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Description

Background of the Invention

[0001] Therapeutic molecules such as antibodies are valuable tools in today’s treatment of various disorders, including
treatment of cancers and immune disorders. The process of screening immune cells to identify potential therapeutic
antibody candidates generally begins with the identification and isolation of antibodies and/or antibody-secreting cells
(ASC) producing antibodies that bind specifically and with high affinity to a desired antigen. The process can include
generation and random evaluation of very large phage display libraries, isolation of antibody secreting cells from human
samples or transgenic mice, and/or high throughput screening of antibody binding to a selected target. This screening
is only a first step in a laborious process that seeks to identify those antibody secreting cells producing antibodies with
high binding affinity and specificity to a target antigen, but also able to trigger the cellular responses necessary for the
diagnosis and treatment of disease. Rapid and efficient analytical systems and methods for screening both binding and
functional activities are needed to advance the pace of drug discovery and development.
[0002] The in vitro evaluation of antibody function is based on complex interactions among antibodies, immune cells,
and target cells, and generally requires large amounts of antibody from each candidate antibody-secreting cell. To obtain
sufficient material, the candidate cells may be immortalized and expanded. This not only delays functional screening by
several months, it also causes expensive and time consuming analyses of many potential antibodies and/or antibody-
secreting cells that will not ultimately be of therapeutic value.
[0003] There is a need for methods and systems for screening of particles, for example immune cells such as antibody
secreting cells, in a rapid and efficient manner that leads to early identification of candidate therapeutic molecules having
useful functional properties for therapeutic product development.

Summary of the Invention

[0004] Methods and systems are disclosed herein that provide rapid and efficient functional screening of molecules
and cells, for example, by analyzing single cells in a micro-sized environment. In particular, the disclosed methods
include functional screening of antibodies and antibody secreting cells (ASC), for example, by placing one or more
particle, including single cells and non-cell particles, in contact or in close proximity to detect a specific antibody-induced
response by the deposited cells and non-cell particles. In an embodiment, single cells, cell pairs, or small functional
aggregates of cells and non-cell particles are particularly deposited at a location within a microwell for rapid and efficient
detection of a response induced by an antibody such as a monoclonal antibody. The antibody can be delivered to the
deposited cells through a fluid feeding the microwell or can be produced at the location by an antibody secreting cell.
Cells are delivered and deposited at a particular location using methods to ensure contact or close proximity, thereby
enabling analysis of cellular interactions.
[0005] The scope of the invention is determined by the appended claims.
[0006] In an embodiment, antibody secreting cells are screened to identify those cells producing antibodies with useful
binding and functional characteristics. Such characteristics include binding specificity and affinity of antibodies for target
antigens, including target cells, as well as functional screening of cellular activities, such as apoptosis, cytolysis or
cytotoxicity induced by an effector cell or complement proteins on a target cell and mediated by the presence of an
antibody such as a monoclonal antibody. As demonstrated in the Examples below, this screening can be accomplished
at the level of a single particle, for example, a single cell, does not require isolation of cells or cellular components from
complex mixtures, and does not require large amounts of material for functional screening, produced, for example by
immortalizing cells.
[0007] Screening methods include both primary binding and secondary functional screening, for example, of a single
cell, with an option for recovering the original cell for direct use, immortalization, and/or clonal expansion. The method
permits a more complete identification of single cells having a desired functionality early in the development process so
that final development of useful biological materials can proceed with a better understanding of the functional charac-
teristics of the molecule and/or cell. Multiple and rapid analyses can be performed on the same single cell, permitting
more rapid advancement in the discovery process.
[0008] Methods for screening antibodies to identify therapeutic candidates, for example, include depositing one or
more particles at one or more location in a microfluidic system, providing the deposited cells with an antibody, and
detecting an antibody-induced response in the deposited particles. In an embodiment, multiple particles are deposited
at the same location so that the particles are placed in contact or in close proximity with each other, to facilitate functional
interactions. Contact or close proximity assures the cells have the ability to react to signals produced and/or bind directly
to antigens. In an embodiment, the cells are retained at the location of the deposition that can be a closed microwell,
for description purpose only, or inverted open microwell system, in the here claimed embodiment.
[0009] In general, analysis of the deposited particle(s) is in a microfluidic system where the particle(s) are held in a
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stable position within a microwell connected to a micro-sized fluid environment that provides analytical reagents, buffers,
including effective washes and media changes. A single particle, for example a single cell can be deposited, provided
with antibody, and monitored for a desired response, such as antigen binding, lysis, or apoptosis induced on a target
cell. In an embodiment the deposited particles, for example, one or more cell, are maintained at the location of deposit,
on the meniscus at the air/fluid interface of an open microwell, without attachment to a substrate, in the absence of an
applied potential or electric field, and without dislodging the single cell from its location.
[0010] In a particular embodiment, methods for screening of single particles, including single cells utilize an inverted
open microwell system where particles are deposited on an air/fluid interface, or meniscus, of the open microwell. For
example, systems such as the inverted open microwell systems described in Bocchi, et al., Oct. 2011, In: Proc. 15th
International Conference on Miniaturized Systems for Chemistry and Life Sciences, pp. 1722-1724, " Inverted open
microwells for analysis and functional sorting of single live cells". Recovery of the deposited particles, for example, a
single cell or small aggregate of cells, can be readily performed, for example by pulse pressure release from an open
microwell, for example, onto a substrate such as a microtiter plate.
[0011] In an embodiment, functional assay of ASC cells includes depositing several particles at a location, including
a single ASC, one or more effector cell, and one or more target cell, such that the deposited particles are in contact or
in close proximity. Potential lysis of the target cell mediated by antibody secreted by the ASC directly at the site, provides
a useful, efficient antibody-dependent cell mediated cytotoxicity (ADCC) assay. In another embodiment, cytotoxic activity
of an effector cell against an identified target can be modulated by the presence of a proper antibody, provided to an
effector-target cell couple deposited in a microwell, where a potential antibody candidate is provided to the cell couple,
for example, in media supplied to the deposited cells and where the effector cell is represented, for example, by a NK
cell or a macrophage. Similarly, complement-dependent cytotoxicity (CDC) assays can be performed at the single cell
level, where cytoxic activity of an effector cell against a target cell is mediated by complement proteins provided in media
supplied to the cells.
[0012] In another embodiment, apoptotic activity of an antibody secreted by the ASC directly at the site can be meas-
ured, for example, by observing the effect of the antibody on one or multiple target cells. Apoptosis of one or multiple
target cells can be detected, for example, with the aid of a fluorescent dye such as Annexin V, or by detecting signaling
events rapidly produced in the target cell, such as the flow of calcium which can be observed using a specific fluorescent
dye, such as FLUO-4. In another embodiment, the antibody is transmitted through fluid in the microchannel and into the
microwell where one or more target cells have been previously loaded.
[0013] The deposited particles can include, for example, one or more antibody secreting cell, one or more target
antigen, for example located on microbeads or on target cells, and effector cells such as NK cells and macrophages.
The antibody can be produced by the deposited ASCs or supplied to the deposited cells from fluid flowing in the device.
Additional materials such as nutrients, medium, assay buffer, wash media, proteins, antibodies, chemicals, drugs, growth
media can be provided to the deposited cells from the fluid flowing in the device, even in the absence of an electric field.
[0014] The deposited particles can include any mixture of specific particles needed to analyze the desired response
to the antibody. Antibody secreting cells, effector cells, target particles and cells, can be used. For example, an antibody
secreting cell such as a human B cell, can be deposited with a target antigen, that may be bound on one or more
microbead, or expressed on the surface of one or more target cell. Antibody binding to a target antigen can be detected
by any one of many known methods, for example, using a labeled second antibody, releasing a fluorescent biomarker.
Detection of antibody binding to a desired antigen is a first step in identifying a candidate therapeutic molecule. A second
step is directed to identifying a functional characteristic of the antibody.
[0015] Functional screening of antibodies or antibody secreting cells can include placing in close proximity an effector
cell and target cell, with complement if needed, to determine the ability of an antibody to induce cytotoxicity or cytolysis
of a target cell, for example as in an ADCC or CDC assay. The ability of an antibody to induce effector cell cytotoxic or
cytolytic activity toward the target cell can identify the antibody as a potential therapeutic candidate.
[0016] In an embodiment, the particles and cells are deposited on the air/fluid interface of an open microwell and are
stably retained on the meniscus in the absence of a substrate, in the absence of an electric field, and are not dislodged
by fluid flow in the microwell. In addition, recovery of the original cell or cells in viable form is possible in the inverted
open microwell system.

Brief Description of the Figures:

[0017]

Figure 1 is a schematic diagram representing the process of primary screening of antibody secreting cells by meas-
uring the binding affinity and selectivity of antibody secreted by a single antibody secreting cell to antigen present
on target particles (microbeads or cells) (description purpose only).
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Figure 2 is a schematic diagram representing the process of functional screening of antibody secreting cells by
performing a miniaturized ADCC assay consisting of measuring the cytotoxic effect produced on a effector-target
cell pair by antibody secreted by a single antibody secreting cell (description purpose only).

