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doned.

This invention was made with government support NSF
Grant Number EEC-880-3014, NIH Grant Number
GM30367, ONR Grant Number N00014-86-K-0756, and
ACS Grant Number CD-493. The government has certain
rights to the invention.

FIELD OF THE INVENTION

The present invention relates generally to derivatization
and patterning of surfaces, more particularly to the formation
on surfaces of patterns of self-assembled molecular mono-
layers with differing bioadhesive properties using a micros-
tamp, novel articles produced thereby, and uses therefor.

BACKGROUND OF THE INVENTION

In the field of microelectronic devices and sensors, the
development of devices that are small relative to the state of
the art, conveniently and relatively inexpensively reproduced,
and produced with a relatively low failure rate has long been
important. In the fields of cellular and developmental, and
molecular biology, microbiology, biomedical devices, and
biotechnology, there is now a growing need for devices of
similar scale with features as small as or smaller than indi-
vidual cells.

In the electronics industries, such devices have been pro-
duced by a variety of methods. A well-known method of
production of such devices is photolithography. According to
this technique, a thin film of conducting, insulating, or semi-
conducting material is deposited on a substrate and a negative
or positive resist (photoresist) is coated onto the exposed
surface of the material. The resist is then irradiated in a
predetermined pattern, and irradiated (positive resist) or non-
irradiated (negative resist) portions of the resist are washed
from the surface to produce a predetermined pattern of resist
on the surface. Alternatively, micromachining has been
employed to mechanically remove small areas from a surface
to form a pattern.

While the above-described irradiative lithographic meth-
ods may be advantageous in many circumstances, all require
relatively sophisticated and expensive apparatus to reproduce
a particular material pattern on a plurality of substrates, and
are relatively time-consuming. Additionally, no method of
patterning other than on a flat substrate is commonly available
according to the methods.

These techniques have recently been employed in the bio-
logical sciences to create patterned surfaces on which cells
may be adhered and grown. For example, the orientation,
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spreading, and shape of several cell types have been shown to
be affected by topography. Thus cells have been grown on
grooved surfaces which have been created by micromachin-
ing surfaces or by using photolithography to etch away parts
of'surfaces. (See, for example, D. M. Brunette, Exp. Cell Res.,
167:203-217, 1986; T. Inoue, et al., J. Biomedical Materials
Res., 21:107-126, 1987, B. Chehroudi, et al., J. Biomedical
Materials Res., 22:459-473, 1988; G. A. Dunn and A. F.
Brown, J. Cell Sci., 83:313-340, 1986; A. Wood, J. Cell Sci.,
90:667-681, 1988; B. Chehroudi, et al., J. Biomedical Mate-
rials Res., 24-1203-1219, 1990; P. Clark, et al. Development,
99:439-448, 1987.

A need exists in the art for a convenient, inexpensive, and
reproducible method of plating or etching a surface according
to a predetermined pattern. The method would ideally find
use on planar or nonplanar surfaces, and would result in
patterns having features in the submicron domain. Addition-
ally, the method would ideally provide for convenient repro-
duction of existing patterns.

The study of self-assembled monolayers (SAMs) is an area
of significant scientific research. Such monolayers are typi-
cally formed of molecules each having a functional group that
selectively attaches to a particular surface, the remainder of
each molecule interacting with neighboring molecules in the
monolayer to form a relatively ordered array. Such SAMs
have been formed on a variety of substrates including metals,
silicon dioxide, gallium arsenide, and others. SAMs have
been applied to surfaces in predetermined patterns in a variety
of ways including simple flooding of a surface and more
sophisticated methods such as irradiative patterning.

Monolayers may be produced with varying characteristics
and with various functional groups at the free end of the
molecules which form the SAM. Thus, SAMs may be formed
which are generally hydrophobic or hydrophilic, generally
cytophobic or cytophilic, or generally biophobic or biophilic.
Additionally, SAMs with very specific binding affinities can
be produced. This allows for the production of patterned
SAMs which will adhere cells, proteins, or other biological
materials in specific and predetermined patterns.

Accordingly, a general purpose of the present invention is
to provide a method of conveniently and reproducibly pro-
ducing a variety of SAM patterns on planar as well as non-
planar surfaces, the patterns having resolution in the submi-
cron domain and being capable of adhering cells, proteins, or
other biological materials in specific and predetermined pat-
terns. Another purpose of the invention is to provide a method
of forming a template from an existing pattern having micron
or submicron-domain features, the template conveniently
reproducing the pre-existing pattern.

SUMMARY OF THE INVENTION

The invention provides novel devices useful for adhering
cells in specific and predetermined positions. Such devices
are useful in a wide array of cellular biology applications,
including cell culturing, recombinant protein production,
cytometry, toxicology, cell screening, microinjection, immo-
bilization of cells, influencing the state of differentiation of'a
cell including promoting differentiation, arresting differen-
tiation or causing dedifferentiation. The devices of the inven-
tion also can be used to promote ordered cell-cell contact or to
bring cells close to one another, but prevent such contact. The
devices of the invention also are useful in the creation of
artificial tissues for research or in vivo purposes and in con-
nection with creating artificial organs such as artificial liver
devices. The devices also are useful in connection with gen-
erating surfaces for prosthetic or implantable devices.
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According to one aspect of the invention, a plate defining a
surface with a cytophilic island is provided. The cytophilic
island includes a self-assembled monolayer. In one preferred
embodiment, the device includes a plurality of such islands.
These islands can be isolated by a cytophobic region includ-
ing a self-assembled monolayer, which can be contiguous
with the cytophilic island.

According to another aspect of the invention, the plate has
a surface with a cytophilic island, wherein the cytophilic
island is isolated by a cytophobic region including a self-
assembled monolayer, which can be contiguous with the
cytophilic island. Again, preferred devices include a plurality
of such islands.

Islands of the foregoing type can take on virtually any
shape when manufactured according to the methods of the
invention, including elongated shapes. They also can be
adapted to bind only selected cell types. Preferred islands are
between 1 and 2,500 square microns, preferably between 1
and 500 square microns. In some applications, the islands can
have an area of as little as between 1 and 100 square microns.
Also according to the invention, the islands may have a lateral
dimension of between 0.2 and 10 microns. According to
another aspect of the invention, the plate has a surface and a
pair of cytophilic regions. Each of the cytophilic regions
includes a self-assembled monolayer. One of the pair has its
self-assembled monolayer modified so as to bind a first cell
type but not a second cell type, and the other of the pair has its
self-assembled monolayer modified so as to bind the second
cell type butnot the first cell type. Such cytophilic regions can
be positioned to promote or prevent cell-cell contact. They in
particular can be adapted to prevent cell-cell contact, but be
close enough so they permit cell-cell communication via
secreted molecules such as cytokines.

The invention in its broadest aspects including methods
and products useful in manufacturing the devices will be
described in greater detail below.

BRIEF DESCRIPTION OF THE DRAWINGS

In the drawings:

FIG.11s a schematic illustration of the stamping process of
the present invention and one potential embodiment, includ-
ing photocopies of scanning electron microscopy (SEM) fig-
ures of an exemplary stamping surface, a SAM pattern
formed according to the inventive process, and cells adhered
to specific and predetermined sites on one of the plates of the
present invention.

DETAILED DESCRIPTION OF THE INVENTION

The present invention provides a method for producing
patterned surfaces for plating cells, proteins, or other biologi-
cal materials in a specific and predetermined pattern. In par-
ticular, it provides a method of producing plates with pat-
terned regions of material capable of binding cells, proteins or
other biological materials, interspersed with regions of mate-
rial incapable of binding such biological samples. Signifi-
cantly, the present invention provides for the production of
patterned plates in which the dimensions of the features or
details of the patterns may be as small as 0.2-1 pm.

The invention derives from a general new method of cre-
ating patterned surfaces applicable in a variety of fields. The
method is simple and provides for relatively inexpensive pro-
duction of many copies of the patterned surface. Applications
of the method relating to the production of microelectronic
devices are described in U.S. patent application Ser. No.
08/131,841 filed by Kumar and Whitesides on Oct. 4, 1993
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and entitled “Formation of Microstamped Patterns on Sur-
faces and Derivative Articles”, the disclosure of which is
incorporated herein by reference.

