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HIGH THROUGHPUT ASSAY FOR CANCER CELL GROWTH INHIBITION
CROSS REFERENCES AND RELATED APPLICATIONS

[0001] The application claims priority from U.S. Provisional Application Serial
Number 60/646,210 entitled “HIGH THROUGHPUT ASSAY FOR CANCER DRUG
DISCOVERY?™, filed on January 21, 2005, herein incorporated by reference in its entirety.

BACKGROUND

[0002] Current treatments for many types of cancer are primitive. Chemotherapies
and radiation treatments kill diseased and healthy cells indiscriminately resulting in great
discomfort to the patient and many side-effects. Understanding the molecular events
involved in tumorigenesis will enable the development of cancer therapies that target specific
genes and proteins within diseased cells producing therapies that are more effective and less
toxic to the patient. The development of a method for rapidly screening potential therapies
and molecular targets would greatly enhance the ability of researchers to develop new
targeted cancer treatments that are less toxic to healthy cells.

[0003] The entire sequence of the human genome is now published, however the
function of many genes remain unassigned. Recent advances in DNA microarray technology
have allowed for the identification of genes expressed in many human cell types and provided
a method of detecting abnormal gene expression in cancer cells. Hundreds of genes whose
expression is altered in cancer cells have been identified in this way. Current functional
genomic technologies are limited since only one gene can be analyzed at a time, and these
techniques are unable to determine the extent to which each gene contributes to abnormal
growth in cancer cells when multiple genes are involved.

[0004] Diseased cells may contain a mutated or mis-expressed gene that effects
several protein signaling pathways that each contribute to the cancerous phenotype. A
particularly effective cancer treatment would either specifically target the affected gene or
target genes in each of the affected pathways. In either case, it is necessary to understand the
expression patterns of a great number of potential targets and to have methods for modulating
expression of each potential target. Thus, a high-throughput method for functional genomic
screening and inhibitor design is required for the identification of cancer therapeutic agents.

[0005] Anchorage-independent growth is the gold-standard for in vitro testing of
potential chemotherapeutic agents. Tumorigenic cells do not exhibit contact inhibition and
can grow independently of extracellular matrix (ECM) binding. Normal cells cannot.

Therefore, only tumorigenic cells grow in three dimensions on soft agar devoid of ECM.



WO 2006/079035 PCT/US2006/002353
2

Currently, anchorage-independent growth assays can only test one inhibitor at a time or
several inhibitors in 96 well plates. A separate transfection step is required in either case, and
these methods require a large amount of biopsy tissue to obtain sufficient colony growth and
cells need to be stained for quantification. A high-throughput assay for anchorage-
independent growth that does not require killing the cells prior to imaging is desirable. In
addition, one-step fransfection is desirable.

[0006] The limitations described above and the ability of tumorigenic cells to grow in
the absence of ECM make it desirable to develop a reverse transfection microarray system in
which cells are grown in a matrix devoid of ECM. This system will use less biopsy tissue
and allow for tumorigenic cell specific growth while more closely mimicking the in vivo
environment of cancer cells.

SUMMARY

[0007] The present invention is directed to a device for assaying cells that is made up
of a slide that is coated with a matrix that supports anchorage-independent, three-dimensional
cell growth. Spots containing active agents are placed in or on the matrix, and cells are
plated on the matrix and allowed to grow in the presence of the active agents.

[0008] The slide may be any type of slide including: glass slides, plastic slides,
polystyrene slides, quartz wafers or combinations of types slide. Spots may be physically
separated from one another and deter cell migration between spots on the slide by wells made
up of orifices within the slide or may have a removable member with orifices with in the
member applied to one side of the orifices define wells that provide the physical barrier.
Alternatively, etched demarcations in the slide may separate the spots and provide the
physical barrier between spots.

[0009] The matrix is, generally, from about 0.1 mm to about 1 mm thick and provides
an environment in which cancer cells can grow into discrete colonies. Any of the following
coatings or a combination coatings may be used in the present invention: soft agar, agarose,
hydrogels, methylcellulose alginate hydrogel, polyvinyl alcohol-hydrogel, collagen vitrigel,
poly(2-hydroxylmethacrylate) hydrogels, PVP/PEO hydrogels or copolymers of 2-
methacryloyloxyethyl phophorylcholine and. The matrix allows for the cells plated on the
slide form discrete colonies.

[0010] In a preferred embodiment of the invention, the matrix is soft agar.

[0011] The matrix may hold a great number of active agents or combinations of

active agents including: DNA, RNA, siRNA, shRNA, antibodies, small molecules, proteins,
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peptides, peptidomimetics, pharmaceutical compositions and drugs. Each slide is able to
hold from about 1 to about 150,000 spots that are about 65 to about 120 pm in diameter. The
active agents spotted on the matrix coated slide, generally, target a gene or a gene product,
preferably a gene.

[0012] In a preferred embodiment of the invention, an active agent targeting each
gene in the human genome is spotted on the slide or set of slides with each active agent
having a discrete location. An active agent for each expressed human gene may also be
spotted on the slide.

[0013] In a preferred embodiment of the invention, the spots are siRNA.

[0014] The matrix may also include a transfection which can be any or any
combination of the following: chemical transfection agents, lipid based transfection agents,
cationic lipid transfection agents, non-lipid based transfection agents, electroporation,
molecular-based transfections, laser mediated transfection, pinocytosis transfection, ostmotic
lysis transfection, microinjection and viral delivery systems.

[0015] The cells that are plated on the slide are, generally, cancerous cells but may
include any or any combination of the following cell types: cultured cells, cancer cells, tissue
sample cells, tumor cells, tumor cells derived from the biopsy of a cancer patient, normal
cells derived from a healthy patient, known cell lines, and combinations thereof.

[0016] The cells plated on the matrix coated slide may also contain a detectable label
that can be any or any combination of the following labels and markers: selectable markers,
fluorescent markers, fluorescent nanocrystals, quantum dots, fluorescent proteins, bacterial
enzymes. Live unlabeled cells may also be plated on the slide of the present invention.

[0017] The cells plated on the matrix coated slide can be observed by a number of
methods or combinations of methods including: microscopy, scanning, laser scanning,
fluorescence detection, automated fluorescence detection, a CCD camera, cell counter,
automated colony counter, the human eye, FACS.

[0018] The device may also include slide that is a calibration chip that has control
agents spotted on or in the matrix..

[0019] The present invention also includes a method of using the slides as described
above to isolate cancer inhibiting active agent that includes: coating a slide with a matrix
capable of supporting anchorage-independent three-dimensional cell growth, spotting active
agents onto or into the matrix at distinct locations on the slide, adding cells to the slide,
measuring cell growth on each spot, identifying the active agent that corresponds to the spot,

and identifying the active agent that corresponds to the spot. Cell growth can be observed
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using the methods for observing cells above and measured using a computer program. Spots
on which cell growth is inhibited indicate that the active agent or combination of active
agents on that spot are cancer inhibiting active agents.

[0020] A method for identifying a cancer causing gene using the slide as described
above is also encompassed in the present invention. This method includes: coating slide with
a matrix capable of supporting anchorage-independent, three-dimensional cell growth,
spotting active agents on or into the matrix at separate distinct locations on the slide wherein
each active agent is capable of inhibiting expression of a single, specific target gene, plating
cancerous cells onto the slide wherein the cancerous cells take up of the active agent when
plated, detecting colonies of living cancerous cells, determining the spots on which cancerous
cell growth is inhibited, identifying the active agent that corresponds with the spot on which
cancerous cell growth is inhibited, relating the specific active agent with the gene whose
expression the active agent inhibits and determining the gene whose expression inhibition
inhibits growth of cancerous cells.

