating solution is present in a range of form about 1 mg/ml. to about 100 mg/ml.,
including 5 mg/ml., 10 mg/ml., 20 mg/ml., 30 mg/ml., 40 mg/ml., 50 mg/ml., 60
mg/ml., 70 mg/ml., 80 mg/ml., 90 mg/ml., or more or anywhere in between. In certain
embodiments, serum 1n a coating solution may be present in a range of from about 20%
(v/v) to about 50% v /v, including 25%, 30%, 35%, 40%, 45%, or more or anywhere in
between. In some embodiments, BSA may be present as a coating agent m a coating
solution at 5 mg/ml., whereas in other embodiments, BSA may be present as a coating agent
in a coating solution at 70 mg/ml. In certain embodiments, serum is present as a coating
agent i a coating solution at 30%. In some embodiments, an extracellular matrix (ECM)
protein may be provided withm the coating material for optimized cell adhesion to foster cell
growth. A cell matrix protein, which may be included mn a coating material, can mclude, but
1s not limited to, a collagen, an elastin, an RGD-containmng peptide (e.g. a fibronectin), or a
lammin. In yet other embodmments, growth factors, cytokines, hormones or other cell
signaling species may be provided withm the coating material of the microfluidic device.
[00211] In some embodiments, the coating material may include a polymer containing
more than one of alkylene oxide moieties, carboxylic acid moieties, sulfonic acid moieties,
phosphate mozieties, saccharide moieties, nucleotide moieties, or amino acid moieties. In

other embodmments, the polymer conditioned surface may include a mixture of more than
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one polymer each having alkylene oxide moieties, carboxylic acid moieties, sulfonic acid
moieties, phosphate moieties, saccharide moieties, nucleotide moieties, and/or amino acid
motieties, which may be mdependently or simultaneously incorporated mto the coating
matertal.

[00212] Covalently linked coating materials. In some embodiments, the at least
one inner surface includes covalently linked molecules that provide a layer of organic and/or
hydrophilic molecules suitable for maintenance/expansion of biological micro-object(s)
within the microfluidic device, providing a conditioned surface for such cells.

[00213] The covalently linked molecules include a linking group, wherein the linking
group 1s covalently linked to one or more surfaces of the microfluidic device, as described
below. The linking group 1s also covalently linked to a moiety configured to provide a layer
of organic and/or hydrophilic molecules suitable for maintenance/expansion of biological
micro-object(s).

[00214] In some embodiments, the covalently linked moiety configured to provide a
layer of organic and/or hydrophilic molecules suitable for maintenance/expansion of
biological micro-object(s) may include alkyl or fluoroalkyl (which includes perfluoroalkyl)
moieties; mono- or polysaccharides (which may include but 1s not limited to dextran);
alcohols (including but not limited to propargyl alcohol); polyalcohols, including but not
limited to polyvinyl alcohol; alkylene ethers, including but not limited to polyethylene glycol;
polyelectrolytes ( mcluding but not limited to polyacrylic acid or polyvinyl phosphonic acid);
amino groups (includmg derivatives thereof, such as, but not limited to alkylated ammes,
hydroxyalkylated amino group, guanidinium, and heterocylic groups contamning an
unaromatized nitrogen ring atom, such as, but not limited to morpholinyl or piperazinyl);
carboxylic acids mcluding but not limited to propiolic acid (which may provide a carboxylate
antonic surface); phosphonic acids, mcluding but not limited to ethynyl phosphonic acid
(which may provide a phosphonate antonic surface); sulfonate anions; carboxybetaines;
sulfobetames; sulfamic acids; or amio acids.

[00215] In various embodiments, the covalently linked moiety configured to provide a

layer of organic and/or hydrophilic molecules suitable for maintenance/expansion of
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biological micro-object(s) i the microfluidic device may mclude non-polymeric moieties
such as an alkyl moiety, a substituted alkyl moiety, such as a fluoroalkyl moiety (including but
not limited to a perfluoroalkyl moiety), amino acid moiety, alcohol moiety, ammo moiety,
carboxylic acid moiety, phosphonic acid moiety, sulfonic acid moiety, sulfamic acid moiety,
or saccharide moitety. Alternatively, the covalently linked moiety may include polymeric
motieties, which may be any of the moieties described above.

[00216] In some embodmments, the covalently linked alkyl moiety may comprises
carbon atoms forming a linear cham (e.g., a linear chain of at least 10 carbons, or at least 14,
16, 18, 20, 22, or more carbons) and may be an unbranched alkyl moiety. In some
embodiments, the alkyl group may mclude a substituted alkyl group (e.g., some of the
carbons in the alkyl group can be fluormated or perfluormated). In some embodmments, the
alkyl group may include a first segment, which may include a perfluoroalkyl group, jomned to
a second segment, which may mnclude a non-substituted alkyl group, where the first and
second segments may be jomed directly or indirectly (e.g., by means of an ether linkage).
The first segment of the alkyl group may be located distal to the linking group, and the
second segment of the alkyl group may be located proximal to the linking group.

[00217] In other embodiments, the covalently linked moiety may mclude at least one
amino acid, which may include more than one type of amino acid. Thus, the covalently
linked moiety may mclude a peptide or a protein. In some embodiments, the covalently
linked moiety may include an amino acid which may provide a zwitterionic surface to
support cell growth, viability, portability, or any combmation thereof.

[00218] In other embodiments, the covalently linked moiety may mclude at least one
alkylene oxide moiety, and may include any alkylene oxide polymer as described above. One
useful class of alkylene ether containing polymers 1s polyethylene glycol (PEG My
<100,000Da) or alternatively polyethylene oxide (PEO, My>100,000). In some
embodiments, a PEG may have an My of about 1000Da, 5000Da, 10,000Da or 20,000Da.
[00219] The covalently linked moiety may include one or more saccharides. The
covalently linked saccharides may be mono-, di-, or polysaccharides. The covalently linked

saccharides may be modified to mtroduce a reactive patring moiety which permits coupling
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or elaboration for attachment to the surface. Exemplary reactive pairing moieties may
mclude aldehyde, alkyne or halo moieties. A polysaccharide may be modified in a random
fashion, wherem each of the saccharide monomers may be modified or only a portion of the
saccharide monomers within the polysaccharide are modified to provide a reactive pairing
motety that may be coupled directly or indirectly to a surface. One exemplar may include a
dextran polysaccharide, which may be coupled indirectly to a surface via an unbranched
linker.

[00220] The covalently linked moiety may include one or more amino groups. The
amino group may be a substituted amine moiety, guanidine moiety, nitrogen-containing
heterocyclic moiety or heteroaryl moiety. The amino containing moieties may have
structures permitting pH modification of the environment within the microfluidic device,
and optionally, within the sequestration chambers and/or flow regions (e.g., channels).
[00221] The coating material providing a conditioned surface may comprise only one
kind of covalently linked moiety or may mclude more than one different kind of covalently
linked moiety. For example, the fluoroalkyl conditioned surfaces (mcluding perfluoroalkyl)
may have a plurality of covalently linked moieties which are all the same, e.g., having the
same linking group and covalent attachment to the surface, the same overall length, and the
same number of fluoromethylene units comprising the fluoroalkyl moiety. Alternatively, the
coating material may have more than one kind of covalently linked moiety attached to the
surface. For example, the coating material may include molecules having covalently linked
alkyl or fluoroalkyl mozeties having a specified number of methylene or fluoromethylene
units and may further mclude a further set of molecules having charged moieties covalently
attached to an alkyl or fluoroalkyl chain having a greater number of methylene or
fluoromethylene units, which may provide capacity to present bulkier moieties at the coated
surface. In this instance, the first set of molecules having different, less sterically demanding
termini and fewer backbone atoms can help to functionalize the entire substrate surface and
thereby prevent undesired adhesion or contact with the silicon/silicon oxide, hafnium oxide

or alumma making up the substrate itself. In another example, the covalently linked moieties
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may provide a zwitterionic surface presenting alternating charges m a random fashion on the
surface.

[00222] Conditioned surface properties. Aside from the composition of the
conditioned surface, other factors such as physical thickness of the hydrophobic material can
mpact DEP force. Various factors can alter the physical thickness of the conditioned
surface, such as the manner m which the conditioned surface 1s formed on the substrate (e.g.
vapor deposition, liquid phase deposttion, spin coating, flooding, and electrostatic coating).
In some embodiments, the conditioned surface has a thickness in the range of about 1nm to
about 10nm; about 1 nm to about 7 nm; about 1nm to about 5nm; or any mdividual value
therebetween. In other embodiments, the conditioned surface formed by the covalently
linked moieties may have a thickness of about 10 nm to about 50 nm. In various
embodiments, the conditioned surface prepared as described herein has a thickness of less
than 10nm. In some embodiments, the covalently linked mozieties of the conditioned
surface may form a monolayer when covalently linked to the surface of the microfluidic
device (e.g., a DEP configured substrate surface) and may have a thickness of less than 10
nm (e.g., less than 5 nm, or about 1.5 to 3.0 nm). These values are in contrast to that of a
CYTOP® (Asahi Glass Co., Ltd. JP) fluoropolymer spin coating, which has a thickness in
the range of about 30nm. In some embodiments, the conditioned surface does not require a
perfectly formed monolayer to be suitably functional for operation within a DEP-configured
microfluidic device.

[00223] In various embodiments, the coating material providing a conditioned surface
of the microfluidic device may provide destrable electrical properties. Without mtendmg to
be Iimited by theory, one factor that impacts robustness of a surface coated with a particular
coating material 1s mtrinsic charge trapping. Different coating materials may trap electrons,
which can lead to breakdown of the coating material. Defects m the coating matertal may
mcrease charge trapping and lead to further breakdown of the coating material. Similarly,
different coating materials have different dielectric strengths (1.e. the minimum applied

electric field that results 1n dielectric breakdown), which may impact charge trapping. In
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certain embodiments, the coating material can have an overall structure (e.g., a densely-
packed monolayer structure) that reduces or limits that amount of charge trapping.

[00224] In addition to its electrical properties, the conditioned surface may also have
properties that are beneficial in use with biological molecules. For example, a conditioned
surface that contams fluormated (or perfluorinated) carbon chams may provide a benefit
relative to alkyl-terminated chains m reducmg the amount of surface fouling. Surface
fouling, as used herem, refers to the amount of indiscriminate material deposition on the
surface of the microfluidic device, which may mclude permanent or semi-permanent
deposttion of biomaterials such as protem and its degradation products, nucleic acids and
respective degradation products and the like.

[00225] Unitary or Multi-part conditioned surface. The covalently linked coating
matertal may be formed by reaction of a molecule which already contains the moiety
configured to provide a layer of organic and/or hydrophilic molecules suitable for
maintenance/expansion of biological micro-object(s) in the microfluidic device, as is
described below. Alternatively, the covalently linked coating material may be formed mn a
two-part sequence by coupling the moiety configured to provide a layer of organic and/or
hydrophilic molecules suitable for maintenance/expansion of biological micro-object(s) to a
surface modifymg ligand that itself has been covalently linked to the surface.

[00226] Methods of preparing a covalently linked coating material. In some
embodiments, a coating material that 1s covalently linked to the surface of a microfluidic
device (e.g., including at least one surface of the sequestration chambers and/or flow
regions) has a structure of Formula 1 or Formula 2. When the coating material i1s mtroduced
to the surface m one step, it has a structure of Formula 1, while when the coating material 1s

mtroduced 1n a multiple step process, 1t has a structure of Formula 2.
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[00227] The coating material may be linked covalently to oxides of the surface of a

DEP-configured or EW- configured substrate. The DEP- or EW- configured substrate
may comprise silicon, silicon oxide, alumina, or hafnrum oxide. Oxides may be present as
part of the native chemical structure of the substrate or may be mtroduced as discussed
below.