Figure 3 is a cross sectional diagram showing the isolation of cell aggregates in an inverted open microwell system
having a 3 electrode configuration.

Figure 4 is a schematic diagram showing the process of screening antibody secreting cells in an inverted open
microwell system when aggregates containing two cells are analyzed. (A) Single ASC cells are isolated in each
microwell, (B) particles comprising a target antigen on their surface are added to each microwell in close proximity
to the ASC cells, (C) after analysis of the response produced on target particle cells and particles are transferred
in standard microtiter plates and (D) monoclonal cell lines are produced in each well of the microtiter plate by clonal
expansion of the single antibody secreting cells previously recovered.

Figure 5 is a set of photographs of K562 cells observed with an inverted fluorescence microscope after deposition
on the meniscus of an inverted open microwell, where (A) K562 cells were deposited randomly in the absence of
an electric field and (B) K562 cells deposited in an aggregate near the center of the meniscus when electromagnetic
forces focused the particles to a central position in the microwell during vertical descent and deposition of the cells.

Figure 6 is a schematic diagram depicting a top view of an array of microwells where effector-target cell couples
have been delivered and placed at different distances. In (A-C) the location of both the effector and target cell is
random, in (D-E) the location of the target cell is controlled by means of forces produced by electromagnetic fields
and the cell is positioned at the center of the microwell, while the location of the effector cell is random, in (F) both
the effector and target cell position are controlled by means of forces produced by electromagnetic fields and the
two cells are positioned at the center of the microwell in contact.

Figure 7 shows the fluorescent signal emitted by target cells marked with calcein in an experiment where single
221 target cells were isolated with NKL and YTS effector cells into an inverted open microwell and monitored. The
decrease in fluorescent signal demonstrates the lysis of target cells induced by the effector cells, whereas control
experiments show only a minimal physiological decrease of the fluorescent signal.

Figure 8 is a photograph of KUL05 hybridoma cells marked with a red fluorescent dye (MitoTracker®) incubated
with target SKMel37 melanoma cells expressing a target antigen on the cell surface. After the addition of a fluorescent
secondary antibody (anti-mouse) the target cell are visible under green fluorescence, demonstrating the binding of
the secreted antibody, and can be distinguished by hybridoma cells which appear both red and green under fluo-
rescence lighting.

Figure 9 is a series of photographs demonstrating clonal expansion of a single K562 cell recovered from an inverted
open microwell and transferred to V-shaped microtiter plates for expansion over 5 days : A = day 0; B= 3 days; C=
5 days. A graph showing rapid increase in the relative number of cells over seven days is also shown (D).

Detailed Description of the Preferred Embodiments

A. Definitions

[0018] The following terms and phrases are intended to have the definitions shown below:

A means at least one.

Plurality means two or more.

Comprises or comprising means including at least the recited elements or steps, and open to the inclusion of
additional elements or steps.

Particle, as used herein, is meant to include any particle that may be delivered, manipulated, reacted, or analyzed
in the microwell of the disclosed inverted open microwell system. The particle may be a cell or cellular portion, a
microorganism, or a substrate such as a polymeric particle that may be coated with a reactive substance, such as
a biological molecule such as a protein, polynucleotide, antibody, enzyme, for example, an antigen coated sphere.
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Antibody-Dependent Cell-Mediated Cytotoxicity (ADCC) is a mechanism of cell-mediated immunity where ef-
fector cell of the immune system (NK cell) actively lyses a target cell in a process mediated by specific antibody
binding to the target cell.

Natural Killer Cells (NK cell) are cytotoxic lymphocytes that kill target cells by releasing enzymes that induce
apoptosis. Action of NK cells is mediated by antibodies specific for the target antigen. Unlike cytotoxic T-lymphocytes,
NK cells do not require activation.

Complement Dependent Cytotoxicity is a mechanism for killing tumor cells in which an antibody bound to the
target cell surface mediates an attack induced by complement proteins on a target cell and eventually results in
lysis of the target cell.

Micro means having at least one dimension less than 1000 micrometers.

Close proximity as used herein, means two or more particles are sufficiently close to each other so as to enable
actual reactive contact between particles, such as binding of ligand present on one particle to a receptor present
on another particle, or production of a signal by one particle, for example, a cell, that is functionally received by the
other cell, for example, binding of antibodies secreted by one cell to an antigen present on another particle.

Stably retained as used herein, means retained despite fluid flow at the location sufficient to wash and replace
buffer at the location.

Meniscus, as used herein, means the air/fluid interface formed at the lower end of the inverted open microwell by
surface tension.

Microwell as used herein, means a well formed with micrometer dimensions (less than 1000 micrometers), including
height, cross-sectional area, for example, diameter where the microwell is tubular; and volume.

Microchannel as used herein, means a channel providing fluid to the microwell, having a cross-sectional area of
micrometer dimensions (less than 1000 micrometers).

Electrode, as used herein, is an electrical conducting material, for example, metal, such as gold, copper, nickel-
gold. Preferred electrodes are formed of high purity gold.

Forces generated by electromagnetic fields, include, for example, dielectrophoresis, electric focusing, magnetic
forces, optical tweezers.

Dielectrophoresis, as used herein, is a force is exerted on a particle when subjected to a non-uniform electric field.

B. Abbreviations

[0019] The following abbreviations are used as shown below:

DEP means dielectrophoresis

ASC means antibody secreting cell

NK means natural killer cell

ADCC means antibody-dependent cell-mediated cytotoxicity

CDC means complement-dependent cytotoxicity

C. Methods for screening antibody-secreting cells

[0020] The antibody to be screened can be, for example, a monoclonal antibody, a human or humanized antibody, a
chimeric, hybrid, or single chain antibody, The antibody secreting cell can be, for example, transformed cell, hybridoma,
immortalized cells, or a hybridoma immortalized with human murine cells, or an immune cell derived from a patient with
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a specific disease.
[0021] Screening of ASC candidates for those producing therapeutically useful antibodies generally involves both
primary analysis of antibody binding specificity and affinity, followed by functional analysis of antibody activity, for example,
using cytotoxicity assays, such as ADCC, CDC and apoptosis, and detection of cell signaling events, such as intracellular
calcium flux. In an embodiment, effector cells, such as NK cells, and macrophages, can be deposited at a location within
a microwell together with target cells as deposited cell couples or small aggregates. These groups of cells can be used
to screen antibodies for desired therapeutic functions, such as cell lysis or cytotoxicity.
[0022] In another embodiment, apoptosis is induced on target cells by the presence of specific antibodies secreted
locally by an ASC or delivered to the target cells locally in a fluid containing the antibody. The induction of apoptosis can
be detected by known methods, for example, those described in Apoptosis, Cell Death, and Cell Proliferation, 3rd Edition,
Roche Applied Science (roche-applied-science.com/sis/apoptosis/docs/manual_apoptosis.pdf), including fluorescent
marker dyes introduced after the antibody has expressed its apoptosis function and by measuring signaling events
occurring in target cells, such as intracellular flux of calcium.

1. Primary Screening

[0023] Primary screening involves detecting antibody binding to a target antigen that may be expressed on a target
cell such as a cancer cell or bound to a target particle, for example, a microbead. With reference to Figure 1A, for
description purpose only, a single ASC 180 is particularly positioned at a specified microwell 170. A target cell or one
or more target microbeads 182 are also placed at the specified microwell 170, sequentially or substantially simultaneously.
The ASC 180 and target cell or particle(s) 182 can be positioned at a specified position in the microwell by electromagnetic
forces, for example creating an electric field between electrodes to manipulate the cell and/or particle(s).
[0024] The ASC and target particle are placed in contact or in close proximity at the specified microwell. Each microwell
is sufficiently small and sufficiently spaced from other microwells in the system so that diffusion of molecules from one
microwell to another is negligible. In one example, ASC and target particle are placed in a central position across a
horizontal axis (D-D’) of a microwell, such as a central position on the diameter of a microwell having a circular cross-
section (Figure 6F).
[0025] Antibody binding to a target antigen can be detected by one of many known methods, including, for example,
biomarker identification, binding of secondary antibody or detection of a fluorescence, optical, or impedance signal, for
example.
[0026] Screening of an ASC in an inverted open microwell system can also include determination of the produced
antibody’s specificity for the target antigen. For example, by introducing into the microwell increasing concentrations of
particles comprising non-target antigens, specific binding of the antibody to the target antigen can be measured. Generally,
an antibody having low specificity will be blocked from binding the target antigen by the presence of non-target antigens
at a lower concentration of non-target antigen than a the concentration required to block the binding of a specific antibody.

2. Primary screening procedure in the inverted open microwell system

[0027] With reference to Figure 4, an exemplary procedure for primary screening using an inverted open microwell
102 or an array thereof 100 is outlined below:

1) An ASC population is prepared by collecting cells that may be mouse or human B cells, for example obtained
from a patient likely to have a substantial number of B cells of interest or any other ASC prior to immortalization, or
B cells that have been immortalized, for example, by EBV or fusion or electrofusion or any other suitable procedure;
or hybridoma cells previously produced by fusing mouse or transgenic mouse spleen cells with myeloma cells,
according to methods known in the common practice.