[0021] In a preferred embodiment of this method, the chip contains an active agent
inhibitor for every human gene or every expressed human gene spotted at a discrete location.

[0022] In a particularly preferred embodiment of the method, live cells are observed
in real time, and their growth is measured over time.

DESCRIPTION OF DRAWINGS

[0023] The file of this patent contains at least one photograph or drawing executed in
color. Copies of this patent with color drawing(s) or photograph(s) will be provided by the
Patent and Trademark Office upon request and payment of necessary fee.

[0024] The file of this patent contains at least one photograph or drawing executed in
color. Copies of this patent with color drawing(s) or photograph(s) will be provided by the
Patent and Trademark Office upon request and payment of necessary fee.

[0025] For a fuller understanding of the nature and advantages of the present
invention, reference should be made to the following detailed description taken in connection
with the accompanying drawings, in which:

[0026] Figure 1. Depicts one embodiment of a high-throughput, one-step transfection
and anchorage-independent assay device and method of the present invention.

[0027] Figure 2. Imaging of breast cancer cells expressing Enhanced Green
Fluorescence Protein (EGFP) and labeled with QTracker™. A) Cells growing on

conventional tissue culture surfaces (A, green) attach and spread out their processes, while
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QTracker™ (C, Red)-labeled. Magnification: 200X.

[0028] Figure 3. Scattergram showing correlation between QTrackerTM signal,
expressed as percent (%) thresholded area, and colony number.

[0029] Figure 4. Silencing of EGFP gene expression by EGFP shRNA. MDA-MB-
231 cells expressing EGFP were labeled with QTrackerTM and grown in spots containing
Expression Arrest™ EGFP shRNA vector (0.03ug) mixed with Arrest-In™ (0.1png).
Colonies were examined 5 days after culture and imaged for QTracker™ (red - left) and
EGFP (green - right). Magnification: 200X.

[0030] Figure 5. Silencing of gene involved in breast cancer metastasis suppresses
MDA-MB-231 colony growth on the device. After 7 days in culture, QTracker™ signal
(Thresholded Area, black bars) and colony number (white bars) were measured. Each
treatment was performed in 5 replicates. a P<0.05, Student’s t-test.

DESCRIPTION OF DRAWINGS

[0031] The file of this patent contains at least one photograph or drawing executed in
color. Copies of this patent with color drawing(s) or photograph(s) will be provided by the
Patent and Trademark Office upon request and payment of necessary fee.

[0032] For a fuller understanding of the nature and advantages of the present
invention, reference should be made to the following detailed description taken in connection
with the accompanying drawings, in which:

[0033] Figure 1. Depicts one embodiment of a high-throughput, one-step transfection
and anchorage-independent assay device and method of the present invention.

[0034] Figure 2. Imaging of breast cancer cells expressing Enhanced Green
Fluorescence Protein (EGFP) and labeled with QTracker™. A) Cells growing on
conventional tissue culture surfaces (A, green) attach and spread out their processes, while
cells growing on the device remain localized and form colonies that are EGFP (B, green) and
QTracker™ (C, Red)-labeled. Magnification: 200X.

[0035] Figure 3. Scattergram showing correlation between QTracker™ signal,
expressed as percent (%) thresholded area, and colony number.

[0036] Figure 4. Silencing of EGFP gene expression by EGFP shRNA. MDA-MB-
231 cells expressing EGFP were labeled with QTracker™ and grown in spots containing

Expression Arrest™ EGFP shRNA vector (0.03pg) mixed with Arrest-In™ (0.1png).
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Colonies were examined 5 days after culture and imaged for QTracker™ (red - left) and
EGFP (green - right). Magnification: 200X.

[0037] Figure 5. Silencing of gene involved in breast cancer metastasis suppresses
MDA-MB-231 colony growth on the device. After 7 days in culture, QTrackerTM signal
(Thresholded Area, black bars) and colony number (white bars) were measured. Each
 treatment was performed in 5 replicates. a P<0.05, Student’s t-test.

DETAILED DESCRIPTION

[0038] Before the present methods, systems and assays are described, it is to be
understood that this invention is not limited to the particular processes, compositions, or
methodologies described, as these may vary. It is also to be understood that the terminology
used in the description is for the purpose of describing the particular versions or embodiments
only, and is not intended to limit the scope of the present invention which will be limited only
by the appended claims.

[0039] It must also be noted that as used herein and in the appended claims, the
singular forms “a”, “an”, and “the” include plural reference unless the context clearly dictates
otherwise. Thus, for example, reference.to a “cell” is a reference to one or more cell and
equivalents thereof known to those skilled in the art, and so forth. Unless defined otherwise,
all technical and scientific terms used herein have the same meanings as commonly
understood by one of ordinary skill in the art. Although any methods and materials similar or
equivalent to those described herein can be used in the practice or testing of embodiments of
the present invention, the preferred methods, devices, and materials are now described. All
publications mentioned herein are incorporated by reference in their entirety. Nothing herein
is to be construed as an admission that the invention is not entitled to antedate such disclosure
by virtue of prior invention.

[0040] As used herein, the term “about” means plus or minus 10% of the numerical
value of the number with which it is being used. Therefore, about 50% means in the range of
45%-55%.

[0041] "Optional" or "optionally" means that the subsequently described event or
circumstance may or may not occur, and that the description includes instances where the
event occurs and instances where it does not.

[0042] “Administering” when used in conjunction with a therapeutic means to
administer a therapeutic to a patient whereby the therapeutic positively impacts the tissue to

which it is targeted. Thus, as used herein, the term “administering”, when used in
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conjunction with cancer therapy, can include, but is not limited to, providing a treatment into
or onto the target tissue; providing a treatment systemically to a patient by, e.g., intravenous
injection whereby the therapeutic reaches the target tissue; providing a treatment in the form
of silencing expression of a specific gene. “Administering” a composition may be
accomplished orally, by injection, topical administration, or by these methods in combination
with other known techniques.

[0043] The term “tissue” refers to any aggregation of similarly specialized cells
which are united in the performance of a particular function.

39 &<

[0044] The terms “antisense”, “antisense oligonucleotides,” “antisense oligomer,” and
“antisense compound” are used interchangeably and refer to a compound having a sequence
of nucleotide bases and a subunit-to-subunit backbone that allows the antisense oligomer to
hybridize to a target sequence in an RNA by Watson-Crick base pairing, to form an
RNA:oligomer heteroduplex within the target sequence. The antisense oligonucleotide
includes a sequence of purine and pyrimidine heterocyclic bases, supported by a backbone,
which are effective to hydrogen-bond to corresponding, contiguous bases in a target nucleic
acid sequence. The backbone is composed of subunit backbone moieties supporting the
purine and pyrimidine heterocyclic bases at positions that allow such hydrogen bonding.
These backbone moieties are cyclic moieties of 5 to 7 atoms in length, linked together by
phosphorous-containing linkages one to three atoms long. While antisense oligonucleotides
are a preferred form of antisense compound, the present invention comprehends other
oligomeric antisense compounds, including but not limited to oligonucleotide mimetics.
Antisense compounds include ribozymes, external guide sequence (EGS) oligonucleotides
(oligozymes), and other short catalytic RNAs (i.e., siRNA) or catalytic oligonucleotides
which hybridize to the target nucleic acid and modulate its expression.

[0045] As used herein, the terms "gene" or "target gene" mean a nucleic acid that
encodes an RNA, for example, nucleic acid sequences including, but not limited to, structural
genes encoding a polypeptide. The target gene can be a gene derived from a cell, an
endogenous gene, a transgene, or exogenous genes such as genes of a pathogen, for example
a virus, which is present in the cell after infection thereof.