[00228] The coating material may be attached to the oxides via a linking group (“LG”),
which may be a siloxy or phosphonate ester group formed from the reaction of a siloxane or
phosphonic acid group with the oxides. The moiety configured to provide a layer of organic
and/or hydrophilic molecules suitable for maintenance/expansion of biological micro-
object(s) in the microfluidic device can be any of the moieties described herein. The linking
group LG may be directly or indirectly connected to the moiety configured to provide a layer
of organic and/or hydrophilic molecules suitable for maintenance/expansion of biological
micro-object(s) m the microfluidic device. When the Imking group LG 1s directly connected
to the moiety, optional linker (“L”) 1s not present and n 1s 0. When the linking group LG 1s
indirectly connected to the moiety, linker L 1s present and n 1s 1. The linker L. may have a
linear portion where a backbone of the linear portion may mclude 1 to 200 non-hydrogen
atoms selected from any combination of silicon, carbon, nitrogen, oxygen, sulfur and
phosphorus atoms, subject to chemical bonding limitations as 1s known 1n the art. It may be
mterrupted with any combination of one or more moieties selected from the group of ether,
amino, carbonyl, amido, or phosphonate groups, arylene, heteroarylene, or heterocyclic
groups. In some embodiments, the backbone of the linker L. may mclude 10 to 20 atoms. In

other embodmments, the backbone of the linker . may include about 5 atoms to about 200
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atoms; about 10 atoms to about 80 atoms; about 10 atoms to about 50 atoms; or about 10
atoms to about 40 atoms. In some embodiments, the backbone atoms are all carbon atoms.
[00229] In some embodiments, the moiety configured to provide a layer of organic
and/or hydrophilic molecules suitable for maintenance/expansion of biological micro-
object(s) may be added to the surface of the substrate 1n a multi-step process, and has a
structure of Formula 2, as shown above. The moiety may be any of the moieties described
above.

[00230] In some embodiments, the coupling group CG represents the resultant
group from reaction of a reactive moiety Ry and a reactive pairing moiety Rpx (1.€., 2 motety
configured to react with the reactive moiety Ry). For example, one typical coupling group
CG may include a carboxamidyl group, which 1s the result of the reaction of an ammo group
with a derivative of a carboxylic acid, such as an activated ester, an acid chloride or the like.
Other CG may mclude a triazolylene group, a carboxamidyl, thioamidyl, an oxime, a
mercaptyl, a disulfide, an ether, or alkenyl group, or any other suitable group that may be
formed upon reaction of a reactive moiety with its respective reactive pairing moiety. The
coupling group CG may be located at the second end (1.e., the end proximal to the moiety
configured to provide a layer of organic and/or hydrophilic molecules suitable for
maintenance/expansion of biological micro-object(s) in the microfluidic device) of linker L.,
which may mclude any combination of elements as described above. In some other
embodiments, the coupling group CG may mterrupt the backbone of the linker L. When
the coupling group CG 1s triazolylene, 1t may be the product resulting from a Click coupling
reaction and may be further substituted (e.g., a dibenzocylcooctenyl fused triazolylene
group).

[00231] In some embodiments, the coating material (or surface modifymg ligand) 1s
deposited on the mner surfaces of the microfluidic device using chemical vapor deposition.
The vapor deposition process can be optionally improved, for example, by pre-cleaning the
cover 110, the microfluidic circuit material 116, and/or the substrate (e.g., the inner surface
208 of the electrode activation substrate 206 of a DEP-configured substrate, or a dielectric

layer of the support structure 104 of an EW-configured substrate), by exposure to a solvent
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bath, sonication or a combmation thereof. Alternatively, or m addition, such pre-cleaning
can include treating the cover 110, the microfluidic circuit material 116, and/or the substrate
mn an oxygen plasma cleaner, which can remove various impurities, while at the same time
mtroducing an oxidized surface (e.g. oxides at the surface, which may be covalently modified
as described herein). Alternatively, liquid-phase treatments, such as a mixture of hydrochloric
acid and hydrogen peroxide or a mixture of sulfuric acid and hydrogen peroxide (e.g.,
piranha solution, which may have a ratio of sulfuric acid to hydrogen peroxide 1n a range
from about 3:1 to about 7:1) may be used 1n place of an oxygen plasma cleaner.

[00232] In some embodmments, vapor deposition 1s used to coat the mner surfaces of
the microfluidic device 200 after the microfluidic device 200 has been assembled to form an
enclosure 102 defining a microfluidic circuit 120. Without mtendmg to be limited by theory,
depostting such a coating material on a fully-assembled microfluidic circuit 120 may be
beneficial 1 preventing delamination caused by a weakened bond between the microfluidic
circuit material 116 and the electrode activation substrate 206 dielectric layer and/or the
cover 110. In embodmments where a two-step process 1s employed the surface modifying
ligand may be mtroduced via vapor deposition as described above, with subsequent
introduction of the moiety configured provide a layer of organic and/or hydrophilic
molecules suitable for maintenance/expansion of biological micro-object(s). The
subsequent reaction may be performed by exposing the surface modified microfluidic device
to a suitable coupling reagent in solution.

[00233] Figure 2H depicts a cross-sectional view of a microfluidic device 290 having
an exemplary covalently limked coating material providing a conditioned surface. As
llustrated, the coating materials 298 (shown schematically) can comprise a monolayer of
densely-packed molecules covalently bound to both the mner surface 294 of a base 2806,
which may be a DEP substrate, and the inner surface 292 of a cover 288 of the microfluidic
device 290. The coating material 298 can be disposed on substantially all inner surfaces 294,
292 proximal to, and facing mwards towards, the enclosure 284 of the microfluidic device
290, mcluding, in some embodiments and as discussed above, the surfaces of microfluidic

circuit material (not shown) used to define circuit elements and/or structures within the
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microfluidic device 290. In alternate embodiments, the coating material 298 can be disposed
on only one or some of the mner surfaces of the microfluidic device 290.

[00234] In the embodiment shown 1n Figure 2H, the coating matertal 298 can mclude
a monolayer of organosiloxane molecules, each molecule covalently bonded to the inner
surfaces 292, 294 of the microfluidic device 290 via a siloxy linker 296. Any of the above-
discussed coating materials 298 can be used (e.g. an alkyl-termmated, a fluoroalkyl
terminated moiety, a PEG- terminated moiety, a dextran termmated moiety, or a terminal
moiety contaming positive or negative charges for the organosiloxy motieties), where the
terminal moiety 1s disposed at 1ts enclosure-facing terminus (1.e. the portion of the
monolayer of the coating material 298 that 1s not bound to the mner surfaces 292, 294 and 1s
proximal to the enclosure 284).

[00235] In other embodiments, the coating material 298 used to coat the mner
surface(s) 292, 294 of the microfluidic device 290 can mclude anionic, cationic, or
zwitterionic moieties, or any combination thereof. Without intending to be limited by
theory, by presenting cationic moieties, anionic moieties, and,/ or zwitterionic moieties at the
mner surfaces of the enclosure 284 of the microfluidic circuit 120, the coating material 298
can form strong hydrogen bonds with water molecules such that the resulting water of
hydration acts as a layer (or “shield”) that separates the biological micro-objects from
interactions with non-biological molecules (e.g., the silicon and/or silicon oxide of the
substrate). In addition, n embodiments m which the coating material 298 1s used m
conjunction with coating agents, the anions, cations, and/or zwitterions of the coating
matertal 298 can form i1onic bonds with the charged portions of non-covalent coating agents
(e.g. protems m solution) that are present in a medum 180 (e.g. a coating solution) m the
enclosure 284.

[00236] In still other embodiments, the coating material may comprise or be
chemically modified to present a hydrophilic coating agent at 1ts enclosure-facing terminus.
In some embodiments, the coating material may include an alkylene ether contamning
polymer, such as PEG. In some embodiments, the coating material may include a

polysaccharide, such as dextran. Like the charged moieties discussed above (e.g., anionic,

81



WO 2017/123978 PCT/US2017/013483

cationic, and zwitterionic moieties), the hydrophilic coating agent can form strong hydrogen
bonds with water molecules such that the resulting water of hydration acts as a layer (or
“shield”) that separates the biological micro-objects from mteractions with non-biological
molecules (e.g., the silicon and/or silicon oxide of the substrate).

[00237] Further details of appropriate coating treatments and modifications may be
found at U.S. Application Serial No. 15/135,707, filed on April 22, 2016, and is incorporated

by reference m its entirety.

H. Additional system components for maintenance of viability of cells
within the sequestration chambers of the microfluidic device.
[00238] In order to promote growth and/or expansion of cell populations,
environmental conditions conductve to mamtaining functional cells may be provided by
additional components of the system. For example, such additional components can
provide nutrients, cell growth signaling species, pH modulation, gas exchange, temperature

control, and removal of waste products from cells.

IV. ADDITIONAL EMBODIMENTS

A. Embodiments Using T or NK Cells
[00239] In certain instances, T cells may be present in the dissociated cell sample. In
such instances, the method may further comprise performing a selection on the dissociated
cell sample to isolate a fraction that has a greater percentage or concentration of T cells than
the original dissociated sample. In this manner, tumor-infiltrating lymphocytes (T1Ls) can
be obtained from the same patient’s tumor sample. In other mstances, T  cells can be
obtained from the same patient’s blood. For example, T cells can be selected from a blood
sample (or peripheral blood mononuclear cell (PBMC) sample) obtained from the same
patient. In still other instances, I' cells can be obtained from a subject that 1s not the patient
providing the at least one solid tumor (e.g., a subject that is a blood donor or tissue donor).
T cells may be separated from other cells in a dissociated cell sample or a blood/PBMC
sample by using at least one 'T' cell marker chosen from CD4, CD8, CD25, CD45RA,
CD45R0, CD62L, CD69, and CD3. Regardless of the origin of the T cells or the selection
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procedure used (if any), the resulting T cells may be cloned and/or used in the methods
disclosed herein. For example, the 'I' cells (whether patient-specific or donor-derived) may
be used to prepare CAR-T therapeutics or used for other types of immunotherapy, such as
combination therapy involving T1Ls and another therapeutic agent (e.g., an antibody
prepared according to the methods disclosed herem).

[00240] Similar to T cells, natural killer (NK)) cells can be used in the methods
disclosed herem. For example, NK cells can be used to prepare CAR therapeutics, as
described in Topfer et al. (2015), J. Immunol. 194(7):3201-3212. The NK cells can be
obtamed, for example, from a blood sample or a tissue sample (e.g., a dissociated cell sample
obtained from a tumor). The NK cells can be isolated from other cells in the sample by

using at least one NK marker, such as CD56.

B. Embodiments Relying on Outside Cell Sources
[00241] In some embodiments, all of the cell sources are from a single patient. In
other embodmments, such as those discussed 1 this subsection, the cell sources may be from
different patients or different sources. In one aspect, the method comprises using a
microfluidic device to identify at least one B cell that produces antibodies capable of bindmng
to both the patient’s cancer cells and cancer cells from another source (e.g., m a two-step
process). In one embodiment, the B cells are tested agamst a cancer cell line while the
patient’s own cancer cells are prepared and/or cultured (e.g., before the patient’s cancer cells
are loaded onto the microfluidic device). T cells or NK cells may also be obtained from the

same patient or from a different source.

