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ABSTRACT

Methods for forming cell arrays of multiple cell samples
arranged substantially in a monolayer on a single substrate
particularly suited for diagnostic analysis are disclosed. The
cell arrays are formed with a high-speed dispensing appa-
ratus capable of dispensing small volumes in precise, com-
plex patterns. Also disclosed are substrates upon which cell
arrays may be formed, and methods for conducting diag-
nostic analyses on the formed cell arrays.
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METHOD AND SYSTEM FOR THE ANALYSIS OF
HIGH DENSITY CELLS SAMPLES

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority to U.S. Patent
Application Ser. No. 60/477,807, filed Jun. 12, 2003, the
teachings of which are incorporated herein in their entirety.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates generally to a method
for forming cell arrays on a substrate to facilitate high-
throughput diagnostic analysis of a plurality of cell samples
and, in particular, to cell arrays in which the discrete cell
samples are arranged substantially in a monolayer with
positive and negative controls, as well as test samples,
arranged on the same substrate. More particularly, the
present invention relates to cell arrays comprising multiple
test and control samples arranged on a single substrate upon
which immunohistochemistry, fluorescent in situ hybridiza-
tion, and cytogenetic analyses may be conducted.

[0004] 2. Description of the Related Art

[0005] Clinical analysis of cell samples obtained from
patient specimens are routinely conducted by medical per-
sonnel and are useful tools for diagnosing and treating
various diseases and medical conditions. Techniques for
conducting clinical analyses have become increasing sophis-
ticated as advances in medicine have led to methods of early
detection and diagnosis of diseases and medical conditions.
Such sophisticated techniques include, for example, immu-
nohistochemistry (IHC) and fluorescent in situ hybridization
(FISH), which can be useful for diagnosing diseases, such as
cancer. Additionally, cytogenetic assays can be useful for
diagnosing diseases and medical conditions associated with
chromosomal aberrations, such as, for example, Down’s
syndrome.

[0006] As increasingly sophisticated techniques for
detecting and diagnosing diseases and medical conditions
have become routine, there is increased interest in simplified
procedures for conducting these techniques that do not rely
on the highly trained skills of medical personnel, thereby
allowing the possibility of dramatically increasing the num-
ber of samples that can be analyzed at the same time.
Traditionally, diagnostic assays such as IHC, FISH and
cytogenetic assays are performed on a substrate, usually a
glass microscope slide, containing one sample per slide. The
single sample per slide may be either a patient sample or a
control sample, which is analyzed in conjunction with the
results of the patient sample to mitigate the risk of false
positives. Typically, cell samples, whether they be control or
patient samples, are applied to the microscope slide using a
non-standardized drop method.

[0007] Unfortunately, the current state of the art methods
for dispensing drops of cells onto microscope slides suffer
from high variability due to the individual techniques
employed by various operators. Typically, large drops in the
range of 10-100 uL are dropped onto a slide and allowed to
flow across the surface of the slide with the hope that a
uniform distribution of the cells will result. In order to obtain
optimum results, the environment in which the drops are
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applied to the slides must be carefully controlled with
respect to temperature and humidity. However, these meth-
ods are considered more of an art than a science and
frequently result in considerable overlap of cells and non-
uniform dispersal of the cells across the surface of the
substrate. Overlap and non-uniformity may lead to ineffi-
cient or insufficient interaction between a test reagent and a
target, which may ultimately lead to poor detection and a
misdiagnosis.

[0008] The diagnostic assays for use with the cell arrays
contemplated herein typically involve the use of antibodies,
enzymes, fluorophores, chromogens and other expensive
reagents. Accordingly, it is advantageous to conduct the
assay in as small a volume as possible to minimize costs. For
example, a routine IHC assay requires a series of steps,
including procuring cells from a biological sample, depos-
iting the cells onto a substrate, and processing the cell
sample so that it is ready to receive a test reagent or probe.
The probe is generally incubated with the cell sample prior
to removal of excess probe and addition of a detection
reagent, such as an antibody, that recognizes the interaction
between the probe and the protein of interest. Finally, an oil
coating may be applied to the substrate to prevent evapora-
tion and a cover slip added to the slide to facilitate image
analysis, either through a microscope or an automated
imaging system. A typical IHC assay conducted on a glass
slide generally requires an area of about 25x50 mm, requires
the use of between about 50-100 uL. of reagent per assay, and
requires multiple glass slides in order to process multiple
samples.

[0009] The variability arising from the application of cell
samples to the surface of the substrate may lead to increased
variability in the results of the clinical assays and ultimately
to inaccurate diagnoses. By contrast, a more ideal result is
consistent application of cell samples (patient and control) to
provide a uniform distribution of cells arranged substantially
in a monolayer at a particular location on the substrate. An
even more ideal result is the ability to miniaturize the
process such that multiple samples can be included on the
same substrate. In this way, for example, several patient
samples can be subjected to the desired assay on the same
slide as the control samples. An additional benefit of the
miniaturization process is to decrease the quantity of sample
and reagent needed to conduct the diagnostic assay, thereby
decreasing the cost of the test while at the same time
increasing the number of assays that can be performed with
higher fidelity.

SUMMARY OF THE INVENTION

[0010] The cell arrays of the present invention overcome
many of the drawbacks associated with current methods for
conducting diagnostic assays. For example, the cell arrays
formed according to the present invention may comprise as
many as about 1000 discrete cell samples suitable for
diagnostic analysis on a single substrate. Additionally, the
cell arrays of the present invention are particularly suited for
high-throughput diagnostic analyses, such as, for example,
immunohistochemistry (IHC), fluorescent in situ hybridiza-
tion (FISH), and cytogenetic analyses. Yet another advan-
tage of the cell arrays of the present invention is the ability
to conduct the desired diagnostic analysis on a single
substrate that includes positive or negative control samples
on the same substrate as the test samples.
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[0011] In one innovative aspect, a cell array comprising a
plurality of discrete cell samples on a single substrate may
be formed by mixing a cell suspension in a source to obtain
a substantially uniform distribution of the cells within the
suspension; aspirating the cell suspension from the source;
movably transporting the cell suspension relative to the
substrate; metering a predetermined amount of the cell
suspension using a positive displacement pump; and dis-
pensing the metered amount of the cell suspension in the
form of droplets onto the substrate so as to form a plurality
of discrete cell samples in which each discrete cell sample
is arranged substantially in a monolayer on the single
substrate. In another embodiment, the method also includes
the steps of treating the cell suspension to minimize cell
clumping and lysis prior mixing the cell suspension. In
certain embodiments, the steps of metering a predetermined
amount of the cell suspension and dispensing the cell
suspension may be repeated, while in other embodiments,
the steps of transporting the cell suspension may be repeated
along with the metering and dispensing steps. In yet other
embodiments, the mixing, aspirating, transporting, meter-
ing, and dispensing steps may be repeated to form the cell
array.

[0012] Inadditional embodiments, the method may further
comprise the step of dispensing a predetermined amount of
a cover fluid sufficient to substantially cover the plurality of
discrete cell samples arranged on the single substrate. The
cover fluid may be inert liquids, immiscible liquids, or
mineral oil. In alternative embodiments, the cell array may
comprise at least one test sample and at least one control
sample. In certain embodiments, the substrate upon which
the cell array is formed may be a glass slide, a nitrocellulose
membrane, a plastic membrane, a nylon membrane, or a
nylon membrane on a continuous roll. In certain embodi-
ments, the method may comprise the step of coating a
surface of the substrate with a surface modifier prior to
dispensing the cell suspension onto the substrate. The sur-
face modifier may be poly-L-lysine, amines, streptavidin,
epoxy, metal film, or dielectric materials. In additional
embodiments, the substrate may be a glass slide comprising
abarcode region, a control region, and a test region, in which
the barcode region may have at least a slide tracking barcode
or a dispense and lock barcode.

[0013] In another embodiment, the method may comprise
the step of coating a surface of the glass slide with a
hydrophobic layer in the control region and the test region
prior to conducting the dispensing step. The hydrophobic
region may be configured with a plurality of openings
passing substantially through the hydrophobic layer to the
surface of the glass slide. In yet another embodiment, the
predetermined amount of the cell suspension is dispensed in
a volume between about 1 nL to about 500 nL having a
density of between about 200 to about 400 cells per 100 nL
with each dispensed discrete cell sample occupying a loca-
tion on the substrate having a diameter of about 1 mm or
less.

[0014] The present invention also contemplates a method
for conducting a diagnostic analysis on a cell array. In one
embodiment, the method may comprise the steps of forming
the cell array comprising a plurality of discrete cell samples
on a single substrate; contacting the cell array with at least
one test reagent sufficient to detect the presence of a pre-
determined analyte; allowing a reaction to occur between the
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test reagent and the predetermined analyte; and detecting the
reaction between the test reagent and the predetermined
analyte, such that the reaction between the test reagent and
the predetermined analyte is sufficient to provide a diagno-
sis. According to this embodiment, the method for forming
the cell array may comprise the steps of mixing a cell
suspension in a source; aspirating the cell suspension from
the source; movably transporting the cell suspension relative
to the substrate; metering a predetermined amount of the cell
suspension using a positive displacement pump; and dis-
pensing the metered amount of the cell suspension in the
form of droplets onto the substrate so as to form a plurality
of discrete cell samples, such that each discrete cell sample
is arranged substantially in a monolayer on the substrate. In
another embodiment, the method also includes the steps of
treating the cell suspension to minimize cell clumping and
lysis prior mixing the cell suspension. In certain embodi-
ments, the steps of metering a predetermined amount of the
cell suspension and dispensing the cell suspension may be
repeated, while in other embodiments, the steps of trans-
porting the cell suspension may be repeated along with the
metering and dispensing steps. In yet other embodiments,
the mixing, aspirating, transporting, metering, and dispens-
ing steps may be repeated to form the cell array. In certain
embodiments, the step of allowing the reaction to occur
between the test reagent and predetermined analyte may
comprise heating at least one discrete cell sample on the
substrate.