[0046] The phrase "gene silencing” refers to a process by which the expression of a
specific gene product is lessened or attenuated. Gene silencing can take place by a variety of
pathways. Unless specified otherwise, as used herein, gene silencing refers to decreases in
gene product expression that results from administering an inhibitor of gene expression.
Inhibitors of gene expression include but are nof limited to DNA, RNA, shRNA, siRNA,
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antibodies, small molecules, proteins, peptides, peptidomimetics, therapeutic agents,
pharmaceutical compositions, drugs, and combinations of these agents.

[0047] As used herein, "inhibit" or “inhibition” means that the activity of a gene
expression product or level of RNAs or equivalent RNAs encoding one or more gene
products is reduced below that observed in the absence of the nucleic acid molecule of the
invention.

[0048] As used herein the term “inhibitor” means any active agent that ihhibits cell
growth when administered to cells. Inhibitors include but are not limited to DNA, RNA,
shRNA, siRNA, antibodies, small molecules, proteins, protein mimetics, peptides,
peptidomimetics, therapeutic agents, pharmaceutical compositions, drugs, and combinations
of these. The inhibition with an inhibitor preferably is below that level observed in the
presence of an inactive or attenuated molecule that is unable to mediate an inhibition
response. Inhibition of gene expression with the inhibitor of the present claimed invention is
preferably greater in the presence of the inhibitor than in its absence.

[0049] As used herein, the term ‘“therapeutic” means an agent utilized to treat,
combat, ameliorate, prevent or improve an unwanted condition or disease of a patient.
Embodiments of the present invention are directed to regulating cancer cell growth.

[0050] The term "siRNA" refers to small inhibitory RNA (also known as short
interfering RNA or small interfering RNA) duplexes that induce the RNA interference
(RNAi) pathway. The RNAi pathway is a partially characterized pathway whereby small
inhibitory RNA (siRNA) act in concert with host proteins (e.g., the RNA induced silencing
complex, RISC) to degrade messenger RNA (mRNA) in a sequence-dependent fashion.
These molecules can vary in length (generally 18-30 basepairs) and contain varying degrees
of complementarity to their target mRNA in the antisense strand. Some, but not all, siRNA
have unpaired overhanging bases on the 5' or 3' end of the sense strand and/or the antisense
strand. The term "siRNA" includes duplexes of two separate strands, as well as single strands
that can form hairpin structures comprising a duplex region (shRNA). The siRNA can
comprise partially purified RNA, substantially pure RNA, synthetic RNA, or recombinantly
produced RNA, as well as altered RNA that differs from naturally-occurring RNA by the
addition, deletion, substitution and/or alteration of one or more nucleotides. Such alterations
can include addition of non-nucleotide material, such as to the end(s) of the siRNA or to one
or more internal nucleotides of the siRNA; modifications that make the siRNA resistant to

nuclease digestion (e.g., the use of 2'-substituted ribonucleotides or modifications to the
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sugar-phosphate backbone); or the substitution of one or more nucleotides in the siRNA with
deoxyribonucleotides.

[0051] As used herein, the term "small interfering nucleic acid molecule", or siRNA,
refers to any nucleic acid molecule that is capable of modulating the expression of a gene by
RNA interference (RNAi), and thus encompasses short interfering RNA (siRNA), short
interfering DNA (siDNA), double-stranded RNA (dsRNA), double-stranded DNA (dsDNA),
complementary RNA/DNA hybrids, nucleic acid molecules containing modified (semi-
synthetic) base/nucleoside or nucleotide analogues (which may or may not be further
modified by conjugation to non-nucleic acid molecules, custom modified primary or
precursor microRNA (miRNA), short hairpin RNA (shRNA) molecules, and longer (up to
one kb or more), dSRNA or hairpin RNA molecules, so long as these do not activate non-
specific interference, for example via interferon. The hairpin region may be short (e.g. 6
nucleotides), long (undefined length), or may include an intron that is efficiently spliced in
the targeted cells or tissues. Additionally, multiple tandem repeats in one orientation (for
example, three or more short sense repeats) are included under the definition of siRNA, as
these can elicit a potent RNAI like response in some systems.

[0052] The term "transfection" refers to a process by which agents are introduced into
a cell. The list of agents that can be transfected is large and includes, but is not limited to,
siRNA, sense and/or anti-sense sequences, DNA encoding one or more genes and organized
into an expression plasmid, proteins, protein fragments, and more. There are multiple
methods for transfecting agents into a cell including, but not limited to, electroporation,
calcium phosphate-based transfections, chemical transfection, cationic lipid transfection,
DEAE-dextran-based transfections, laser mediated transfection, lipid-based transfections,
molecular conjugate-based transfections (e.g., polylysine-DNA conjugates), microinjection,
non-lipid based transfection, ostmotic lysis transfection, pinocytosis transfection, viral
delivery systems and others.

[0053] The terms “mimetic,” “peptide mimetic,” “modified peptide,” and,
“peptidomimetic” are used interchangeably herein and generally refer to a peptide, partial
peptide or non-peptide molecule that mimics the tertiary binding structure or activity of a
selected native peptide or protein functional domain. A dimer of this compound is a
molecule which mimics the tertiary structure or activity in two separate and distinct regions
of the subject molecule. These peptide mimetics can include chemically modified amino

acids or peptides, as well as non-peptide agents such as small molecule drug mimetics.
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[0054] Currently, efficacy of potential chemotherapeutic agents must be tested in
vivo. However, screening potential active agents for chemotherapeutic effects in this manner
is time consuming and expensive, and testing for therapeutic effects on different cancer types
can make development of cancer treatments prohibitively expensive. Therefore, a high-
throughput, automated, and quantitative assay is beneficial.

[0055] The methods and devices of the present invention have been designed to use a
chip containing active agents at high-density for testing anchorage-independent cell growth.
Cells are plated on the chip or slide and allowed to grow in the presence of the active agents.
Each cell on a specific spot will receive the active agent due to high transfection efficiency of
the active agent. The concentration of active agent required for suppression of the
tumorigenic phenotype can be similarly optimized. These method and device presented
herein allow the efficient testing of even very small amounts of tumorigenic tissue, and rapid
imaging and quantification of colony growth can be accomplished by labeling individual cells
of the tumorigenic tissue, for example by fluorescently labeling each cell.

[0056] In reference to Figure 1, a slide 1 can be coated with a layer of matrix that
allows anchorage-independent, three-dimensional cell growth 2. A spotter 3 can be used to
imprint spots of active agents in or onto the slide 4. Transfection agent 5 can then be added
to the matrix, and cells 5 can be plated onto the slide. The cells will take up the active agent,
and spots that hold an active agent that inhibits cell growth will discourage colony formation
and by in some cases killing the cells 6, while unaffected cells will continue to grow 5. After
incubation the slide can be imaged to determine which active agents inhibit cell growth.

[0057] In one embodiment of the current invention, the cancer cells employed in the
methods and devices are labeled. The label may be an optically detectable label. For
example, labels may be selected from chemiluminescent labels, fluorescent labels, and
enzymes that produce a visible color change.