C. Embodiments Employing Normal Cells
[00242] When desired, the specificity of the antibodies produced by the B cells can be
evaluated by comparimg their ability to bind both cancer and non-cancer cells (1.e., normal
cells). As such, optionally, the method may further comprise using a microfluidic device to
identify whether the antibodies produced by the B cell are capable of bindmg to non-cancer
cells. The non-cancer cells and the cancer cells may be dissociated from the same tumor
sample. Alternatively, the non-cancer cells and/or the cancer cells may originate from a

subject other than the patient providing the at least one solid tumor sample.
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[00243] The same microfluidic device may be used to identify binding of the
antibodies to cancer and non-cancer cells. The cancer and non-cancer cells may be loaded
mto different parts of the microfluidic device. For example, cancer cells (or non-cancer
cells) can be placed into the same 1solation chamber as a B cell, and non-cancer cells (or
cancer cells) can be flowed nto the flow channel to a location proximal to where the
1solation chamber opens into the flow channel. In another example, cancer cells (or non-
cancer cells) can be placed mto an 1solation chamber that 1s adjacent to an 1solation chamber
that contamns a B cell, and non-cancer cells (or cancer cells) can be flowed into the flow
channel to a location proximal to where the 1solation chamber that contains the B cell opens
mto the flow channel. In still another example, cancer cells (or non-cancer cells) can be
placed into an 1solation chamber along with a B cell, and non-cancer cells (or cancer cells)
can be placed nto an 1solation chamber that 1s adjacent to the 1solation chamber that
contains the B cell. Regardless of the placement of the cancer cells and/or the non-cancer
cells, the same microfluidic device can be used to simultaneous assess whether antibodies
(e.g., such as produced by a B cell) bind to cancer cells and/or non-cancer cells. In other
embodiments, the cancer and non-cancer cells may be loaded sequentially in the same flow
path (or the same 1solation region), allowing for the sequential detection of binding between

(1) the antibodies and the cancer cells and (2) the antibodies and the non-cancer cells.

V. METHODS OF TREATMENT AND THERAPEUTIC COMPOSITIONS
[00244] Patients having cancer may be treated with an antibody or fragment thereof
produced by the methods described herem. In one instance, the tumor sample 1s taken from
the same patient who 1s treated. One advantage of this method 1s that personalized
treatment can be designed for a given patient and 1n some mstances that personalized
treatment can be prepared 1n a relatively short window of time, allowing for therapeutic
efficacy m the time required by the patient’s disease state. For mstance, 1n some
embodiments, the time from obtaming the tumor sample to treatment may be at most about
2 months.

[00245] Once the variable heavy and light chain regions of the antibody produced by

the B cell have been determined, a variety of different antibody or antibody fragment
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constructs may be prepared, either contaming all or some of the variable sequences. In
some 1nstances, the patient may be treated with a single chain antibody. In other mstances,
the patient may be treated with an antibody or fragment thereof that has two heavy chains
and two light chams. In some embodimments an engmeered antibody construct comprises
Fab or Fab'(2) fragments, scEFvs, multivalent scFvs (e.g., diabodies or tribodies), minibodies
(e.g., scFv-CH3 dimers), bispecific Abs, or camel variable functional heavy chamn domains.
In other embodiments an engmeered antibody construct comprises any variant of the
antibody identified by the methods herem. In some embodiments, the antibody or fragment
may be administered 1 1solated form.

[00246] For example, an engineered antibody construct may comprise (a) at least the
heavy cham CDRs of an antibody 1dentified by the method herein; (b) at least the heavy and
light chain CDRs of an antibody 1dentified by the method herein; (c) at least the heavy chamn
variable region of an antibody identified by the method herein; or (d) at least the heavy and
light chain variable regions of an antibody 1dentified by the method herein.

[00247] In other mstances, various constructs may be prepared using the antibody or
fragment. For instance, the anttbody may be displayed on an engineered T cell or an
engineered NK cell. In some embodiments, the engineered T cell is a chimeric antigen
receptor T cell. The T cell may be obtamed from the same patient prior to being engineered
to display the antibody, such as, for mstance from the patient’s tumor sample or a blood
sample obtained from the patient. Such a T cell may be genetically engineered to express the
antibody or fragment thereof. Similarly, in other embodiments, the engmeered NK cell 1s a
chimeric antigen receptor NK cell. The NK cell may be obtained from the same patient
prior to be engineered to display the antibody, such as, for mstance, from the patient’s tumor
sample or a blood sample obtamed from the patient. Such a NK cell may be genetically
engineered to express the antibody or fragment thereof.

[00248] In some modes, the antibody or fragment thereof may be admmistered 1n
combination with another therapy. In such a case, the combmation therapy may be surgery,
radiation, chemotherapy, CAR-T therapy, T cell therapy (such as by simply amplifying the

patients own T cells, such as TILs, and reintroducing them), other immunotherapy (by
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targeting known antigens that inhibit T cell function with function-blocking antibodies, such
as mhibitory antibodies against PD-1, PD-L1, CILA-4, LAG-3, TIM-3, VISTA, BTLA, or
any combination thereof), or admimistration of an immune stimulatory agent, such as ICOS,

0X40, 41BB, an anti-tumor vaccine, cytokies, or a tumor-specific virus.

VI. METHODS OF LABELING AND DETECTION

[00249] Antibodies produced according to the methods herem may also be used mn
methods of detection. For example, the antibodies may be labeled with a detectable label
and used 7z vivo or in vitro to detect or label cancer cells (including the patient’s own tumor
cells). For example, fluorescence guided surgery may be performed using a fluorophore-
conjugated antibody 1 order to highlight the tumor, improve surgical resection, and mcrease
survival rates. Fluorophores such as Alexa Fluor 488 may be used. The antibody-
fluorophore conjugate may be mjected intravenously or 1t may be applied to the resection
surfaces during surgery. The antibodies produced herein may also be used for other

methods of detection or labeling.

EXAMPLES

Example 1. Processing of Tumor Biopsy and Fragmentation of Dissociated Cell

Sample
A. Dissociation of Tumor Sample
[00250] A tumor sample is obtained from a patient having a surgical resection of his or

her tumor. On the day of tumor resection, the specimen 1s recetved in the laboratory
immediately following the procedure. The specimen 1s bathed in sterile saline in a sterile
contamer. Viable tumor tissue 1s dissected away from non-viable tissue and healthy (non-
cancer) tissue 1n a laminar flow hood using a scalpel and sterile forceps. Other samples of
viable tumor tissue may be obtained for other assessments. The tumor sample for
dissociation 1s weighed and kept 1n a 50 ml centrifuge tube containing a small amount of
sterile HBSS. A medmum for culturmg cells 1s prepared by supplementing RPMI 1640 with

10% human serum (heat inactivated at 56°C for 30 minutes), and with final concentrations
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of penicillin G (100 units/ml), streptomycin (100 pg/ml), gentamicin (50 pg/ml), Hepes (25
mM), and 2-mercaptoethanol (5.5x10-> M).

[00251] The tissue specimen is placed on a sterile cutting surface (cutting board or
open Petrt dish). Using sterile scalpel and forceps, the specimen 1s cut into small (3-5 mm)
fragments. Cut fragments are transferred into a gentleMACS® C Tube. Enzyme medium
(EM) 1s added to the tube (5 ml for 0.2 — 2g of tissue and 10 ml for 2-5 g) and the tube 1s
securely closed by turning the cap until a slight click 1s heard. EM 1s used to help disperse
cells from the surgical specimen during the short incubation periods between the
gentleMACS® program runs. The enzyme-containing medium, RPMI 1640, does not
contain serum, but contains penicillin G (100 units/ml), streptomycin (100 pg/ml),
gentamicin (50 pg/ml), Fungizone® (1.25 pg/ml), collagenase (1 mg/ml), and Pulmozyme®
(~30 units/ml). Enzyme stocks are dry powders stored at -20°C.

[00252] The C Tubes are installed vertically and cap-side down into the gentleMACs
Sleeve. Proper installation ensures that the C Tubes are held in position against rotational
and axial forces. Pre-defined programs are provided by the internal gentleMACS®
dissociator memory. The programs vary in intensity, so an appropriate program 1s selected
depending on the texture of the tissues to be processed. Softer tissues require more gentle
rotation (lower speed) and harder tissues require a more vigorous, longer rotation. Multiple
dissociation runs may be performed with evaluation of the state of dissociation bemng
performed between runs. Dissociated tissue 1s filtered through an autoclaved wire mesh
placed in an autoclaved funnel on top of a 250 ml centrifuge tube. The wire mesh 1s rmsed
with sterile HBSS and the tube filed with additional sterile HBSS. The dissociated tissue 1s
then washed one time by centrifuging 10 minutes at 1500 rpm. The supernatant is aspirated

and the pellet resuspended m a known volume of HBSS.

B. An Alternative Procedure for Tumor Dissociation
[00253] As an alternative to performing tumor dissociation using the gentleMACS®
mnstrument, a digestion buffer may be used. Tumor tissue is teased apart using forceps or
cut into small pieces (2-5 mm). Tissue is placed in a dissociation buffer (100 units/ml

collagenase and 100 pg/ml DNase in RPMI and 10% human serum (heat inactivated at 56°C
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for 30 minutes)). The digestion proceeds in an incubator at 37°C for 30 minutes. After
mcubation, the sample 1s pipetted up and down with a pipette to get an easily flowing smgle
cell suspension.

[00254] The suspension is filtered through a 70 micron filter and washed 2X with
MAC s separation buffer supplemented with 10% human serum (heat inactivated at 56°C for
30 minutes). The cell suspension is centrifuged at 400xg for 10 minutes. The pellet is rinsed
with 10 ml MACs buffer and centrifuged again at the same setting. The dissociated cells are
then resuspended 1n 100 ul MACs buffer.

C. Fragmentation of Cell Types from Dissociated Cell Sample
[00255] After a dissociated cell sample comprising smgle cells 1s prepared using either
protocol above, B cells, T cells, NK cells, and cancer cells may be fragmented from the
dissociated cell sample. Ant1-CID20 magnetic beads may be used to select for B cells. Anti-
CD4 and/or anti-CD8 magnetic beads may be used to select for T cells. Anti-CID56
magnetic beads may be used to select for NK cells. Magnetic beads attached to an antibody
spectfic for the cancer cells may be used to select for cancer cells or cancer cells may be
removed manually using morphological evaluations.
[00256] Antibody labeled microbeads targeting the first cell type to be fragmented
(approximately 10 pl per 108 cells) are added to the dissociated cell sample. The tube 1s
mixed well by gentle flicking of the tube and mcubating for 15 minutes at 4-8°C, shielded
from light. The cells are washed by adding 10 ml of MACs buffer and centrifuging at 400 x
g for 10 minutes. The supernatant is poured (or aspirated) off and the cells resuspended in
500 ul MACs buffer. A fresh column 1is applied to the magnet separator. The column is
primed by rinsing with an appropriate amount of MACs buffer for the column selected.
After priming the column, the cell suspension 1s applied to the top of the column, with one
column used for every 1 x 108 cells. Any unlabeled cells (pass-through) are collected and
reserved for 1solation of different cell types. For a first wash, the column 1s washed for a
minimmum of three and up to five times with a 500 pl volume for a total of 1.5 to 2.5 ml of
fluid wash. Fluid flow 1s preserved m the column without 1t being allowed to run dry, which

can impact purity and lead to loss of cell viability).
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[00257] For a second wash, the column 1s washed with a dissociation buffer mix
comprising collagenase and DNase 1n order to flush out sticky debris from dead or dymmg
tumor cells (100 units/ml Collegenase and 100 pg/ml DNase in RPMI and 10% human
serum (heat mactivated at 56°C for 30 minutes)). For a third wash, the MACs buffer is used
again until the wash looks completely clear.

[00258] The column is removed from the magnetic separator and placed on a suitable
collection tube. 2 ml of buffer 1s placed on the column and the magnetically labeled cells are
collected by firmly applying the plunger supplied with the column.

[00259] Alternatively, magnetic separation may be conducted by AutoMACS®.

[00260] Additional separation steps are performed to isolate each of the B cells, T

cells, NK cells, and cancer cells. Magnetic beads are removed from the cells, when desired.

Example 2. Screening Mouse Splenocytes for Secretion of IgG Antibodies in a
Microfluidic Device
[00261] A screen was performed to 1identify mouse splenocytes that secrete IeG-type

antibodies that bind to human CD45. The experimental design included the following steps:

1. Generation of CID45 antigen coated beads;
2 Harvest mouse splenocytes;

3. Load cells mto a microfluidic device; and
4 Assay for antigen spectficity.

[00262] Reagents used for the experiment mcluded those shown in Table 1.