The patterns of the present invention are formed by self-
assembled monolayers (SAMs) of organic molecules which
spontaneously chemisorb to the surface of a plate. The SAM
patterns are applied to the plate using a stamp in a “printing”
process in which the “ink™ consists of a solution including a
compound capable of chemisorbing to form a SAM. The ink
is applied to the surface of a plate using the stamp and depos-
its a SAM on the plate in a pattern determined by the pattern
on the stamp. The plate may be stamped repeatedly with the
same or different stamps in various orientations and with the
same or different SAM-forming solutions. In addition, after
stamping, the portions of the plate which remain bare or
uncovered by a SAM may be derivatized. Such derivatization
may conveniently include exposure to another solution
including a SAM-forming compound. The SAM-forming or
derivatizing solutions are chosen such that the regions of the
finished plate defined by the patterns differ from each other in
their ability to bind biological materials. Thus, for example, a
grid pattern may be created in which the square regions of the
grid are cytophilic and bind cells but the linear regions of the
grid are cytophobic and no cells bind to these regions.

A simple illustration of the general process underlying the
present invention is presented in FIG. 1. FIG. 1(a) shows an
polymeric material 20 cast onto a mold with raised features 44
defining a pattern. FIG. 1(b) shows the stamp 20 with stamp-
ing surface 26 after curing and separation from the mold. FIG.
1(c) shows the stamp after inking with an ink 28 including a
SAM-forming compound. FIG. 1(d) shows a plate compris-
ing a substrate 34 and a thin coating of surface material 32
after stamping. The SAM forming compound of the ink has
chemisorbed to the material surface 32 to form a SAM 35
with surface regions 36 in a pattern corresponding to the
stamping surface 26 of the stamp 20. FIG. 1(e) shows the plate
after exposure to a second or filling solution including a
SAM-forming compound. The second solution has filled the
bare regions 37 of the surface material 32 with a second or
filling SAM 38. FIG. 1(f) shows an electron micrograph of the
surface of a typical plate formed in a grid pattern as shown
according to the steps represented in FIG. 1(a) through FIG.
1(e). FIG. 1(g) shows an plate with a patterned SAM on which
a material 39 has selectively bound to the surface regions 36
of'the first SAM 35. FIG. 1(%) is an electron micrograph of the
grid patterned SAM of FIG. 1(f) after exposure to a protein
which bound only to the square islands. FIG. 1(7) shows a
SAM on which a material 39 has bound to the surface 36 ofa
SAM and cells 40 have bound to the material 39. FIG. 1(;)
shows an electron micrograph of a SAM with cells bound at
specific and predetermined positions.

The mold used to form the stamp may be a commercially
available item such as a transmission electron microscopy
grid or any other corrugated material possessing a pattern
which is desired to be reproduced on the stamp. Alternatively,
the mold may be especially prepared by any of a variety of
methods known in the art. According to one, the mold surface
is micromachined from a material such as metal. Accordingto
another, the mold surface is formed lithographically by pro-
viding a substrate, depositing a film of material onto the
substrate, coating an exposed surface of the material with
resist, irradiating the resist according to a predetermined pat-
tern, removing irradiated portions of the resist from the mate-
rial surface, contacting the material surface with a reactant
selected to react chemically therewith and selected to be
chemically inert with respect to the resist such that portions of
the material according to the predetermined pattern are
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degraded, removing the degraded portions, and removing the
resist to uncover portions of the material formed according to
the predetermined pattern to form the mold surface. Negative
or positive resist may be used, and the procedure adjusted
accordingly. According to another method of forming a mold
surface, a substrate may be provided, and coated with resist.
Then portions of the resist may be irradiated according to a
particular predetermined pattern. Irradiated portions of the
resist may then be removed from the substrate to expose
portions of the substrate surface according to the predeter-
mined pattern, and the substrate may be contacted with a
plating reagent such that exposed portions according to the
predetermined pattern are plated. Then, the resist may be
removed to uncover portions of the exposed substrate accord-
ing to the predetermined pattern bordered by plated portions
of the substrate to form the mold surface.

As noted above, however, any corrugated material may be
used as a mold to form the stamps of the present invention.

The stamp is produced by casting a polymeric material
onto a mold having the desired pattern. The particular mate-
rial chosen for formation of the stamp is not critical to the
present invention, but should be chosen so as to satisfy certain
physical characteristics. The stamp is advantageously chosen
to be elastic, such that the stamping surface may very closely
conform to minute irregularities in the surface material of the
plate to be stamped and to completely transfer the ink thereto,
and so as to be amenable to transferring SAMs to nonplanar
surfaces. The stamp should not, however, be so elastic as to
greatly deform in shape during stamping as this will cause a
blurring of the desired pattern. The stamp should also be
formed such that the stamping surface comprises an absor-
bent material selected to absorb SAM-forming solutions. The
material may also be swellable. Such swelling and absorbing
characteristics serve the important function of providing
good definition of an isolated SAM on the surface material of
the plate. For example, if a dimensional feature of the stamp-
ing surface includes a substantially square-shaped feature, the
stamping surface should transfer a SAM-forming compound
to the surface material of the plate so as to form SAMs
mirroring the substantially square features of the stamping
surface, without blurring. Such blurring results from selec-
tion of a stamp which does not absorb the ink. When such a
stamp is employed, the ink resides as a liquid on the stamping
surface, rather than partially or fully within the stamping
surface, and when the stamping surface contacts the surface
material of a plate, the ink is dispersed from under the stamp-
ing surface. According to the stamp of the present invention,
however, the ink is dry both on and within the stamping
surface. The ink may be dried by simple exposure to air or, if
desired, an air current may be provided by a blower or jet.
Thus, the ink is absorbed into the stamping surface, dries, and
when the stamping surface contacts the surface material of a
plate, the ink is not dispersed, but binds to the plate, and the
removal of the stamping surface from the surface material of
the plate results in well-defined SAM features.

Additionally, the stamp should be fabricated such that the
stamping surface is free of any leachable materials such as
plasticizers that would interfere with or contaminate the ink.
For example, if additives are included in the material used to
fabricate the stamp, such additives should be bound to the
internal structure of the stamp. For example, if the stamp is
fabricated from a polymeric material, any additives should be
bound to the polymer backbone thereof.

Material selected for use in fabrication of the stamp is
advantageously selected so as not to undergo substantial
shape changes when the stamp is formed. For example, when
ahardenable fluid is brought into contact with the mold and is
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hardened, little or no shape change should take place upon
such hardening. Thus, any shape changes of features of the
stamping surface should be within tolerable limits of preci-
sion for formation of SAM features transferred to the surface
material of the plate by the stamping surface. If any shape
changes do occur upon hardening of the material selected for
fabrication of the stamp, it may be desirable that such changes
involve miniaturization of the stamping surface features.

According to a preferred embodiment, the stamp is formed
from a polymeric material. Polymeric materials suitable for
use in the fabrication of the stamp may have linear or
branched backbones, and may be crosslinked or non-
crosslinked, depending upon the particular polymer and the
degree of formability desired of the stamp. A variety of elas-
tomeric polymeric materials are suitable for such fabrication,
especially polymers of the general classes of silicone poly-
mers and epoxy polymers. Epoxy polymers are characterized
by the presence of a three-member cyclic ether group com-
monly referred to as an epoxy group, 1,2-epoxide, or oxirane.
For example, diglycidyl ethers of bisphenol A may be used, in
addition to compounds based on aromatic amine, triazine,
and cycloaliphatic backbones. Another example includes the
well-known Novolac polymers.

Examples of silicone elastomers suitable for use as the
stamp include those formed from precursors including the
chlorosilanes such as methylchlorosilanes, ethylchlorosi-
lanes, and phenylchlorosilanes, and the like. A particularly
preferred silicone elastomer is polydimethylsiloxane
(PDMS). This material has produced better stamps than poly-
ethylene or polystyrene, which were insufficiently elastic,
and polybutadiene, which was too elastic.

In addition to the above-described methods for forming the
stamp, a photolytic method may be employed in the present
invention. For example, a mask may be positioned between a
surface and a source of irradiation, and the surface irradiated
through the mask for a predetermined period of time. Portions
of the surface may be degraded by such irradiation, forming
indentations in the surface upon removal of such degraded
portions, and thereby defining a stamping surface. According
to this method, a variety of patterns may be very conveniently
formed in a stamp according to a variety of available masks.
In addition, the photolytic method may be used in combina-
tion with the above-described methods involving hardening a
hardenable fluid on a mold surface. For example, a harden-
able fluid may be contacted with a mold surface and allowed
to harden to form a stamp having a first predetermined stamp-
ing surface, and then the first predetermined stamping surface
is irradiated through a mask to create additional features in the
stamping surface.