2) Microbeads are prepared by binding a specific target, such as an antigen or protein, or a secondary antibody
specific to mouse or human IgG on their surface. Alternatively, target cells, such as tumor cells, expressing a specific
epitope on their membrane can be used.

3) A fluid containing microbeads or target cells 128 is inserted in the microchannel and single particles are delivered
to each inverted open microwell (Figure 4A)

4) A fluid containing ASC is inserted in the microchannel and single ASC are delivered to each inverted open
microwell and placed in close proximity or in contact to target cells or microbeads (Figure 4B)

5) Object pairs are kept in each microwell at the interface between air and fluid for a time suitable for properly binding



EP 2 646 830 B1

7

5

10

15

20

25

30

35

40

45

50

55

the antibody secreted by the ASC to the microbead or the target cell. This time typically ranges from 30 minutes to
3 hours.

6) Filtered air or a mix of air and CO2 can be flowed in the channel, removing the fluid from the channel while
retaining fluid in the microwells. Saturated humidity conditions can be preserved both in the channel and outside
the device to avoid fluid evaporation from the microwells. In this configuration, antibody concentration reaches much
higher values because of the small volume of fluid.

7) Object pairs are kept in each microwell at the interface between air and fluid for a time suitable for properly binding
the antibody secreted by the ASC to the microbead or the target cell.

8) Physiological buffer is returned to flow in the channel, restoring initial fluidic conditions.

9) A fluid containing fluorescence labeled secondary antibody specific to mouse or human IgG is flowed in the
channel, replacing the fluid around the microbead or target cell and allowing the secondary antibody to bind to the
target.

10) Using an inverted microscope 140 depicted in Figure 3, each well is monitored from the bottom side under
fluorescence. A fluorescent signal emitted from the microbead corresponds to the proper binding of the antibody to
the target. The intensity of the fluorescent signal emitted by the single microbead increases with the antibody affinity.

11) The content of each microwell is transferred to an external microwell of a microtiter plate (Figure 4C).

12) If the recovered cell were immortalized prior to the screening process, cell growth will be possible and after
some days each microwell will contain a monoclonal line of ASC. Alternatively, antibody cDNA can be recovered
and amplified from the single cell, analyzed and transfected to immortalized cells, such as CHO cells.

3. Detection of Antibody Binding

[0028] Binding of the antibody to the target cell or particle(s) can be detected by known methods, for example by
detection of a marker present on the target antigen, by a secondary antibody, by release of a fluorescent color, or
impedance signal. For example, binding of secreted antibody to the antigen can be observed by adding a fluorescence-
labeled secondary antibody 186 to the surrounding medium, and observing the fluorescent signal (Figure 1C). To
increase the signal to noise ratio, the ASC can be cultured in serum-free medium, and the assay also conducted serum
free.
[0029] Antibody binding to the target particle (for example, target cell or antigen) can be detected using any suitable
method, such as by biomarkers, measuring, for example, chemical, fluorescent, optic, or colorimetric signals, as a
measure of antibody/antigen binding. In a particular embodiment, the binding is measured by means of an inverted
microscope 140 under fluorescence or by a custom imaging system positioned to observe the microwells, for example,
under an inverted open microwell array. Biomarkers and tags can be incorporated into the antigen or a secondary
antibody, such as anti-IgG. For example, when a fluorescence-anti-IgG is used as a marker, the presence and intensity
of emitted fluorescence correlates with the amount of antibody binding.

4. Secondary, Functional Screening of ASC

[0030] The output of the primary screening process identifies cells with a desired affinity and specificity towards a
target antigen. This primary screening can be followed by secondary functional screening of ASC identified as having
the desired binding characteristics. During secondary screening, secreted antibody function is analyzed, for example,
by detecting the effect of the secreted antibody on target cells.
[0031] A work by R. Bhat and C. Watzl, entitled "Serial Killing of Tumor Cells by Human Natural Killer Cells - Enhance-
ment by Therapeutic Antibodies", PLoS ONE, 2007, 2(3): e326, represents one study of the efficacy of a therapeutic
antibody in boosting NK cells activity against 221 tumor cells. Like this study, the methods currently available for ADCC
analysis only allow performance on large cellular aggregates, without any control on the single cell. Consequently, this
approach does not provide any means to test antibodies directly secreted by the ASC.
[0032] The present description teaches how to perform the secondary screening of a monoclonal antibody by per-
forming the ADCC assays on target-effector cell couples, where the tested antibody is added to the surrounding medium,
or where the antibody is secreted locally by the presence of an ASC. In one embodiment, the ADCC assay is performed
by creating couples or aggregates including a NK cell and a target 221 cell, where the cytotoxicity is mediated by an
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anti-CD20 antibody, such as the Rituximab produced by Biogen Idec, or where the NK cytotoxic activity is boosted by
molecules such as the IL-2 added to the culture medium.
[0033] In an embodiment, a selected ASC can be contacted with a target cell expected to be selectively opsonized
by the produced antibody, for example, a tumor cell. Phagocytosis of the target cell by a phagocyte cell deposited in the
microwell and in close proximity with the target cell and antibody producing cell, for example, where the phagocyte is a
macrophage, eosinophil, or neutrophil, confirms a utility of the antibody and the ASC.
[0034] In another embodiment, functional assay is by Antibody-Dependent Cell Cytotoxicity (ADCC) assay, involving
specific reactions between the antibody secreted by the ASC, a target cell expressing antigen, and an effector cell. With
reference to Figure 2A, a cluster of these three cells is deposited at a location in a microwell, where each cell is in
contact or close proximity to the others. Antibody secreted by the ASC (or provided to the deposited cells when the ASC
is absent) binds to antigen present on the target cell (Figure 2B), and the effector cell induces lysis of the target cell
(Figure 2C).
[0035] In another embodiment, functional assay is by Complement-Dependent Cytotoxicity (CDC) assay, involving
specific reactions between antibody provided to the deposited cells or secreted by the ASC, a target cell expressing
antigen, and complement proteins. A cluster of the two cells is deposited at a location in the microwell, with the two cells
in contact or close proximity. After antibody secreted by the ASC (or provided to the deposited cells) binds to antigen
present on the target cell, complement proteins are provided to the deposited cells in the fluid medium, and eventually
induce lysis of the target cell.
[0036] In another embodiment, functional assay is by apoptosis assay, involving specific reactions between antibody
provided to the deposited cells or secreted by the ASC and a target cell expressing antigen. A cluster of the two cells is
deposited at a location in the microwell, with the two cells in contact or close proximity. After antibody secreted by the
ASC (or provided to the deposited cells) binds to antigen present on the target cell, it induces apoptosis of the target
cell, which can be determined by known methods. The proper binding and functional activity on the target cell can also
be determined by a signaling event on the target cell, for example, the intracellular flux of calcium.
[0037] In the ADCC and CDC assays, after confirming lysis of the intended target, the selected ASC can be immor-
talized, expanded, and/or recovered from the microwell for therapeutic and diagnostic development.

5. Secondary, Functional Screening of Monoclonal Antibodies in fluid form

[0038] In the common practice, ADCC assays provide information about a specific antibody collected from the super-
natant of ASC cultures. Known assays make use of a large number of target and effector cells properly mixed with a
controlled effector:target ratio. Cytotoxicity is typically measured on average and correlated to the presence of a mon-
oclonal antibody or other molecules boosting the activity of effector cells, for example, IL-2 used as promoter of NK cell
activity. Existing methods fail in providing a controlled positioning of the effector and target cells and do not allow any
precise control of the number of target and effector cells composing the aggregate. Moreover, the effect of the distance
among effector and target cells is difficult to be characterized.
[0039] In an embodiment, this invention teaches how to position a controlled number of effector cells and a controlled
number of target cells in each microwell. Using an array of inverted open microwells, a controlled number of cells can
be isolated in each microwell by repeating the delivery procedure represented in Figure 4A. As a result, deterministic
number of effector and target cells can be isolated in each microwell. With reference to Figure 3, after the formation of
cellular aggregates, a fluid containing a monoclonal antibody is inserted in the microchannel and the antibody reaches
each microwell by diffusion and/or fluid exchange. The functional effect of the antibody can be measured in each microwell
and correlated to the effector:target ratio created in each microwell. The result of multiple ADCC assays executed in
parallel on multiple microwells provides a characterization of the antibody function correlated to the effector:target ratio.
[0040] In another embodiment, the ADCC assay is executed on effector-target cell couples isolated in inverted open
microwells where the distance between the effector and the target cell is controlled by means of electric fields. With
reference to Figure 6, in the case A, B and C the target cell 182 and the effector cell 188 are delivered to a microwell
without any electromagnetic field activated. The location of the two cells is random and the distance between the two
cells varies to a maximum corresponding to the microwell diameter, for example, 80 micron. In the case D and E, the
target cell 182 is positioned at the center of the well by activating the electromagnetic field during the delivery procedure,
while the effector cell 188 is randomly deposited in the microwell, as the electromagnetic field is deactivated during the
delivery procedure. The resulting distance varies to a maximum corresponding to about half the diameter of the microwell,
for example 40 micron. In the case F, both the target and effector cell are delivered while keeping the electromagnetic
field active and result to be in contact with a distance of about 0 micron. After the delivery phase, the actual distance in
each microwell is determined by fluorescence imaging and by processing the acquired images. Then a monoclonal
antibody is added to each microwell and the cytotoxic effect of the effector cell on the target is measured by monitoring
the lysis of the target cell. The method eventually provides information about the function of the monoclonal antibody
correlated to the distance of the different effector-target cell couples analyzed.
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6. Functional screening of ASC in an inverted open microwell system