[0058] The methods and devices of the present invention do not require staining of
cells with toxic dyes, and therefore, allows for observation of cell growth or inhibition of cell
growth in real time. While most anchorage-independent growth assays use tetrazolium salt,
3-(4,5-dimethylthiazol-2-y1)-2,5-diphenyltetrazolium bromide (MTT) to stain colonies, which
kills the cells, recent studies have shown the usefulness of Quantum Dots™ (QD) for in vitro
and in vivo imaging live cells. QDs are inorganic fluorescent semiconductor nanocrystals
that are easily adaptable for live cell imaging. Unlike organic fluorophores, QDs are ideal for
long-term imaging because they are photostable, resistant to enzymatic and chemical

degradation in living cells, nontoxic, and can be passed through up to 6 generations of
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daughter cells. QDs have allowed live cell imaging of cultured cells, Xenopus embryos,
zebrafish embryos, tumor cell xenografts in mice, and mouse blood vessels. Thus, the use of
QDs as a fluorescent label allows for the observation of growth or inhibition of growth for
more than 10 days, and the effect of an active agent on cell growth can be observed in real
time. Other live cell labeling may be used, including, for example, EGFP, PlxBeads™ and
the like.

[0059] In a particularly preferred embodiment of the present invention, QD’s are used
to label cell and tissues plated on the anchorage independent cell growth chip.

[0060] In one embodiment, a method for high-throughput testing of the effects of an
active agent on anchorage-independent growth of cancer cells is provided. The method may
include the use of microarray technology. Microarray technology may decrease the time
required for such an assay by allowing administration of the active agent on the biochip,
allowing for testing multiple active agents in parallel, decreasing the reagents required, and
allowing live colony growth imaging.

[0061] In another embodiment, a device for screening agents comprises a biochip,
wherein the biochip includes active agents, siRNA, DNA or shRNA-expression vectors,
small molecules, antibodies, potential cancer drugs, small molecules, proteins, peptides,
peptidomimetics or other prospective cancer treatments is provided. The active agents may
be embedded at a high-density in a three-dimensional matrix that selectively allows tumor,
but not normal cells, to grow or imprinted on top of the matrix. Labeled cells may be applied
to the biochip in a matrix mixture that enables anchorage-independent growth, while blocking
or decreasing cell migration. Individual cells may incorporate the underlying treatment and
form fluorescently-labeled colonies. The absence or suppression of colony growth indicates
that the underlying treatment blocks tumorigenic cell growth, since the cells can no longer
grow in three-dimensions. Colony number and growth can be quantified using conventional
fluorescent imaging systems and software. However, specialized software may be developed
for data management, analysis, and user interface specifically with this system.

[0062] In one embodiment, nucleic acids may be incorporated into cells grown in soft
agar. Previously, nucleic acids mixed with either gelatin or matrigel were used in reverse
transfection reactions. Both substances promote growth of cultured cells by allowing cellular
attachment to the surface of the reaction vessel which adds variable that might affect cellular
response to active agents. To eliminate this variable and test cancer cell growth in a more
physiological appropriate setting, anchorage-independent growth or three-dimensional

growth on synthetic matrices is determined. Non-limiting, commercially available examples
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of these matrices include Polylactide-co-glycolide (PLGA), Alginate, and PuraMatrix™,
These matrices promote three-dimensional cell growth without activating integrin cell
signaling; however they also promote cell attachment. It should be appreciated that any such
matrix that provides the above-mentioned properties and promotes three-dimensional growth
of cancer cells without promoting cell-to-cell or cell-to-slide attachment, cell-to-cell signaling
and integrin signaling may be used and are within the purview of those ordinarily skilled in
the art. For example, the semi-solid matrix medium may comprise agar, agarose,
methylcellulose, hydrogels, including, but not limited to, methylcellulose, hydrogels,
alginate hydrogel (5% alginate + 5% collagen type I), Chitosan, hydroactive hydrocolloid
polymer gels, Polyvinyl alcohol-hydrogel (PVA-H), collagen vitrigel, PHEMA (poly(2-
hydroxylmethacrylate)) hydrogels, PVP/PEO hydrogels, BD Puramatrix hydrogels, and
copolymers of 2-methacryloyloxyethyl phophorylcholine (MPC). These matrices should also
allow efficient spot size and density while retaining good scanner resolution.

[0063] High-density screening requires the use of minimal matrix material that can
reliably provide sufficient colony growth. Standard soft agar protocols may be used to coat
the slides. Matrix can be either applied as a coating or individually delivered to each
spot/well. QD-labeled cells may be applied to matrix coated slides, and colony number per
square micron may be assessed at time intervals in culture by automated or manual counting
as previously described.

[0064] Minimal matrix thickness may be determined, where different volumes of base
matrix are applied prior to culturing of QD-labeled cells on the biochip. Layer thickness is
inversely proportional to spot/well diameter. In one embodiment, the thickness of the matrix
is about 1 mm for a 3mm diameter well or spot. . In another embodiment, the base matrix
thickness could be as small as 100 micron for an about 100 micron diameter well. Generally,
the matrix is about 0.1 mm to about 1 mm in thickness can be designed to allow imaging of
colonies in each spot or well on the slide.

[0065] Each type of matrix-coated slide can be tested for growth and imaging of
different cell lines. For example, growth of transformed breast cancer cell lines (MCF-7 or
MDA-MB-231) can be compared to immortalized NIH-3T3 fibroblast cells. MCF-7 and
MDA-MB-231, but not NIH-3T3 cells should form colonies in soft agar. All three cell types
will, however, grow on Alginate and Puramatrix™ coated slides. Generally, preferred
matrices allow substantially no cell attachment or migration. However, the amount of cell
migration should be limited to ensure that distinct colonies form on soft agar slides allowing

growth of detectable colonies in spots.
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[0066] In a particularly preferred embodiment of the current invention, the matrix
selectively allows the growth of transformed cancer cells but not of normal cells. Therefore,
the biochip is able to distinguish between normal cells and cancer cells.

[0067] In a further embodiment, glass slides may be prepared by applying a base agar
layer to the slide, and then spotting these coated slides with a mixture of shRNA containing
DNA expression vectors suspended in sucrose and transfection agent. The components may
be manually deposited using a micropipette or similar device. Following slide preparation,
QD-labeled breast cancer cells that have been mixed with top agar will be applied to slide.
Slides containing cells will then be incubated for 2-7 days, and fluorescence signal can be
obtajned periodically throughout the incubation period to evaluate colony growth. Regions
devoid of growth will indicate effectiveness of cancer inhibition by shRNA.

[0068] A mechanism for automatic deposition of reagents on the matrix-coated slides
may be used. There are 3 broad approaches to disposition of spotted materials on microarray
slides: contact, non-contact, and on-chip synthesis systems. Non-contact systems are best
when a small number of samples must be spotted very frequently. Contact systems are used
for printing thousands of small samples, and on-chip synthesis is not yet aﬁle to provide a
sufficient amount of full-length oligonucleotide to support reverse transfection.

[0069] A spotter that is capable of providing nanometer scale accuracy is preferred,
for example QTracker™. For optimal for spotting on three-dimensional surface chemistry, a
spotter should provide controlled dwell time of pin tip on slide surface and control over the z-
axis. A peltier plate chiller, HEPA filter, and humidity control provide environmental control
and a high-pressure wash station and sterilizer clean the pins and eliminate carryover. This
spotter can also be equipped with a UV light to sterilize all equipment prior to spotting for
tissue culture purposes.

[0070] Test printing a Cy3-labeled oligonucleotide on matrix-coated slides will allow
the visualization of the deposited nucleic acids, and several variables will be assessed: pin
type, z axes settings, and chamber humidity. High density spotting on GAPSII slides
(65,536-100,000 spots/slide, with 90-120pm spot diameter) has been achieved using the 65 or
75um split pins, however, either solid or split pins may be used. For the purposes of this
invention, from 1-150,000 spots may be present on a matrix coated slide.