The stamp includes a stamping surface having a variety of
features defined by the border between the stamping surface
and indentations in the surface. According to the invention,
the stamping surface may include features having a variety of
lateral dimensions, including very large lateral dimensions
for transferring a large SAM to a surface. According to some
embodiments of the invention, however, it is highly advanta-
geous to fabricate stamping surfaces so as to have at least one
feature with a lateral dimension of less than about 100
microns so as to be able to produce SAMs capable of binding
single cells or narrow bands of biological materials such as
proteins. According to other embodiments, the stamping sur-
face may include at least one feature with a lateral dimension
ofless than about 50 microns, less than about 10 microns, less
than about 5 microns, less than about 1 micron, or less than
about 0.25 microns.

The stamp is inked with a solution capable of forming a
SAM by chemisorption to a surface. The inking may, for
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example, be accomplished by (1) contacting the stamp with a
piece of lint-free paper moistened with the ink, (2) pouring
the ink directly onto the stamp or (3) applying the ink to the
stamp with a cotton swab. The ink is then allowed to dry on the
stamp or is blown dry so that no ink in liquid form, which may
cause blurring, remains on the stamp. The SAM-forming
compound may be very rapidly transferred to the stamping
surface. For example, contacting the stamping surface with
the compound for a period of time of approximately 2 seconds
is generally adequate to effect sufficient transfer, or contact
may be maintained for substantially longer periods of time.
The SAM-forming compound may be dissolved in a solvent
for such transfer, and this is often advantageous in the present
invention. Any organic solvent within which the compound
dissolves may be employed but, preferably, one is chosen
which aids in the absorption of the SAM-forming compound
by the stamping surface. Thus, for example, ethanol, THF,
acetone, diethyl ether, toluene, isooctane and the like may be
employed. For use with a PDMS stamp, ethanol is particu-
larly preferred, and toluene and isooctane and not preferred as
they are not well absorbed. The concentration of the SAM-
forming compound in the ink solution may be as low as 1 uM.
A concentration of 1-10 mM is preferred and concentrations
above 100 mM are not recommended.

The plate is then contacted with the stamp such that the
inked stamping surface bearing the pattern contacts the sur-
face material of the plate. This may be accomplished by hand
with the application of slight finger pressure or by a mechani-
cal device. The stamp and plate need not be held in contact for
an extended period; contact times between 1 second and 1
hour result in apparently identical patterns for hexade-
canethiol (1-10 mM in ethanol) ink applied to a plate with a
gold surface. During contact, the SAM-forming compound of
the ink reacts with the surface of the plate such that, when the
stamp is gently removed, a SAM is chemisorbed to the plate
in a pattern corresponding to the stamp.

As used herein, a “plate” means any object with a surface
capable of reacting with a solution including a SAM-forming
compound such that a SAM is formed on the surface. The
plate may be flat as in a tissue culture plate or glass slide. The
plate may also, however, be corrugated, rugose, concave,
convex or any combination of these. The plate may also be a
prosthetic or implantable device on which it is desired to form
a SAM or adhere patterns of cells, proteins, or other biologi-
cal materials. The word “plate” is used only for expository
brevity and is not to be construed as limiting the scope or
claims of the present invention to planar surfaces.

A variety of compounds may be used in solution as the ink
and a variety of materials may provide the surface material
onto which the ink is stamped and the SAM is formed. In
general, the choice of ink will depend on the surface material
to be stamped. In general, the surface material and SAM-
forming compound are selected such that the SAM-forming
compound terminates at a first end in a functional group that
binds or chemisorbs to the surface of the surface material. As
used herein, the terminology “end” ofa compound is meant to
include both the physical terminus of a molecule as well as
any portion of a molecule available for forming a bond with
the surface in a way that the compound can form a SAM. The
compound may comprise a molecule having first and second
terminal ends, separated by a spacer portion, the first terminal
end comprising a first functional group selected to bond to the
surface material of the plate, and the second terminal end
optionally including a second functional group selected to
provide a SAM on the material surface having a desirable
exposed functionality. The spacer portion of the molecule
may be selected to provide a particular thickness of the result-
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ant SAM, as well as to facilitate SAM formation. Although
SAMs of the present invention may vary in thickness, as
described below, SAMs having a thickness of less than about
50 Angstroms are generally preferred, more preferably those
having a thickness of less than about 30 Angstroms and more
preferably those having a thickness of less than about 15
Angstroms. These dimensions are generally dictated by the
selection ofthe compound and in particular the spacer portion
thereof.

A wide variety of surface materials and SAM-forming
compounds are suitable for use in the present invention. A
non-limiting exemplary list of combinations of surface mate-
rials and functional groups which will bind to those surface
materials follows. Although the following list categorizes
certain preferred materials with certain preferred functional
groups which firmly bind thereto, many of the following
functional groups would be suitable for use with exemplary
materials with which they are not categorized, and any and all
such combinations are within the scope of the present inven-
tion. Preferred materials for use as the surface material
include metals such as gold, silver, copper, cadmium, zinc,
palladium, platinum, mercury, lead, iron, chromium, manga-
nese, tungsten, and any alloys of the above when employed
with sulfur-containing functional groups such as thiols, sul-
fides, disulfides, and the like; doped or undoped silicon
employed with silanes and chlorosilanes; metal oxides such
as silica, alumina, quartz, glass, and the like employed with
carboxylic acids; platinum and palladium employed with
nitrites and isonitriles; and copper employed with hydrox-
amic acids. Additional suitable functional groups include
acid chlorides, anhydrides, sulfonyl groups, phosphoryl
groups, hydroxyl groups and amino acid groups. Additional
surface materials include germanium, gallium, arsenic, and
gallium arsenide. Additionally, epoxy compounds, polysul-
fone compounds, plastics and other polymers may find use as
the surface material in the present invention. Polymers used to
form bioerodable articles, including but not limited to poly-
anhydrides, and polylactic and polyglycolic acids, are also
suitable. Additional materials and functional groups suitable
for use in the present invention can be found in U.S. Pat. No.
5,079,600, issued Jan. 7, 1992, and incorporated herein by
reference.

According to a particularly preferred embodiment, a com-
bination of gold as the surface material and a SAM-forming
compound having at least one sulfur-containing functional
group such as a thiol, sulfide, or disulfide is selected.

The SAM-forming compound may terminate in a second
end, opposite to the end bearing the functional group selected
to bind to the surface material, with any of a variety of func-
tionalities. That is, the compound may include a functionality
that, when the compound forms a SAM on the surface mate-
rial, is exposed. Such a functionality may be selected to create
a SAM that is hydrophobic, hydrophilic, that selectively
binds various biological or other chemical species, or the like.
For example, ionic, nonionic, polar, nonpolar, halogenated,
alkyl, aryl or other functionalities may exist at the exposed
portion of the compound. A non-limiting, exemplary list of
such functional groups includes those described above with
respect to the functional group for attachment to the surface

material in addition to:

—OH, —CONH—, —CONHCO—, —NH,, —NH—,
—COOH, —COOR, —CSNH—, —NO,”, —SO,,
—RCOR—, —RCSR—, —RSR, —ROR—, —PO,~,

—0S0,7%, —8S0,-, —NHR, ", —C00~, —S00~,
—RSOR—, —CONR,, —(OCH,CH,),,OH (where n=1-20,
preferably 1-8), —CH;, —PO;H~, -2-imidazole,
—N(CH,),, —NR,, —PO,H,, —CN, —(CF,),,CF; (where
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n=1-20, preferably 1-8), olefins, and the like. In the above list,
R is hydrogen or an organic group such as a hydrocarbon or
fluorinated hydrocarbon. As used herein, the term “hydrocar-
bon” includes alkyl, alkenyl, alkynyl, cycloalkyl, aryl,
alkaryl, aralkyl, and the like. The hydrocarbon group may, for
example, comprise methyl, propenyl, ethynyl, cyclohexyl,
phenyl, tolyl, and benzyl groups. The term “fluorinated
hydrocarbon™ is meant to refer to fluorinated derivatives of
the above-described hydrocarbon groups.