Table 1- Reagents

Name Vendor Catalog Number | Lot Number
1 | Slide-A-Lyzer MINI Dialysts Thermo Pierce 69560 0]189254
Device, 7TK MWCO, 0.1mL
2 | CD45 Protein R&D Systems 1430-CD 112722
3 | PBS pH 7.2 with Mg2+ and Ca2+ | Fisher BP29404
4 | Streptavidin Coated Beads (8 um) | Spherotech SVP-60-5 ACO01
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5 | EZ-Link NHS-PEG4-Biotin, No- | Pierce 21329
Weigh Format
6 | Hybridoma SFM Med:ia Lite Tech 12045-076
7 | Fetal Bovine Serum Hyclone #SH30084.03
8 | Penicillin-Streptomycin (10,000 Life 15140-122
U/mL)
9 | Goat anti-mouse F(ab”)2-Alexa 568 | Life Cat# A11019 Lot#1073003
10 | streptavidin-488 Life Catalog Lot
#532354 #1078760
11 | Mouse anti CD45 IgGy R&D Systems MAB1430 ILP0612061
12 | BD Falcon™ Cell Strainers , BD 352340
40um, Blue
[00263] Generation of CD45 antigen coated beads
[00264] CD45 antigen coated microbeads were generated m the following manner:

e 50ug carrier free CD45 was resuspended m 500 pl. PBS (pH 7.2).

e A shde-a-lyzer mini cup was rinsed with 500 pl. PBS, then added to a microfuge

tube.

e 50 uL of the 0.1 pg/ul. CDD45 solution was added to the rinsed slide-a-lyzer mini

cup.

e 170 uLL PBS was added to 2 mg of NHS-PEG4-Biotin, after which 4.1 uL. of

NHS-PEG4-Biotin was added to the shide-a-lyzer mini cup contamning the CID45

antigen.

e The NGS-PEGH4-Biotin was incubated with the CID45 antigen for 1 hour at room

temp erature.

e TFollowing the incubation, the slide-a-lyser mint cup was removed from the

microfuge tube, placed into 1.3 mls PBS (pH 7.2) m a second microfuge tube, and

incubated at 4°C with rocking, for a first 1 hour period. The slide-a-lyser mini

cup was subsequently transferred to a third microfuge tube contaming 1.3 mls of

fresh PBS (pH 7.2), and incubated at 4°C with rocking, for a second 1 hour
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period. This last step was repeated three more times, for a total of five 1 hour
mcubations.
e 100 plL of biotinylated CD45 solution (~50 ng/ul.) was pipetted into labeled

tubes.

e 500 puLL Spherotech streptavidin coated beads were pipetted mto a microfuge tube,
washed 3 times (1000 ul./wash) in PBS (pH 7.4), then centrifuges for 5 min at
3000 RCF.

e The beads were resuspended in 500 ul PBS (pH 7.4), resulting in a bead
concentration of 5 mg/ml.

e 50 ulL biotinylated protem was mixed with the resuspended Spherotech
streptavidin coated beads. The mixture was incubated at 4°C, with rocking, for 2
hours, then centrifuged 4° for 5 min at 3000 RCF. The supernatant was discarded
and the CD45 coated beads were washed 3 times in 1 mL. PBS (pH 7.4). The
beads were then centrifuges at 4°C for another 5 min at 3000 RCF. Finally, the
CD45 beads were resuspended in 500 uL. PBS pH 7.4 and stored at 4° C.

[00265] Mouse Splenocyte Harvest

[00266] The spleen from a mouse immunized with CD45 was harvested and placed
mto DMEM media + 10% FBS. Scissors were used to mince the spleen.

[00267] Minced spleen was placed mto a 40 um cell strainer. Single cells were washed
through the cell stramer with a 10 ml pipette. A glass rod was used to break up the spleen
turther and force smgle cells through the cell stramer, after which smgle cells were again
washed through the cell stramer with a 10 ml prpette.

[00268] Red blood cells were lysed with a commercial kit.

[00269] Cells were spun down at 200xG and raw splenocytes were resuspended 1n

DMEM media + 10% FBS with 10 ml pipette at a concentration of 2e8 cells/ml.

[00270] Loading Cells into Microfluidic Device
[00271] Splenocytes were imported into the microfluidic chip and loaded mto pens

contaming 20-30 cells per pen. 100 microliters of media was flowed through the device at
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1 ul./s to remove unwanted cells. Temperature was set to 36°C, and culture media was

perfused for 30 minutes at 0.1 pl./sec.

[00272] Antigen Specificity Assay
[00273] Cell media containmng 1:2500 goat anti-mouse F(ab’)2-Alexa 568 was prepared.
[00274] 100 uL. of CD45 beads were re-suspend m 22 pl of the cell media contamning

the 1:2500 dilution of goat anti-mouse F(ab’)2-Alexa 568.

[00275] The resuspended CD45 beads were next flowed into the main channel of the
microfluidic chip at a rate of 1 pl./sec until they were located adjacent to, but just outside
the pens containing splenocytes. Fluid flow was then stopped.

[00276] The microfluidic chip was then imaged in bright field to determine the
location of the beads.

[00277] Next, a Texas Red Filter was used to capture images of the cells and beads.
Images were taken every 5> minutes for 1 hr, with each exposure lasting 1000 ms and a gain

of 5.

[00278] Results

[00279] Postitive signal was observed developing on the beads, reflecting the diffusion
of IgG-1sotype antibodies diffusing out of certain pens and into the main channel, where
they were able to bind the CD45-coated beads. Binding of anti-CD45 antibody to the beads
allowed for the secondary goat anti-mouse Ig(G-568 to associate with the beads and produce
a detectable signal. See Figure 5C, white arrows.

[00280] Using the methods disclosed herein, each group of splenocytes associated with
posttive signal could be separated and moved into new pens as a single cell and reassayed. In

this manner, single cells expressing anti-CID45 IgG antibodies could be detected.

Example 3. Membrane Preparation and Conjugation of Membrane Antigens to
Beads

[00281] The following protocol demonstrates the feasibility of obtaining samples
containing protems (and other biomolecules), and particularly membrane bound or

membrane associated proteins, from samples cells of interest. The protocol 1s performed on
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Jurkat cells to enable testing of the resulting samples for proteins known to be present in

such cells. The protocol could be readily extended to other cell types, including cancer cells

solated from a tumor biopsy, thereby yielding samples contaming tumor cell-specific (or

other cell type-specific) antigens useful for screening immunological cells (such as B cells)

for their reactivity to the antigens.

[00282]

Materials:
Jurkat cells (ATCC TIB-152)

LiDS-Sample Buffer: 0.02 g/ml LiDS, 10% glycerol, 0.51 mM EDTA, 247 mM
Tris, pHS8.5 (ThermoFisher BOO0S)

Qiashredder (Qiagen 79654)
DPBS (containing calcium and magnesium, ThermolFisher 14040-182)
UltraPure Water (ThermoFisher 10977-015)
EZ-Link Sulfo-NHS-SS-Biotin (ThermoFisher 21328): store at -20°C, take out
and warm at RT ~30 min before use; spin down briefly to collect everything at
the bottom of the tube; immediately before use, add 164 pL ultrapure water to 1
tube containing 1 mg Sulfo-NHS-8S-Biotin and pipette up and down several
times to dissolve (results m a 10 mM solution)
Complete Ultra mini (Sigma 5892791001): Prepare 20x solution: dissolve 1 tablet
in 500 pl. water by vortexing (stable for 4 weeks at 4°C or -20°C)
Minute Plasma Membrane Protein Isolation Kit (Invent Biotechnologies SM-005):
Before use, thaw Solutions A and B, and add protease mhibitors:
e for each sample 500 pL. Buffer A + 25 pl. 20x protease mhibitors (store on
1ce)
e for each sample 200 uL. Buffer B + 10 uL. 20x protease inhibitor (store on
1ce)
e prepare 1 filter cartridge for each sample on 1ce

BSA: Chromatopur Bovine Albumin (MP Biomedicals 02180561)
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Streptavidin coated magnetic microspheres (Bangs Laboratories CMO1IN Lot#
11806), wash and block before use:

e Vortex beads, take out 300 pl. / sample and transfer into 1.5 ml. tube

e Wash with PBS

e Resuspend in 0.5% BSA and incubate at 4°C (rotating) for atleast 1 h

e Wash with PBS, resuspend in 500 pl. DPBS (+ protease inhibitors) / sample

¢ Anti-alpha 1 Sodium Potassium ATPase (Na/K-ATPase) antibody (Abcam
ab7671)

Anti-human CD3 antibody, clone SK7 (BioLegend 344802)

Anti-human CD45 antibody, clone HI30 (BioLegend 304002)

F(ab"2-Goat anti-Mouse IgG (H+L), Alexa Fluor 488 (ThermoFisher A-11017)

Biotinylation of Membrane Proteins:
Count Jurkat cells
Prepare an aliquot for Western Blot analysis:
e centrifuge 2x106 cells
e wash with PBS

e lyse m LiDS-Sample Buffer and centrifuge through a Qashredder column to
shear DNA

e store at 4°C for a few days, longer at -80°C
Wash multiples of 15x10¢ cells three times with DPBS by centrifugation

Resuspend each pellet in 500 ul. DPBS, transfer into a 1.5 mL tube and add 10
uL of freshly prepared 10 mM Sulfo-NHS-SS-Biotin

Rotate 30 min at RT

Wash three times with cold DPBS and proceed with cell pellets to enrich the

membrane fractions

Process 1 sample for Western Blot analysis (see above).
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[00284]

Fig. 6 shows an exemplary Western blot stained for Na/K-A'TPase, a protein

present in the plasma membrane, and GAPDH, a cytosolic protein.

[00285]

Enrichment of the Membrane Fraction using Minute Plasma

Membrane Isolation Kit:

[00286]

Perform all steps on ice, centrifuge at 4°C.

Resuspend pellets 1n Buffer A: 200 ul for <5x106 cells, 500 pl for >5x106 cells
Incubate on 1ce for 10 mm

Vortex vigorously for 10-30 sec, immediately transfer to the filter cartridge on ice

Cap the filter cartridge, centrifuge 30 sec at 16,000 g (increase to 2 min 1f cell

lysate does not go through)

Resuspend the pellet m collection tube, transfer to the same filter and centrifuge
again

Discard filter, resuspend pellet by vigorously vorteximg for 10 sec

Centrifuge 1 min at 700 g (to pellet intact nucler)

Centrifuge supernatant in a fresh 1.5 ml tube 30 min at 16,000 g / 4°C (—
supernatant contains cytosol, pellet = total membrane protein fraction)
Resuspend pellet n 200 ul buffer B by vortexing, or pipetting up and down
Centrifuge 20 min at 7,800 g / 4°C — pellet contains organelle membrane
proteins

Carefully transfer supernatant (membrane fraction) mnto a fresh 2.0 ml tube

Bind Membrane Fractions to Streptavidin-Coated Magnetic

Microspheres:

Add 80 L. of each membrane fraction to 500 pL. beads
Rotate o/n at 4°C

Save unbound fraction for analysis by Western Blot
Rotate 30 min in 0.5% BSA/PBS + protease inhibitors
Wash with PBS
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Resuspend in 250 pl. 0.1% BSA/PBS + protease inhibitors

Release Membrane Fractions from Beads (cleave S-S bond using D'T'T):
Take out an aliquot of 50 pl. beads

put on magnet and remove solution

Resuspend beads m 50 pl. LiDS-Sample Buffer containing 50 mM DTT (1x
Reducing Agent, Thermolisher B0O009)

Incubate 2 hr at RT (mix every ~30 min)

Antibody Staining:

[00287]

Take 50 pl. aliquots of beads (from step 24) for each antibody i following
dilutions

e (D3 (1:200)

e CD45 (1:100)

e Na/K-ATPase (1:100)

e No primary antibody

Rotate 30 min at 4°C

Add 800 puL. PBS to wash, wash 1x additionally with PBS

Incubate in secondary antibody (Alexa488-conjugated goat anti-mouse) for 30
min at 4°C (rotating, volume: 200 pL in 0.5% BSA/PBS + protease inhibitors)
1:300

Add 800 puL. PBS to wash, wash 1x additionally with PBS

Resuspend in 20 pl. 0.5% BSA/PBS + protease inhibitors

Image on fluorescence microscope

Fig. 7 shows beads coated with a Jurkat cell membrane fraction stained for

CD3, CD45 or Na/K-ATPase. CD3 and CD45 are both strongly represented compared

with NA/K-ATPase, which appears as fainter spots. Fig. 8 shows a comparison with
HEK293 cells. Here Na/K-ATPase stains the same, but CID3 and CID45 are absent.
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[00288] The results demonstrate that proteins isolated from cell membrane
preparations can be successfully coupled to beads. Such beads could be mixed with
mmunological cells to determie which cells are reactive to antigens (whether protein or

otherwise) present i the cell membrane preparations.