[0041] The inverted microwell system provides efficient and effective real-time monitoring of particle functions, including
interactions of multiple particles, functional screening and sorting of particles, for example live cells. In a particular
embodiment, the system provides high throughput functional analysis of antibody secreting cells, analysis of lytic activity
of cytotoxic and natural killer cells, for example by ADCC or CDC assay at the single cell level. The system also permits
measurement of the affinity and specificity of molecules secreted by single cells, for example, monoclonal antibodies.
[0042] Other methods include the screening of antibody secreting cells (ASC) at an early stage by depositing a single
antibody secreting cell, for example, and early B cell, onto the meniscus of an inverted open microwell. Following binding
specificity and affinity analysis of antibody secreted by the deposited ASC, those cells selected as secreting antibodies
with suitable binding activities can be rapidly screened, for example, in the same open microwell, for the ability to induce
cytotoxic activity against a target cell as modulated by the produced antibody, for example, in ADCC and/or CDC assays
at the single cell level. A selected ASC can be clonally expanded within the open microwell, or optionally the selected
ASC can be recovered from the microwell and expanded in other systems. In a similar manner, antibodies produced
from the ASC can be recovered from the single cell production, for example, bound to antigen-coated microbeads, or
collected as produced from expanded cells in the culture. Expanded cells and/or secreted protein can be isolated and
used to determine antibody gene and/or protein sequence, for example, for use in the production of engineered antibodies,
fragments, or other therapeutic molecules.
[0043] With reference to Figure 4, in an embodiment the secondary screening process is performed within an inverted
open microwell 102 or an array thereof 100. The procedure for the secondary functional screening can be, for example,
based on the following steps:

1) An ASC population is prepared by collecting cells that may be mouse or human B cells, for example obtained
from a patient likely to have a substantial number of B cells of interest or any other ASC prior to immortalization, or
B cells that have been immortalized, for example, by EBV or fusion or electrofusion or any other suitable procedure;
or hybridoma cells previously produced by fusing mouse or transgenic mouse spleen cells with myeloma cells,
according to methods known in the common practice.

2) Using the inverted open microwell system, different cell types are inserted in the microchannel (Figure 4A) and
individual cells are deposited in the open microwell, forming clusters of cells in contact or in close proximity in the
microwell (Figure 4B). Each cluster can include an ASC to be screened for functional properties of the produced
antibody, target cells that should be selectively opsonized by the antibody produced by the ASC in the same cluster,
and effector cells able to induce lysis in cells suitably opsonized (ADCC assay); alternatively, lysis could be induced
by complement proteins (CDC assay); alternatively, apoptosis is induced on the target cell by the antibody bound
to one antigen expressed by the target cell.

3) Observation with fluorescence microscopy is carried out at each microwell to verify the occurrence of lysis or
apoptosis induced by the effector cell or protein or antibody on the target cell and possibly mediated by the presence
of the antibody secreted by the single ASC.

4) Recovery of the ASC cells onto a microtiter plate is performed and information about the functional properties of
the secreted antibody is recorded and associated to each ASC recovered (Figure 4C).

5) ASC identified in the binding and/or functional assay as having desirable qualities can be cultured and expanded
in the microtiter plate to form monoclonal cell lines (Figure 4D). Cell lines of interest for the specific disease can be
selected on the basis of the information gathered during the screening procedures.

7. Particle delivery to microwells

[0044] In an inverted open microwell system as shown in Figure 3, ASC and target particle are transported within a
microchannel 104 and into a microwell 102 by one or more of limiting dilution, fluid flow, and sedimentation, electromag-
netic forces, such as dielectrophoretic forces, and gravity. In particular, the ASC and target particle are placed at a
central location of a meniscus 122 formed at the air/fluid interface of the lower end of an inverted microwell. If an
electromagnetic field is activated in the microwell during the descent of two particles to the meniscus, an aggregate 112
is formed, placing the particles in contact or in close proximity. Deposition of the ASC and target particle on the meniscus
can be substantially simultaneous or in sequential order.
[0045] Such proximity of the ASC and target particle, combined with limited size of the microwell, ensures that antibody
184 secreted by the ASC reaches the antigen for potential binding (Figure 1B).
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8. Recovery of antibody

[0046] Bound antibody can be recovered from the target particles(s), for example, on release of surface tension at the
meniscus permitting cells and fluid in the microwell to be transferred to a substrate beneath the microwell, for example,
a microtiter plate. The recovered antibody can be used for further antibody development. In an embodiment, analysis
of the secreted antibody protein and/or analysis of the recovered ASC DNA can be used to develop and identify probes
and otherwise serve to aid production of synthetic humanized antibodies and fragments.

9. Recovery of Deposited Cell or Cells

[0047] After an ASC is identified as capable of producing a specific and/or functional antibody, the ASC can be
recovered from the microwell and used to produce a monoclonal cell line. For description purpose only, when a closed
microwell is used, cell recovery can be performed with a micromanipulator, for example, positioning a micropipette and
aspiring the content of a single microwell and then ejecting the liquid and the cells into a destination receptacle, for
example, a well of a standard microtiter plate.
[0048] When an inverted open microwell system is used, for example, the contents of the open microwell can be
released into a vessel or onto a substrate, for example by applying a short burst of pressure in the microchannel sufficient
to disrupt the meniscus and drop the contents of the microwell into a vessel or substrate, for example, a microtiter plate.
The recovered cell can be clonally expanded outside the microwell (Figure 9). Alternatively, expansion of the single cell
ASC can occur within the microwell itself.
[0049] Importantly, in the inverted open microwell method and system as described, the deposited cell or cells, for
example, an antibody secreting cell, can be recovered from the microwell in viable form. In one embodiment, a pressure
pulse is applied to the microchannel, causing droplets to be released from the microwell from the bottom of the open
microwell and to a capture surface, for example a microtiter plate. The recovered ASC can be immortalized, with clonal
expansion of the single recovered ASC. The produced monoclonal cell line secretes a monoclonal antibody with affinity
and specificity initially measured at the single cell level. Growth of a cell line from a single cell recovered from an inverted
open microwell system is represented in Figure 9.

D. Apparatus for screening antibody-secreting cells

1. General characteristics of microwells for ASC screening

[0050] Screening of cells performed on the basis of their ability to secrete molecules of interest requires the design of
proper microwells where the screening process takes place. Two main requirements for said microwells are: (i) the need
of achieving a sufficiently high concentration of the molecules of interest in a short amount of time and (ii) the need of
minimizing or eliminating the diffusion of molecules from one site to the adjacent ones.
[0051] The first requirement directly impacts the sensitivity of the measurement method. Two techniques can be
combined to optimize the overall sensitivity. The first one is a reduction of the microwell volume, so that the concentration
of the secreted molecules can achieve high values in a time compatible with other experimental constraints, for example,
from minutes up to a few hours. U.S. Patent No. 7,776,553 teaches that by using microwells closed on both top and
bottom sides with a volume of 10 nL or less it is possible to reach detectable concentration of antibodies secreted by
single cells in a matter of 4-8 hours. A work by J.L. Ronan et al. entitled "Optimization of the surfaces used to capture
antibodies from single hybridomas reduces the time required for microengraving", J. Immunol. Methods, Jan. 2009,
340(2), pp. 164-169, teaches how to reduce the screening time down to 3-10 minutes by optimizing capture surfaces.
[0052] A second strategy to increase the amount of captured molecules is to place the secreting cell in close proximity
to the detection surface. In fact the flux of secreted molecules increases when reducing the distance to the source. This
methodology is commonly adopted in the ELISPOT® assay, where fluorescent spots are produced on a substrate as a
result of the secretion of molecules by cells. These spots are produced around the cell, demonstrating that even in a
large volume the local concentration of secreted molecules can still be high enough to be detectable.
[0053] Another work by A. Jin et al. entitled "A rapid and efficient single-cell manipulation method for screening antigen-
specific antibody-secreting cells from human peripheral blood", Nature Medicine, 2009, 15, pp. 1088-1092, teaches that
antibody secreted by B lymphocytes can be detected locally by isolating single cells into microwells with a closed bottom
side having a diameter of 10 mm and a height of 15 mm, even without closing the top side of the microwell. In this case
the detection is executed by observing the binding of the secreted molecules onto the surface surrounding each microwell.
This work also teaches that a pitch of 20 mm between the microwells is high enough to limit the interference of the signal
produced from one microwell into the adjacent one.
[0054] The present invention makes use of microwells having characteristic sizes comparable to the ones previously
described. In some embodiments the microwell, either open or, for description purpose only, closed at the lower end,
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has a diameter of 100 mm or less and height included between 25 mm and 150 mm. The present invention also exploits
the proximity of the ASC to the measurement region, in order to obtain even higher sensitivity of the measurement. The
object of the measurement is intended to be either the binding of the secreted antibody to a target antigen or the ability
of the secreted antibody to mediate the cytotoxic activity of an effector cell on a target cell. When the measurement
takes place in a microwell, the ASC and the other particle(s) used to perform the measurement are placed on the bottom
side of the microwell, while a microchannel connecting the different microwells is on the top side. In these conditions,
by increasing the height of the microwell it is possible to increase the distance between the ASC and the microchannel
and consequently reduce the interference of each ASC on the other ASCs isolated in adjacent microwells.
[0055] In one embodiment the detection of antibody affinity and specificity is performed by placing a microbead coated
with a target antigen or a target cell including a target antigen on its surface in close proximity or in contact with the ASC,
by means of forces generated by electromagnetic fields, for example, dielectrophoresis.
[0056] In a different embodiment, the functionality of the secreted antibody is determined by observing the cytotoxicity
of a NK cell against a target tumor cell, where the NK cell, the target cell and the ASC form an aggregate where the
three cells are in contact or in close proximity, i.e. have a distance of 20 mm or less.