[0015] In additional embodiments, the method for con-
ducting a diagnostic analysis may further comprise the step
of dispensing a predetermined amount of a cover fluid
sufficient to substantially cover the plurality of discrete cell
samples arranged on the single substrate. The cover fluid
may be inert liquids, immiscible liquids, or mineral oil. In
alternative embodiments, the cell array may comprise at
least one test sample and at least one control sample. In
certain embodiments, the substrate upon which the cell array
is formed may be a glass slide, a nitrocellulose membrane,
a plastic membrane, a nylon membrane, or a nylon mem-
brane on a continuous roll. In certain embodiments, the
method may comprise the step of coating a surface of the
substrate with a surface modifier prior to dispensing the cell
suspension onto the substrate. The surface modifier may be
poly-L-lysine, amines, streptavidin, epoxy, metal film, or
diclectric materials. In additional embodiments, the sub-
strate may be a glass slide comprising a barcode region, a
control region, and a test region, in which the barcode region
may have at least a slide tracking barcode or a dispense and
lock barcode. In one embodiment, the diagnostic analysis is
fluorescent in situ hybridization and the test reagent is a
nucleic acid probe; in another embodiment, the diagnostic
assay is an immunohistochemistry assay and the test reagent
is an antibody probe; in yet another embodiment, the diag-
nostic assay is a cytogenetic assay and the test reagent is a
chromosome stain.

[0016] In other embodiments, a cell array upon which a
diagnostic assay may be conducted in accordance with the
present invention may comprise a plurality of discrete cell
samples on a single substrate, with the cells of each discrete
cell sample arranged substantially in a monolayer on the
substrate. In another embodiment, the single substrate may
also comprise a barcode region, a test region, and a control
region. The barcode region may comprise at least one of a
slide tracking barcode, and a dispense and lock barcode. In
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yet another embodiment, a reaction between a test reagent
and a predetermined analyte within the plurality of discrete
cell samples of the control region may generate a pattern
detectable by an imaging system such that the pattern is
sufficient to uniquely identify the substrate upon which the
cell array is formed. In one embodiment, the control region
of the cell array may comprise between about 1 to about
1000 discrete cell samples.

[0017] In certain embodiments, the plurality of discrete
cell samples may comprise at least one test sample and at
least one control sample on the single substrate. In yet
another embodiment, the diagnostic assay may be immuno-
histochemistry, fluorescent in situ hybridization, or cytoge-
netic analysis. In still another embodiment, each discrete cell
sample of the cell array may have a diameter of less than
about 1 mm and may be formed from a dispensed droplet
having a volume of between about 50 to about 200 nL.. In yet
another embodiment, the substrate may comprise a glass
slide, a nitrocellulose membrane, a plastic membrane, a
nylon membrane, or a nylon membrane on a continuous roll.
In some embodiments, the cell array may be covered with a
cover fluid. The cover fluid may be inert liquids, immiscible
liquids, or mineral oil.

[0018] In another embodiment, the substrate upon which
the cell array is formed is a glass slide having a surface that
may comprise a hydrophobic layer configured with a plu-
rality of openings for accepting the discrete cell samples in
the test region and control region, in which the plurality of
openings passing substantially through the hydrophobic
layer to a surface of the glass slide. In yet another embodi-
ment, the hydrophobic layer on the glass slide has about 105
openings for accepting the discrete cell samples in the
sample region and control region in which each opening is
capable of accepting a volume of between about 1 nL to
about 500 nL, and each opening has a diameter of about 1
mm or less.

[0019] In another innovative aspect, a substrate of the
present invention upon which a cell array may be formed
may comprise a barcode region, a control region, and a test
region, in which the cell array may comprise a plurality of
discrete cell samples arranged substantially in a monolayer,
and the barcode region may comprise at least one of a slide
tracking barcode, and a dispense and lock barcode. In one
embodiment, the density of the discrete cell samples on the
substrate is between about 50 to about 105 discrete cell
samples per substrate and each discrete cell sample occupies
a location on the substrate having a diameter of about 1 mm
or less. In another embodiment, the discrete cell samples are
formed from a droplet of a cell suspension having a volume
of between about 50 to about 200 nL. In still another
embodiment, the substrate may be a glass slide, a nitrocel-
lulose membrane, a plastic membrane, a nylon membrane,
or a nylon membrane on a continuous roll. In yet another
embodiment, the substrate is a glass slide having a surface
that is coated with a hydrophobic layer in the control region
and the test region, and the hydrophobic layer is configured
with a plurality of openings passing substantially through
the hydrophobic layer to the surface of the glass slide, with
each opening capable of accepting the discrete cell samples
arranged substantially in a monolayer. In still another
embodiment, the hydrophobic layer has a density of about
1500 openings, each opening is about 1 mm or less in
diameter and is capable of accepting a volume of between
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about 50 to about 200 nL. In certain embodiments, the
substrate is coated with a surface modifier that may com-
prise poly-L-lysine, amines, streptavidin, epoxy, metal film,
or dielectric materials. In another embodiment, the substrate
is adapted to provide heating to at least one discrete cell
sample.

[0020] In still another innovative aspect of the invention,
the present invention provides for a method for forming a
cell array under a cover fluid, in which the cell array may
comprise a plurality of discrete cell samples on a single
substrate. The method may comprise covering the substrate
with a cover fluid so that a surface of the cover fluid is
exposed; mixing a cell suspension within a source; aspirat-
ing the cell suspension from the source; movably transport-
ing the cell suspension relative to the substrate; metering a
predetermined amount of the cell suspension using a posi-
tive displacement pump; and dispensing the metered amount
of the cell suspension in the form of droplets from a
non-contact dispenser at a controlled velocity onto the
surface of the cover fluid so that the droplets penetrate the
surface of the cover fluid and form a plurality of discrete cell
samples, in which each discrete cell sample is arranged
substantially in a monolayer on the substrate. In one embodi-
ment, the method may additionally comprise aspirating at
least one test reagent from a source; and dispensing the test
reagent onto a plurality of the discrete cell samples of the
cell array. In another embodiment, the method may also
include detecting a reaction between the test reagent and a
predetermined analyte within the discrete cell samples of the
cell array. In certain embodiments, the method may com-
prise the step of treating the cell suspension to minimize
clumping and lysis prior to conducting the mixing step.

[0021] Finally, in still another aspect of the invention, the
present invention provides for a method for forming a cell
array for cytogenetic analysis comprising a plurality of cells
arranged substantially in monolayer on a single substrate.
The method may comprise the steps of mixing a cell
suspension in a source to obtain a substantially uniform
distribution of the cells within the source; aspirating the cell
suspension from the source; movably transporting the cell
suspension relative to the substrate; metering a predeter-
mined amount of the cell suspension using a positive dis-
placement pump; and dispensing the metered amount of the
cell suspension in the form of droplets onto the substrate so
as to form a plurality of discrete cell samples, with each
discrete cell sample being arranged substantially in a mono-
layer on the substrate, and the distance between the discrete
cell samples minimized such that the perimeter of each
discrete cell sample is contiguous with the perimeter of an
adjoining discrete cell sample. In one embodiment, the
method may also comprise the step of treating the cell
suspension to minimize cell clumping and lysis prior to
conducting the mixing step. In another embodiment, the
method may comprise the step of repeating at least step the
dispensing step to form the cell array. In yet another embodi-
ment, the method may comprise the step of repeating at least
the transporting, metering, and dispensing steps to from the
cell array. In yet another embodiment, the method may
comprise the step of repeating the mixing, aspirating, trans-
porting, metering and dispensing steps to from the cell array.

[0022] Those of skill in the art will appreciate that the
invention described herein may be embodied or carried out
in a manner that achieves or optimizes one advantage or
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group of advantages taught herein without necessarily
achieving other advantages as may be taught or suggested
herein. All of these embodiments are intended to be within
the scope of the invention disclosed herein. These and other
embodiments of the present invention will become readily
apparent to those skilled in the art from the following
detailed description of the preferred embodiments having
reference to the attached figures, the invention not to be
limited to any particular preferred embodiment disclosed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023] FIG. 1. is a schematic generalization of a dispens-
ing apparatus having features and advantages in accordance
with the present invention.

[0024] FIG. 2. is a schematic illustrating a cell array
comprising a plurality of discrete cell samples on a single
substrate having features and advantages in accordance with
the present invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0025]

[0026] A dispensing apparatus of the present invention is
particularly well suited for forming cell arrays having a
plurality of cell samples arranged substantially in a mono-
layer on a single substrate. Cells arranged substantially in a
monolayer are cells that are relatively uniformly dispersed
with sufficiently low minimal overlap on the surface of the
substrate such that an imaging system can accurately and
rapidly inspect the three-dimensional morphology of indi-
vidual cells and detect signal resulting from the interaction
of a test reagent and a predetermined analyte or target within
the cells. The dispensing apparatus is also well suited for
dispensing test reagents onto the plurality of cell samples
after formation of the cell array. Typically, patient or test
samples, as well as positive and negative control samples,
comprise the cell array formed on the single substrate.

[0027] As shown in FIG. 1, the dispensing apparatus 108
generally comprises a dispensing head or dispenser 128
having a valve or other dispensing means 204 operated by an
actuator, such as, for example, a solenoid that dispenses
drops onto a substrate 111 in a non-contact manner. The
dispenser 128 is hydraulically coupled or in fluid commu-
nication with a positive displacement pump 120 for metering
precise quantities of fluid or liquid 130 to or towards the
dispenser 128. The dispensing head 128 is mounted on or in
association with an X-Y-Z platform 112. The term “X-Y-Z
platform™ as used herein refers to a platform that is capable
of moving in the X, Y, and/or Z directions in any combina-
tion. The X-Y-Z platform 112 may include one or more
position stepper motors 123, 124, 125 or the like, which are
operable to move either the dispensing head 128 and/or the
X-Y-Z platform 112 relative to one another in the X, X-Y, or
X-Y-Z directions. It bears noting also that while this descrip-
tion may refer only to a single dispensing head 128, it is
contemplated that multiple dispensing heads in linear (1xN)
or two-dimensional arrays (MxN) can also be used with
equal or improved efficacy. Such multiple dispensing heads
may be operated in parallel, i.e., for multi-gang operation, or
in another coordinated fashion, as desired.