In addition, the functional group may be chosen from a
wide variety of compounds or fragments thereof which will
render the SAM generally or specifically “biophilic” as those
terms are defined below. Generally biophilic functional
groups are those that would generally promote the binding,
adherence, or adsorption of biological materials such as, for
example, intact cells, fractionated cells, cellular organelles,
proteins, lipids, polysaccharides, simple carbohydrates, com-
plex carbohydrates, and/or nucleic acids. Generally biophilic
functional groups include hydrophobic groups or alkyl
groups with charged moieties such as —COO~, —PO,H™ or
2-imidazolo groups, and compounds or fragments of com-
pounds such as extracellular matrix proteins, fibronectin, col-
lagen, laminin, serum albumin, polygalactose, sialic acid, and
various lectin binding sugars. Specifically biophilic func-
tional groups are those that selectively or preferentially bind,
adhere or adsorb a specific type or types of biological material
so as, for example, to identify or isolate the specific material
from a mixture of materials. Specific biophilic materials
include antibodies or fragments of antibodies and their anti-
gens, cell surface receptors and their ligands, nucleic acid
sequences and many others that are known to those of ordi-
nary skill in the art. The choice of an appropriate biophilic
functional group depends on considerations of the biological
material sought to be bound, the affinity of the binding
required, availability, facility of ease, effect on the ability of
the SAM-forming compound to effectively form a SAM, and
cost. Such a choice is within the knowledge, ability and
discretion of one of ordinary skill in the art.

Alternatively, the functional group may be chosen from a
wide variety of compounds or fragments thereof which will
render the SAM “biophobic™ as that term is defined below.
Biophobic SAMs are those with a generally low affinity for
binding, adhering, or adsorbing biological materials such as,
for example, intact cells, fractionated cells, cellular
organelles, proteins, lipids, polysaccharides, simple carbohy-
drates, complex carbohydrates, and/or nucleic acids. Biopho-
bic functional groups include polar but uncharged groups
including unsaturated hydrocarbons. A particularly preferred
biophobic functional group is polyethylene glycol (PEG).

The central portion of the molecules comprising the SAM-
forming compound generally includes a spacer functionality
connecting the functional group selected to bind the to surface
material and the exposed functionality. Alternately, the spacer
may essentially comprise the exposed functionality, if no
particular functional group is selected other than the spacer.
Any spacer that does not disrupt SAM packing and that
allows the SAM layer to be somewhat impermeable to various
reagents such as etching reagents, as described below, in
addition to organic or aqueous environments, is suitable. The
spacer may be polar; non-polar; halogenated or, in particular,
fluorinated; positively charged; negatively charged; or
uncharged. For example, a saturated or unsaturated, linear or
branched alkyl, aryl, or other hydrocarbon spacer may be
used.

A variety of lengths of the SAM-forming compound may
be employed in the present invention. If two or more different
SAM-forming compounds are used in one stamping step, for
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example if two or more different SAM-forming compounds
are used in the ink, it is often advantageous that these species
have similar lengths. However, when a two or more step
process is used in which a first SAM is provided on a surface
and at least a second SAM is provided on the surface, the
various SAMs being continuous or noncontinuous, it may be
advantageous in some circumstances to select molecular spe-
cies for formation of the various SAMs that have different
lengths. For example, if the SAM formed by stamping has a
first molecular length and the SAM subsequently derivatized
to the surface has a second molecular length greater than that
of'the stamped SAM, a continuous SAM having a plurality of
“wells” results. These wells are the result of the stamped
SAM being surrounded by the second SAM having a longer
chain length. Such wells may be advantageously fabricated
according to certain embodiments, for example, when it is
desirable to add greater lateral stability to particular biologi-
cal materials, such as cells, which have been captured in the
wells. Such wells may also form the basis for reaction vessels.

Additionally, SAMs formed on the surface material may be
modified after such formation for a variety of purposes. For
example, a SAM-forming compound may be deposited on the
surface material in a SAM, the compound having an exposed
functionality including a protecting group which may be
removed to effect further modification of the SAM. For
example, a photoremovable protecting group may be used,
the group being advantageously selected such that it may be
removed without disturbance of the SAM of which it is a part.
For example, a protective group may be selected from a wide
variety of positive light-reactive groups preferably including
nitroaromatic compounds such as o-nitrobenzyl derivatives
or benzylsulfonyl. Photoremovable protective groups are
described in, for example, U.S. Pat. No. 5,143,854, issued
Sep. 1, 1992, and incorporated herein by reference, as well as
an article by Patchornik, JACS, 92, 6333 (1970) and Amit et
al., JOC, 39, 192, (1974), both of which are incorporated
herein by reference. Alternately, a reactive group may be
provided on an exposed portion of a SAM that may be acti-
vated or deactivated by electron beam lithography, x-ray
lithography, or any other radiation. Such protections and
deprotections may aid in chemical or physical modification of
an existing surface-bound SAM, for example in lengthening
existing molecular species forming the SAM. Such modifi-
cation is described in U.S. Pat. No. 5,143,857, referenced
above.

The preferred surface portions are cytophilic, that is,
adapted to promote cell attachment. Molecular entities creat-
ing cytophilic surfaces are well known to these of ordinary
skill in the art and include antigens, antibodies, cell adhesion
molecules, extracellular matrix molecules such as laminin,
fibronectin, synthetic peptides, carbohydrates and the like.

The surface material of the plate may comprise the entire
plate onto which the patterned SAMs of the present invention
are chemisorbed, or may be a thin film deposited upon a
substrate. Where a separate substrate is employed, it may
comprise any biological, non-biological, organic, or inor-
ganic material, or a combination of any of these existing as
particles, strands, precipitates, gels, sheets, tubing, spheres,
containers, capillaries, pads, slices, films, slides, etc. Gener-
ally, the substrate of the present invention is substantially
planar, although it need not be according to certain embodi-
ments. The substrate may be formed of a conductive, non-
conductive, semiconducting material, or the like, and may
comprise glass, silica, alumina, plastic or other organic poly-
mers including acrylonitrile-butadiene-styrene copolymers,
polysulfone, metals, as well as bioerodable polymers includ-
ing polyanhydrides or polylactic or polyglycolic acids, or any
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of the above materials described with respect to the surface
material of the present invention. The substrate may addition-
ally include a bonding layer, for example a thin titanium film,
to promote adhesion between the surface material and the
substrate.

The surface material is generally of a thickness on the order
of 500 microns, but may be substantially thicker or may be
substantially thinner. For example, when a substrate as a base
material is employed, the surface material may have a thick-
ness of less than about 100 nanometers, less than about 10
nanometers, or even less than about 6 nanometers. When a
very thin film of surface material is employed, and a trans-
parent substrate supports the surface material, a transparent
base support for a SAM results, and this may be advantageous
in standard light or electron microscopic or spectrophotomet-
ric detection or analysis of any biological material interacting
with a SAM on the surface material.

Now that a detailed description of the process for produc-
ing patterned plates for plating cells, proteins, and other bio-
logical materials has been provided, a variety of particular
preferred embodiments relating to particular plate patterns
and their uses are disclosed below. These embodiments are
intended to be illustrative and are not intended to limit the
uses to which the plates of the present invention may be
applied.

In a first series of embodiments, a patterned plate is pro-
duced with biophilic “islands.” By “islands”, as used herein,
is meant regions of biophilic SAM surrounded by biophobic
SAM. Thus, islands on a plate are regions to which cells,
proteins or other biological materials may be expected to
adhere or bind. Islands may be of any size or shape, including
rectilinear, circular, ovoid and arbitrary shapes. In some pre-
ferred embodiments, islands are of such area and shape so as
to permit binding of only a single cell of a given type or types.
In other embodiments, as described below, islands may be
shaped or sized so as to create desired patterns of a multiplic-
ity of adhered cells in contact with one another on a given
island but separated from and not in contact with cells on a
different island. Irrespective of the shape of the islands, a
pattern consisting of an array of islands is referred to herein as
a grid pattern.

As noted above, the same plate may be stamped several
times. In one embodiment, a grid of islands is produced by
employing a stamp consisting of a pattern of parallel lines.
This stamp may be contacted with the plate a first time in a
first orientation and then, after reinking the stamp if neces-
sary, either the stamp or the plate is rotated through some
angle and contacted a second time in a second orientation. If
the angle of rotation is 90°, a square grid pattern may be
produced.

After the desired SAM pattern has been formed on the
plate, the portion of the plate’s surface which is bare or not
covered by the stamped SAM may be derivatized by exposing
it to a second or “filling” solution with characteristics difter-
ing from the first solution which was used as the ink. This
exposure may be accomplished by dipping the plate in a bath
of solution, by pouring the solution onto the plate or by any
other convenient method which does not disrupt the patterned
SAM. The second solution may form a SAM over the surface
of the plate which is not already covered by the patterned
SAM of the ink. That is, the second of filling solution may
contain a second or “filling” SAM-forming compound which
will form a second or “filling” SAM on the bare portions of
the plate’s surface. The result is a plate completely covered by
complementary patterns of two or more SAMs of differing
properties.
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In this embodiment of forming a grid pattern, the ink used
in the stamping can form a biophobic SAM or it can be
modified in situ after SAM formation to form a biophobic
SAM by reacting the functional groups at the free ends of the
SAM with a compound that will make it biophobic. The
filling solution, which derivatizes the areas of the plate cor-
responding to the islands, can form a biophilic SAM or it can
be modified in situ after SAM formation to form a biophilic
SAM by reacting the functional groups at the free ends of the
SAM with a compound that will make it biophilic.