2. Use of the inverted open microwell

[0057] The process of screening antibody secreting cells is improved as described herein, by performing functional
screening upstream of the immortalization of antibody secreting cells, for example, by screening secreted antibodies for
functional activities at the level of single ASC. Such screening on a single cell level enables the antibody function to be
assessed rapidly, for example, in only a few days, and is easily performed on a large number of candidates. In one
embodiment, primary screening of antibody binding, affinity and selectivity can be performed on the same cell and in
the same microfluidic system as secondary screening of antibody function, producing a complete characterization in a
matter of days. In another embodiment, the discovery of new therapeutic human antibodies with highly specific activity
against target antigens and demonstrated functional therapeutic activity is achieved by means of using the unique
properties of the inverted open microwell system.
[0058] Delivery of single cells to microwells, precise manipulation of cells and other particles in the microchannel and
into or away from a specific microwell, delivery of reagents, buffers, markers, including other cells for cell-cell interactions,
is facilitated by the inverted open microwell system shown in Figure 3. Single cells can be evaluated for multiple char-
acteristics, retaining vitality in the open microwell for optional expansion and recovery of the particles and of products
produced by the particles is possible in a short time frame, using minimal reactants, and recovering cells and products
in a substantially viable and useful condition.
[0059] In particular, deposition of one or more particles, including live cells, at the fluid/air interface of an open microwell
permits precise particle to particle interactions that can be efficiently monitored and rapidly screened to identify candidate
particles, for example cells, for continued analysis in the microwell. Surprisingly, the fluid filling the microwell featuring
an open lower end is retained in the microwell without leakage, when proper geometrical constraints and fluidic conditions
are ensured. Moreover, the deposited particle(s) are surprisingly retained at the meniscus during fluid washes and
analytical procedures, and can be recovered in viable form.
[0060] The open microwell acts as a "mini-centrifuge" permitting rapid analysis, washes, delivery of fresh reagents,
and continued analysis of the deposited particle. When multiple particle are delivered to the same microwell, being them
of the same type or different type, the open microwell system allows the creation of cell aggregates where the cells are
placed in contact each other by activating electromagnetic fields which produce dielectrophoretic forces within the
microwell. Figure 5B show the effect of the activation of electromagnetic field in creating the cell aggregate, while Figure
5A, shows the effect of cell delivery in an inverted open microwell where the electromagnetic field has not been activated.
[0061] Recovery of the contents of the open microwell, including viable cells identified as useful, is possible, for
example, as shown in Figure 4C. Pressure applied to the fluid microchannel can be used to disrupt the meniscus at the
lower end of the inverted open microwell and discharge the contents of the microwell onto a substrate, for example, a
microtiter plate, array of micro-vials.
[0062] The present invention is further described by way of specific examples, which are intended only as exemplary
embodiments, and are not intended to limit the scope if the invention in any way.

Examples

Example 1, comparative purpose. Binding of anti-P53 antibody to antigen-coated microbeads

[0063] The purpose of this experiment was to demonstrate a protocol to perform the analysis of antibody secretion by
hybridoma cells using polystyrene microbeads as the binding surface. To prove the effectiveness of this method, we
suspended p53-coated microbeads with hybridoma cells after having changed the hybridoma supernatant with fresh
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medium to remove antibodies previously secreted during cell culture. The binding of anti-p53 antibody secreted by
hybridoma cells to the microbeads in close proximity was demonstrated.
[0064] Coating of Beads. Polystyrene microbeads having a diameter of 10 mm were suspended in a concentration
of 106 beads/mL in borate buffer (0.1 M boric acid adjusted to pH 8.5 with 1 M NaOH). Microbeads were washed twice
in borate buffer and resuspended in 100mL of borate buffer containing p53 protein in a concentration of 4mg/mL. The
bead suspension was then plated in 4 microwells (25mL per well) of a 96-well microtiter with U-bottom wells, in order to
obtain a single layer of microbeads on the bottom of the well. After overnight incubation, the protein solution was removed
and the microbeads were resuspended twice for 30min at room temperature in 200mL of blocking solution (10mg/mL
bovine serum albumin in borate buffer). Finally, the microbeads were washed twice in PBS.
[0065] Antibody binding and screening. Mouse hybridoma cells PAb1620 (DSMZ) producing monoclonal antibodies
to p53 wild-type protein were centrifuged at 1500rcf for 5 minutes and resuspended in fresh Dulbecco’s Modified Eagle
Medium (DMEM) to a final concentration of 1.3x106 cells/mL. Polystyrene beads coated with p53 protein were centrifuged
and resuspended with cells. Several wells of a 96 well microtiter plate were filled with 200mL of the suspension containing
beads and cells and incubated at room temperature with gentle mixing. As negative control, the suspension containing
only p53-coated microbeads was plated on a certain number of wells without being mixed with hybridoma cells. As
positive control, the suspension containing p53-coated microbeads was plated to a certain number of wells and a primary
anti-p53 antibody was added in a concentration of 15mg/mL.
[0066] After 3 hours the plate was centrifuged at 700 rpm for 2 minutes, the supernatant was removed and 200 mL of
anti-mouse secondary antibody (1:200 in PBS-Tween) was added. After 3 hours incubation at room temperature with
gentle mixing, the plate was centrifuged for 2 minutes at 700 rcf and each well was washed twice with PBS. The binding
to the microbead was detected using an inverted microscope with a FITC filter. Fluorescence on microbeads was detected
and fluorescence intensity extracted with single-bead resolution.
[0067] The average intensity measured on several images acquired is reported in Table 1. Antibody secreted by
hybridoma cells produced a fluorescent signal consistently higher than negative control. Also, comparing to positive
control we obtained a 33% higher intensity for hybridoma cells, suggesting that the equivalent concentration of secreted
antibody was higher than the control case. The result of this experiment demonstrates binding of an antibody secreted
by antibody secreting cells to the surface of microbeads properly coated with a desired target antigen, where the ASC
and microbead particles are in close proximity.

Example 2, comparative purpose.

Binding of antibody secreted by murine hybridoma to cell surface antigen

[0068] The purpose of this experiment was to demonstrate a protocol to perform the analysis of antibody secretion by
hybridoma cells and binding of the secreted antibodies to surface antigens on melanoma target cells. To prove the
effectiveness of this method, melanoma cells were suspended with hybridoma cells. The hybridoma cells secreted a
murine monoclonal antibody capable of reacting with molecules displaying the typical molecular profile of class II MHC
antigens. Binding of the secreted antibody to target cells was demonstrated using a hybridoma concentration that is
comparable to the equivalent concentration of one cell in a 100mm microwell in an array of microwells having a 2.25mm
pitch.
[0069] Mouse hybridoma cells were stained with MitoTracker® fluorescent dye (20 nM in PBS for 20 minutes) and
resuspended in RPMI+10%FCS. The cell suspension was diluted to 5x104 cells/mL and 50 mL of this suspension were
deposited into wells of a 96-well clear flat bottom microtiter. 50 mL of target melanoma cells suspended in RPMI+10%FCS
at the same concentration were added to the suspension. The co-culture was incubated at room temperature for 30
minutes, then the suspension was washed twice with 100 mL PBS (centrifuge 700 rpm, 2 minutes), the supernatant was
removed and 200 mL of anti-mouse secondary antibody (1:200 in PBS-Tween) was added. As negative control, the
secondary antibody was added to a cell suspension containing only target melanoma cells.
[0070] After 30 minutes cells were washed twice with 100 mL PBS and resuspended in 100 mL PBS. The binding to

Table 1

Results of antibody binding to p53-coated polystyrene microbeads

Experiment Average fluorescence Intensity Sample #

PAb1620 hybridoma 33.80 39

Positive control (anti-p53mAb) 25.32 31

Negative control (no mAb) 3.34 8
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target cells was detected using an inverted microscope with FITC/TRITC filters. All cells were visible under green
fluorescence (FITC). Using the red fluorescence (TRITC filter) and analyzing cell shape, target cells were distinguished
from hybridoma cells. Green fluorescent signal was clearly visible on target cells and was not detectable in the negative
control. Figure 8 shows a photograph obtained under fluorescence imaging at the end of the process. From the figure,
target cells appear as green round spots and can be easily distinguished from hybridoma cells appearing as red spots.
The appearance of the green fluorescence on target cell demonstrates the binding of secreted antibodies to target cells
is possible within one hour, where the binding of the secreted antibody to the target cells was performed within the first
30 minutes of incubation, and the binding of the secondary fluorescent antibody was performed in other 30 minutes.