System Overview
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[0028] One or more substrates 111 may be mounted on the
X-Y-Z platform 112 to receive reagent dispensed from the
dispenser 128. Additionally, a source reservoir 175 may be
mounted on the X-Y-Z platform 112 from which reagents
may be aspirated by the dispenser 128 and dispensed onto
the substrate 111. It should be understood that while a single
source reservoir 175 and a single substrate 111 are depicted
in FIG. 1, multiple sources and multiple substrates may be
mounted or arranged on the X-Y-Z platform 112 as desired.
Frequently, the source reservoir 175 will be a microplate but
may be any suitable reservoir that temporarily stores
reagents to be dispensed onto the substrate 111 by the
dispenser 128. Similarly, it should be understood that the
term “reagent” as used herein refers to cell suspensions or
test reagents that will be dispensed by the dispenser 128 onto
the substrate 111.

[0029] The substrate 111 may comprise any suitable sur-
face upon which a cell array may be formed and a diagnostic
assay may be conducted. Exemplary substrates include, but
are not limited to, nylon membranes, plastic membranes,
nitrocellulose membranes, and glass slides. In certain
embodiments, the substrate 111 may comprise a membrane,
such as nylon, that is fed from a continuous roll.

[0030] The positive displacement pump 120 preferably
comprises a syringe pump, although other direct current
fluid sources may be used. The syringe pump 120 is hydrau-
lically coupled to or in fluid communication with a fluid
reservoir 116 through a first supply line 150 and a switching
valve 145. The syringe pump 120 draws fluid 130 from the
fluid reservoir 116 and provides it to or toward the dispens-
ing head 128 through a second supply line 152 also in
communication with switching valve 145.

[0031] The syringe pump 120 has a movable piston 118
within a syringe barrel 162. The syringe pump 120 is
operated by a syringe pump driver 142 comprising, for
example, a stepper motor and an associated lead screw, for
extending and retracting the piston 118 within the syringe
barrel 162. Those skilled in the art will readily appreciate
that when the piston 118 is retracted, fluid 130 is drawn from
the reservoir 116 through the switching valve 145 into the
syringe pump 120. When the piston is again extended, fluid
130 is forced to flow from the syringe barrel 162 into the
dispensing head 128 via the second supply tube 152, where-
upon it is ejected by the dispensing head 128 onto the
substrate 111 in the form of droplets.

[0032] In one embodiment, the fluid 130 comprises the
reagent that is dispensed onto the substrate 111. Thus, the
reservoir 116, pump barrel 162, dispenser 128 and supply
lines 150 and 152 are filled with the fluid 130 to be
dispensed. This arrangement is particularly advantageous
when large quantities of the same reagent are to be dispensed
onto the substrate 111. For example, it may be desirable to
manufacture large number of substrates each having an
identical pattern of positive and negative controls arranged
thereon for use by a reference laboratory, which may later
add patient or test samples and conduct diagnostic analyses.

[0033] In another embodiment, the fluid 130 comprises a
backing reagent, such as distilled water, and the dispensing
apparatus 108 operates in an aspirate/dispense mode. In this
embodiment, the dispenser 128 is used to aspirate a prede-
termined amount of reagent from the source reservoir 175,
movably transport the reagent relative to the substrate 111,
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meter the predetermined amount of the reagent, and dispense
the aspirated reagent onto or into the substrate 111. Reagent
is aspirated by retracting or decrementing the pump piston
118 with the switching valve 145 open to create a reduced
pressure or partial vacuum along supply line 152 to draw
reagent from the source reservoir 175 into the dispenser 128
via a suitable tip 205 or nozzle thereon. In certain embodi-
ments, this same process can be repeated on a smaller scale
to mix reagent, particularly cells that may have settled out of
solution so as to provide a relatively homogenous cell
suspension which then may be aspirated and subsequently
dispensed onto the substrate 111. As will be appreciated, it
may be necessary to repeat some or all of the steps in order
to form the desired cell array and/or dispense the desired test
reagents necessary for the diagnostic analysis onto the cell
array after it is formed.

[0034] A controller 114 oversees operation of the syringe
pump 120, X-Y-Z platform 112, and the dispensing head
128. Specifically, the controller 114 coordinates and controls
the motion of each of the stepper motors 123, 124, 125 and
the syringe pump driver 142, as well as the opening and
closing of the dispensing valve 204 to precisely meter and
dispense an amount of reagent at one or more predetermined
location(s) on the substrate 111. As necessary, the controller
114 also controls and coordinates mixing and aspiration of
reagent from the source reservoir 175. A software program
is interfaced with the controller 114 to guide mixing, dis-
pensing, and aspirating for different modes of operation and
different applications. As is discussed more fully below, a
user-defined text file is preferably generated, for example,
from a spreadsheet of values or a template, with lists of
numbers of user-defined dispense volumes for one or more
reagents and corresponding coordinates of the mixing, aspi-
rating, and dispensing operation. The controller 114 uses this
text file data in cooperation with the software program to
precisely control and coordinate the operation of the dis-
pensing apparatus 108.

[0035] The dispensing apparatus 108 may operate in “step
and repeat” mode or, alternatively, “on-the-fly,” that is
without stopping the motion of the X-Y-Z platform 112. To
accommodate this on-the-fly dispensing without sacrificing
accuracy, precision or repeatability, the controller 114 cal-
culates a phase adjustment for each dispense cycle. The
phase adjustment is such as to advance or retard the timing
of the valve 204 opening and closing so that the dispensed
droplet of reagent lands at the desired location on the
substrate 111 (or at a desired offset location), taking into
account its anticipated trajectory.

[0036] Those skilled in the art will appreciate that the
magnitude of the necessary or desired phase adjustment will
depend, among other things, on a number of system input
and output parameters and behavioral characteristics,
including the desired drop offsct (if any), the vertical dis-
tance between the dispensing head nozzle 205 and the
surface of the substrate 111, the velocity and/or acceleration
of the dispensing head 128 and/or the substrate 111 relative
to one another, the velocity of the dispensed droplets,
ambient temperature and humidity, and other controlled
and/or uncontrolled factors. While certain of these param-
eters or characteristics can be isolated and studied such that
their impact on the necessary phase adjustment is fairly
predictable, other parameters or characteristics can neither
be isolated nor predicted. Precise phase adjustments can be
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determined experimentally for a given production set up
either before or during production such that a high degree of
accuracy, precision, and repeatability is attained during long
production runs.

[0037] One of the advantages of forming a cell array using
the dispensing apparatus 108 described herein is a cell array
in which each discrete cell sample is assigned its own
address on the substrate 111. Once the array is contacted
with the desired test reagents, an imaging system can be
implemented to precisely, accurately, and rapidly move
about the substrate 111 to detect a reaction between the test
reagent(s) contacted with the cell array and a predetermined
analyte(s) or target(s) within the cells of the array. The
imaging system used to analyze the cell arrays of the present
invention may be a microscope or an automated machine
capable of detecting a reaction between the test reagent and
the predetermined analyte. Such a reaction may include the
emission of fluorescence, light, radioactivity, or the like.

[0038] As will be appreciated by one of skill in the art, if
the cell array is to be used for diagnoses based on fluorescent
in situ hybridization assay, the predetermined analyte or
target within the cell samples may be a particular gene that
can be detected with a commercially available nucleic acid
probe. Similarly, if the cell array is to be used for diagnoses
based on an immunohistochemistry assay, the predetermined
analyte or target within the cell samples may be a particular
protein that can be detected with a commercially available
antibody. The antibody may be primarily labeled or capable
of being detected with a subsequent reagent. Additionally, if
the cell array is to be used for diagnosis based on a
cytogenetic assay, the predetermined analyte is a chromo-
some that can be stained with a commercially available
chromosome staining reagent. One of ordinary skill in the art
will appreciate that the present invention is not limited to
particular diagnostic assays that can be performed on a cell
array, nor is the present invention intended to be limited to
any particular predetermined analyte, whether commercially
available or otherwise. Indeed, the cell arrays formed
according to the methods described herein are amenable to
any type of diagnostic assay that benefits from discrete cell
samples arranged substantially in a monolayer on a single
substrate.

[0039]

[0040] The present invention incorporates the use of meth-
ods and devices for non-contact dispensing drops of reagent
onto a substrate 111 to form a cell array upon which
diagnostic assays, such as, for example, immunohistochem-
istry (IHC), fluorescent in situ hybridization (FISH), and
cytogenetic analyses can be performed. The methods and
devices used to dispense the cell suspension and any sub-
sequent test reagents in a non-contact fashion onto the
substrate are not critical to present invention, and one of skill
in the art will appreciate that many methods and devices may
be used to generate such cell arrays and dispense such test
reagents. Accordingly, the present invention is not intended
to be limited to a particular method or device for generating
cell arrays or conducting diagnostic assays on a substrate;
however, particularly preferred are the methods and devices
developed by Biodot, Inc. (Irvine, Calif.).

[0041] As shown in FIG. 1, the dispensing apparatus 108
may be implemented using any one of a number of com-
mercially available reagent dispensers, piezoelectric dis-

Dispensing Devices
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pensers, solenoid valve dispensers, and the like, although a
solenoid valve dispenser is preferred for general applica-
tions. While the selection of the dispenser head 128 is not
critical to practicing the present invention, it has been found
that a solenoid actuated valve dispenser provides good
results when used in accordance with the teachings herein.
Those of skill in the art will appreciate that other types of
dispensers and valve actuation devices exist and may be
used efficaciously. Examples of dispensers that may be used
in the present invention include, for example, air brush
dispensers, piezoelectric dispensers, fluid impulse dispens-
ers, heat actuated dispensers, and the like.