[0071] Chamber humidity and z-axes settings will determine the success of high-
density printing. The spots should retain their coating during the printing process. Chamber
humidity is important for ensuring that the matrix does not become dry, and z-axis settings

will allow control over how deep the pins will go into the matrix creating a small well



WO 2006/079035 PCT/US2006/002353
14

delineating each spot. Spot size can be controlled by pin dwell time using split pins. Shorter
dwell times may also limit distortion in matrix chemistry. In the event that matrix integrity
becomes distorted during the printing process, non-contact printing approaches may be
considered.

[0072] Spot sizes ranging from about 300 to about 500 um in diameter with center-to-
center distances ranging between about 300-1000 pm have been reported to have successfully
been used for reverse transfection of cultured cells attached to GAPSII glass slides. The
system uses cells grown embedded in the soft agar that should not migrate for the duration of
the experiment. Thus, the spot-to-spot distance may be smaller. Therefore, the syétem has
been designed to utilize smaller spot sizes and spot-to-spot distances allowing simultaneous
testing of a large number of ShRNAs.

[0073] A QArray™ spotter equipped with different size pins may be used to generate
spots of Cy3-labeled oligonucleotide (green) ranging from about 65-350 pm in diameter and
spot-to-spot distance of about 100-800 um. QD -labeled MDA-MB-231 breast cancer cells
may be cultured on slides. The number of colonies per spot will be determined after about 5-
7 days of incubation and the Cy3-dye will determine overlap between the spots.

[0074] In one embodiment, spot sizes that allow the imaging and quantification of 30-
50 colonies per spot and spot-to-spot distances that restrict overlap of Cy3-label DNA
between spots may be used. Preliminary results suggest the minimum spot diameter may be
between about 65-100 um. 65 or 75 um split pins can allow high-density spotting that will
allow simultaneous testing of entire shRNA libraries or siRNA libraries on a single slide.

[0075] In another embodiment, a silicone rubber isolator similar to about 100pm
diameter and about 150pm center-to-center distance culture wells may be used. The
QArray™ spotter will be used to spot slides equipped with these silicone isolators, and the
depth of the wells will not be an issue since the z-axis control on the atrayer allows spotting
into deeper wells found in 96-well plates. This isolator will create a seal on glass slides and
will prohibit diffusion of material between spots.

[0076] Spots may be optionally separated from one another using wells created within
the slide, wells created by placing a removable member on the slide wherein the removable
member contains a plurality of holes that act to separate spots placed within a hole from the
spots surrounding the hole, or a plurality of demarcations etched into the slide that act to
separate one spot from the spots surrounding that spot. Anyone skilled in the art could create

these wells by a number of methods, including photolithography, injection molding,
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stamping, printing, compression molding, micromachining, laser cutting, or any such
techniques that can produce micron scale feature on a solid substrate.

[0077] In one embodiment of the current invention, a calibration chip is used to
optimize the cancer cell culture modalitites, specificity of active agents, transfection method,
and reproducibility of the assay prior to high density studies. The calibration chip will
contain all necessary positive and negative controls and will allow the determination of
culture and transfection conditions for any cell type.

[0078] In one embodiment of the current claimed invention, RNAI is used to inhibit
the expression of individual human genes. Each spot on the chip is seeded with a different
RNA molecule that selectively silences a single specific target gene. Spots where cancer cell
growth is inhibited implicate the expression of the gene corresponding to the RNA molecule
in the cancerous phenotype.

[0079] RNA interference (RNAi) has become the technology of choice for inhibiting
gene expression in eukaryotic cells and plants. RNAi methodology targets specific sequences
in the inhibited gene making it a powerful tool for functional genomics and drug discovery.
Inhibition occurs when double stranded RNA (dsRNA) that is homologous to the gene of
interest is introduced into a cell. dsRNA is recognized and cleaved by a dsRNA specific
endonuclease, Dicer, producing small interfering RNA (siRNA). siRNA consist of small
segments of dsSRNA (no longer than 30 base pairs) with 2 nucleotide 3’ overhangs. These
ségments are recognized and bound by PIWI-family member proteins to form an RNA-
Induced Silencing Complex (RISC). The sense strand of the siRNA is integrated into RISC
and RISC uses this sequence to recognize and cleave mRNA site-specifically at this
sequence. mRNA that has been cleaved by RISC no longer contain capping molecules, is
recognized by cellular machinery as aberrant, and degraded, which suppresses or silences the
expression of the target gene.

[0080] The design of siRNA is critical to its effectiveness, and several software
packages have been developed for the efficient design of siRNA. siRNA should be
complimentary to a target sequence on mRNA that is within a translated region of the gene
and not close to 3’ or 5° untranslated regions or within untranslated (intron) sequences,
although gene silencing was observed in some instances when these sequences were targeted.
The nucleotide composition, G/C content, and location of adenosine dimers is essential for
successful RNA silencing. It is recommended to have A/U at 5’-end of antisense strand, G/C

at 5’-end of sense strand, AU-rich 5’-terminal third of antisense strand, and no GC stretches



WO 2006/079035 PCT/US2006/002353
16

over 9 base pairs long. Following these criteria, RNAi inhibitors can be designed for any
human gene based on the human genome sequence.

[0081] Short hairpin RNA (shRNA) may also be utilized to obtain gene specific
RNAi silencing. shRNA can be expressed within a target cell from a DNA construct that
contains a gene whose product is RNA that forms tight hairpin structures. Since the hairpin
structures create short dsRNA-like RNA molecules, they are recognized and cleaved into
siRNA by Dicer. RISC complexes are then formed using these siRNA, and targeted mRNA
are degraded by the pathway illustrated above. siRNA is not very stable, however shRNA
can be expressed from standard expression vectors as well as retroviral or lentiviral
expression systems and expression of shRNA can be maintained for extended periods.
shRNA and siRNA libraries targeting a large number of human genes are now commercially
available. The invention disclosed herein will allow these libraries to be screened for cancer
therapeutics.

[0082] In the examples described herein, shRNA was used as the active agent,
however the devices and systems of the present invention can be used to test the efficacy of
other compounds, molecules or agents, including but not limited to, thefapeutic agents,
pharmaceuticals, antibodies, drugs, expression vectors that contain genes that suppress tumor
gene function, proteins, peptides, peptidomimetics, or other active agents.

[0083] The systems and devices described herein may be used to identify siRNAs
capable of inhibiting expression of any gene responsible for cancer cell growth. Recently
generated shRNA libraries have been developed that targeted thousands of human genes. For
example, the NKi library uses 23,742 vectors to target 7,914 human genes with 3 shRNAs for
each gene, and six p53 pathway genes involved in growth of transformed cells have been
identified using this library by testing the ability of shRNAs to stimulate colony growth in
soft agar. Future libraries are anticipated that will provide complete coverage of all human
genes which will allow the identification of previously unknown cancer genes. In one
embodiment of the present invention, an shRNA library that encompasses the entire human
genome may be used in the system. In another embodiment, a shRNA library of portions of
the genome may be used.

[0084] In one embodiment of the current claimed invention, a single biochip or set of
biochips contain individual spots containing inhibitors for every gene in the human genome.

[0085] In another embodiment, a single biochip or a set of biochips contain individual

spots containing inhibitors for every gene expressed from the human genome.



WO 2006/079035 PCT/US2006/002353
17

[0086] In another embodiment of the current invention, a single biochip or set of
biochips contain individual spots for every gene or every expressed gene of a mammal or

other organism.
[0087] In one embodiment, a method of screening for siRNA that affects or inhibits

cancer cell growth is provided. The method comprises applying a semi-solid medium to a
solid surface, adding siRNA and a transfection agent in demarcated spots, applying cancer
cells to the solid surface, incubating and measuring cancer cell growth in real-time.