Example 4. Identifying B Cells that Express Antibodies that Bind to Bead-
Conjugated Cancer Cell-Derived Antigens
[00289] A screen can be performed to 1dentify patient-specific B cells that express
antibodies that bind to a patient’s own medullary breast cancer cells. The experimental
design can include the following steps:
o [Harvest and selection of B cells and cancer cells;
e Obtaimn cell membrane preparations from the cancer cells and conjugate the
membrane antigens to beads;
e [.0ad B cells into a microfluidic device;
e Load beads conjugated to cancer cell-derived membrane antigens mto the
microfluidic device; and

e Assay for binding of antibodies produced by B cells to the beads.

A. Cell Harvest and Selection
[00290] A biopsy of a medullary breast cancer tumor 1s obtained from a patient and
the cells of the biopsy are dissociated, as described in Example 1 (above). B cells are
selected from the resulting dissociated cell sample using ant1i-CD-20 magnetic beads, thereby
producing a B cell-enriched cell sample. Cells remaining 1 the B cell-depleted dissociated
cell sample are next depleted of non-medullary breast cancer cells usmng a mixture of anti-ER
(estrogen receptor), anti-PR (progesterone receptor), and anti-HER2 magnetic beads to

produce a triple-negative breast cancer cell-enriched sample.
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B. Preparation of Cell Membrane from Breast Cancer Cells and
Conjugation of the Membrane Antigens to Beads
[00291] Starting with the triple-negative breast cancer cell-enriched sample obtained m
part A, cell membranes from the cancer cells can be prepared and conjugated to beads, as

described 1n 3, above.

C. Loading Cells into Microfluidic Device
[00292] The B cell-enriched cell sample is next loaded into a microfluidic chip by
flowing 1-3 microliters of the sample into a flow channel at a rate of 0.1-1.0 microliters/sec.
The flow of sample is then stopped and, while the cells in the sample are located in the flow
channel, B cells are selectively captured using DEP force (e.g., OET) and moved mto the
solation regions of 1solation chambers connected to the flow channel. A smgle B cell 1s
placed mto each of a plurality of 1solation chambers. Depending on the size of the
microfluidic chip used, 3000 or more B cells can be individually 1solated on a single chip. In
general, fewer B cells are expected to be present in the sample. As a result, all B cells i the
sample can be 1solated. Once the B cells are moved mto the 1solation chambers, the flow
channel 1s flushed with fresh medum to clear the flow channel of unwanted cells and debris.
[00293] After clearing the flow channel, the triple-negative breast cancer cell-enriched
sample 1s loaded mto the chip. Similar to the B cell-enriched sample, 1-3 microliters of the
cancer cell-enriched sample 1s flowed into the flow channel at a rate of 0.1-1.0
microliters/sec, then the flow is stopped. Using morphological traits, a plurality of cancer
cells (e.g., 3-6) 1s selected using DEP force (e.g., OET) and moved mto each isolation
chamber that contains a B cell. Once the cancer cells are moved mto the 1solation chambers,
the flow channel 1s flushed with fresh medium to clear the flow channel of unwanted cells
and debris. In this manner, a plurality of 1solation chambers 1n the microfluidic chip are

loaded with a smgle B cell and a plurality of medullary breast cancer cells.

D. Loading Beads into the Microfluidic Device
[00294] After clearing the flow channel, the beads conjugated to the membrane
antigens obtained from the triple-negative breast cancer cell-enriched sample are loaded into

the chip. Similar to the B cell-enriched sample, 1-3 microliters of the cancer cell-assoctated
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antigen-conjugated beads are flowed nto the flow channel at a rate of 0.1-1.0
microliters/sec, then the flow is stopped. The beads are moved into each isolation chamber
that contains a B cell. Once the beads are moved into the isolation chambers, the flow
channel 1s subsequently flushed with fresh medum to clear the flow channel of unwanted
beads and debris. In this manner, a plurality of 1solation chambers 1n the microfluidic chip
are loaded with a single B cell and a plurality of cancer cell-associated antigen-conjugated

beads. Alternatively, the beads can be left mn the channel, as described m Example 2, above.

E. Antibody Binding Assay
[00295] To determine whether any of the 1solated B cells are producing antibodies that
bind to the cancer cell-associated antigens, the B cells in the microfluidic chip are incubated
under conditions conducive to antibody expression. After such mcubation, a medum
contaming a mixture of secondary antibodies that bind to the constant region of human
antibodies 1s flowed into the microfluidic chip, then stopped. Antibodies m the antibody
mixture, which can contam fluorescently labeled anti-human IgG antibodies, anti-human
IgM antibodies, and optionally antibodies against human IgA, IgE, and/or IgD, are allowed
to diffuse mto the 1solation chambers and bind to antibodies produced by the B cells. If the
antibodies produced by a B cell binds to one or more of the cancer cell-associated antigens
that are conjugated to the beads i the corresponding isolation chamber, then the anti-
human secondary antibodies (and their labels) will become detectably bound to the surface
of the beads. If the beads are left in the channel, then the fluorescently labeled secondary
antibodies can be mixed with the beads before the beads are flowed into the microfluidic
device.
[00296] During the secondary antibody mcubation step, the microfluidic chip 1s
periodically imaged using a filter for detection of fluorescent signal (e.g., a Texas Red Filter).

Images can be taken every 5 mimutes for 1 hr, with each exposure lasting 1000 ms.

F. Results
[00297] Postitive signal can be observed developing on the surface of the beads in (or
proximal to) any isolation chamber that contains a B cell that expresses antibodies that bind

to the cancer cell-associated antigens. Using this method, mdividual B cells expressing
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antibodies of mterest can be specifically identified. B cells that do not produce any
mteresting antibodies can be moved out of their 1solation chambers and exported out of the
microfluidic chip to waste. B cells identified as expressing an antibody that binds to the
patient’s medullary breast cancer cell-derived antigens can be moved out of the 1solation
chamber (e.g., using DEP force, such as OET) and exported for amplification and
sequencing of the heavy and light cham variable regions of the expressed antibodies. If the
B cells expanded while being induced to express antibodies, a clonal population of B cells
can be exported for amplification and sequencing of the heavy and light chain variable

regions of the expressed antibodies.

Example 5. Identifying B Cells that Express Antibodies that Bind to the Cancer
Cells
[00298] Alternatively, the screen can be performed to identify patient-specific B cells
that express antibodies that bind to a patient’s own medullary breast cancer cells. The
expermental design can include the following steps:

o [Harvest and selection of B cells and cancer cells;

o Load cells mto a microfluidic device; and

e Assay for binding of antibodies produced by B cells to cancer cells.

A. Cell Harvest and Selection
[00299] A biopsy of a medullary breast cancer tumor 1s obtained from a patient and
the cells of the biopsy are dissociated, as described in Example 1 (above). B cells are
selected from the resulting dissociated cell sample using ant1i-CD-20 magnetic beads, thereby
producing a B cell-enriched cell sample. Cells remaining 1 the B cell-depleted dissociated
cell sample are next depleted of non-medullary breast cancer cells using a mixture of anti-ER
(estrogen receptor), anti-PR (progesterone receptor), and anti-HER2 magnetic beads to

produce a triple-negative breast cancer cell-enriched sample.

B. Loading Cells into Microfluidic Device
[00300] The B cell-enriched cell sample is next loaded into a microfluidic chip by

flowing 1-3 microliters of the sample into a flow channel at a rate of 0.1-1.0 microliters /sec.
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The flow of sample is then stopped and, while the cells in the sample are located in the flow
channel, B cells are selectively captured using DEP force (e.g., OET) and moved mto the
1solation regions of 1solation chambers connected to the flow channel. A smgle B cell 1s
placed mto each of a plurality of 1solation chambers. Depending on the size of the
microfluidic chip used, 3000 or more B cells can be mndividually 1solated on a single chip. In
general, fewer B cells are expected to be present in the sample. As a result, all B cells i the
sample can be 1solated. Once the B cells are moved mto the 1solation chambers, the flow
channel 1s flushed with fresh medum to clear the flow channel of unwanted cells and debris.
[00301] After clearing the flow channel, the triple-negative breast cancer cell-enriched
sample 1s loaded mto the chip. Similar to the B cell-enriched sample, 1-3 microliters of the
cancer cell-enriched sample 1s flowed into the flow channel at a rate of 0.1-1.0
microliters/sec, then the flow is stopped. Using morphological traits, a plurality of cancer
cells (e.g., 3-6) 1s selected using DEP force (e.g., OET) and moved mto each isolation
chamber that contains a B cell. Once the cancer cells are moved mto the 1solation chambers,
the flow channel 1s flushed with fresh medium to clear the flow channel of unwanted cells
and debris. In this manner, a plurality of 1solation chambers in the microfluidic chip are

loaded with a smgle B cell and a plurality of medullary breast cancer cells.

C. Antibody Binding Assay
[00302] To determine whether any of the 1solated B cells are producing antibodies that
bimd to cancer cells, the B cells i the microfluidic chip are mcubated under conditions
conductve to antibody expression. After such incubation, a medum containing a mixture of
secondary antibodies that bind to the constant region of human antibodies 1s flowed mto the
microfluidic chip, then stopped. Antibodies 1n the antibody mixture, which can contain
fluorescently labeled anti-human IgG antibodies, anti-human IgM antibodies, and optionally
antibodies against human IgA, IgE, and/or IgD, are allowed to diffuse into the isolation
chambers and bind to antibodies produced by the B cells. If the antibodies produced by a B
cell binds to one or more of the cancer cells in the corresponding 1solation chamber, then
the anti-human secondary antibodies (and their labels) will become detectably bound to the

surface of the medullary breast cancer cells.
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[00303] During the secondary antibody mcubation step, the microfluidic chip 1s
periodically imaged using a filter for detection of fluorescent signal (e.g., a Texas Red Filter).

Images are taken every 5 mimutes for 1 hr, with each exposure lasting 1000 ms.

D. Results
[00304] Posttive signal can be observed developmg on the surface of the cancer cells
mn any 1solation chamber that contains a B cell that expresses antibodies that bind to the
cancer cells. Using this method, mdividual B cells expressing antibodies of mterest can be
spectfically identified. B cells that do not produce any interesting antibodies can be moved
out of their 1solation chambers and exported out of the microfluidic chip to waste. Each B
cell identified as expressing an antibody that binds to the patient’s medullary breast cancer
cells can be moved out of the isolation chamber (e.g., using DEP force, such as OE'T) and
exported for amplification and sequencing of the heavy and light cham variable regions of
the expressed antibodies. If the B cells expanded while bemng mnduced to express antibodies,
a clonal population of B cells can be exported for amplification and sequencing of the heavy

and light chain variable regions of the expressed antibodies.