[0042] A positive displacement pump 120 provided in
series with the dispenser 128 allows metering of a prede-
termined amount of the dispensed reagent (which may be
measured by quantity or flow rate) to be controlled inde-
pendently of the particular flow characteristics of the liquid
being dispensed and/or the operating parameters of the
particular dispenser 128. For example, the size of the
droplets formed by the dispenser 128, and hence the number
of cells dispensed onto the substrate 111, can be adjusted by
changing the operating frequency (for a solenoid valve or
piezoelectric dispenser) or by adjusting the air pressure or
exit orifice size (for an airbrush dispenser) without affecting
the flow rate of the reagent. Moreover, the reagent flow rate
can be controlled independent of the system operating
parameters otherwise required to achieve stable dispensing
operations. The amount of reagent dispensed, in terms of
quantity or flow rate, is controlled independently by the
positive displacement pump 120. As used herein, the term
“reagent” can mean either a cell suspension or a test reagent
to be dispensed onto the cell array that is formed.

[0043] Still referring to FIG. 1, the pump 120 is preferably
a high-resolution, positive displacement syringe pump 120
hydraulically coupled to the dispenser 128. Alternatively, the
pump 120 may be any one of several varieties of commer-
cially available pumping devices for metering precise quan-
tities of liquid. A syringe-type pump 120, as shown for
example in FIG. 1, is preferred because of its convenience
and commercial availability. A wide variety of other direct
current fluid source means may be used, however, to achieve
the benefits and advantages as disclosed herein. These may
include, without limitation, rotary pumps, peristaltic pumps,
squash-plate pumps, and the like, or an electronically regu-
lated fluid current source.

[0044] Several suitable syringe pumps are commercially
available. For example, the Biodot CV1000 Syringe Pump
Dispenser, available from Biodot, Inc. (Irvine, Calif.) incor-
porates an electronically controlled stepper motor for pro-
viding precision liquid handling using a variety of syringe
sizes. The CV1000 is powered by a single 24 DC volt power
supply and it controlled via an industry-standard RS232 or
RS485 bus interface. The syringe pump 120 may have
anywhere from 3,000-24,000 steps, although higher resolu-
tion pumps having 48,000-768,000 steps may be used with
the present invention. Higher resolution pumps, such as, for
example, piezoelectric pumps may also be used to provide
even finer resolutions, if desired. Multiple syringe pumps
may be employed in parallel, for example, to deliver varying
concentrations of reagents and/or other liquids to the dis-
penser or to alternate dispensing operations between two or
more reagents as may be desired when conducting the
diagnostic assays contemplated by the present invention.
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[0045] The reagent reservoir 116 may be any one of a
number of suitable receptacles capable of allowing a liquid
reagent to be siphoned into the pump 120. The reservoir 116
may be pressurized, as desired, but is preferably vented to
the atmosphere. The particular size and shape of the reser-
voir 116 is relatively unimportant. Cell suspensions to be
dispensed onto or into the substrate 111 may be placed in a
microplate or similar source 175 prior to being dispensed
through the dispenser 128 onto or into the substrate 111 to
form the cell array.

[0046]

[0047] 1In one preferred embodiment of the present inven-
tion, the dispensing apparatus 108 uses a controller 114
which generally comprises a host CPU or computer that
interfaces with some form of data memory. In particular, the
controller may be divided into five basic subsystems: host
CPU, coordinate control circuitry, memory and logic cir-
cuitry, syringe stop count circuitry, and valve firing circuitry.
Those of skill in the art will appreciate that each subsystem
works in cooperation with the other subsystems to simulta-
neously control and coordinate the stepper motors 123, 124,
125, the syringe pump motor 142, and the valve dispenser
128 to precisely mix, aspirate, transport, meter, and dispense
an amount of reagent at one or more predetermined locations
on or in the substrate 111. The controller 114 may also
coordinate and control wash/purge operations and refilling
the dispensing apparatus with fluid from the fluid reservoir
116, as needed or desired.

[0048] 1In another preferred embodiment, more fully dis-
closed in co-pending U.S. patent application Ser. No.
09/945,388, filed Aug. 30, 2001, published under Publica-
tion No. US 2002/0159919 on Oct. 31, 2002 and entitled
METHOD AND APPARATUS FOR HIGH-SPEED
MICROFLUIDIC DISPENSING USING TEXT FILE
CONTROL, incorporated herein by reference, the dispens-
ing apparatus 108 is equipped with a controller 114 that
interfaces with a computer software program to guide dis-
pensing and/or aspirating for different modes of operation of
the system and different applications. Preferably, a user-
defined text file is generated, for example, from a spread-
sheet of values or template, with lists of number of user-
defined dispense volumes of one or more reagents and
corresponding coordinates of the dispense and/or aspirate
operation. The controller 114 uses this text file data in
cooperation with the software program to precisely control
and coordinate the operation of the dispensing apparatus
108.

[0049] One advantage of using text file control in con-
junction with the aspirate/dispense apparatus and operations
of the embodiments described herein is that complex pat-
terns of dispense location and droplet volume can be easily
achieved through, for example, a spreadsheet template. This
is particularly useful for “combinatorial” dispensing appli-
cations in which “n” number of test reagents are combined
in different ratios and applied to the discrete cell samples of
the cell array. For example, the user may desire to dispense
two or more test reagents to a particular set of discrete cell
samples comprising the cell array. The user may custom-
design the combinatorial experiment using the text file
and/or spreadsheet format and then easily download the
experiment to the software which will be executed by the
controller 114. In situations where “combinatorial” dispens-

Controller
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ing is desired, more than one dispenser, a manifold system,
or a combination thereof may be utilized to facilitate process
efficiency. Configurations employing multiple dispensers
may be operated in parallel or in synchronous coordination.

[0050]

[0051] Conceptually, the substrate 111 upon which the cell
array is to be formed and upon which the diagnostic assays
are to be performed is divided into rows (X-axis) and
columns (Y-axis) having a predetermined resolution in terms
of a number of addressable target locations per linear
distance “d.” Thus, a linear distance d equal to one inch
(2.54 cm) of substrate 111 traveling along one axis may, for
example, contain 100-500 or more individually addressable
target locations. Each target location would correspond to a
number of X-axis stepper motor 123 increments and a
number of Y-axis stepper motor 124 increments relative to
a predetermined “zero” position.

[0052] Because each target location has a unique address,
the controller 114 is able to precisely select particular target
location(s) in which to dispense predetermined amounts or
droplets of a cell suspension or test reagent(s). In one
embodiment, a preferred pattern of dispensing motion in
relation to the substrate 111 advantageously decreases the
time to complete a particular dispensing operation. Upon
executing a first linear pass along a first row, the dispensing
head 128 reverses direction and executes a second pass
along an adjacent second row. Such bi-directional dispens-
ing advantageously decreases the time required to complete
a dispensing operation in comparison to a unidirectional
dispensing operation. It is also envisioned that for non-
sequential or intermittent dispensing the controller 114
would speed operation by dispatching the dispensing head
128 directly to or adjacent the next desired target location
without necessarily completing each successive pass or each
intervening row.

[0053] The coordinates of the target locations can be used
by the imaging system which can be rapidly deployed to a
particular X-Y location on the substrate 111 and detect the
reaction, if any, between the test reagent(s) and the prede-
termined analyte(s) for each cell within the discrete cell
samples forming the cell array. It will be appreciated that the
imaging system may also scan for the presence of a reaction
at multiple Z positions within a given cell. Arranging the
cells substantially in a monolayer facilitates not only access
of the test reagent(s) to each cell, but also detection of any
reactions by the imaging system.

[0054] As is described more fully in U.S. Pat. No. 6,576,
295, the entirety of which is hereby incorporated by refer-
ence, the dispensing apparatus 108 may operate to dispense
relatively large quantities of the same reagent in a continu-
ous dispensing mode, in which the syringe pump 120 is set
to a prescribed flow rate to deliver a predetermined metered
amount of reagent expressed as volume-per-unit time. For
example, the flow rate could be programmed to deliver 1 ul.
per second. The syringe pump 120 will then pump reagent
to the solenoid vavle 204 at the predetermined rate. By
opening and closing the valve 204 during this flow, droplets
will be formed according to the open time and operating
frequency of the valve 204. Thus, in continuous dispensing
mode, the dispensing apparatus 108 is not only capable of
delivering precise metered flow rates of reagent, but the
delivery can be accomplished with independent control of
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X-Y-Z platform 112 speed, reagent concentration per unit
length and droplet size. The continuous dispensing mode
may be particularly useful to from a large number of
substrates each having identical patterns of positive and
negative controls, to which patient or test samples may be
added at a later time. This mode of dispensing is also
referred to as “on-the-fly” dispensing.

[0055] The dispensing apparatus 108 may also operate in
dot dispensing mode, in which individual droplets may be
dispensed at pre-programmed locations. This can be accom-
plished by synchronizing the solenoid valve 204 and the
syringe pump 120 with the X-Y-Z platform 112. The syringe
pump 120 is incremented to generate a hydraulic pressure
wave. The solenoid valve 204 is coordinated to open and
close at predetermined times relative to the pump 120
increment. The valve 204 may initially be opened either
before or after the pump 120 is incremented. While the valve
204 is open the pressure wave pushes a volume of fluid
down the nozzle 205 forming a droplet at the exit orifice at
the time of peak pressure amplitude. The droplet will have
a size determined by the incremental volume provided by
the syringe pump 120. Such a drop will be dispensed onto
the substrate 111 without the need for the nozzle 205 to
contact the substrate 111. This mode of dispensing is some-
times referred to as “step and repeat” mode.

[0056] In still another embodiment, the dispensing appa-
ratus 108 operates in aspirate and dispense mode. In this
mode, precise quantities of fluid, cell suspension, or test
reagent are aspirated, i.e., “sucked,” from a source 175, such
as, for example, a microplate. Particularly when the dispens-
ing apparatus 108 is dispensing cells to the substrate 111, the
aspirate and dispense mode may mix the cell suspension to
form a substantially homogeneous suspension within the
source reservoir 175 prior to aspiration from the source
reservoir 175 onto the substrate 111. The dispenser 128 may
be a simple nozzle or needle or, more preferably, it may be
a solenoid valve dispenser 204. The syringe pump 120 and
dispenser 128 are preferably synchronized or coordinated
with the X-Y-Z movable platform 112. The same dispenser
128 can further be used to aspirate one or more test reagents
at precisely the same locations as the cell suspensions. A
wash cycle can be implemented into the process to clean the
dispenser 128 to minimize the possibility of contamination.