[0088] In another embodiment, a high-throughput assay for screening a plurality of
siRNA for inhibition of cancer cell growth is provided. The assay comprises providing a
siRNA embedded at a high density in a semi-solid medium, providing cancer cells and
measuring growth of the cancer cells.

[0089] In a further embodiment, a device for screening a plurality of siRNA for
inhibition of cancer cell growth is provided. The device comprises siRNA vectors, a semi-
solid media or three-dimensional matrix, and cancer cells. In a further embodiment, the
siRNA vectors may be embedded into the media or matrix and further embedded at a high
density.

[0090] Highly efficient delivery of shRNA into cancer cells growing on the system is
beneficial. Several transfection agents are now commercially available, and both lipid-based
transfection agents such as X-treme GENE™ (Roche Applied Science), silMPORTER™
(Upstate), Lipofectamine 2000™ (Invitrogen), RNAiFect™ and Effectene™ (QIAGEN), as
well as non-lipid-based agents, such as GeneEraser™ (Stratagene), RiboJuice™ (Novagen),
EXPRESS-si™ (Genospectra, Inc.), and Arrest-In™ (Open Biosystems) were tested for
transfection efficiency. Any of these reagents can by used in the system. In one
embodiment, a cationic polymer that protects DNA in the cytoplasm and promotes entry into
the nucleus (i.e., Arrest-In™) may be used. Preliminary studies indicate that this transfection
agent provides at least equivalent, transfection efficiency than other transfection agents in
both adherent cells and cells grown in suspension. Other methods may be employed,
including but not limited to, chemical transfection, laser-mediated transfection, micro-
injection, pinocytosis mediated transfection or electroporation.

[0091] In one embodiment of the present invention, transfection occurs in a single
step. That is, transfection occurs on the biochip itself and not as a separate step preceding
plating of the cells.

[0092] Transfection efficiency may also depend on method of delivery of the

transfection agent. Therefore, separate tests will be completed in which transfection agent is



WO 2006/079035 , PCT/US2006/002353
added concurrently with spotting and after spotting but prior to the addition of cells will be
tested separately, and the number of the colonies on each chip capable of expressing EGFP
from a transfected EGFP expression vector will be monitored. QD-labeled cells will be used
in this assay to identify all live cells. After incubation for 3-7 days, EGFP and QD labeled
colonies will be counted to determine transfection efficiency. All live cells are expected to
form fluorescently-labeled red colonies, while transfected colonies will also be green as a
result of EGFP expression. Transfection efficiency will be measured by counting number of
green colonies and dividing by the total number of colonies in each spot. We anticipate
optimizing all the above-mentioned variables in several different cell lines to determine
maximum, universal transfection efficiency.

[0093] Although chemical transfection is efficient, in another embodiment of the
instant invention, lentiviral delivery systems may be used to transfect tested cells. Lentiviral
delivery systems are known to provide very efficient transfection, and lentiviral-based
shRNA libraries are commercially available.

[0094] The nucleic acid to transfection agent ratio may be a determinant of
transfection efficiency. Thus, three different concentrations of DNA will be tested in
combination with three different concentrations of transfection agent. Starting doses will be
calculated by proportionately scaling down manufacturer’s recommended dosage. Controls
will include (a) no treatment, (b) transfection agent without DNA, and (c) transfection agent
combined with an expression vector lacking EGFP, and the optimal transfection agent to
DNA ratio will be determined.

[0095] Silencing efficiency of shRNA may be determined by testing the ability of
shRNA to suppress expression of a co-transfected reporter gene. Spots will be generated
containing one of the following mixes with different concentrations of nucleic acids: 1)
EGFP expression vector, 2) EGFP expression vector mixed with pooled shRNA vectors
against EGFP, and 3) EGFP expression vector mixed with non-specific scrambled shRNA or
shRNA targeting firefly luciferase, a gene absent in mammalian cells to show specificity in
gene silencing,.

[0096] Clusters of EGFP producing (green) and QD containing (red) cells are
expected to be observed everywhere on the slide except in spots where shRNA for EGFP is
present. In these spots, only red colonies should be present since EGFP expression has been
silenced. shRNA dosage response, and temporal pattern of gene silencing will be optimized
using this assay. Since shRNA vectors are stable, gene silencing should be observed

throughout the duration of incubation (1-3 weeks or more). Understanding the silencing
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efficiency of EGFP shRNA in soft agar will help to identify the optimal shRNA
concentration necessary for suppression of genes with varying levels of expression.

[0097] Once the shRNA concentration necessary to suppress gene expression has
been determined, the ability of sShRNA incorporated from the assay to suppress the expression
of cancer genes will be tested by inhibiting of estrogen receptor ot (ER¢) in breast cancer cells
and suppressing oncogene expression in an inducible murine fibroblast cancer cell line.

[0098] One embodiment of a high-throughput assay and device of the present
invention is depicted in Figure 1. The device may comprise matrix-coated solid surfaces, for
example glass slides, are printed with a mixture of shRNA/DNA suspended in sucrose (using
QArray™, Genetix, Inc.). A transfection agent may be added by methods known to those of
ordinary skill in the art, such as, for example by mixing transfection agent (e.g., Effectene™,
Arrest-In™) with the spotting solution (Version 1) or coating after spotting and prior to
addition of cells (Version 2.) Cells, pre-incubated in QTracker™655 solution and mixed
with agar at 37°C, may be applied to the solid surface. The cells may be incubated, for
example for 2-7 days at 37°C with 5% CO2. The fluorescence signal may be obtained
periodically through the incubation period to evaluate colony growth. Regions devoid of
growth will indicate effectiveness of cancer inhibition by shRNA.

[0099] Although the present invention has been described in considerable detail with
reference to certain preferred embodiments thereof, other versions are possible. Therefore
the spirit and scope of the appended claims should not be limited to the description and the
preferred versions contained within this specification. This invention and embodiments
illustrating the method and materials used may be further understood by reference to the
following non-limiting examples.

EXAMPLE 1

[00100] This example illustrates a device for high-throughput screening. The
device uses Culture Well chambered coverslips (Grace Bio-labs, Inc., Bend, OR), with each
spot being 3mm in diameter. All components were manually deposited using a micropipette.
After application of a base agar layer (0.8%), shRNA pre-mixed with Arrest-In™ (Open
Biosystems Inc., Huntsville, AL) was applied, followed by QTracker™ (Quantum Dot
Corporation, Hayward,CA)-labeled breast cancer cells (MDA-MB-231) mixed with top agar
(0.4%). Cells were incubated in a CO2 incubator at 37°C and monitored using an inverted

fluorescence microscope 1, 4,5, and 7 days later.
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EXAMPLE 2

[00101] Using the device of Example 1, anchorage-independent growth of
MDA-MB-231 breast cancer cells stably transfected with an Enhanced Green Fluorescence
Protein (EGFP) expression vector for live cell visualization and imaging was obtained.
While cells growing on uncoated tissue culture surfaces (Fig. 1A) attached to the surface and
developed processes for cell-cell contact and migration, cells growing on the assay formed
localized colonies that were embedded in the agar (Figure 1B). All EGFP-labeled colonies
(Figure 1B) also stained for QTracker™ (Figure 1C, red), with the red signal being stronger
and more photostable. A shorter camera exposure time was required for capturing
comparable signals for Q Tracke™ and EGFP (1 second for QTracker™ as opposed to 10
seconds for EGFP). Background fluorescence was very minimal with QTracker™ and
becomes only evident with longer exposure times. Colonies could be imaged at multiple
intervals after culturing with no fading of the QTracker™™ signal. We have been able to
examine colony growth 1, 4, 5, and 7 days after plating. Shown are images of colonies taken
after 5 days in culture. As seen in Figure 1C, many cell divisions have already occurred after
5 days in culture and the QTracker™ signal remained stronger than EGFP.