Example 6. Combination Therapy Using CAR-T's and an Oncolytic Virus
[00305] Chimeric antigen receptor (CAR)-redirected T cells have the potential to
provide increased benefits in cancer treatment. A patient having cancer, such as
neuroblastoma, undergoes a biopsy or surgical resection and B cells producing antibodies
that bind to the cancer are identified using the preceding examples. A CAR-T cell line is
engineered to express antibodies or fragments thereof corresponding to the antibodies
produced by the 1dentified B cell (by corresponding, we mean having at least the same heavy
chain CDRs, at least the same heavy and light chain CDRs, at least the variable heavy chain,
or at least the variable heavy and light chain). For this patient, the CAR-T cell line 1s
engineered to express an scFv, where the genes coding the variable regions of the heavy
chain and light chain are cloned by RT-PCR. Combinatorial scE'v genes are generated by
splicing-by-overlap PCR and then ligated mto restriction sites of a vector phage DNA.
[00306] The scE'v sequence 1s cloned in frame into a retroviral backbone, such as the
SEFG retroviral backbone. A retroviral supernatant is prepared using 2397 cells. Supernatant
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containing the retrovirus is collected 48 and 72 hours later. For transduction, 0.5 x 10¢/ml
peripheral blood mononuclear cells (PBMCs) activated with OK'T3 (Ortho Biotech,
Bridgewater, NJ) and CD28 (Becton Dickmson, Mountam View, CA) antibodies and
recombinant human I1.-12 (100 units/ml; Proleukin, Chiron, Emeryville, CA) are plated in
complete media (RPMI 1640 45%, Click medmum 45%, and 10% heat-sterilized human
serum and 2 mM L-glutamine) i 24-well plates pre-coated with a recombinant fibronectin
fragment (FN CH-296, Retronectin, Takara Shuzo, Otsu, Japan). After the addition of viral
supernatant, the cells are spun and incubated at 37°C in 5% CO2. CAR expression on T
lymphocytes 1s measured 72 hours later and the cells mamtamed in culture in complete
media with the addition of tI1.-2 (50 units/ml) every 3 days.

[00307] Such CAR-T cells are adoptively transferred to the patient along with
administration of an oncolytic virus, such as an oncolytic adenovirus. The oncolytic
adenovirus can be Ad5D24, optionally expressing recombinant IL.15, RANTES, or the

combination thereof. The patient 1s expected to have significant clinical improvement.

LISTING OF EXEMPLARY EMBODIMENTS

[00308] 1. A method of preparing an antibody therapeutic, the method comprismg;
providing a dissociated cell sample from at least one solid tumor sample obtamed from a
patient; loading the dissociated cell sample mto a microfluidic device having at least one flow
region and at least one 1solation region fluidically connected to the flow region; moving at
least one B cell from the dissociated cell sample mto at least one 1solation region m the
microfluidic device, thereby obtaining at least one 1solated B cell; and 1dentifying at least one
solated B cell that produces antibodies capable of binding to a cancer cell-assoctated
antigen.

[00309] 2. The method of embodiment 1, wherein said isolation region comprises at
least one conditioned surface that promotes B cell lymphocyte viability, said conditioned
surface comprising covalently linked molecules.

[00310] 3. The method of embodiment 1, wherein said isolation region comprises a
plurality of conditioned surfaces that promote B cell lymphocyte viability, each conditioned
surface comprising covalently linked molecules.
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[00311] 4. The method of embodiment 2 or 3, wherein said at least one conditioned
surface or each conditioned surface of said plurality comprises a layer of covalently linked
hydrophilic molecules.

[00312] 5. The method of embodiment 4, wherein said hydrophilic molecules are
selected from the group of polymers comprising polyethylene glycol (PEG), polymers
comprising amino acids, and combinations thereof.

[00313] 6. The method of embodiment 1, wherein said isolation region comprises at
least one surface coated with a coating material that promotes B cell viability.

[00314] 7. The method of embodiment 1, wherein said isolation region comprises a
plurality of surfaces each coated with a coating material that promotes B cell viability.
[00315] 8. The method of embodiment 6 or 7, wherein said coating material
comprises hydrophilic molecules.

[00316] 9. The method of embodiment 8, wherein said hydrophilic molecules are
selected from the group of polymers comprising polyethylene glycol (PEG), polymers
comprising amino acids, and combmations thereof.

[00317] 10. The method of any one of embodiments 1 to 9, wherein each of the at
least one 1solation region(s) forms a dead-end 1n the microfluidic device, and wherein, when
the flow region 1s substantially filled with a flowing first fluidic medium and the 1solation
region(s) are substantially filled with a second fluidic medium: components of the second
medmum are able to diffuse into the first medium and components of the first medum are
able to diffuse into the second medum; and there 1s substantially no flow of the first
medmum from the flow region mto the 1solation region.

[00318] 11. The method of any one of embodiments 1 to 10, wherein the flow region
of the microfluidic device comprises a microfluidic channel.

[00319] 12. The method of embodiment 11, wherein each of the at least one isolation
regions 18 part of a corresponding sequestration chamber, and wherein each sequestration
chamber further comprises a connection region fluidically connecting the corresponding

1solation region to the microfluidic channel.
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[00320] 13. The method of embodiment 12, wherein the connection region has a
width Weon of about 20 microns to about 60 microns.

[00321] 14. The method of embodiment 12 or 13, wherein each of the at least one
1solation region(s) has a width Wi, that 1s greater than the width W, of the corresponding
connection region.

[00322] 15. The method of embodiment 14, wherein each of the at least one isolation
region(s) has a width Wi, that 1s about 50 microns to about 250 microns.

[00323] 16. The method of any one of embodiments 12 to 15, wherein each of the
sequestration chambers comprises a volume of about 0.5 nl to about 2.5 nl.

[00324] 17. The method of any one of embodiments 1 to 16, wherein the at least one
B cell is moved into the at least one isolation region using gravity and/or localized fluid flow.
[00325] 18. The method of any one of embodiments 1 to 17, wherein the microfluidic
device comprises a substrate having a DEP configuration.

[00326] 19. The method of embodiment 18, wherein moving the at least one B cell
mto the at least one isolation region comprises using DEP force to move the at least one B
cell.

[00327] 20. The method of any one of embodiments 1 to 19, wherein prior to loading
the dissociated cell sample, the method further comprises labeling B cells m the dissociated
cell sample with a detectable marker.

[00328] 21. The method of embodiment 20, wherein moving the at least one B cell
mto the at least one isolation region comprises selecting at least one B cell for movement
based on detection of the detectable marker.

[00329] 22. 'The method of any one of embodiments 1 to 21, wherein moving at least
one B cell into at least one 1solation region comprises moving a plurality of individual B cells
mto a corresponding plurality of separate 1solation regions.

[00330] 23. 'The method of any one of embodiments 1 to 22, further comprising:
contacting the at least one B cell with a stimulating agent that stimulates B cell activation.
[00331] 24. The method of embodiment 23, wherein the stimulating agent comprises

a CDA40 agonist.
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[00332] 25. 'The method of embodiment 24, wherein the CD40 agonist comprises
CD40L, a dertvative thereof, or an anti-CD40 antibody.
[00333] 26. 'The method of embodiment 23, wherein the stimulating agent comprises

one or more CD401.+ feeder cells.

[00334] 27. The method of embodiment 26, wherein the one or more CD40L+
feeder cells 1s/are T cells or a derivative thereof.

[00335] 28. 'The method of any one of embodiments 23 to 27, wherein the stimulating
agent comprises a toll-like receptor (I'LR) agonist.

[00336] 29. The method of embodiment 28, wherein the TLR agonist 1s a CpG
oligonucleotide.

[00337] 30. The method of any one of embodiments 23 to 29, wherein the at least
one B cell 1s contacted with the sttmulating agent for a period of one to ten days.

[00338] 31. The method of embodiment 30, wherem the at least one B cell 1s
contacted with the stimulating agent substantially contmuously for said period of one to ten
days.

[00339] 32. The method of any one of embodiments 23 to 31, further comprising:

providing culture medmum to the at least one B cell, wherem the culture medmum comprises
one or more growth-inducing agents that promote B cell expansion.

[00340] 33. The method of embodiment 32, wherein the one or more growth-
mducing agents include at least one agent selected from the group of IL-2, IL-4, IL-6, IL-10,
I1.-21, and BAFF.

[00341] 34. The method of embodiment 32 or 33, wherein the provided culture
medum comprises the stimulating agent.

[00342] 35. The method of any one of embodiments 32 to 34, wherein the at least
one B cell 1s provided culture medium for a period of one to ten days.

[00343] 36. The method of any one of embodiments 32 to 35, wherein each B cell of
the at least one 1solated B cell(s) 1s cultured m the isolation region of the microfluidic device

to a cell count of about 8 to 20 cells.
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[00344] 37. The method of any one of embodiments 32 to 36, wherein the steps of
contacting the at least one B cell with the stimulating agent and providing culture medium to
the at least one B cell are preformed over a substantially coextensive period of time.

[00345] 38. The method of any one of embodiments 23 to 37, wherein contacting the
at least one B cell with the stimulating agent 1s performed prior to loading the dissoctated cell
sample mto the microfluidic device.

[00346] 39. The method of any one of embodiments 23 to 38, wherein contacting the
at least one B cell with the stimulating agent 1s performed after moving the at least one B cell
mto the at least one 1solation region.

[00347] 40. The method of any one of embodiments 23 to 39, wherem contacting the
at least one B cell with the stimulating agent 1s performed durmg the step of identifying the
least one 1solated B cell that produces antibodies capable of binding to the cancer cell-
assoctated antigen.

[00348] 41. The method of any one of embodiments 1 to 40, wherein identifying the
at least one 1solated B cell that produces antibodies capable of binding to the cancer cell-
assoctated antigen comprises mtroducing the cancer cell-associated antigen mnto the
microfluidic device.

[00349] 42. 'The method of embodiment 41, wherem introducing the cancer cell-
assoctated antigen mto the microfluidic device comprises introducing a fluidic medum
comprising the cancer cell-associated antigen into the microfluidic device.

[00350] 43. The method of embodiment 42, wherein the cancer cell-associated
antigen 1s solubilized n the fluidic medmum.

[00351] 44. 'The method of embodiment 41, wherem introducing the cancer cell-
assoctated antigen mto the microfluidic device comprises mtroducing micro-objects mto the
microfluidic device, wherem the micro-objects comprise the cancer cell-associated antigen.
[00352] 45. 'The method of embodiment 44, wherein the micro-objects are selected
from cells, liposomes, lipid nanorafts, and beads.

[00353] 46. 'The method of embodiment 45, wherein the micro-objects are beads, and

wherem the cancer cell-assoctated antigen 1s conjugated to the beads.
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[00354] 47. The method of embodiment 45 or 46, wherein the cancer cell-associated
antigen 1s 2 membrane-associated antigen present on the cell surface of cancer cells present
m the at least one tumor sample.

[00355] 48. The method of embodiment 47, wherein the cancer cell-associated
antigen conjugated to the beads 1s from a cell membrane preparation obtamed from cancer

cells 1solated from the at least one tumor sample.

[00356] 49. The method of embodiment 45, wherein the micro-objects are cancer
cells.
[00357] 50. The method of embodiment 49, wherein the cancer cells exhibit markers

that are exhibited by cancer cells from the at least one tumor sample obtained from the
patient.

[00358] 51. The method of embodiment 49, wherein the cancer cells are 1soloated
from the at least one tumor sample.

[00359] 52. 'The method of embodiment 49 or 50, wherein the cancer cells are 1solated
from one or more tumor samples obtained from a different patient.

[00360] 53. The method of embodiment 52, wherein the patient from which the at
least one solid tumor sample was obtamed and the different patient have been diagnosed
with a same type of cancer.

[00361] 54. 'The method of embodiment 49 or 50, wherem the cancer cells are from a
cancer cell Ime.

[00362] 55. The method of any one of embodiments 41 to 54, wherein introducing
the cancer cell-associated antigen into the microfluidic device comprises: flowing a fluidic
medum that contamns micro-objects that comprise the cancer cell-associated antigen through
the flow region of the microfluidic device; and stopping the flow of the fluidic medum
when at least some of the micro-objects m the medum are located 1 a portion of the flow
region that 1s proxmmal to the at least one 1solation region.