[0057] Generally, the syringe pump 120 is filled with a
wash fluid, such as distilled water. The tip 205 of the
dispenser 128 is placed into the cell suspension source
reservoir 175 and the syringe pump 120 is decremented to
draw a precise, metered amount of the cell suspension into
the tip 205 of the dispenser 128. It is generally desirable only
to aspirate a small volume of cell suspension into the tip 205
of the solenoid valve dispenser 128 so that the cell suspen-
sion does not pass into the valve 204. The syringe pump 120
is then incremented to dispense a precise amount of the cell
suspension at a predetermined location on the substrate
1111. The remaining cell suspension can be dispensed to the
next predetermined location or dispensed into a waste recep-
tacle along with a predetermined quantity of the wash. This
ensures that the cell suspension sample does not get diluted
with the wash fluid and the cell suspension is flushed out
after each aspirate and dispense mode. It may be necessary
to repeat some or all of the mixing, aspirating, transporting,
metering, and dispensing steps in order to achieve a cell
array having the desired dimensions. After the cell array is
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formed in this manner, the dispenser 128 is able to mix,
aspirate, and dispense one or more test reagents to the
plurality of discrete cell samples comprising the cell array as
needed or desired following substantially the same process.

[0058] In another preferred embodiment, more fully
described in co-pending U.S. Patent Application No. 60/359,
471, filed Feb. 22, 2002 published under International Pub-
lication No. WO 03/072258 on Sep. 4, 2003, the entirety of
which is hereby incorporated by reference, droplets of the
cell suspension used to form the cell array and/or droplets of
the test reagents used to conduct the diagnostic assays may
be dispensed below the surface of a cover fluid using the
non-contact dispensing devices described herein. A substrate
having a cover fluid minimizes evaporation of valuable test
reagents used in the diagnostic assay. Dispensing reagents
through a cover fluid also has the advantage, in the case of
miscible reagents, of providing mixing action of the test
reagent and the target as a result of the velocity of the drop
as it passes through the cover fluid.

[0059]

[0060] The X-Y-Z platform 112 may include one or more
position stepper motors 123, 124, 125 or the like, which are
operable to move either the dispenser 128 and/or the X-Y-Z
platform 112 relative to one another in the X, X-Y, and/or
X-Y-Z directions. The controller 114 is adapted to receive
data representative of a desired dispensing pattern and to
provide first, second, and third signals for causing relative
motion between the substrate 111 and the dispenser 128
while simultaneously causing the dispenser 128 to dispense
the droplets (containing cell suspension or test reagent) at
one or more desired locations on the substrate 111 to form
the desired patterns.

[0061] Additionally, one or more robot arms may be used,
according to need or desire, to provide controlled relative
motion between the dispenser 128 and the substrate 111
and/or other components of the dispensing apparatus 108.
Moreover, in some embodiments, the platform 112 is
adapted to provide heating to predetermined locations on the
substrate 111 so as to facilitate diagnostic assays that may
require a source of heat, for example, PCR, in order to
function efficaciously. Heat may also be used to increase the
hybridization kinetics, for example, in a FISH assay. Meth-
ods and devices for providing a heat source to a predeter-
mined location on a platform are well known in the art (e.g.,
heated pins, thin film heaters and the like) and can be
incorporated into the dispensing apparatus 108 described
herein with relative ease.

[0062] The dispensing apparatus 108 system is not limited
to a single dispenser 128. In some embodiments, it is
contemplated that multiple dispensers in linear (1xN) or
two-dimensional (MxN) arrays are used. Such multiple
dispensers may be provided and operated either in parallel or
in another coordinated fashion, as desired. It is to be
understood that any discussion herein with specific reference
to a single dispenser embodiment is substantially equally
applicable, with possible modifications apparent to those of
skill in the art, to embodiments having multiple dispensers
each connected to respective pump devices or a single pump
device.

Platform
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[0063] In still another embodiment, multiple substrates
may be arranged on the X-Y-Z platform 112 to allow
multiple cell arrays to be generated simultaneously. In such
an embodiment, multiple dispensers can be independently
moved or operated together in the form of a dispense head
comprising multiple dispense channels separated from one
another by predetermined distances. Additionally, the dis-
pensers can be individually operated (serially or sequen-
tially) or substantially simultancously, for example, in par-
allel, or in any combination as needed. A main controller,
possibly in conjunction with sub-controllers, is used to
control and coordinate actuations of the pump device and
relative movement between the target substrate and dispense
channels. Certain embodiments of a multi-channel aspirate-
dispense system comprising a manifold of multiple dispense
channels are more fully described in co-pending U.S. patent
application Ser. No. 09/372,719, filed Aug. 11, 1999, entitled
MULTI-CHANNEL DISPENSING SYSTEM, the entirety
of which is hereby incorporated by reference.

[0064] In yet another embodiment, one or more pressure
sensors are provided in conjunction with the aspirate-dis-
pense device 108 to monitor the system pressure and provide
diagnostic information about various fluid and flow param-
eters within the hydraulic system. The one or more pressure
sensors are placed between the syringe pump(s) 120 and the
dispenser(s) 128, such as, for example, on the supply line
150, 152. Alternatively, or in addition, the pressure sensor(s)
can be situated at the dispenser(s) 128, such as, for example,
on the valve portion(s) 204.

[0065] Cell Arrays

[0066] Cell arrays generated using the dispensing appara-
tus 108 described herein may be formed with droplet vol-
umes as small as about 1 nL, 5 nl, 10, nL, 25 nL, or 50 nL.
Typically, droplet volumes may range from about 1 oL to
about 500 nl, although preferred droplet volumes range
from about 100 nL to about 500 nL; more preferred droplet
volumes range from between about 100 nL to about 250 nL.
This small droplet volume allows multiple discrete cell
samples to be applied to a single substrate 111, such as a
microscope slide, so that between about 1-5, 5-10, 10-100,
500-1000 or more, discrete samples, including a combina-
tion of patient and control samples, may be formed on the
single substrate 111. The small sample volume also signifi-
cantly reduces the amount of test reagent that is necessary
for the diagnostic assay, thereby further decreasing the
overall cost of conducting the diagnostic assay while at the
same time increasing the fidelity of the results of the
diagnostic assay because the patient and control samples can
be processed under identical conditions. The test reagent(s)
used with the present invention may be dispensed in the
same droplet volumes previously described for cell sample
droplet volumes.

[0067] The typical velocity at which a droplet is dispensed
from the dispenser may range from about 1 m/s to about 4
m/s, which is sufficient to dispense the reagent (either cell
suspension or test reagent) without causing any splashing.
Additionally, this range of velocities may be sufficient to
cause mixing in those embodiments in which a test reagent
is dispensed through a cover fluid at a particular location on
the substrate. Other velocities may be used according to
need or desire.



US 2005/0003458 Al

[0068] Itisfrequently desirable to treat the cell suspension
to minimize clumping and/or lysis of the cells prior to
dispensing the cells onto the substrate 111. One method to
minimize clumping and/or lysis of the cell suspension is to
replace the media of the cell suspension with a solvent, such
as, for example, ethanol, methanol, propanol, acetic acid or
any combination thereof. Replacing the media of the cell
suspension with alcohol or the like also facilitates uniform
distribution of the dispensed cells onto the substrate, thereby
aiding in formation of a substantial monolayer on the
substrate 111. Typically, replacing the cell media involves
serial passages of the cells through solutions having increas-
ing concentrations of alcohol until the desired concentration
of cells and alcohol is reached. Any solvent may be used
provided that it does not disturb the integrity of the cells or
interfere with the ability of the test reagent(s) to interact with
the predetermined analyte(s). Alcohol is preferred because it
helps to minimize cell overlap and evaporates quickly.
Typically, cells are passed through increasing concentrations
of alcohol ranging from about 35% to about 65%, although
alcohol concentrations outside this range may be used as
needed or desired.

[0069] Typically, cell suspensions to be arranged in an
array comprising a plurality of discrete cell samples on a
single substrate 111 are transferred from a source 175, such
as, for example, one or more microplates. In order to
re-suspend cells that may have settled prior to dispensing
onto the substrate 111, the cell suspension may be mixed to
form a substantially homogenous population of cells within
the source 175. Typically, mixing is accomplished by plac-
ing the dispenser tip 205 into the source 175 and conducting
several small aspirate/dispense cycles within the source 175.

[0070] Depending on the density of the cells within the
suspension, it may be desirable to dilute the cells prior to
dispensing onto the substrate. It is preferable to dispense the
cells so that the distance between adjacent cells in each
discrete sample is between about 50 to about 100 microns.
It is also preferable to dispense between about 200 to about
1000 cells per discrete sample to provide statistically rel-
evant analysis. Typically a 100 nL drop of cells spaced about
100 microns apart will dry in an area having a diameter of
about 1 mm. Accordingly, it is preferable to achieve a cell
suspension density of between about 200 to about 1000 cells
per 100 nL. Drop volumes can be adjusted as necessary to
provide a sufficient monolayer distribution of cells on the
substrate.