Example 3

Activity of NK cells against target 221 cells

[0071] Analysis of cell-cell interactions at the level of small cell aggregates, sometimes comprising a single target
tumor cells was demonstrated in this experiment. The biological system used in this experiment is represented by 221
cells as target cells and by NK and YTS cells working as effector cells. This system has been widely studied with the
purpose to understand the immunological mechanisms at the basis of cell-cell interactions and to measure the functional
effect of therapeutic monoclonal antibodies in activating the activity of the effector against the target cell. The work of
R. Bhat and C. Watzl cited above in this document is an example of the studies conducted on this system.
[0072] In the experiment here described the inverted open microwell system was used to isolate the cell aggregates
and to monitor the interactions. All cells were cultivated in flasks at 37°C and 5% CO2 in RPMI medium and for NKL
with addition of IL-2. Target cells were marked with calcein and suspended in NaCl 0,9% sterile solution. NK cells (NKL
and YTS) were washed and re-suspended cells in NaCl 0,9% sterile solution. Target cells were inserted in the micro-
channel of the inverted open microwell system at a flow rate of 8 mL/min and delivered to the microwells with a diameter
of 70 mm as to have 1 or 2 cells per microwell. Effector cells were then inserted in the same conditions and delivered to
the same microwells in order to have about 1-5 effector cells per microwell. Control experiments were executed by
delivering only target cells into a few microwells. A continuous flow of NaCl 0,9% was maintained in the microchannel
while monitoring the fluorescence intensity produced by the calcein-marked cells.
[0073] The observation lasted for a maximum of 30 minutes. This time was sufficient to achieve the lysis of all target
cells exposed to the effector cells. The fluorescent signal of single target cells was recorded and the resulting trend
reported in Figure 7. All the targets exposed to the NKL and YTS cells reported a considerable reduction in the fluorescent
signal, compared to the control experiment.

Example 4

Detection of functional activity of OKT3 monoclonal antibody against Jurkat cells

[0074] A method to screen for the function of antibodies produced by single hybridomas or a small number thereof
was demonstrated by implementing a biological assay on an inverted open microwell platform. Muromonab-CD3 antibody,
marketed by Janssen-Cilag as Orthoclone OKT3® and abbreviated here as OKT3 is a commercial therapeutic antibody
having an immunosuppressant activity. The IgG2a antibody binds to CD3 receptor, an antigen present on the membrane
of T-lymphocytes, such as Jurkat cells.
[0075] Hybridomas producing the OKT3 antibody were delivered to microwells of an inverted open microwell array.
Using dielectrophoretic forces generated by electrodes embedded in the inverted open microwells, 1 to 4 of the hybri-
domas were delivered into some microwells, while some other microwells disposed in the same microchannel were not
loaded with hybridomas.
[0076] Jurkat cells were stained with FLUO-4 20mM, a green fluorescent dye used to measure the calcium concentration
into living cells. When the target cell is not stimulated by the antibody, the calcium concentration remains relatively low.
In contrast, binding of an anti-CD3 antibody, such as OKT3, induces a signal transduction which generates a calcium
flux in the target cell followed by apoptosis of the cell. The intracellular calcium flux generated corresponds to an increase
in fluorescent signal emitted by the dye.
[0077] Jurkat cells stained with FLUO-4 were delivered to all the microwells disposed along one microchannel in a
number of 3 to 5 cells per microwell. Dielectrophoresis was used to direct the Jurkat cells towards the center of the
microwell during their descent. In the microwells that had been previously loaded with OKT3 hybridomas, a cluster was
formed of the hybridomas and the target Jurkat cells in contact with each other, while other microwells contained only
target Jurkat cells to form a cluster.
[0078] Using a direct microscope, the content of each microwell was observed and a sequence of images was captured
for each microwell during a period of 5-10 minutes. Fluorescence of the target Jurkat cells was measured during the
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time period, and the maximum value was compared to the initial value. An increase in fluorescence was calculated as
the difference between the maximum and initial values divided by the initial value.
[0079] Microwells containing both hybridomas and target cells in contact, typically reported a high fluorescence increase
(193% on average), while microwells where only Jurkat cells were loaded (negative control) typically reported a low or
null fluorescence increase (8% on average). Detailed results are reported in Table 2.
[0080] Because all the microwells were positioned along the same microchannel, a fluid connection between different
microwells, and in particular between microwells containing hybridomas and microwells not containing hybridomas, was
present. The limited signal increase of the negative control demonstrates that a crosstalk signal between adjacent
microwells is not present or is negligible when compared to the signal increase due to the antibody binding. We also
observed that if a contact between the hybridomas and target cells was not ensured, the signal increase was typically
lower. Hence, hybridoma-target cell contact preferentially ensures proper binding of the secreted antibodies to the target
cell and consequent induction of a functional response by the target.
[0081] In some cases, an increase in fluorescence was not observed in the presence of the antibody secreting cell.
While the reason for this is not known, it may be possible that in these cases the cells do not show a signal because
only one ASC is in contact with a target, and that ASC may be in a specific stage of the cell cycle where secretion is
temporarily interrupted. Despite these false negatives, the platform shows a much higher signal than negative control
for most of the cases where the hybridoma is present in the microwell.

[0082] In a different experiment we assessed the possibility to introduce the antibody through the fluid flowing in the
microchannel of an inverted open microwell system. In this case the antibody can reach the bottom of the microwell
because of the mixing in the microwell and/or by diffusion. We tested this concept using the same model discussed
above, but in this study the Jurkat cells were initially delivered to the microwell and the OKT3 antibody was delivered to
the target Jurkat cells via the microchannel fluid at a concentration of 10mg/mL in HBSS (Hank’s Buffered Salt Solution),
and not by hybridoma. After introducing the antibody, an increase of green fluorescence was rapidly seen and measured
as described above. Results are shown below in Table 3.
[0083] A comparison with the same assay executed outside of the chip and on a standard plate reader was performed.
Results are reported in Table 3. Signal increase in the inverted open microwell is higher as the measurement is performed
at the single cell level instead of measuring the average intensity change on an entire image or well.

Table 2

Relative fluorescence increase

EXP # Hybridoma + Target Only Target

1 0% 0%

2 156% 0%

3 66% 0%

4 405% 32%

5 219% 23%

6 104% 15%

7 0% 0%

8 189% 24%

9 342% 5%

10 720% 0%

11 116% 0%

12 0% 0%

AVERAGE 193% 8%

Table 3

EXP # On-chip increase (inverted microwell) Off-chip increase (control) (microtiter plate)