[00363] 56. The method of embodiment 54, wherein introducing the cancer cell-
assoctated antigen mto the microfluidic device further comprises moving at least one of the

micro-objects nto at least one 1solation region m the microfluidic device.
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[00364] 57. The method of embodiment 56, wherein moving the at least one micro-
object 1nto the at least one 1solation region 1n the microfluidic device comprises moving at
least one micro-object mto each of a plurality of 1solation regions.

[00365] 58. 'The method of embodiment 56 or 57, wherem the at least one micro-
object 1s moved nto at least one 1solation region that contains at least one B cell, thereby
producing at least one 1solation region having at least one micro-object and at least one B
cell.

[00366] 59. The method of embodiment 56, wherein the at least one micro-object and
the at least one B cell are moved into different 1solation regions.

[00367] 60. The method of embodiment 59, wherein the different isolation regions
are adjacent to one another within the microfluidic device.

[00368] 61. The method of any one of embodiments 41 to 60, wherein identifying the
at least one 1solated B cell that produces antibodies capable of binding to a cancer cell-
assoctated antigen further comprises: flowing a fluidic medmum that contains a labeled
antibody-binding agent through the flow region of the microfluidic device; stopping the flow
of the fluidic medium when at least some of the labeled antibody-binding agent m the fluidic
medmum 1s located m a portion of the flow region that 1s proximal to the at least one 1solation
region; and monitoring binding of the labeled antibody-binding agent to the cancer cell-
assoctated antigen.

[00369] 62. The method of embodiment 61, wherein the labeled antibody-binding
agent 1s a labeled ant1-IgGG antibody.

[00370] 63. The method of embodiment 61 or 62, wherein the labeled antibody-
bmdmg agent 1s covalently bound to a fluorescent label.

[00371] 64. The method of any one of embodiments 61 to 63, wherein the labeled
antibody-bmdmg agent 1s provided in a mixture with the cancer cell-associated antigen.
[00372] 65. The method of any one of embodiments 61 to 63, wherein the labeled

antibody-bmdimng agent 1s provided after providing the cancer cell-associated antigen.
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[00373] 66. The method of any one of embodiments 61 to 65, wherein monitoring
bmdmg of the labeled antibody-binding agent to the cancer cell-associated antigen comprises
mmaging the microfluidic device.

[00374] 67. The method of embodiment 66, wherein the imaging comprises
fluorescence imaging.

[00375] 68. 'The method of embodiment 66 or 67, wherein the imaging comprises
taking a plurality of images.

[00376] 69. 'The method of embodiment 68, wherein the plurality of images are taken
at fixed time mtervals.

[00377] 70. The method of any one of embodiments 1 to 69, wherein the dissociated
cell sample 1s obtamed from one solid tumor sample.

[00378] 71. The method of any one of esmbodiment 1 to 69, wherein the dissociated
cell sample 1s obtamed from multiple solid tumor samples.

[00379] 72. The method of any one of embodiments 1 to 71, wherein providing a
dissociated cell sample comprises obtaming the at least one solid tumor sample, and
dissociating smgle cells from the at least one solid tumor sample.

[00380] 73. The method of any one of embodiments 1 to 72, wherein individual cells
of the dissociated cell sample are dissoctated from the at least one tumor sample by:
collagenase plus DNase digestion; and/or a cell dissociator instrument.

[00381] 74. 'The method of any of embodiments 1 to 72, wherein the step of loading
the dissociated cell sample comprises: fractionating the dissociated cell sample to 1solate a B
cell-enriched fraction that has a greater concentration of B cells than the original dissociated
sample; and loading the B cell-enriched fraction mto the microfluidic device.

[00382] 75. The method of embodiment 74, wherein the fractionating comprises
selecting B cells from the dissociated cell sample using at least one marker chosen from
CD19, CD20, IgM, IgD, CD38, CD27, CD138, PNA, and GL7.

[00383] 76. The method of any one of embodiments 1 to 75, wherein prior to loading

the dissociated cell sample or the B cell-enriched fraction into the microfluidic device, the
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method further comprises labeling cancer cells 1 the dissoctated cell sample with a
detectable marker.

[00384] 77. The method of any of embodiments 1 to 76, wherein the step of loading
the dissociated cell sample further comprises: fractionating the dissociated cell sample to
1solate a cancer cell-enriched fraction that has a greater concentration of cancer cells than the
original dissociated sample; and loading the cancer cell-enriched fraction into the
microfluidic device.

[00385] 78. The method of embodiment 76, wherein the method further comprises
selecting at least one cancer cell for movement mto at least one 1solation region.

[00386] 79. The method of embodiment 77, wherein the method further comprises
selecting at least one cancer cell for movement mto at least one 1solation region, and wherem
the at least one cancer cell 1s selected based on detection of the detectable marker.

[00387] 80. The method of embodiment 79, wherein the at least one cancer cells 1s
loaded mto the microfluidic device and moved mnto the 1solation region of the microfluidic
device before the B cells are loaded mto the microfluidic device and moved into the 1solation
regions.

[00388] 81. The method of embodiment 77, wherein the cancer cell-enriched fraction
1s loaded 1nto the flow region of the microfluidic device after the B cells are loaded into the
microfluidic device and moved mto the isolation regions.

[00389] 82. 'The method of embodiment 77, wherein the cancer cells do not enter the
1solation regions.

[00390] 83. The method of any one of embodiments 76 to 82, wherein the cancer
cells are selected from the dissociated cell sample or enriched using at least one marker
spectfic for the cancer (e.g., any of the cancer-associated markers disclosed herem).

[00391] 84. The method of any one of embodiments 76 to 83, wherein the cancer
cells are separated from the dissociated cell sample or enriched usmg morphological

differences.
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[00392] 85. The method of any one of embodiments 76 to 84, wherein the cancer
cells are selected from the dissociated cell sample using at least one marker that 1s down-
regulated m cancer cells, to 1solate normal cells away from the cancer cells.

[00393] 86. The method of any one of embodiments 74 to 85, wherein the B cells
and/or cancer cells are selected from the dissociated cell sample by FACS.

[00394] 87. The method of any one of embodiments 74 to 86, wherein the B cells
and/or cancer cells are selected from the dissociated cell sample by magnetic bead-based
sorting.

[00395] 88. The method of any one of embodiments 1 to 87, wherein the solid tumor
sample 1s a tumor biopsy.

[00396] 89. The method of any one of embodiments 1 to 88, wherein the tumor that
yielded the at least one tumor sample has a tertiary lymphoid structure.

[00397] 90. The method of any one of embodiments 1 to 89, wherein the tumor that
yielded the at least one tumor sample 1s a breast cancer, genitourmary cancer (such as a
cancer originating in the urinary tract, such as i the kidneys (e.g., renal cell carcinoma),
ureters, bladder, or urethra; cancer of the male reproductive tract (e.g., testicular cancer,
prostate cancer, or a cancer of the seminal vesicles, semial ducts, or penis); or of the female
reproductive tract (e.g., ovarian cancer, uterme cancet, cervical cancer, vaginal cancer, or a
cancer of the fallopian tubes)), a cancer of the nervous system (such as neuroblastoma),

mtestmnal cancer (such as colorectal cancer), lung cancer, melanoma, or another type of

cancetr.
[00398] 91. The method of embodiment 90, wherein the tumor is a medullary breast
cancer.

[00399] 92. The method of embodiment 90, wherem the tumor is a2 mesothelioma.
[00400] 93. The method of any one of embodiments 1 to 92, wherein the method

further comprises: exportmg the at least one identified B cell, or a population of cloned B
cells derived therefrom, from the microfluidic device.

[00401] 94. 'The method of embodiment 93, wherein each identified B cell, or the

population of cloned B cells derived therefrom, 1s exported individually.
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[00402] 95. The method of any one of embodiments 1 to 94, further comprising;
performing antibody sequencing on the at least one 1dentified B cell, or on some or all of a
clonal population of B cells derived therefrom.

[00403] 96. The method of embodiment 95, wherein performing antibody sequencing
comprises determining paired heavy chain and light chain variable domain antibody
sequences from the at least one identified B cell, or from some or all of the clonal
population of B cells dertved therefrom.

[00404] 97. The method of any one of embodiments 1 to 96, wherein the method
further comprises generating an antibody therapeutic comprising some or all of the paired
heavy cham and light chamn vartable domain sequences from the at least one 1dentified B cell.
[00405] 98. The method of any one of embodiments 1 to 97, wherein T or NK cells
are present m the dissociated cell sample.

[00406] 99. The method of embodiment 98, wherein the method further comprises
performing a selection on the dissoctated cell sample to 1solate a fraction that has a greater
concentration of T or NK cells than the original dissociated sample.

[00407] 100. The method of embodiment 98 or 99, wherein the T or NK cells are
obtained from the same patient’s solid tumor sample(s).

[00408] 101. The method of any one of embodiments 98 to 100, wherein the T cells
are separated from the dissoctated cell sample by using at least one marker chosen from
CD4, CD8, CD25, CD45RA, CD45R0O, CD62L, CD69, and CD3; or wherein the NK cells
are separated from the dissociated cell sample by using CID56 as a marker.

[00409] 102. The method of any one of embodiments 98 to 101, wherem individual T
or NK cells are selected and cloned from the patient.

[00410] 103. The method of any one of embodiments 1 to 102, wherein the method
comprises using a microfluidic device to identify at least one B cell that produces antibodies
capable of binding to both the patient’s cancer cells and cancer cells from another source.
[00411] 104. The method of any one of embodiments 1 to 103, wherein the method
further comprises using a microfluidic device to identify whether the antibodies produced by

the B cell(s) are capable of bindmg to non-cancer cells.
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[00412] 105. The method of embodiment 104, wherein the non-cancer cells and the
cancer cells are from the patient that provided the at least one tumor sample.

[00413] 106. The method of embodiment 104 or 105, wherein the same microfluidic
device 1s used to 1dentify binding of the antibodies to cancer and non-cancer cells.

[00414] 107. The method of embodiment 106, wherein the cancer and non-cancer
cells are loaded sequentially in the same flow path.

[00415] 108. A method of treating a patient having cancer, the method comprising
treating the patient with an antibody or fragment thereof produced by the method of any

one of embodiments 1 to 107.

[00416] 109. The method of embodiment 108, wherein the tumor sample 1s taken
from the same patient who 1s treated.

[00417] 110. The method of embodiment 108 or 109, wherein the time from
obtaming the tumor sample to treatment 1s at most about 2 months.

[00418] 111. The method of any one of embodiments 108 to 110, wherein the
antibody or fragment thereof 1s a single chain antibody.

[00419] 112. The method of any one of embodiments 108 to 110, wherein the
antibody or fragment thereof has two heavy chains and two light chams.

[00420] 113. The method of any one of embodiments 108 to 111, wherein the
antibody 1s displayed on an engineered T or NK cell.

[00421] 114. The method of embodiment 113, wherein the engineered T cell 1s a
chimeric antigen receptor T’ cell or the engineered NK cell is a chimeric antigen receptor NK
cell.

[00422] 115. The method of embodiment 113 or 114, wherein the T or NK cell was

obtained from the same patient prior to being engineered to display the antibody.

[00423] 116. The method of embodiment 115, wherein the T or NK cell was obtained
from the patient’s tumor sample.

[00424] 117. The method of any one of embodiments 108 to 116, wherein the

antibody or fragment thereof 1s admimistered 1 combmation with another therapy.
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[00425] 118. The method of claim 117, wherein the combination therapy 1is surgery,
radiation, chemotherapy, CAR-T cell therapy, CAR-NK cell therapy, T cell therapy, other
immunotherapy, or admmistration of immune-stimulatory molecule or a tumor-specific
virus.