[0071] Generally, between about 200 to about 400 cells
will provide a statistically significant sample population
from which an accurate diagnosis may be made based on the
result of the diagnostic assay. The sample population may be
configured as described above, i.c., a discrete cell sample
comprising between about 200 to about 400 cells in a single
spot on the substrate. Alternatively, the sample population
may be configured as a plurality of discrete cell samples,
each sample comprising a smaller number of cells, which,
when analyzed together comprise a statistically significant
population. For example, one discrete cell sample compris-
ing 200 cells from patient A would be equivalent to 10
discrete cell samples each comprising 20 cells from patient
A. Any number of permutations and combinations can be
configured to provide an overall population of cells, which,
when analyzed, provides a statistically significant sample
population from which an accurate diagnosis may be made.
In situations in which it is desirable to reduce the number of
cells per discrete cell sample, the volume of the droplet
containing the cells may be similarly reduced.
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[0072] Atypical cell array formed on a single substrate as
described herein will have at least one test sample and at
least one control sample. However, as many as about 1000
test samples and about 100 control samples may comprise
the cell array. A cell array comprising between about 10 to
about 100 test samples and between about 2 to about 20
control samples is preferred. Other configurations having
between about 1-5, 5-10, 10-20, 20-50, 50-75, 75-100,
100-200, 200-500 or more test samples with between about
1-5,5-10, 10-20, 20-50, 50-75, 75-100, 100-200, 200-500 or
more control samples may be used. Any combination of test
samples and control samples may be formed, limited only by
the physical dimensions of the substrate, the volume of the
droplets to be dispensed onto the substrate and the desired
distance between each discrete cell sample.

[0073] Atypical cell array formed on a single substrate as
described herein may be probed with at least one test reagent
or an multiple of test reagents at each discrete cell sample.
One of skill in the art will appreciate that any number of test
reagent(s) can be used per each discrete cell sample, as
needed or desired, up to the ability of the imaging system to
detect the reaction between the test reagent(s) and the
predetermined analyte of the cells. Typically, test reagent(s)
are dispensed in drops with volumes ranging from about 1
nL to about 1 uL, although volumes between about 50 nL to
about 500 nL and between about 100 nL to about 250 nL are
preferred.

[0074] Typical cytogenetic analyses are conducted on a
plurality of cells taken from the same source, i.¢., the same
patient or cell line. In addition to the methods described
herein, a cell array suitable for cytogenetic analysis may be
formed as a plurality of discrete samples in which the
distance between the discrete cell samples is minimized such
that the outer perimeter of each discrete cell sample is
contiguous with the perimeter of an adjoining discrete cell
sample. For example, a cell suspension droplet volume of
about 50 nL. with a distance between discrete cell samples of
about 500 microns will result in a cell array in which the
outer perimeter of each discrete cell sample being contigu-
ous with the perimeter of adjoining discrete cell samples.
Similarly, it is possible to achieve the same configuration by
increasing the cell suspension drop volume and the spacing
between the discrete cell samples, e.g., providing a cell
suspension drop volume of about 400 nL and a distance of
between about 1000-1200 microns between discrete cell
samples. This configuration, in which the outer perimeter of
each discrete cell sample is contiguous with the perimeter of
an adjoining discrete cell sample, results in a cell array
arranged substantially in a monolayer that covers a substan-
tial portion of the substrate 111. One benefit to forming the
cell array using the methods described herein is that the
high-speed, precision dispensing apparatus facilitates accu-
rate placement of the cells on the substrate and concomitant
arrangement of the cells substantially in a monolayer. A
control region may not be needed on the substrate when a
cell array 1s intended to be used for cytogenetic analyses.

[0075] Substrate

[0076] The cell arrays of the present invention may be
formed on a variety of substrates 111. A preferred substrate
is a glass microscope slide, but other substrates, such as, for
example nitrocellulose membranes, nylon membranes, and
plastic membranes may be used with similarly efficacious
results. In some embodiments, the substrate, generally a
nylon membrane, may be continuously fed from a roll. In
some embodiments, the surface of the substrate may be
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coated with a surface modifier that facilitates the arrange-
ment of the cells substantially in a monolayer. Suitable
surface modifiers include, but are not limited to, poly-L-
lysine, amines, streptavidin, epoxy, thin metal films, dielec-
tric materials, and the like.

[0077] In one embodiment, as shown in FIG. 2, the
substrate 111 comprises three separate regions, a barcode
region 275, a control region 285, and a test region 295. The
barcode region 275 is designed to accommodate a barcode
that uniquely identifies each particular substrate 111. In
addition, the barcode region 275 can accommodate a “dis-
pense and lock” barcode, which serves as a security feature
to ensure that the particular substrate 111 will work only in
conjunction with the dispensing apparatus 108 described
herein. Alternatively, or in addition, the barcode region may
accommodate a slide tracking barcode that serves to identify
the particular slide. Barcodes may be imprinted or otherwise
arranged on the barcode region of the substrate according to
methods known in the art.

[0078] The control region 285 on the substrate 111 may
contain either or both positive and negative cell samples in
any combination. The discrete cell samples 287 in the
control region 285 are arranged substantially in a monolayer,
that is, relatively uniformly dispersed with sufficiently mini-
mal overlap such that an imaging system can accurately and
rapidly inspect the three dimensional morphology of the
cells and detect signal resulting from the interaction of a test
reagent and a predetermined analyte or target within the cell.
Arranging the positive and negative control samples on the
same substrate 111 as the test or patient samples increases
the overall fidelity of the diagnostic assays performed on the
resulting cell array because the test samples 297 are pro-
cessed in the same fashion and on the same substrate 111 as
the control samples 287. The control region 285 can be
configured to host as few as one control sample 287 (which
may be either a positive or negative control) or in excess of
1000 control samples 287 as needed or desired. In some
embodiments, it may be desirable to form a control region
having between about 1-5, 5-10, 10-20, 20-50, 50-75,
75-100, 100-200, 200-500 or more discrete control samples,
which may be any combination of positive and negative
controls. Preferably, however, the control region 285 hosts
between about 2 to about 20 discrete cell samples 287,
which may be any combination of positive and negative
controls, as needed or desired. The discrete cell samples 287
may, in some embodiments, be used as a source of data from
which a standard curve may be generated for use with the
diagnostic assay provided that the emissions resulting from
the interaction between the test reagent and the predeter-
mined analyte are capable of quantitation.

[0079] The test region 295 on the substrate 111 can host
patient or test samples 297. As in the control region 285, the
discrete cell samples 297 in the test region 295 are arranged
substantially in a monolayer. One of ordinary skill in the art
will appreciate that the discrete cells 297 comprising the test
region 295 (and/or the control region 285) may be all the
same, i.¢., multiple samples obtained from the same patient
sample (or cell line), in which case the cell array can be used
to determine the presence or absence of a variety of prede-
termined analytes or targets. Alternatively, the discrete
samples 297 comprising the test region 295 may be from a
plurality of patient samples (or cell lines) which can then be
contacted with the same or different test reagents in order to
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process a multitude of patient samples simultaneously. As is
apparent to one of ordinary skill in the art, numerous
combinations of patient samples (or cell lines) may be used
in conjunction with any numerous combinations of test
reagents.

[0080] In another embodiment, which is illustrated in
FIG. 2, the control region 285 and the test region 295 of the
substrate 111 may be covered with a hydrophobic layer 300.
The hydrophobic layer 300 serves to contain each particular
discrete cell sample 287, 297 in a predetermined location on
the substrate 111. The hydrophobic layer 300 has a plurality
of openings that pass substantially through the hydrophobic
layer 300 to the surface of the substrate 111. The surface
modifiers described above may also be used in conjunction
with the hydrophobic layer. Typically, the diameter of the
opening ranges from about 250 microns to about 4000
microns. An opening of about 250 microns can accommo-
date a volume of up to about 5 nL, while an opening of about
4000 microns can accommodate a volume of up to about 3
uL.. The diameter of the opening, and the volumes actually
dispensed into each opening is largely a manner of prefer-
ence. Similarly, the number of openings is largely a matter
of preference, and almost any configuration is possible,
including, for example, 5, 10, 15, 25, 50, 100, 105, 200, 250,
500 or more openings. For some applications, it may be
preferable to configure the substrate with a number of
openings that is some multiple of 96, which is common
number of wells in a microtiter plate. Process by which a
hydrophobic layer may be applied to the surface of the
substrates are well known in the art.

[0081] In yet another embodiment, the discrete cell
samples 287 of the control region 285 are probed with a
combination of test reagents capable of reacting with a
predetermined analyte within the cells comprising the array.
The interaction between the test reagent and the predeter-
mined analyte typically results in a signal, i.e., fluorescence,
which can be detected by an imaging system. The detectable
signal may result in a unique pattern referred to as a
“biological barcode” which uniquely identifies a particular
substrate 111. The biological barcode serves as an additional
security feature because, in contrast to a traditional barcode
imprinted on the substrate 111, the biological barcode is a
measure of the integrity of the conditions under which the
substrate 111 has been stored. That is, because the biological
barcode is comprised of a plurality of control cells that have
been probed with a plurality of test reagents identical to the
test reagents in the test region 295 of the substrate 111,
events that would destroy the integrity of the test region 295
will also likely destroy the integrity of the biological bar-
code.

[0082] The biological barcode may be formed, for
example, by dispensing 10 discrete cell samples 287 in the
control region 285 and probing each sample 287 with a
combination of three positive test reagents resulting in
1x10 different combinations (i.e., each discrete sample can
have one of four conditions: unprobed, probed with 1 test
reagent, probed with 2 test reagents, and probed with 3 test
reagents.) The combinations of test reagents dispensed can
be randomized. As will be appreciated, increasing either the
number of test reagents and/or the number of discrete cell
samples 287 exponentially increases the number of possible
combinations, which may be selected according to need or
desire.
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EXAMPLE 1

Cell Array Formation

[0083] In order to conduct clinical diagnostic tests on
several patient samples simultaneously, it is often desirable
to map (replicate or transform) one or more microplate
arrays into a high density cell array of discrete cell samples
arranged substantially in a monolayer on a single substrate.
The substrate containing the cell array can then be subjected
to any number of clinical diagnostic tests that rely on
detection of a reaction between a test reagent and a prede-
termined analyte within the cells of the array, particularly
diagnostic assays that benefit from an even and uniform
distribution of cells.

[0084] In one example, samples from three cell lines,
CaSki, HeL a, and T24, were formed in a cell array arranged
substantially in a monolayer on a single substrate. The cell
array was formed with 4 discrete cell samples from each of
the 3 cells lines, i.e., the cell array contained 12 discrete cell
samples. Prior to forming the cell array, the cell lines had an
initial concentration of 0.5 cells/nl.. The number of cells
dispensed to each discrete cell sample was expected to range
from between about 50 to about 400 cells dispensed in drop
volumes ranging between about 10 and 80 nL.