1 170.3% 129.91%
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Example 5

Manipulation, isolation and growth of single hybridoma cells

[0084] To demonstrate a method for high-efficiency isolation of single antibody secreting cells, a device containing
twelve inverted open microwells was used. KUL05 cells producing a murine monoclonal antibody against class II MHC
antigens, were cultured in RPMI supplemented with 10% FCS. To prepare KUL05 cells for the experiment in the inverted
open microwell system, the cells were resuspended in RPMI medium supplemented with HEPES 25mM. This medium
provides proper pH buffering even in absence of 5% CO2 in the atmosphere. Given the close contact of cells with the
surrounding air in the inverted open microwell system a suitable medium properly buffered for these conditions is provided
to the cells. Other suitable mediums include PBS and commercial products specifically designed for operating in absence
of CO2.
[0085] The inverted open microwell array was mounted on a custom package which provided a direct interface of the
inverted open microwell array with a standard 384-well microtiter plate, creating a small closed chamber between the
inverted open microwell array and the microtiter array. With this method, the fluid contained in the wells of the microtiter
plate rapidly increased the humidity of the closed chamber and provided a saturated humid environment blocking addi-
tional evaporative flow from the inverted open microwells.
[0086] RPMI supplemented with FCS 10% was placed in 12 wells of the microtiter plate and the plate was then stored
at 4°C in sterile conditions. The inverted open microwell array was sterilized with ethanol and UV rays. Prior to the
experiment, the microtiter plate containing the medium at a temperature of 4°C was positioned under the inverted open
microwell array operating in a sterile environment. After package mounting, the inverted open microwell system and the
microtiter plate were positioned under a direct microscope, where microwell imaging was performed from top side through
the transparent material used as the top cover of the microchannels of the inverted open microwell array.
[0087] Each microchannel of the inverted open microwell array was treated with an anti-stiction coating to prevent
cells from remaining attached to the microchannel walls. The coating was applied by flowing BSA 1 mM for 30 minutes
and then by rinsing with PBS. Using a peristaltic pump, the KUL05 cell suspension was inserted in the microchannels
of the inverted open microwell array. The KUL05 cell suspension was maintained at a temperature of about 30-37°C
throughout the entire experiment. After inserting the cells in the microchannel, the fluid was stopped and the cells
sedimented into the inverted open microwells. Electrodes in each microwell were kept active in a specific configuration
to align the cells along the vertical axis of the microwell during their descent to the meniscus at the lower open end of
the microwell. Microwells were then inspected optically. The electrode configuration in microwells containing a single
cell was changed to prevent, with proper dielectrophoretic forces, any further cell from entering the microwell. Fluid flow
was then reactivated and stopped multiple times until cells were delivered to the remaining microwells.
[0088] After cell delivery, several kinds of analyses can be typically performed, according to the specific assay that
needs to be implemented. In this experiment no specific assays were implemented, while an image of each microwell
was captured to keep track of the number of cells docked in each microwell. A reservoir containing RPMI and HEPES
25mM and no cells was substituted for the reservoir containing the cell suspension at the input of the peristaltic pump.
Then the flow was reactivated and maintained for about 20 minutes to properly rinse the microchannel and remove all
the cells not delivered to the microwells. Cells previously loaded in the microwells remained trapped on the meniscus
at the air-fluid interface.
[0089] After microchannel rinse, the fluid flow was stopped, the fluid outlet closed with a plug, and a pneumatic circuit
connected to the inlet. Using an electrovalve connected to a pressurized air system, a 5 millisecond pulse of sterile air
at 600 millibar was injected in each microchannel. As a consequence, the content of each microwell disposed along the
microchannel was transferred to a corresponding well of the underlying microtiter plate. The microtiter and the inverted
open microwell array were then transferred to a sterile environment, the system was unmounted, and the microtiter plate
covered with a cap and stored in a cell incubator. After 2 hours the wells of the microtiter were inspected to analyze the
number of cells recovered. The same number of cells was typically detected as was previously detected in the corre-
sponding inverted open microwell.
[0090] The microtiter plate was maintained in the cell incubator for 5-7 days. Microwells containing a single cell after
the recovery were monitored daily. More than 70% of the single cells recovered from the inverted open microwell array

(continued)

EXP # On-chip increase (inverted microwell) Off-chip increase (control) (microtiter plate)

2 92.7% 77.3%

3 273.1% 116.36%
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successfully generated a monoclonal cell line during the incubation. Cell clusters from single cells were typically visible
after 4-5 days.
[0091] The specification includes numerous citations to published references and patent documents.
[0092] While the invention has been illustrated and preferred embodiments described in the forgoing specification and
figures, it is understood that variations and changes can be made to the preferred embodiments without deviating from
the scope as embodied in the following claims.

Claims

1. A method for screening an antibody for a desired response comprising the steps of:

a) making available an inverted open microwell(102) or an array thereof (100), where a microchannel having a
cross sectional area of micrometer dimensions provides fluid to said microwell or array thereof;
b) preparing an antibody secreting cell (ASC) population;
c) preparing microbeads or target cells, wherein microbeads are prepared by binding a target, such as an antigen
or protein, or a secondary antibody specific to mouse or human IgG on their surface, and wherein target cells
express a specific epitope on their membrane;
d) inserting in said microchannel a fluid containing said microbeads or target cells and delivering single particles
of said microbeads or target cells to each inverted open microwell;
e) inserting in said microchannel a fluid containing ASCs and delivering a single ASC to each inverted open
microwell;
f) keeping object pairs comprising a single ASC and a microbead or target cell in each microwell at the interface
between air and fluid for a time suitable for properly binding the antibody secreted by the ASC to the target;
g) flowing filtered air or a mix of air and CO2 into the channel, removing the fluid from the channel while retaining
fluid in the microwell;
h) detecting a desired functional response in the deposited target cell or microbead.

2. The method of claim 1, further comprising:

i) returning physiological buffer to flow into the microchannel.

3. The method of claim 2, further comprising:

j) flowing into the microchannel a fluid containing a labeled secondary antibody and allowing the secondary
antibody to bind to the target;
k) monitoring the binding of said secondary antibody to the target.

4. The method of claim 3, wherein said labeled secondary antibody is a fluorescence labeled secondary antibody.

5. The method of claim 1, wherein:

a) the method further comprises depositing one or more effector immune cell in close proximity to the deposited
target cell and deposited ASC, wherein the desired functional response is the ability of the effector immune cell
to induce lysis of the target cell;
b) the fluid contains complement protein(s), and where the desired functional response is complement-depend-
ent cytolysis (CDC) of the target cell;
c) the desired functional response is apoptosis of the target cell; or
d) the desired response is a signaling event in the target cell.

6. The method of any one of the claims from 1 to 5, where the ASC is:

a) a murine or human B-cell;
b) obtained from a human patient;
c) a transformed cell;
d) a hybridoma cell;
e) an immortalized cell; and/or
f) a hybridoma cell produced by immortalizing a transgenic murine cell.
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7. The method of any one of the claims 1-6, where a plurality of antibodies is screened at a plurality of locations
disposed in said array (100), and where a plurality of aggregates are stably retained at a plurality of locations in said
array (100).

8. The method of any one of the claims 1-6, where the deposited cells are stably retained on an air/fluid meniscus of
the inverted open microwell, or where the deposited cells form an aggregate that is stably maintained on an air/fluid
meniscus of the inverted open microwell.

9. The method of claim 7, where the plurality of aggregates comprises aggregates of target cell and effector cell couple.

10. The method of any one of claims 7 or 8, further comprising the step of releasing onto a substrate the retained cell(s)
from the inverted open microwell, where the released cell(s) is a viable cell(s).

11. The method of claim 9, where the released cell is selected from:

a) the ASC, where the antibody-producing cell is identified as producing an antibody that binds to the target cell
and induce complement-mediated cytolysis (CDC) of the target cell;
b) the antibody-producing cell, where the antibody-producing cell is identified as producing an antibody that
induce antibody-dependent cell mediated cytolysis (ADCC) of the target cell; and
c) the antibody-producing cell, where the antibody-producing cell is identified as producing an antibody that
induces apoptosis of the target cell;
d) the ASC, where the antibody-producing cell is identified as producing an antibody that induces a signaling
event in the target cell.

Patentansprüche

1. Verfahren zum Screenen eines Antikörpers auf eine gewünschte Reaktion umfassend die Schritte:

a) Bereitstellen einer invertierten offenen Mikrovertiefung (engl. microwell; 102) oder eines Arrays davon (100),
wobei ein Mikrokanal mit einer Querschnittsfläche im Mikrometerbereich Flüssigkeiten für die Mikrovertiefung
oder den Array davon bereitstellt;
b) Herstellen einer Antikörper-sekretierenden Zelle (engl. antibody secreting cell; ASC)-Population;
c) Herstellen von Mikrokügelchen oder Zielzellen, wobei
Mikrokügelchen durch Binden eines Ziels, wie ein Antigen oder Protein, oder ein sekundärer Antikörper, der
für Maus- oder humanes IgG spezifisch ist, auf deren Oberfläche hergestellt werden, und wobei
Zielzellen ein spezifisches Epitop auf ihrer Membran exprimieren;
d) Einbringen einer Flüssigkeit, enthaltend die Mikrokügelchen oder Zielzellen, in den Mikrokanal und Liefern
einzelner Partikel der Mikrokügelchen oder Zielzellen an jede invertierte offene Mikrovertiefung;
e) Einbringen einer Flüssigkeit, enthaltend ASCs, in den Mikrokanal und Liefern einer einzelnen ASC an jede
invertierte offene Mikrovertiefung;
f) Halten von Objektpaaren, umfassend eine einzelne ASC und ein Mikrokügelchen oder eine Zielzelle, in jeder
Mikrovertiefung an der Schnittstelle zwischen Luft und Flüssigkeit für eine Zeit, die für eine angemessene
Bindung des durch die ASC sekretierten Antikörpers an das Ziel geeignet ist;
g) Strömen von gefilterter Luft oder einer Mischung aus Luft und CO2 in den Kanal, wobei die Flüssigkeit aus
dem Kanal entfernt wird, während die Flüssigkeit in der Mikrovertiefung zurückbehalten wird;
h) Detektieren einer gewünschten funktionellen Reaktion in der abgelagerten Zielzelle oder Mikrokügelchen.

2. Verfahren nach Anspruch 1, weiter umfassend:

i) Rückführen von physiologischem Puffer, so dass er in den Mikrokanal strömt.