[00102] To determine whether the QTracker™ signal can faithfully reflect
colony number, number of colonies obtained by manual counting and QTracker™ signal as
determined by measuring “percent thresholded area” using the Metamorph™ software
(Molecular Devices Corporation, Sunnyvale, CA). Analysis of the QTracker™ signal
required first identification of the colonies under phase contrast and fluorescence, followed
by thresholding of the area occupied by colonies, and determination of the percent threshold
area were compared. The thresholded area is the area occupied by colonies. The percent
thresholded area is the percentage of the total area of interest that has been thresholded. A
linear regression analysis was performed to determine whether the percent thresholded area
could be used as a reflection of QTracker™ signal. The Pearson Correlation Coefficient )
was 0.79. Testing the null hypothesis (H (null):r=0) to determine significance of this
relationship, gave us a t statistic= 6.84 with df=29, and a P-value < 0.0001. As shown in
Figure 2, a significant correlation between QTracker™ signal as determined by percent
thresholded area and colony number can be determined.

[00103] These observations demonstrate the ability to perform high-throughput
anchorage independent growth assays. Colony growth over time may be visualized and

quantified. The assay circumvented the problem of cell migration observed in other high-
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throughput reverse transfection assays, where cell attachment and migration is problematic
for maintaining boundaries between individual spots. In addition, the use of QDs to visualize
colonies allows for live colony visualization and quantitative analysis of colony growth over

time.
EXAMPLE 3

[00104] In this example, the suppression of gene expression using siRNA by
testing silencing of EGFP in cells engineered to express EGFP was performed. Arrest-In™, a
polymeric transfection agent that protects DNA in the cytoplasm and promotes entry into the
nucleus of transfected cells, was tested for the ability to catalyze reverse transfection of
MDA-MB-231 breast cancer cells stably expressing EGFP with EGFP shRNA. Different
concentrations of Arrest-In™ (0.02, 0.05, and 0.1pg) combined with anti-EGFP shRNA
vector (0.01, 0.02, and 0.03 pg/spot) were tested. Results are depicted in Figure 3, which
shows side-by-side QTracker™ (A, red) and EGFP (B, green) images from cells transfected
with 0.1 pg Arrest-In™ and 0.03 pg EGFP shRNA. Unlike control cells that received Arrest-
Im™ only (Figure 1B, C), EGFP signal (Figure 3B) was suppressed in some, but not all
colonies exposed to EGFP shRNA. These tests suggest the feasibility of shRNA transfection
and silencing of gene expression in breast cancer cells grown on a device of the present
invention and suggest that reverse transfection can occur efficiently in cancer cells
transfected with 0.1pg Arrest-in™ and 0.03pg EGFP shRNA.

EXAMPLE 4

[00105] The device of Example 1 was used to test the effect of metastatic gene
shRNA (name of gene to be involved in cancer cell metastasis withheld) on MDA-MB-231
breast cancer cells. All cells were labeled with QTracker™ prior to application one the
device. Controls included no Arrest-In™ and no shRNA, Arrest-In only with no shRNA,
Arrest-In™ (0.1ug) with vector lacking shRNA sequence, and Arrest-In™ with EGFP
shRNA. Colonies were counted manually and the QTracker™ signal was determined in terms
of thresholded area using the Metamorph Image Analysis Software™. As shown in Figure 4,
EGFP shRNA did not effect colony growth. For cells treated with EGFP shRNA, QTracker™
signal (ThresholdedArea) and colony number were comparable to no shRNA (Arrest-In™
only). Both colony number and QTracker™ signal were markedly suppressed after treatment
with shRNA for the breast cancer metastasis gene. Cells transfected with vector lacking the

shRNA sequence did not demonstrate any growth suppression. These observations
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demonstrate the ability of the device to identify shRNAs for genes involved in cancer cell
growth.
EXAMPLE 5

[00106] The ability of ERo shRNA to suppress MCF-7 will be tested by
administering different doses of ERa shRNA and control shRNA via a high-throughput,
anchorage-independent device and monitoring colony growth of QD-labeled MCF-7 cells for
7 days. Controls will include unlabeled cells, labeled cells that receive no transfection agent,
and labeled cells that receive no shRNA. The ability of shRNA to suppress ERo expression
killing MCF-7 cells plated on device will then be compared to the effects of the specific ERa
antagonist, ICI 182,780. In these experiments, the dose of ICI 182,780 spotted on top of the
base agar prior to administration of labeled MCF-7 cells will also be varied. Colonies will be
manually counted under phase-contrast microscopy and automatically counted using a
fluorescence microscopy and imaging software to measure QD signal. Dose response curves
for ERa shRNA and ICT 182,780 will then be generated and compared. Dose-dependent
suppression of colony formation in spots containing ICI 182,780 or ER« shRNA should be
observed, while colony growth will be uninhibited in spots containing control RNA.

[00107] The murine fibroblast cancer cell line (NIH-3T3) is an inducible cancer
model system meaning that these cells become transformed upon expression of a variety of
oncogenes. The receptor tyrosine kinase Her-2/neu is the basis for the breast cancer drug
Herceptin and is associated with poor prognosis in breast cancer patients. Over-expression of
human Her-2/neu gene in NIH-3T3 cells results in a cancer-like phenotype, including the
ability of these cells to grow in soft agar and form tumors in nude mice. Switching off Her-
2/neu gene expression blocks growth of these tumor cells both in mice and in cell culture.
Therefore, a cell line in which Her-2/neu expression can be suppressed using shRNA will be
tested with a device of the present invention.

[00108] NIH-3T3 cells will be transformed with an Her-2/neu expression
vector (NIH-3T3-Her2/neu), and various concentrations shRNA targeting this gene will be
spotted on the device along with appropriate controls. Her2/neu expression from NIH-3T3-
Her2/neu should be suppressed in cells contacted by anti-Her2/neu shRNA blocking colony
formation. Cells contacted by control shRNA or no shRNA should continue to grow forming
colonies. As in MCF-7 experiments, Herceptin studies will be completed in parallel. The
number of colonies will be counted, dosage-dependent growth curves will be generated, and

effects of anti-Her2/neu shRNA with Herceptin will be compared.
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[00109] Imaging will be initially accomplished using a position-controlled
inverted fluorescence microscope stage to enable automated precise localization of each spot
incrementally in conjunction with image capture using a CCD camera. Once images are
captured, image analysis software will define the area of interest, subtract background,
threshold the image to identify labeled colonies as objects, create a region around these
objects, and measure the percent thresholded area. Average colony size will also be
determined. In one embodiment of the invention, these analyses can be carried out with
existing computer programs, and in another preferred embodiment, software macros will be
developed to automate these steps.

[00110] Accurate and specific quantification of colony number requires that
image analysis is performed within the linear range of signal detection. Thus, the
concentration of QD-labeled cells allowed to grow on a device of the present invention will
be varied to determine the linear range, and experiments will be designed QD-labeled cell
concentrations within this range. Manual colony counting will then be compared to
automated data analysis. In these analyses, the image analysis software and manually
counted results will be plotted relative to one another.

[00111] Our preliminary results suggest that we will be able to automate image
acquisition and data analysis. Regular fluorescence microscopy worked well for imaging live
colonies on this device. However, laser scanning confocal microscopy may be required for
analysis of the high-density chip. In a preferred embodiment of the invention, a high-
resolution laser confocal scanner that can detect signals from QDs, fluorophores, and EGFP
and can scan at 5 micron resolution with a depth of focus ranging +/- 1mm will be used to
analyze high-density devices.