[0085] The cell samples were treated to prevent clumping
and lysing prior to formation of the cell array. Specifically,
the cell samples were centrifuged and resuspended in a 50%
methanol solution to a total volume of 150 uL.. The cells
were allowed to equilibrate in the 50% methanol solution for
about 20 minutes before dilution in absolute methanol to a
final volume of 450 ul, resulting a final concentration of
between about 40-50 cells per 10 nL.

[0086] A text file was written instructing the dispensing
apparatus to aspirate from a source reservoir, meter, and
dispense successively 10, 20, 40, and 80 nL. droplets of cells
onto 50 glass slides. Prior to aspiration, each of the cell
suspensions was mixed. The backing solution in the fluid
reservoir was ethanol, and methanol was used as the wash-
ing solution.

[0087] The 4x3 cell array was formed on each of two sets
of 50 glass slides. The center-to-center distance between
successive droplets of the same reagent was 5 mm, and the
center-to-center distance between droplets of different
reagents (with the same volume) was 10 mm. The resulting
cell arrays were visually inspected. Each of the 12 discrete
cell samples was arranged substantially in a monolayer on
the glass slides.

[0088] In another example, it is possible to map four 96
well plates having 9 mm center-to-center well spacings into
a 384 dot array on a single substrate having center-to-center
spacings in the range of about 1500 microns and a spot
volume of between about 1000 to about 1200 microns. One
way to generate such a cell array is to successively operate
one dispensing head at a time of an 8-head dispenser with 9
mm center-to-center head spacing using a synchronous line
dispense mode with a large spacing between drops. A typical
substrate upon which a cell array is formed is a standard
25%75 mm glass microscope slide. One can array 50 glass
slides on an X-Y platform and operate each of 8 dispense
heads in succession to produce droplets with a spacing in the
range of 1.5 mm on each slide at the same position. The
other 7 dispense heads can be operated in linear succession
with small offsets to produce an array of 8 droplets on the
glass slide with a small separation of between about 100-
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1000 microns between droplets. Note that this operation can
be done using one dispense head at a time, or more prefer-
ably, using all 8 dispense heads in rapid succession with
small time delays to provide the desired linear spacing. By
repeating this function for all four microplates and using
suitable offsets, one can map four microplates into a single
384 array on each glass slide. In this case, the map would be
a miniaturized replica of each 96 well plate arranged in a
4x4 array.

[0089] The dispenser can also be programmed to trans-
form one or more microplate arrays into a new or different
high or low density array. For example, a series of two
dimensional arrays may be transformed into rows or col-
umns or a larger high-density array, or arrays may be
transposed or inverted. Other modes and variations for the
use and operation of the invention will be apparent to those
of skill in the art.

EXAMPLE 2

Dispensing Through a Cover Fluid

[0090] Some embodiments described herein relate gener-
ally to dispensing droplets and in particular to methods for
mixing, aspirating, transporting, metering and dispensing
droplets of cell suspension or test reagent below the surface
of a cover fluid using without contacting the dispenser with
the surface of the cover fluid in order to for a cell assay or
to conduct a diagnostic assay. Advantageously, evaporation
of valuable test regents and cell samples is substantially
prevented or reduced by using a cover fluid. Another advan-
tage, in the case of miscible reagents, is that the droplet
velocities provide good mixing. Yet another advantage is
that, in the non-contact dispensing scheme, the nozzle or tip
is not immersed in the cover fluid, thereby facilitating
cleaning.

[0091] Mineral oil may be used as a cover fluid over the
cell array. Mineral oil is frequently used as an evaporation
barrier. Typically, the cell array is formed on the substrate,
and mineral oil is dispensed to cover the discrete cell
samples. Thus, in one embodiment, the test reagents are
dispensed through the mineral oil. One of skill in the art will
appreciate that drops of reagents can be dispensed through
a cover fluid provided that the density of the drops is higher
than the density of the cover fluid. For example, 100 nL
drops of test reagent(s) can be dispensed through a mineral
oil cover layer onto the discrete cell samples of the array. In
some embodiments, it is possible to selectively heat the
discrete cell samples after the test reagent(s) have been
dispensed through the mineral oil, thereby increasing the
kinetics of the interaction between the test reagent and the
predetermined analyte, which may increase the speed with
which the diagnostic assay can be performed.

EXAMPLE 3

Florescent In Situ Hybridization Analysis

[0092] In another embodiment of the invention, cell arrays
are formed by replicating one or more microplate arrays
onto or into a high density array on a substrate, such as, for
example, a glass slide. A cell suspension containing cyto-
genetic preparations of 104 different cell cultures was placed
into a 384 well plate. The density of the cell suspension was
approximately 1x10° cells/mL. Approximately 500-1000
cells were mixed, aspirated, transported, metered, and dis-
pensed through the dispensing apparatus onto the glass slide.
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The apparatus dispensed a drop volume of 100 nL. The cells
comprising the array formed according to the methods
described herein were counted and confirmed to be arranged
substantially in monolayer on the substrate.

[0093] Additionally, cell arrays formed according to the
methods described herein were subjected to FISH analysis
using several commercially available DNA probes, includ-
ing CEP3, CEP7, CEP17, 9p21, X and Y (Vysis, Inc,
Downers Grove, Ill.). The CEP probes recognize chromo-
some-specific DNA sequences from highly repeated human
satellite DNA, identification of cells in interphase and
metaphase. All probes were used according to the manufac-
turer’s instructions (Vysis, Inc., Downers Grove, IIl.). The
slides were analyzed using the HYBrite Hybridization Sys-
tem according to the manufacturer’s instructions (Vysis,
Inc., Downers Grove, I11).

[0094] The cell array formed was highly amenable to
FISH analysis. The results were comparable or superior to
standard hybridization and analysis techniques. Analysis of
the X and Y chromosomes showed 100% concordance with
expected results, and fewer than 1% contamination of the Y
chromosome was observed in any single preparation con-
taining XX cells. Individual subcellular features remained
distinct, even after the FISH assay, and the cells of the array
remained adherent to the surface of the glass slide through-
out the FISH procedure.

EXAMPLE 4

Immunohistochemistry Analysis

[0095] The dispensing apparatus described herein was
used to dispense a single row cell array in methanol onto a
glass slide which was further subjected to immunohis-
tochemistry (IHC) analysis according to techniques well
known to those of skill in the art. Specifically, 500-1000
cells from each of four cells lines that are typically used by
reference laboratories to diagnose breast cancer were dis-
pensed in a single row array about 15 mm from the end of
the glass slide. The following cell lines were used: MCF7,
which is positive for estrogen receptor; T47D, which is
positive for progesterone receptor; BT474, which overex-
presses Her2; and K562, which is a negative control.

[0096] After the cell array was formed, the glass slide was
dehydrated and fixed for 1 hour in a formalin solution.
Following the fixation, the cell array was embedded in
paraffin by dipping the end of the slide comprising the cell
array into histology-grade paraffin wax for 2 minutes.
Excess wax was removed from the surface of the glass slide
with a scalpel. The cell array on the glass slide was de-
paraffinized and subjected to standard antigen retrieval tech-
niques before being loaded onto a BenchMark®Instrument
(Ventana Medical Systems, Inc., Tucson, Ariz.) for auto-
mated THC analysis. The results are summarized in the
following table.

Estrogen Receptor Progesterone Her2
Expression Receptor Expression  Expression
MCF7 high moderate 0+
T47D low high 1+
BT474 low low 3+
K562 none none/low 0+
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[0097] The results are consistent with published data,
indicating that cell arrays formed according to the methods
of the present invention are suitable for use in IHC.

EXAMPLE 5

Cytogenetic Analysis

[0098] A cell array for a cytogenetic analyses was pre-
pared on a 2 mm? area on a glass slide. A plurality of cells
from the same source were mixed, aspirated, transported,
metered, and dispensed in a drop volume of 400 nL. The
distance between each spot was minimized to about 0.5 mm.
There was observable overlap of the dispensed droplets,
which could have be minimized by either increasing the
distance between the drops or decreasing the drop volume.
The resulting array comprised a population of cells arranged
substantially in a monolayer and evenly dispersed across the
glass slide. After the cell array was generated, the slide was
subjected to cytogenetic banding techniques well known to
those of skill in the art.

[0099] The results indicated that the cell array produced
using the dispensing apparatus described herein yielded an
array with more consistent density than was obtained using
traditional techniques. A licensed technologist evaluated the
morphology of the metaphase cells contained in the array
and compared them to cells produced by traditional tech-
niques; the technologist confirmed that the cell array gen-
erated according to the methods and system described herein
was suitable for cytogenetic analysis.

[0100] While the present invention has been described by
means of specific embodiments and applications thereof, it
is understood that numerous modifications and variations
could be made thereto by those skilled in the art without
departing from the spirit and scope of the invention. It is
therefore to be understood that within the scope of the
claims, the invention may be practiced otherwise than as
specifically described.

We claim:

1. A method for forming a cell array comprising a
plurality of discrete cell samples on a single substrate, the
method comprising the steps of:

(2) mixing a cell suspension in a source to obtain a
substantially uniform distribution of the cells within the
suspension;

(b) aspirating the cell suspension from the source;

(c) movably transporting the cell suspension relative to
the substrate;

(d) metering a predetermined amount of the cell suspen-
sion using a positive displacement pump; and

(e) dispensing the metered amount of the cell suspension
in the form of droplets onto the substrate so as to form
a plurality of discrete cell samples, each discrete cell
sample arranged substantially in a monolayer on the
single substrate.

2. The method of claim 1 further comprising the step of:

treating the cell suspension to minimize cell clumping and
lysis prior to conducting step (a).
3. The method of claim 1 further comprising the step of
repeating at least step (¢) to form the cell array.
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4. The method of claim 1 further comprising the step of
repeating at least steps (d)-(e) to from the cell array.