In an alternative embodiment, the raised stamping surface
of the stamp may correspond to the islands and the ink will
form a SAM which is biophilic or may be made biophilic by
modifying the functional groups at the free ends of the SAM.
In this embodiment, the filling solution which derivatizes the
bare regions of the surface material can form a biophobic
filling SAM or may be modified so as to become biophobic. In
this embodiment, round, oval or arbitrarily shaped, in addi-
tion to square or rectangular islands may be produced.

Itis not necessary in all embodiments to derivatize any bare
portions of the surface remaining after forming patterned
SAMs. Depending upon the surface used, the bare surface
may have the desired biophilic or biophobic characteristics
and, thus, the filling step may be omitted. When it is desired
that cells adhere to a bare portion of some surfaces, the
provision of serum facilitates this binding.

In one set of preferred embodiments of a patterned plate
with a grid pattern, the islands are of a size and shape appro-
priate for binding individual cells and are separated one from
another by a sufficiently large area of biophobic SAM so as to
prevent cell-to-cell contact. The islands of these plates are
designed so as to be of a size less than or approximately
commensurate with the cells to be studied when the cells have
adhered. As is well known to one of ordinary skill in the art,
cells in suspension will generally flatten upon adhering to a
surface. Also, as in known in the art, cells vary in the degree
to which they flatten upon binding. White blood cells, for
example, have a diameter of approximately 20 um whereas
Xenopus laevis oocytes may have a diameter of 1 mm. Rela-
tive to other cells, these cells do not flatten substantially. On
the other hand, most other cells, and particularly epithelial
cells, spread and flatten to a greater degree. Endothelial cells
for example, may have an area of approximately 250-4,000
square pum, whereas hepatocytes may have an area of approxi-
mately 500-10,000 square pm. And, even within a given cell
type, a wide range of sizes may be found. The appropriate
size, therefore, is generally determined empirically. Begin-
ning with an island size roughly commensurate with the pro-
jected size ofthe cells when bound, it is well within the ability
of one of ordinary skill in the art to vary the island size to
determine a size appropriate to the intended use without
undue experimentation. This is most easily accomplished by
beginning with a plate bearing islands of varying sizes, con-
tacting the plate with a suspension of cells, and then deter-
mining which size or sizes of islands appropriately bound
cells. The size of the islands should be chosen such that it is
not so large as to admit binding of more than one cell per
island. In some circumstances, such as when it is desired to
remove the cells by elution or for replica plating, a smaller
size may be chosen so that the cells have less contact area with
the biophilic SAM and are more easily removed. The islands
should not, however, be so small as to render cell adhesion
unlikely.

In an alternative set of embodiments, the islands are chosen
s0 as to admit binding of a number of cells such that the cells
may form cell-to-cell contacts. The size of the islands, how-
ever, is chosen so as to prevent formation of a large sheet of
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cells which would be subject to cell retraction or detachment,
or the formation of spheroid and/or trabecular structures of
cells.

As is known to those of skill in the art, certain classes of
cells, specialized epithelial cells in particular and especially
anchorage dependent and polar cells, are affected by their
binding to a substrate or their contacts with other cells. Thus,
the viability, growth, proliferation, differentiation, orienta-
tion and spreading of certain cells have been shown to depend
on the substrate to which the cells are adhered (D. Gospo-
darowicz, et al., Cancer Res., 38:4155-4171, 1978; J. Folk-
man and A. Moscona, Nature, 273:345-349, 1978; A. Ben
Ze’ev. et al., Cell, 21:365-372, 1980; D. E. Ingber, et al., In
Vitro Cell Dev. Biol., 23:387-394, 1987; D. E. Ingber and J.
Folkman, J. Cell Biol., 109:317-330, 1989). The growth and
viability of anchorage dependent cells, for example, may be
different when they are allowed to become more extended or
flattened than when the cells are maintained in arounded form
orinsuspension. Similarly, for fibroblast growth factor (FGF)
stimulated capillary endothelial cells, it has been demon-
strated that by altering the density of extracellular matrix
(ECM) attachment sites, cell shape is altered and the cells
may be switched between growth and differentiation modes
in vitro (D. E. Ingber and J. Folkman, J. Cell Biol., 109:317-
330, 1989). It has also been shown that cell-to-cell contact or
cell anchorage may affect cellular processes such as post-
translational modification of proteins (e.g. D. Kabat, et al., J.
Cell Biol., 101:2274-2283, 1985).

Thus, the present invention also provides for patterned
plates of cells with altered or controlled viability, growth,
proliferation, differentiation, protein processing, orientation,
and/or spreading characteristics.

Cells may be shaped using plates with islands of varying
shapes which are sufficiently large to bind only a single cell
and which will cause the adhered cell to conform to that shape
of the island. In this way, a cell which normally flattens or
extends may be forced to remain in a rounded form. Alterna-
tively, although an island may admit of binding more than one
cell, the island may be shaped such that it is relatively narrow
in one dimension and forces the cells adhered to it to form a
single line of cells, each of which has been forced into an
elongated shape. The chosen area and shape of the island will
depend upon the particular cells and uses intended and, in
light of the present disclosure, is within the ability and dis-
cretion of one of ordinary skill in the art.

Alternatively, when cell-to-cell contact or anchorage in a
more flattened or extended form is desired in order to affect
the viability, growth, proliferation, differentiation, protein
processing, orientation, and/or spreading characteristics of
cells, but large sheets of cells are not desired because they are
subject to detachment from the surface of the culture plate,
islands admitting of more than one cell may be used such that
the cells establish the desired cell-to-cell contacts but do not
form large sheets. In this embodiment, the islands are chosen
to be of a sufficient size to adhere a desired number of cells but
are separated from other islands by biophobic regions which
are sufficiently wide to prevent cells from bridging them.
Such an embodiment is particularly preferred for use in cul-
tures in which the cells are kept or frequently washed with
serum free media, as for example in a bioreactor, and cell-to-
cell contact is desired because of its effect on the cells’ viabil-
ity, growth, proliferation, differentiation, protein processing,
orientation, and/or spreading characteristics. Bioreactors
include various devices for maintaining cultures such as per-
fusion systems such as Cube System (Costar), T-Flasks such
as the Falcon models (Bectin-Dickinson), roller bottle culture
systems, and stirred tanks or spinner flasks with cells adhered
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to microcarriers or beads. The use of the plates of the present
invention in bioreactors is particularly contemplated.

In another embodiment of the invention using patterned
plates with a grid pattern, the plates are employed in cytom-
etry. For example, the numbers or ratios of different types of
cells in a sample may be efficiently assayed by contacting the
suspension with one of the plates of the present invention,
allowing a period of time for the cells to bind, washing away
any excess solution or unbound cells if necessary, and then
identifying and counting the different cell types at the specific
and predetermined locations of the biophilic islands. Because
the size of the islands may be chosen such that no more than
one cell may bind on any given island, because the locations
and geometric pattern of the islands may be predetermined,
and because the cells will remain at fixed locations during the
cell counting, the patterned plates of the present invention
provide for much greater efficiency and accuracy in cytom-
etry.

In a particularly preferred embodiment in cytometry, the
cells are identified and counted by an automated detector unit.
Because the locations and geometric patterns of the islands
are predetermined, the detector can be designed or pro-
grammed to take measurements specifically at those loca-
tions. The presence or absence of a cell on an island or the
nature of the cell may be detected by any of a variety of known
fluorescence or spectrophotometric assays based upon bind-
ing of fluorescently labeled antibodies or other ligands, cell
size or morphology, or by the cells’ spectrophotometric trans-
mission, reflection or absorption characteristics either with or
without biological staining. Standard light or electron
microscopy can also be employed. The detector unit is posi-
tioned either above or below the plate. In the case of fluores-
cence assays, a detector unit may be placed above the plate or,
if the plate is translucent, below the plate. In the case of
transmission spectrophotometric assays, a translucent plate is
used, a source of electromagnetic radiation is placed on one
side of the plate and a detector unit on the other. Because of
the small distances between individual isolated cells permit-
ted by the present invention, detectors employing fiber optics
are particularly preferred. Such sources of electromagnetic
radiation and such detectors for electromagnetic transmis-
sion, reflection or emission are known in the applicable art
and are readily adaptable for use with the invention disclosed
herein.