3. Verfahren nach Anspruch 2, weiter umfassend:

j) Strömen einer Flüssigkeit, enthaltend einen markierten sekundären Antikörper, in den Mikrokanal und Er-
möglichen einer Bindung des sekundären Antikörpers an das Ziel;
k) Überwachen der Bindung des sekundären Antikörpers an das Ziel.
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4. Verfahren nach Anspruch 3, wobei der markierte sekundäre Antikörper ein Fluoreszenz-markierter sekundärer
Antikörper ist.

5. Verfahren nach Anspruch 1, wobei

a) das Verfahren weiter Ablagern einer oder mehrerer Effektor-Immunzelle(n) in unmittelbarer Nähe zu der
abgelagerten Zielzelle und abgelagerten ASC umfasst, wobei die gewünschte funktionelle Reaktion die Fähigkeit
der Effektor-Immunzelle ist, Lyse der Zielzelle zu induzieren;
b) die Flüssigkeit Komplement-Protein(e) enthält, und wobei die gewünschte funktionelle Reaktion Komple-
mentvermittelte Zytolyse (engl. complement-dependent cytolysis; CDC) der Zielzelle ist;
c) die gewünschte funktionelle Reaktion Apoptose der Zielzelle ist;
d) die gewünschte Reaktion ein Signalisierungsereignis in der Zielzelle ist.

6. Verfahren nach einem der Ansprüche 1 bis 5, wobei die ASC:

a) eine murine oder humane B-Zelle ist;
b) von einem humanen Patienten erhalten wurde;
c) eine transformierte Zelle ist;
d) eine Hybridoma-Zelle ist;
e) eine immortalisierte Zelle ist; und/oder
f) eine Hybridoma-Zelle ist, die durch Immortalisierung einer transgenen murinen Zelle hergestellt wurde.

7. Verfahren nach einem der Ansprüche 1-6, wobei eine Vielzahl von Antikörpern an einer Vielzahl von Orten gescreent
wird, die in dem Array (100) verteilt sind, und wobei eine Vielzahl von Aggregaten stabil an einer Vielzahl von Orten
im Array (100) zurückgehalten wird.

8. Verfahren nach einem der Ansprüche 1-6, wobei die abgelagerten Zellen stabil auf einem Luft/Flüssigkeitsminiskus
auf der invertierten offenen Mikrovertiefung zurückgehalten werden, oder wobei die abgelagerten Zellen ein Aggregat
bilden, das stabil auf einem Luft/Flüssigkeitsminiskus auf der invertierten offenen Mikrovertiefung zurückgehalten
wird.

9. Verfahren nach Anspruch 7, wobei die Vielzahl der Aggregate Aggregatspaare aus Zielzelle und Effektorzelle um-
fasst.

10. Verfahren nach einem der Ansprüche 7 oder 8, weiter umfassend den Schritt des Freisetzens der zurückgehaltenen
Zelle(n) aus der invertierten offenen Mikrovertiefung auf ein Substrat, wobei die freigesetzte(n) Zelle(n) eine lebens-
fähige Zelle(n) ist.

11. Verfahren nach Anspruch 9, wobei die freigesetzte Zelle ausgewählt ist aus:

a) einer ASC, wobei die Antikörper-herstellende Zelle identifiziert wird, als einen Antikörper herstellend, der an
die Zielzelle bindet und Komplementvermittelte Zytolyse (CDC) der Zielzelle induziert;
b) der Antikörper-herstellenden Zelle, wobei die Antikörper-herstellende Zelle identifiziert wird, als einen Anti-
körper herstellend, der Antikörper-abhängige Zell-vermittelte Zytolyse (engl. antibody-dependent cell mediated
cytolysis, ADCC) der Zielzelle induziert; und
c) der Antikörper-herstellenden Zelle, wobei die Antikörper-herstellende Zelle identifiziert wird, als einen Anti-
körper herstellend, der Apoptose in der Zielzelle induziert;
d) der ASC, wobei die Antikörper-herstellende Zelle identifiziert wird, als einen Antikörper herstellend, der ein
Signalisierungsereignis in der Zielzelle induziert.

Revendications

1. Procédé de criblage d’un anticorps pour une réponse souhaitée comprenant les étapes suivantes :

a) la mise à disposition d’un micropuits ouvert inversé (102) ou d’un ensemble de micropuits (100), où un
microcanal ayant une section transversale de dimensions de l’ordre du micromètre fournit du liquide au dit
micropuit ou ensemble de micropuits ;
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b) la préparation d’une population de cellules sécrétrices d’anticorps (CSA) ;
c) la préparation de microbilles ou de cellules cibles, où les microbilles sont préparées par liaison d’une cible,
comme un antigène ou une protéine, ou un anticorps secondaire spécifique des IgG de souris ou humaines
sur leur surface, et où les cellules cibles expriment un épitope spécifique sur leur membrane ;
d) l’insertion dans ledit microcanal d’un liquide contenant lesdites microbilles ou cellules cibles et la délivrance
de particules simples desdites microbilles ou cellules cibles dans chaque micropuits ouvert inversé ;
e) l’insertion dans ledit microcanal d’un liquide contenant des CSA et la délivrance d’une seule CSA dans chaque
micropuits ouvert inversé ;
f) le maintien de paires d’objets comprenant une seule CSA et une microbille ou cellule cible dans chaque
micropuits au niveau de l’interface entre l’air et le liquide pendant un temps approprié pour lier correctement
l’anticorps sécrété par la CSA à la cible ;
g) la circulation d’air filtré ou d’un mélange d’air et de CO2 dans le canal, l’élimination du liquide du canal tout
en retenant le liquide dans le micropuits ;
h) la détection d’une réponse fonctionnelle souhaitée dans la cellule cible ou la microbille déposée.

2. Procédé selon la revendication 1, comprenant en outre :

i) le retour de tampon physiologique pour circuler dans le microcanal.

3. Procédé selon la revendication 2, comprenant en outre :

j) la circulation dans le microcanal d’un liquide contenant un anticorps secondaire marqué et l’étape laissant
l’anticorps secondaire se lier à la cible ;
k) le suivi de la liaison dudit anticorps secondaire à la cible.

4. Procédé selon la revendication 3, dans lequel ledit anticorps secondaire marqué est un anticorps secondaire marqué
par fluorescence.

5. Procédé selon la revendication 1, dans lequel :

a) le procédé comprend en outre le dépôt d’une ou de plusieurs cellules immunitaires effectrices en étroite
proximité avec la cellule cible déposée et la CSA déposée, où la réponse fonctionnelle souhaitée est la capacité
de la cellule immunitaire effectrice d’induire la lyse de la cellule cible ;
b) le liquide contient une ou plusieurs protéines du complément, et où la réponse fonctionnelle souhaitée est
la cytolyse dépendante du complément (CDC) de la cellule cible ;
c) la réponse fonctionnelle souhaitée est l’apoptose de la cellule cible ; ou
d) la réponse souhaitée est un événement de signalisation dans la cellule cible.

6. Procédé selon l’une quelconque des revendications 1 à 5, où la CSA est :

a) un lymphocyte B murin ou humain ;
b) obtenue d’un patient humain ;
c) une cellule transformée ;
d) une cellule d’hybridome ;
e) une cellule immortalisée ; et/ou
f) une cellule d’hybridome produite par immortalisation d’une cellule murine transgénique.

7. Procédé selon l’une quelconque des revendications 1 à 6, où une pluralité d’anticorps est criblée au niveau d’une
pluralité d’emplacements disposés dans ledit ensemble (100) et où une pluralité d’agrégats est retenue de façon
stable au niveau d’une pluralité d’emplacements dans ledit ensemble (100).

8. Procédé selon l’une quelconque des revendications 1 à 6, où les cellules déposées sont retenues de façon stable
sur un ménisque air/liquide du micropuits ouvert inversé, ou bien où les cellules déposées forment un agrégat qui
est maintenu de façon stable sur un ménisque air/liquide du micropuits ouvert inversé.

9. Procédé selon la revendication 7, où la pluralité d’agrégats comprend des agrégats de couple de cellule cible et
cellule effectrice.
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10. Procédé selon l’une quelconque des revendications 7 ou 8, comprenant en outre l’étape de libération sur un substrat
de la ou des cellules retenues à partir du micropuits ouvert inversé, où la ou les cellules libérées est/sont une ou
des cellules viables.

11. Procédé selon la revendication 9, où la cellule libérée est choisie parmi :

a) la CSA, où la cellule productrice d’anticorps est identifiée comme produisant un anticorps qui se lie à la cellule
cible et induit une cytolyse médiée par le complément (CDC) de la cellule cible ;
b) la cellule productrice d’anticorps, où la cellule productrice d’anticorps est identifiée comme produisant un
anticorps qui induit une cytolyse à médiation cellulaire dépendante de l’anticorps (ADCC) de la cellule cible ; et
c) la cellule productrice d’anticorps, où la cellule productrice d’anticorps est identifiée comme produisant un
anticorps qui induit l’apoptose de la cellule cible ;
d) la CSA, où la cellule productrice d’anticorps est identifiée comme produisant un anticorps qui induit un
événement de signalisation dans la cellule cible.
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