5. The method of claim 1 further comprising the step of
repeating steps (a)-(e) to from the cell array.

6. The method of claim 1 further comprising the step of
dispensing a predetermined amount of a cover fluid suffi-
cient to substantially cover the plurality of discrete cell
samples arranged on the single substrate, wherein the cover
fluid is selected from the group consisting of inert liquids,
immiscible liquids, and mineral oil.

7. The method of claim 1, wherein the cell array that is
formed comprises at least one test sample and at least one
control sample on the single substrate.

8. The method of claim 1, wherein the substrate is selected
from the group consisting of a glass slide, a nitrocellulose
membrane, a plastic membrane, a nylon membrane, and a
nylon membrane on a continuous roll.

9. The method of claim 8, further comprising the step of
coating a surface of the substrate with a surface modifier
prior to conducting step (¢), wherein the surface modifier is
selected from group consisting of poly-L-lysine, amines,
streptavidin, epoxy, metal film, and dielectric materials.

10. The method of claim 1, wherein the substrate is a glass
slide comprising a barcode region, a control region, and a
test region, wherein the barcode region comprises at least
one of a slide tracking barcode, and a dispense and lock
barcode.

11. The method of claim 10 further including the step of
coating a surface of the glass slide with a hydrophobic layer
in the control region and the test region prior to conducting
step (¢), wherein the hydrophobic region is configured with
a plurality of openings passing substantially through the
hydrophobic layer to the surface of the glass slide.

12. The method of claim 1, wherein the predetermined
amount of the cell suspension is dispensed in a volume
between about 1 nL to about 500 nL having a density of
between about 200 to about 400 cells per 100 nl. and
wherein each dispensed discrete cell sample occupies a
location on the substrate having a diameter of about 1 mm
or less.

13. A method for conducting a diagnostic analysis on a
cell array comprising the steps of:

(a) forming the cell array comprising a plurality of
discrete cell samples on a single substrate, the method
for forming the cell array comprising the steps of:

(1) mixing a cell suspension in a source;
(ii) aspirating the cell suspension from the source;

(iii) movably transporting the cell suspension relative
to the substrate;

(iv) metering a predetermined amount of the cell sus-
pension using a positive displacement pump; and

(v) dispensing the metered amount of the cell suspen-
sion in the form of droplets onto the substrate so as
to form a plurality of discrete cell samples, each
discrete cell sample arranged substantially in a
monolayer on the substrate,

(b) contacting the cell array with at least one test reagent
sufficient to detect the presence of a predetermined
analyte;
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() allowing a reaction to occur between the test reagent
and the predetermined analyte; and

(d) detecting the reaction between the test reagent and the
predetermined analyte, wherein the reaction between
the test reagent and the predetermined analyte is suf-
ficient to provide a diagnosis.

14. The method of claim 13 further comprising the step of
treating the cell suspension to minimize cell clumping and
lysis prior to conducting step (i).

15. The method of claim 13 further comprising the step of
repeating at least step (e) to form the cell array.

16. The method of claim 13 further comprising the step of
repeating at least steps (d)-(c) to from the cell array.

17. The method of claim 13 further comprising the step of
repeating steps (a)-(e) to from the cell array.

18. The method of claim 13 further comprising the step of
substantially covering the cell array with a cover fluid prior
to performing step (b), wherein the cover fluid is selected
from the group consisting of inert liquids, immiscible lig-
uids, and mineral oil.

19. The method of claim 13, wherein the diagnostic
analysis is an immunohistochemistry assay and the test
reagent is an antibody probe.

20. The method of claim 13, wherein the diagnostic
analysis is fluorescent in situ hybridization and the test
reagent is a nucleic acid probe.

21. The method of claim 13, wherein the diagnostic
analysis is cytogenetic analysis and the test reagent is a
chromosome stain.

22. The method of claim 13, wherein step (c) further
comprises heating at least one discrete cell sample arranged
on the substrate.

23. A cell array upon which a diagnostic assay may be
conducted, the cell array comprising a plurality of discrete
cell samples on a single substrate, wherein the cells of each
discrete cell sample are arranged substantially in a mono-
layer.

24. The cell array of claim 23, wherein the single substrate
further comprises a barcode region, a test region, and a
control region and wherein the barcode region comprises at
least one of a slide tracking barcode, and a dispense and lock
barcode.

25. The cell array of claim 23, wherein the plurality of
discrete cell samples further comprises at least one test
sample and at least one control sample on the single sub-
strate.

26. The cell array of claim 23, wherein the diagnostic
assay is selected from the group consisting of immunohis-
tochemistry, fluorescent in situ hybridization, and cytoge-
netic analysis.

27. The cell array of claim 23, wherein each discrete cell
sample has a diameter of less than about 1 mm and is formed
from a dispensed droplet having a volume of between about
50 to about 200 nL.

28. The cell array of claim 23, wherein the substrate is
selected from the group consisting of a glass slide, a
nitrocellulose membrane, a plastic membrane, a nylon mem-
brane, and a nylon membrane on a continuous roll.

29. The cell array of claim 23, wherein the cell array is
covered with a cover fluid selected from the group consist-
ing of inert liquids, immiscible liquids, and mineral oil.

30. The cell array of claim 24, wherein a reaction between
a test reagent and a predetermined analyte within the plu-
rality of discrete cell samples of the control region generates
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a pattern detectable by an imaging system such that the
pattern is sufficient to uniquely identify the substrate upon
which the cell array is formed.

31. The cell array of claim 30, wherein the control region
comprises between about 1 to about 1000 discrete cell
samples.

32. The cell array of claim 24, wherein the substrate is a
glass slide having a surface comprising a hydrophobic layer
configured with a plurality of openings for accepting the
discrete cell samples in the test region and control region,
the plurality of openings passing substantially through the
hydrophobic layer to a surface of the glass slide.

33. The cell array of claim 32, wherein the hydrophobic
layer on the glass slide has about 105 openings for accepting
the discrete cell samples in the sample region and control
region, each opening capable of accepting a volume of
between about 1 nL to about 500 nL and each opening
having a diameter of about 1 mm or less.

34. A substrate upon which a cell array may be formed
comprising a barcode region, a control region, and a test
region, wherein the cell array comprises a plurality of
discrete cell samples arranged substantially in a monolayer
and wherein the barcode region comprises at least one of a
slide tracking barcode, and a dispense and lock barcode.

35. The substrate of claim 34, wherein the density of the
discrete cell samples is between about 50 to about 105
discrete cell samples per substrate and each discrete cell
sample occupies a location on the substrate having a diam-
eter about 1 mm or less.

36. The substrate of claim 35, wherein the discrete cell
samples are formed from a droplet of a cell suspension
having a volume of between about 50 to about 200 nL.

37. The substrate of claim 34, wherein the substrate is
selected from the group consisting of a glass slide, a
nitrocellulose membrane, a plastic membrane, a nylon mem-
brane, and a nylon membrane on a continuous roll.

38. The substrate of claim 34, wherein the substrate is a
glass slide having a surface that is coated with a hydrophobic
layer in the control region and the test region, and wherein
the hydrophobic layer is configured with a plurality of
openings passing substantially through the hydrophobic
layer to the surface of the glass slide, the plurality of
openings capable of accepting the discrete cell samples
arranged substantially in a monolayer.

39. The substrate of claim 38, wherein the hydrophobic
layer has a density of about 1500 openings and wherein each
opening is about 1 mm or less in diameter and is capable of
accepting a volume of between about 50 to about 200 nL.

40. The substrate of any of claim 34, wherein the substrate
is coated with a surface modifier selected from group
consisting of poly-L-lysine, amines, streptavidin, epoxy,
metal film, and dielectric materials.

41. The substrate of claim 34 adapted to provide heating
to at least one discrete cell sample.

42. A method for forming a cell array under a cover fluid,
the cell array comprising a plurality of discrete cell samples
on a single substrate, the method comprising the steps of:

(a) covering the substrate with a cover fluid so that a
surface of the cover fluid is exposed;

(b) mixing a cell suspension within a source;
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() aspirating the cell suspension from the source;

(d) movably transporting the cell suspension relative to
the substrate;

(¢) metering a predetermined amount of the cell suspen-
sion using a positive displacement pump; and

() dispensing the metered amount of the cell suspension
in the form of droplets from a non-contact dispenser at
a controlled velocity onto the surface of the cover fluid
so that the droplets penetrate the surface of the cover
fluid and form a plurality of discrete cell samples, each
discrete cell sample arranged substantially in a mono-
layer on the substrate.

43. The method of claim 42 further comprising the steps

of:

) aspirating at least one test reagent from a source; and

(h) dispensing the at least one test reagent onto a plurality
of the discrete cell samples of the cell array.
44. The method of claim 43 further comprising the steps
of:

(i) detecting a reaction between the test reagent and a
predetermined analyte within the discrete cell samples
of the cell array.

45. The method of claim 42 further comprising the step of
treating the cell suspension to minimize cell clumping and
lysis prior to conducting step (b).

46. A method for forming a cell array for cytogenetic
analysis comprising a plurality of cells arranged substan-
tially in monolayer on a single substrate, the method com-
prising the steps of:

(2) mixing a cell suspension in a source to obtain a
substantially uniform distribution of the cells within the
source;

(b) aspirating the cell suspension from the source;

(c) movably transporting the cell suspension relative to
the substrate;

(d) metering a predetermined amount of the cell suspen-
sion using a positive displacement pump; and

(e) dispensing the metered amount of the cell suspension
in the form of droplets onto the substrate so as to form
a plurality of discrete cell samples, each discrete cell
sample arranged substantially in a monolayer on the
substrate, wherein the distance between the discrete
cell samples is minimized such that the perimeter of
each discrete cell sample is contiguous with the perim-
eter of an adjoining discrete cell sample.

47. The method of claim 46 further comprising the step of:

treating the cell suspension to minimize cell clumping and
lysis prior to conducting step (a).

48. The method of claim 46 further comprising the step of
repeating at least step (e) to form the cell array.

49. The method of claim 46 further comprising the step of
repeating at least steps (d)-(e) to from the cell array.

50. The method of claim 46 further comprising the step of
repeating steps (a)-(e) to from the cell array.
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