In one preferred embodiment of the assays described
above, the detector unit consists of a multiplicity of individual
detectors in an array corresponding spatially to the islands of
the plate such that the entire detector unit may be positioned
above or below the plate and the individual detectors each
measure electromagnetic radiation transmitted through or
emitted or reflected from a particular island on the plate. In
this embodiment, the number and type of a great many indi-
vidual cells may be individually assessed simultaneously
with minimal human labor or involvement. In another
embodiment, the detector unit consists of a single detector
which may be sequentially positioned over each island to
measure the electromagnetic emission or transmission of
each cell, alternatively, or the plate may be moved to position
each island under the detector sequentially. Preferably, this
sequential positioning is automated and, in a most preferred
embodiment, the detector is programmable such that it may
be employed with plates of varying dimensions and varied
spacing between islands. The design of such automated
detectors is well within the ability of one of ordinary skill in
the applicable art.

When an automated detector unit is employed, a standard
or control plate may also be provided. Such a plate would
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contain islands including islands to which no cells are bound
so that a reference would be provided and the detector would
recognize such islands. In addition, islands bearing cells of
known types could be provided to act as references to allow
the detector unit to classify the cells on a subject plate. Fur-
thermore, depending upon the biophilic SAM which is cho-
sen, cells of different types may adhere to the plate with
differing affinities. Thus, depending upon the cells to be stud-
ied and the biophilic SAM employed, a standard cytometric
method may be employed on a sample first and then the plates
and method of the present invention may be employed on the
same or a substantially similar sample to calibrate the system.

In addition, when only a subset of cells in a sample are of
interest, for example, the white blood cells in a blood sample
containing both red and white blood cells, a specifically bio-
philic SAM may be chosen that will selectively bind the cells
of interest and, subsequent to binding, the extraneous cells
may be washed away. Given a particular set or subset of cells
to be studied, the choice of a biophilic SAM specific to those
cells is within the ability of one of ordinary skill in the art and,
given the disclosures herein, one of ordinary skill in the art is
enabled to produce appropriate patterned biophilic SAMs
specific for those cells.

Merely by means of example, and without limiting the
scope of the present invention, the following cytometric
applications of the present invention are listed. The cytometry
system provided by the present invention could be used in
measuring the numbers and types of cells in blood, urine,
cerebrospinal fluid, PAP smear, biopsy, ground water, sea
water, riparian water, and reservoir water samples, and any
other application in which there is a desire to determine the
presence, number or relative frequency of one or more types
of cells in a large sample of cells.

In another aspect of the present invention, a method of
assaying the effects of various treatments and compounds on
individual cells is provided. In particular, the invention pro-
vides the capability to assay the effects of various treatments
or compounds on each of a great many individual cells plated
at high density but separated from each other and at fixed
locations on the plate. In this embodiment of the invention,
many cells are applied in suspension to the plates of the
present invention.

Once the suspension of cells has been applied to the plate,
aperiod of time is allowed to elapse in order to allow the cells
to bind to the islands. Excess fluid including unbound cells
may be washed away. The cells may then be subjected to a
treatment or exposed to a compound in situ on the plate or, in
some situations, the cells may be pre-treated before being
introduced to the plate for binding. The effects of the treat-
ment or compound on each cell may then be individually
assayed in a manner appropriate to the cell type and the
treatment or compound being studied. For example, the
effects of treatments or compounds potentially capable of
affecting cell morphology may be assayed by standard light
or electron microscopy. Alternatively, the effects of treat-
ments or compounds potentially affecting the expression of
cell surface proteins may be assayed by exposing the cells to
either fluorescently labeled ligands of the proteins or antibod-
ies to the proteins and then measuring the fluorescent emis-
sions associated with each cell on the plate. As another
example, the effects of treatments or compounds which
potentially alter the pH or levels of various ions within cells
may be assayed using various dyes which change in color at
determined pH values or in the presence of particular ions.
The use of such dyes is well known in the art. For cells which
have been transformed or transfected with a genetic marker,
such as the [-galactosidase, alkaline phosphatase, or
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luciferase genes, the effects of treatments or compounds may
be assessed by assays for expression of that marker and, in
particular, the marker may be chosen so as to cause spectro-
photometrically assayable changes associated with its
expression.

In particularly preferred embodiments, the assay is spec-
trophotometric and automated. In these embodiments, the
treatment or compound potentially causes a change in the
spectrophotometric emissions, reflection or absorption of the
cells. A detector unit, as described above, may be employed.
Because of the small distances between individual isolated
cells permitted by the present invention, detectors employing
fiber optics are particularly preferred. Such sources of elec-
tromagnetic radiation and such detectors for electromagnetic
transmission, reflection or emission are known in the appli-
cable art and are readily adaptable for use with the invention
disclosed herein.

In one preferred embodiment of the assays described
above, the detector unit consists of a multiplicity of individual
detectors in an array corresponding spatially to the islands of
the plate, as described above. In this embodiment, the effect
of a treatment or compound on a great many individual cells
may be individually assessed simultaneously with minimal
human labor or involvement.

In particularly preferred embodiments, a suspension of
cells is applied to one of the plates of the present invention in
which the biophilic SAM is chosen so as to selectively or
preferentially bind a certain type or types of cells. The cells
are subjected to a treatment or exposed to a compound which
will potentially cause a change in the electromagnetic emis-
sion, reflection or transmission characteristics of the cells and
an automated detector unit records the emission, reflection or
transmission characteristics of each cell individually by
assaying electromagnetic emission, reflection or transmis-
sion at points corresponding to each island on the plate.

When an automated detector unit is used, a plate which has
not been exposed to any cells may be used as a control before
testing the experimental plate to provide reference values to
exclude from the results islands on the experimental plates
which have been exposed to cells but which have not bound
cells.

In another particularly preferred embodiment, plates upon
which cells have been allowed to bind are assayed prior to any
potentially effective treatment or compound and then treated
or exposed. As the cells maintain their individual positions on
the plates, a second assay may be performed to detect changes
in the assay results on a cell-by-cell basis after treatment or
exposure. Such a two-step assay is particularly appropriate
for treatments or compounds which potentially cause cell
toxicity or disrupt binding.

The above described embodiments, employing the plates
of the present invention which allow for plating individual
cells at high density but with little or no overlap or contact of
cells, can be employed for high through-put tests of poten-
tially useful treatments including radiation and pharmaco-
logical or toxicological compounds. In particular, the present
invention provides assays which allow assays both as to quali-
tative and quantitative changes in individual cells and quan-
titative assays as to percentages of cells affected by any given
treatment or compound.

In a different embodiment, the present invention provides
means for identifying individual cells which have been suc-
cessfully transformed or transtected with recombinant DNA
technology. A culture of cells exposed to transforming or
transfecting vectors, including plasmids, phasmids, cosmids,
retroviruses and various homologous recombination or inte-
gration elements, may be plated on the plates of the present
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invention to separate the cells and cause them to bind indi-
vidually at the locations of the islands on the plate. Individual
cells which have been transformed or transfected may then be
identified by the methods described above or other methods
well known to those of ordinary skill in the art. Particularly
simple, given the disclosures herein, is the identification of
individual cells transformed or transfected with a vector
including a marker locus which causes a spectrophotometri-
cally detectable change in a cell’s function, metabolism, gene
expression or morphology. Marker loci may also be included
which cause cells to exhibit a sensitivity or resistance to a
particular treatment or compound. Cells transformed or trans-
fected by such vectors may be first selected on the basis of the
appropriate sensitivity or resistance and then plated as indi-
vidual cells and further selected or characterized by the meth-
ods and employing the plates described herein. In particular,
selection may be employed priorto plating on the plates of the
present invention to isolate transformed or transfected cells
and then the cells may be assayed in situ using the presently
disclosed materials and methods to identify and isolate cells
with, for example, particularly high or low expression of the
characteristic to which the transformation or transfection was
directed.

In a particularly preferred embodiment, an automated
detector unit, as described above, is employed.

In a different embodiment, the present invention provides
materials and methods for retrieving individual cells which
are bound to the plates of the present invention. That is, the
present invention provides for materials and methods for
isolating and manipulating particular individual cells which
are present on a plate containing a great multiplicity of cells
separated one from another by only a few microns.