[00426] 119. A method of labeling or detecting cancer in a patient comprising
admmistering an antibody or fragment thereof conjugated to a detectable label, wherein the
antibody or fragment thereof 1s produced by the method of any one of embodmments 1 to
107.

[00427] 120. An engineered antibody construct comprising: at least the heavy cham
CDRs of an antibody identified by the method of any one of embodmments 1 to 107; at least
the light cham CDRs of an antibody identified by the method of any one of embodiments 1
to 107; at least the heavy and light chamn CDRs of an antibody identified by the method of
any one of embodiments 1 to 107; at least the heavy chain variable region of an antibody
identified by the method of any one of embodiments 1 to 107; at least the light chain
variable region of an antibody identified by the method of any one of embodiments 1 to 107;
or at least the heavy and light chain variable regions of an antibody 1dentified by the method
of any one of embodiments 1 to 107.

[00428] 121. An engineered antibody construct, wherein the engmeered antibody
construct 1s a variant of the antibody identified by the method of any one of embodments 1
to 107 (e.g., a variant having 1 to 20, 1 to 15, 1 to 10, or 1 to 5 ammo acid substitutions,
additions, or deletions in the light chain and/or heavy chain variable regions of the identified
antibody).

[00429] 122. The engineered antibody construct of embodiment 120 or 121, wherein
the construct 1s a Fab, Fab’(2), scFv, multivalent scEFv, mmibody, bispecific antibody, or
camel variable functional heavy chamn domain.

[00430] 123. An engineered T or NK cell comprising an antibody or fragment thereof
displayed on its external surface, wheremn the antibody or fragment thereof 1s identified by

the method of any one of embodiments 1 to 107.
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[00431] 124. The engineered T or NK cell of embodiment 123, wherein the T or NK
cell and the antibody or fragment thereof were obtained from the same patient.

[00432] 125. A method of preparing an engineered 1" cell comprising an antibody or
fragment thereof displayed on 1ts external surface, the method comprising: identifymg an
antibody that binds to a tumor sample accordmng to the method of any one of embodmments
1 to 107; and genetically engineering a ‘I cell to express the antibody or a fragment thereof.
[00433] 126. The method of embodiment 125, wherein the T cell, the B cell
expressing the antibody, and the tumor sample were obtamed from the same patient.
[00434] 127. A method of preparmg an engineered NK cell comprising an antibody or
fragment thereof displayed on 1ts external surface, the method comprising: identifymg an
antibody that binds to a tumor sample accordmg to the method of any one of embodmments
1 to 107; and genetically engmeering a NK cell to express the antibody or a fragment
thereof.

[00435] 128. 'The method of embodiment 127, wherein the NK cell, the B cell

expressing the antibody, and the tumor sample were obtained from the same patient.

EQUIVALENTS

[00430] The foregoing written specification is considered to be sufficient to enable one
skilled in the art to practice the embodiments. The foregoing description and Examples
detail certain embodiments and describes the best mode contemplated. It will be
appreciated, however, that no matter how detailed the foregoing may appear i text, the
embodmment may be practiced in many ways and should be construed in accordance with the

appended claims and any equivalents thereof.
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Claims:
1. A method of preparing an antibody therapeutic comprising:
a. providing a dissociated cell sample from at least one solid tumor sample

obtained from a patient;

b. loading the dissociated cell sample into a microfluidic device having a DEP
configuration, at least one flow region and at least one isolation region fluidically
connected to the flow region;

C. applying DEP forces to at least one B cell from the dissociated cell sample to
selectively move the at least one B cell from the flow region into at least one isolation
region in the microfluidic device, thereby obtaining at least one isolated B cell;

d. identifying at least one isolated B cell that produces antibodies capable of

binding to a cancer cell-associated antigen;

e. performing antibody sequencing on the at least one identified B cell on
some or all of a clonal population of B cells derived therefrom; and

t. generating an antibody therapeutic comprising at least heavy chain and light
chain CDR sequences from the antibody of the at least one identified B cell.

2. The method of claim 1, wherein said isolation region comprises at least one
conditioned surface that promotes B cell lymphocyte viability, said conditioned surface
comprising covalently linked molecules, wherein said covalently linked molecules comprise
alkylene ether moieties, amino acid moieties, saccharide moieties, or any combination

thereof.

3. The method of claim 2, wherein said at least one conditioned surface comprises a

layer of covalently linked hydrophilic molecules.

4. The method of claim 1, wherein said isolation region comprises at least one surface
coated with a coating material that promotes B cell viability, wherein said coating material
comprises a polymer comprising alkylene ether moieties, amino acid moieties, saccharide

moieties, or any combination thereof.

117


bhang
Typewritten Text
MCSLLP


MCSLLP

5. The method of any one of claims 1-4, wherein the flow region of the microfluidic
device comprises a microfluidic channel,

wherein each of the at least one isolation regions is part of a corresponding
sequestration chamber, and wherein each sequestration chamber further comprises a
connection region fluidically connecting the corresponding isolation region to the
microfluidic channel, and

wherein each of the at least one isolation region(s) forms a dead-end in the
microfluidic device, and wherein, when the flow region is substantially filled with a flowing
first fluidic medium and the isolation region(s) are substantially filled with a second fluidic
medium:

g. components of the second medium are able to diffuse into the first medium

and components of the first medium are able to diffuse into the second medium; and

h. there is substantially no flow of the first medium from the flow region into the

isolation region.

6. The method of claim 5, wherein the connection region has a width Weon of about 20

microns to about 100 microns.

7. The method of claim 5 or 6, wherein each of the at least one isolation region(s) has a

width Wi that is greater than the width Weon of the corresponding connection region.

8. The method of claim 7, wherein each of the at least one isolation region(s) has a

width Wiso that is about 50 microns to about 250 microns.

9. The method of any one of claims 5-8, wherein each of the sequestration chambers

comprises a volume of about 0.5 nl to about 2.5 nl.

10.  The method of any one of claims 1-9, wherein prior to loading the dissociated cell
sample, the method further comprises labeling B cells in the dissociated cell sample with a
detectable marker, and wherein selectively moving the at least one B cell into the at least one
isolation region comprises selecting at least one B cell for movement based on detection of

the detectable marker.

11.  The method of any one of claims 1-10, further comprising:
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contacting the at least one B cell with a stimulating agent that stimulates B cell
activation, wherein the stimulating agent comprises a CD40 agonist and/or one ot more
CD40L+ feeder cells, and wherein the at least one B cell is contacted with the stimulating

agent for a period of one to ten days.

12. The method of claim 11, wherein the stimulating agent further comprises a toll-like

receptor (TLR) agonist.

13. The method of claim 11, further comprising:
providing culture medium to the at least one B cell, wherein the culture medium
comprises one or more growth-inducing agents that promote B cell expansion, and wherein

the one or more growth-inducing agents include at least one agent selected from the group

of IL.-2, T1.-4, T1.-6, T1.-10, T1.-21, and BAFF.

14.  The method of claim 13, wherein each B cell of the at least one B cell(s) is cultured in

the isolation region of the microfluidic device to a cell count of about 8 to 20 cells.

15. The method of any one of claims 1-14, wherein identifying the at least one isolated B
cell that produces antibodies capable of binding to the cancer cell-associated antigen
comprises introducing a fluidic medium comprising the cancer cell-associated antigen into
the microfluidic device, wherein the fluidic medium comprises soluble cancer cell-associated

antigen or micro-objects that comprise the cancer cell-associated antigen.

16.  The method of claim 15, wherein the micro-objects are beads, and the cancer cell-
assoclated antigen is conjugated to the beads, or wherein the micro-objects are cells and the
cancer cell-associated antigen is a membrane-associated antigen present on the cell surface of

cancer cells present in the at least one tumor sample.

17. The method of claim 16, wherein the micro-objects are beads and the cancer cell-
assoclated antigen is from a cell membrane preparation obtained from cancer cells isolated
from the at least one tumor sample, or wherein the micro-objects are cancer cells isolated

from the at least one tumor sample.
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18.  The method of claim 15, wherein introducing the cancer cell-associated antigen into
the microfluidic device comprises:

flowing a fluidic medium that contains micro-objects that comprise the cancer cell-
associated antigen through the flow region of the microfluidic device;

stopping the flow of the fluidic medium when at least some of the micro-objects in
the medium are located in a portion of the flow region that is proximal to the at least one
isolation region; and

moving at least one of the micro-objects into at least one of the isolation regions in
the microfluidic device that contains at least one B cell, thereby producing at least one

isolation region having at least one micro-object and at least one B cell.

19.  The method of claim 15, wherein identifying the at least one isolated B cell that
produces antibodies capable of binding to a cancer cell-associated antigen further comprises:

flowing a fluidic medium that contains a labeled antibody-binding agent through the
flow region of the microfluidic device; and

stopping the flow of the fluidic medium when at least some of the labeled antibody-
binding agent in the fluidic medium is located in a portion of the flow region that is proximal
to the at least one isolation region; and

monitoring binding of the labeled antibody-binding agent to the cancer cell-

assoclated antigen.

20 The method of claim 19, wherein the labeled antibody-binding agent is provided in a

mixture with the cancer cell-associated antigen.

21 The method of any one of claims 1-20, wherein providing a dissociated cell sample
comprises obtaining the at least one solid tumor sample, and dissociating single cells from

the at least one solid tumor sample.

22.  The method of any one of claims 1-21, wherein prior to loading the dissociated cell
sample, the method further comprises:
fractionating the dissociated cell sample to isolate a B cell-enriched fraction that has a

greater concentration of B cells than the original dissociated sample; and
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loading the B cell-enriched fraction into the microfluidic device.

23. The method of claim 22, wherein the fractionating comprises selecting B cells from
the dissociated cell sample using at least one marker chosen from CD19, CD20, IgM, IgD,
CD38, CD27, CD138, PNA, and GL.7.

24.  The method of claim 22, wherein prior to loading the dissociated cell sample, the
method further comprises:

fractionating the dissociated cell sample to isolate a cancer cell-enriched fraction that
has a greater concentration of cancer cells than the original dissociated sample; and

loading the cancer cell-enriched fraction into the microfluidic device.

25.  The method of claim 24, wherein the cancer cells are enriched using at least one

marker specific for the cancer and/or using morphological differences.

26.  The method of any one of claims 1-25, wherein the tumor that yielded the at least

one tumor sample comprises a tertiary lymphoid structure.

27.  The method of any one of claims 1-26, wherein the tumor that yielded the at least
one tumor sample is a breast cancer, genitourinary cancer, renal cell carcinoma, testicular
cancer, prostate cancer, ovarian cancer, uterine cancer, cervical cancer, a cancer of the
nervous system, neuroblastoma, intestinal cancer, colorectal cancer, lung cancer, or

melanoma.

28.  The method of any one of claims 1-27, wherein the method further comprises using a
microfluidic device to identify whether the antibodies produced by the B cell(s) are capable

of binding to non-cancer cells.

29.  The method of claim 28, wherein the non-cancer cells are from the patient that

provided the at least one tumor sample.

30.  The method of claims 1 or 2, wherein the dissociated cell sample is obtained from

one solid tumor sample.
31. The method of claims 1 or 2, wherein the least one B cell is a single B cell.

32.  The method of claims 1 or 2, wherein the microfluidic device comprises:

121


bhang
Typewritten Text
MCSLLP


MCSLLP

a base comprising DEP electrodes;
a microfluidic circuit structure disposed on an inner surface of the base; and

a cover disposed over the microfluidic circuit structure, wherein said base, said
microfluidic circuit structure, and said cover together define a set of fluidically

connected microfluidic circuit elements.

33.  The method of claim 32, wherein said circuit elements comprise : a flow region, and
at least one incubation chamber having a single lateral opening to said flow region, said
incubation chamber comprising: an isolation region; and a connection region, wherein the
connection region comprises a proximal opening into the flow region and a distal opening to
the isolation region, and wherein the proximal opening between the flow region and the
connection region is configured to facilitate substantially only diffusion between medium

flowing in the flow region and medium in the isolation region.
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