[00112] A high-resolution laser confocal scanner has not been previously used
for live cell imaging, so the effects of laser confocal scanning on colony growth will be tested
by growing colonies on the device and scanning this biochip at different time intervals (1-10
days in culture). Controls will include parallel slides that are either not imaged until day 10
or imaged at the same time intervals using a regular fluorescence microscope. Colony
number will then be measured as described above. In addition, the linear range for signal
detection will be determined by imaging colonies obtained from different starting
concentrations of cells. Again, the colony number obtained using the automated system will

be compared with the number obtained manually to ensure accuracy of the analysis.
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We claim:
1. A device for assaying cells comprising:
at least one slide comprising an upper and lower surface;

a matrix coating one surface of the slide, wherein cells are plated and allowed to grow
on the matrix and wherein the matrix supports anchorage-independent three-dimensional cell

growth; and

a plurality of spots on the matrix, wherein the plurality of spots comprise a plurality of

active agents and wherein each spot comprises a different active agent.

2. The device of claim 1, wherein the matrix is selected from soft agar,
agarose, hydrogels, methylcellulose alginate hydrogel, polyvinyl alcohol-hydrogel, collagen
vitrigel, poly(2-hydroxylmethacrylate) hydrogels, PVP/PEO hydrogels, copolymers of 2-
methacryloyloxyethyl phophorylcholine and combinations thereof.

3.  The device of claim 1, wherein the matrix comprises soft agar.

4.  The device of claim 1, wherein the plurality of active agents are selected
from DNA, RNA, siRNA, shRNA, antibodies, small molecules, proteins, peptides,

peptidomimetics, pharmaceutical compositions, drugs and combinations thereof.

5.  The device of claim 1, wherein the at least one slide is selected from

glass slides, plastic slides, polystyrene slides, quartz wafers, and combinations thereof.

6.  The device of claim 1, wherein the thickness of the matrix is from about

0.1 mm to about 1 mm.

7.  The device of claim 1, wherein the cells plated on the slide form discrete

colonies.

8.  The device of claim 1, wherein the plurality of spots comprise from

about 1 to about 150,000 spots.

9.  The device of claim 1, wherein the diameter of each spot is from about

65 to about 120 pm.
10. The device of claim 1, wherein the plurality of spots comprise siRNA.

11. The device of claim 1, wherein a physical barrier separates the spots,
wherein the physical barrier is selected from at least one well comprised of at least one orifice

within the slide and an optionally removable member applied to one side of the slide the
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member comprising at least one orifice wherein the at least one orifice defines the at least one

well.

12. The device of claim 1, wherein the spots are separated by a plurality of

etched demarcations in the slide.

13. The device of claim 1, wherein at least one of the plurality of active

agents targets at least one gene.

14. The device of claim 1, wherein at least one of the plurality of active

agents targets at least one expressed gene.

15. The device of claim 1, wherein the matrix further comprises at least one
transfection agent selected from chemical transfection agents, lipid based transfection agents,
cationic lipid transfection agents, non-lipid based transfection agents, electroporation,
molecular-based transfections, laser mediated transfection, pinocytosis transfection, ostmotic

lysis transfection, microinjection, viral delivery systems and combinations thereof.

16. The device of claim 1, wherein the cells are selected from cultured cells,
cancer cells, tissue sample cells, tumor cells, tumor cells derived from the biopsy of a cancer
patient, normal cells derived from a healthy patient, known cell lines, and combinations

thereof.

17. The device of claim 1, wherein the cells further comprise a detectable
label.

18. The device of claim 17 wherein the detectable label is selected from
selectable markers, fluorescent markers, fluorescent nanocrystals, quantum dots, fluorescent

proteins, bacterial enzymes, and combinations thereof.

19. The device of claim 1, further comprising a means for observing the

cells.

20. The device of claim 19, wherein the means for observing cells is
selected from microscopy, scanning, laser scanning, fluorescence detection, automated
fluorescence detection, a CCD camera, cell counter, automated colony counter, the human

eye, FACS and combinations thereof.

21. The device of claim 1, wherein the slide is a calibration chip comprising

control agents.
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22. A method of isolating a cancer inhibiting active agent comprising:

coating at least one surface of at least one slide with a matrix capable of supporting

anchorage-independent three-dimensional cell growth;

adding a plurality of active agents to the matrix at a plurality of distinct spots on the at

least one slide;
adding a plurality of cells to the slide;
measuring cell growth on each spot; and
determining one which spots cell growth is inhibited.

23. The method of claim 22, wherein the at least one slide is selected from
glass slides, polymer slides, plastic slides, polystyrene slides, quartz wafers, and

combinations thereof,

24. The method of claim 22, wherein the plurality of active agents are
selected from DNA, RNA, siRNA, shRNA, antibodies, small molecules, proteins, peptides,

peptidomimetics, pharmaceutical compositions, drugs and combinations thereof.

25. The method of claim 22, wherein the matrix further comprises at least
one transfection agent selected from chemical transfection agents, lipid based transfection
agents, cationic lipid transfection agents, non-lipid based transfection agents, electroporation,
molecular-based transfections, laser mediated transfection, pinocytosis transfection, ostmotic

lysis transfection, microinjection and combinations thereof.

26. The method of claim 22, wherein the cells are selected from cultured
cells, cancer cells, tissue sample cells, tumor cells, tumor cells derived from the biopsy of a
cancer patient, normal cells derived from a healthy patient, known cell lines, and

combinations thereof,

27. The method of claim 22, wherein the cells are labeled with a detectable
marker selected from selectable markers, fluorescent markers, fluorescent nanocrystals,

quantum dots, fluorescent proteins, bacterial enzymes, and combinations thereof.
?
28.  The method of claim 22, wherein measuring cell growth comprises

detecting plated cells and counting colonies of living cells.

29. The method of claim 28, wherein counting colonies of living cells

comprises using a computer program to identify and count the colonies of living cells.
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30. The method of claim 22, wherein the means for observing cells is
selected from microscopy, scanning, laser scanning, fluorescence detection, automated
fluorescence detection, a CCD camera, cell counter, automate;d colony counter, the human

eye, FACS and combinations thereof.
31. A method for identifying a cancer causing gene comprising:

coating at least one surface of at least one slide with a matrix capable of supporting

anchorage-independent, three-dimensional cell growth;

spotting a plurality of active agents on or into the matrix at separate distinct locations
on the at least one side wherein the active agent is capable of inhibiting expression of a

specific target gene;

plating a plurality of cancerous cells onto the slide wherein plating the cancerous cells

further comprises the uptake of the active agent by the cancerous cells;
detecting colonies of living cancerous cells;
determining the spots on which cancerous cell growth is inhibited;

identifying the active agent that corresponds with the spot on which cancerous cell
growth is inhibited;

relating the specific active agent with the gene whose expression the active agent
inhibits; and
determining the gene whose expression inhibition inhibits growth of cancerous cells.

32. The method of claim 31, wherein the active agent is selected from
siRNA, shRNA and DNA that contains an expressible gene for an shRNA.

33. The method of claim 31, wherein the target gene is a human gene.

34. The method of claim 31, wherein at least one of the plurality of active

agents targets at least one gene.

35. The method of claim 31, wherein at least one of the plurality of active

agents targets at least one expressed gene.

36. The method of claim 31, wherein the plurality of active agents target

every known human gene.

37. The method of claim 31, wherein the target gene is a cancer gene.
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38. The method of claim 31, wherein detecting colonies of living cancerous

cells is accomplished over time.
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