In one embodiment, cells are plated to a primary plate with
each island of the plate capable of binding a single cell. A
secondary plate, bearing an island with an appropriate bio-
philic SAM only at a position corresponding spatially to the
position of the island bearing the desired cell may then be
contacted with the cell on the primary plate. The desired cell
may then adhere to the secondary plate such that, when the
secondary plate is drawn away from the primary plate, the
desired cell and only the desired cell adheres to the secondary
plate. Thus, the individual desired cell is retrieved for pur-
poses which may include growth for a DNA or cDNA library,
growth into a tissue culture, or in the case of transformed or
transfected oocytes, uterine implantation and growth into a
transgenic organism. The secondary plates of the present
invention may be custom made to retrieve a particular cell by
means of the stamp production methods disclosed herein, or
may be pre-made. If, for example, plates of a particular
dimension with islands positioned at standard points are
employed on a regular basis, secondary plates for retrieval of
cells bound at particular islands may be prepared in advance.
Thus, for a plate with 100 islands in a 10x10 array, 100
secondary plates may be prepared in advance for retrieval of
an individual cell at any one of the 100 possible island posi-
tions. More efficiently, 25 secondary plates may be prepared
in advance to contact with any of the four 5x5 quadrants of a
10x10 primary plate. Even more efficiently, if the pattern is
symmetrical, a lesser number of secondary plates capable of
rotation may be produced. In addition, secondary plates could
be produced which would retrieve more than one cell by
constructing a secondary plate with biophilic SAM islands
corresponding spatially to more than one island on the pri-
mary plate. Further, to enhance transfer of the desired cell or
cells from the primary plate to the secondary plate, it may be
desirable to have larger islands of biophilic SAM on the
secondary plate or to use a biophilic SAM on the secondary
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plate with a higher binding affinity for the desired cell or cells
than the biophilic SAM on the primary plate.

In another embodiment of a cell retrieval system, an auto-
mated system provides for the contacting ofa secondary plate
with a specified island of a primary plate such that a desired
cell is transferred from the primary to the secondary plate.
Thus, a desired cell is identified by the coordinates of the
position of the island to which it is bound and a secondary
plate, consisting of a single island is positioned over the
coordinates of the desired cell on the primary plate and the
secondary plate is contacted with the desired cell to allow
transfer of the desired cell from the primary to the secondary
plate. As above, the size of the island or the nature of the
biophilic SAM on the secondary plate may be chosen so as to
enhance the efficiency of transfer of the desired cell from the
primary to the secondary plate. In a particularly preferred
embodiment, the detection of the desired cells is by means of
an automated detector unit and the coordinates of the desired
cells are transmitted from the detector unit to an automated
retrieval unit such that human labor and involvement are
minimized.

Given the disclosures of the present invention for isolating
individual cells on islands at predetermined positions on one
of the disclosed plates, the design and production of a cell
retrieval unit is within the ability of one of ordinary skill in the
applicable art. Absent the present disclosure, retrieval of a
particular individual cell from amongst a high density plate of
a great many cells would be an arduous and difficult task. The
binding of individual cells to particularly defined positions on
the plates of the present invention, however, provides for a
method of such retrieval. Such a cell retrieval system may be
employed, for example, to retrieve transformed or transfected
cells, potentially cancerous cells in a PAP smear or biopsy, or
fertilized eggs adhered to the patterned plates of the present
invention.

In another aspect of the present invention, patterned plates
and a method are provided for immobilizing cells for micro-
injection. As is known in the art, microinjection of, for
example, dyes, proteins, and DNA or RNA sequences, is
made more difficult when the cells to be microinjected are not
immobilized on a substrate and/or localized at specific and
predetermined positions. By providing the patterned plates
and methods disclosed herein, the present invention greatly
simplifies the microinjection process. Thus, in light of the
present disclosure, patterned plates with biophilic islands
which can bind a given type or types of cells can be produced
and the type or types of cells can be bound individually to
specific and predetermined locations on the plates. Cell types
which may be sought to be bound include bacterial cells such
as Escherichia and Pseudomonas species; mammalian cells
such as chinese hamster ovary (CHO), baby hamster kidney
(BHK), COS, human fibroblast, hematopoietic stem cells,
and hybridoma cell lines; yeast; fingi; and cell lines useful for
expression systems such as yeast or Xenopus laevis oocytes.
Thelisting above is by no means intended to be exhaustive but
is merely exemplary of the sorts of cells which may be immo-
bilized to specific and predetermined positions for microin-
jection. Subsequent to microinjection, the cells may be
assayed for functional expression or transformation on the
plates of the present invention with the detectors described
herein and, if desired, individually retrieved with the retrieval
system disclosed herein.

In another aspect of the present invention, materials and
methods are provided which allow for the immobilization of
oocytes at specific and predetermined positions for in vitro
fertilization techniques. That is, the patterned plates of the
present invention allow for immobilization of oocytes,
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including human oocytes, at specific and predetermined posi-
tions. These immobilized oocytes may then be contacted in
situ on the plates with a solution including sperm cells poten-
tially capable of fertilizing the oocytes. The fertilized
oocytes, or zygotes, may then be conveniently identified
because of their fixed positions on the plates of the present
invention and individually retrieved for implantation or stor-
age by standard methods or the methods disclosed herein. As
will be obvious to one of ordinary skill in the art, the biophilic
SAM for immobilizing the oocytes/zygotes can be chosen
from a wide array of potential SAMs ranging from generally
biophilic or hydrophobic SAMs to SAMs including moieties,
including antibodies, which specifically bind the oocytes/
zygotes involved in the in vitro fertilization process. Subse-
quent to exposure to the sperm solution, the cells may be
assayed for successful fertilization on the plates of the present
invention with the detectors described herein and, if desired,
individually retrieved with the retrieval system disclosed
herein.

In another aspect of the present invention, patterned plates
are provided which may be used to bind or adsorb proteins in
specific and predetermined patterns.

Asisknown to those of ordinary skill in the art, phenomena
associated with the adsorption of proteins to solid synthetic
materials are important in many areas of biotechnology
including, for example, production, storage and delivery of
pharmaceutical proteins, purification of proteins by chroma-
tography, design of biosensors and prosthetic devices, and
production of supports for attached tissue culture (see, for
example, ACS Symposium Series 343, T. A. Horbett and J. L.
Brash, Eds., Am. Chem. Soc., Washington, D.C., 1987; J. D.
Andrade, Surface and Interfacial Aspects of Biomedical Poly-
mers: Protein Adsorption, Plenum Press, NY, 1985, Materi-
als Research Society Proceedings 252, 1.. G. Cima and E.
Ron, Eds., Mat. Res. Soc., Pittsburgh, Pa., 1992). A number of
researchers have demonstrated the formation of patterns of
proteins (see, for example, A. S. Lea, et al., Langmuir 8:68-
73, 1992). But these have typically relied on photolithogra-
phy to create the patterns (see, for example, S. K. Bhatia, et
al., J. Am. Chem. Soc., 114:4432-4433,1992; S. K. Bhatia, et
al., Anal. Biochem., 208:197-205, 1993). The patterned plates
of'the present invention provide for relatively inexpensive and
efficient patterning of proteins with features of the pattern as
small as 0.2-1 um which are useful in these applications.

In this embodiment, a plate is created with patterned SAMs
according to the methods disclosed above. Depending upon
the desired application, the pattern may include islands or
parallel rows of SAMs with different properties. One SAM
may be biophilic and the other may be biophobic as applied or
they may be chemically modified as described above so as to
become biophilic or biophobic subsequent to SAM forma-
tion. In an alternative embodiment, as described above, two
SAMs may be patterned onto a plate, one of which is biophilic
and one of which is biophobic and, subsequent to binding a
protein or proteins to the biophilic SAM, the biophobic SAM
may be chemically modified so as to become biophobic. In
this way, a second protein or group of proteins may be bound
to the previously biophobic but now biophilic SAM to create
a pattern of two or more protein groups. Similarly, patterns of
more than two SAMs may be used to create more complicated
patterns of proteins in accordance with the present invention.

For protein adsorption, particularly preferred biophilic
SAMs are those comprised of w-functionalized alkanethiols
(HS(CH,),R) where the R group is a non-polar (e.g.,
R—CH,) or ionic (e.g., R—CO,~, PO;H", or 2-imidazolo)
group. Particularly preferred biophobic SAMs are w-func-
tionalized alkanethiols (HS(CH,),R) in which the R group is
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a polar but non-ionic group such as oligo (ethylene glycol)-
terminated thiols (e.g., R—(OCH,CH,),OH).

Patterned proteins which have been patterned according to
the materials and methods of the present invention may be
transferred from the patterned plates of the present invention
by contacting the plates with other biophilic or bioadhesive
substrates, well known in the art, without disrupting the pat-
terns and then be used in a variety of applications. Thus, for
example, the surfaces of prosthetic or implanted devices or
tissue culture plates can be patterned with the patterned pro-
teins produced by the present invention. Alternatively, such
devices may be directly stamped with the SAM patterns of the
present invention and the proteins patterned directly upon
them.

In a different embodiment of the present invention, the
patterned plates provided herein may be used to produce
plates with cells growing in desired patterns and to control the
growth, proliferation, differentiation, orientation and/or
spreading of certain classes of cells.

As in the previously described embodiments of the present
invention, depending upon the intended use, an enormous
variety of patterns may be produced and a multiplicity of
stamps and/or a multiplicity of SAMs may be employed to
create patterns of one or more types of cells. As before, the
SAMs may be generally or specifically biophilic or biophobic
as applied or may be subsequently modified to become gen-
erally or specifically biophilic or biophobic after SAM for-
mation by chemical modification of functional groups at the
free ends of the SAM-forming compounds. In particular,
when several SAMs are present in a pattern but only one is
biophilic, a first type of cell may be adhered to the biophilic
SAM and then one of the remaining biophobic SAMs may be
chemically modified in situ so as to become biophilic. A
second cell type may then be adhered to the newly biophilic
SAM and this process can be repeated to create a complex
pattern of different cell types.

In another embodiment, a plate with patterned proteins
may be prepared as described above and cells may then be
allowed to adhere to the patterned proteins to form a plate of
patterned cells. In particularly preferred embodiments, the
proteins are extracellular matrix proteins such as collagen,
fibronectin or laminin; or are specific cell receptors such as
integrins. In these embodiments, then, the patterned protein
mediates the cell adhesion to form patterned cells. Alterna-
tively, a patterned plate of biophilic and biophobic SAMs may
be created and a wide variety of non-protein compounds may
first be adhered to the pattern to mediate cell binding. Such
compounds include but are not limited to sialic acid, lectins,
polygalactose and other carbohydrates.

The patterned plates of the present invention may be used
to create patterns of cells in which cells are isolated on islands
to prevent cell to cell contact, in which different types of cells
are specifically brought into contact or in which cells of one or
more types are brought into a pattern which corresponds to
the pattern or architecture found in natural tissue.

Such plates of patterned cells have a wide variety of appli-
cations which will be apparent to one of ordinary skill in the
art and all such applications are intended to fall within the
scope of this invention. Particularly preferred applications
include but are not limited to use in bioreactors for the pro-
duction of proteins or antibodies, especially by recombinant
cells; use in tissue culture; use for the creation of artificial
tissues for grafting or implantation; use in artificial organs
such as artificial liver devices for providing liver function in
cases of liver failure; and use for generating artificial tissues
to adhere to the surfaces of prosthetic or implantable devices
to prevent connective tissue encapsulation.
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In another embodiment particular different types of cells
may be brought together on the same plate. For example, in
the toxicological assays described above, it may be desired to
plate a percentage of hepatocytes on the plate to convert
potentially procarcinogenic compounds into carcinogenic
compounds and to assay the effects on other nonhepatocyte
cells on the same plate.

In another embodiment of the present invention, specific
cell to cell contacts can be patterned by using a plate with
island-like biophilic regions which are connected by bio-
philic bridge-like regions but are otherwise surrounded by
biophobic material. Such a “bridged island” plate would have
application, for example, in creating patterned neural cells
with neural processes making contacts only along specific
and predetermined bridge regions.

In a different embodiment of the invention, the present
invention may provide one or more microcultures of deter-
minable volume, and specific and predetermined positions on
a plate. For example, if the free ends of a first SAM-forming
compound are hydrophilic and the free ends of a second
SAM-forming compound are hydrophobic, and these com-
pounds are used to form a patterned plate in which there are
small islands of the hydrophilic SAM, a plurality of droplets
of'aqueous fluid may be placed on these islands. With knowl-
edge of the surface area of the islands, and the surface tension
of'the aqueous fluid and hydrophobicity and hydrophilicity of
the islands and surrounding SAM (measured, for example, by
contact angle), the volume of the droplets may be determined.
Thus, if the volume of the droplet microcultures is known
and/or can be controlled, and the concentration of compounds
within the microcultures can be controlled, then individual
cells, including bacteria, yeast, and mammalian, as well as
spores and other microorganisms can be cultured in these
microcultures. Such a microculture may be used in the same
means and with the same assays and detector and retrieval
units as described above. In addition, however, such microc-
ultures are particularly useful for assays for compounds that
are secreted from cells. Because the cells are isolated in their
own microcultures, such compounds do not diffuse away or
mix with compounds secreted by other cells in nearby but
isolated microcultures.

The methods and materials, function and advantage of
these and other embodiments of the present invention will be
more fully understood from the examples below. The follow-
ing examples are intended to illustrate the benefits of the
present invention, but do not exemplify the full scope of the
invention.

Example 1
Preparing a Mold and Stamp

A mold according to the present invention was fabricated.
A template consisting of an exposed and developed photore-
sist pattern on silicon is prepared (This type of fabrication is
described in any conventional photolithography text, such as
Introduction to Microelectronic Fabrication, by Richard C.
Jaeger, Gerold W. Neudeck and Robert F. Pierret, eds., Addi-
son-Wesley, 1989). Templates such as electron microscopy
grids or other corrugated materials may also be used. The
template is placed in a container such as a petri dish. A 10:1
(w:w or v:v) mixture of PDMS-Sylgard Silicone Elastomer
184 and Sylgard Curing Agent 184 (Dow Corning Corp.,
Midland, Mich.) was poured into the petri dish. It was not
necessary to put the mixture of PDMS-elastomer and curing
agent under vacuum to remove dissolved dioxygen. The
PDMS cured at room temperature in the laboratory ambient
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for 30 to 60 min. This cure was followed by additional curing
at 65° C. for approximately one hour or until the polymer was
rigid. After cooling to room temperature, the PDMS-stamp
was carefully peeled from the template.

Example 2
Preparation of Plates with Metallic Surfaces

Gold films (~2000 A thick) were prepared by electron-
beam evaporation of gold (Materials Research Corp.,
Orangeburg, N.Y.; 99.999%) onto single-crystal silicon (100)
test wafers (Silicon Sense, Nashua, N.H.; 100 mm dia., ~500
pm thick) that had been precoated with a film of titanium
(Johnson Mathey, 99.99%; ~50 A thick) that acted as an
adhesion promoter between the silicon oxide and the gold.
The silicon wafers coated with gold were fractured into
square plates (~2 cmx2 cm) and used in the formation of the
various types of patterned SAM plates.

Example 3
Preparing a Patterned Plate with a Grid Pattern

A stamp fabricated in accordance with Example 1 was
fabricated. The stamp was fabricated so as to have a linear
indentation pattern contiguous with a liner stamping surface
pattern. That is, the stamp had an array of indentational lines
separating stamping surface lines. The surface was coated
with hexadecanethiol in ethanol using a cotton swab. The
stamp was applied to a smooth gold surface, and removed.
The resultant pattern included parallel SAM lines of 2
microns in width. After removal of the stamp, the stamping
surface was re-coated and rotated approximately 45° to a
second orientation, and re-applied to the surface. A grid pat-
tern resulted.

Example 4
Patterned Proteins

Several patterned SAM plates were prepared by first form-
ing patterns of HS(CH,), sCH,; on gold using a rubber stamp
made of polydimethylsiloxane. The remaining, underivatized
surface of the gold was derivatized with a second SAM by
placing the patterned plate in a second solution containing
HS(CH,),,;EG4OH (10 mM in ethanol) for 10 s. The sample
was rinsed with heptane and with ethanol and dried under a
stream of dry nitrogen.

Buffer solutions for protein adsorption were prepared from
potassium dihydrogen phosphate (0.01 M) and titrated to pH
7.5 with sodium hydroxide (0.1 M). Briefly, the protocol for
effecting adsorption of proteins involved the immersion of
plates with patterned SAMs in solutions of the protein of
interest in phosphate buffer at room temperature. After the
desired time of immersion, the plate was removed from the
solution and rinsed with distilled, deionized water and dried
under a stream of nitrogen. To pattern an adsorbed protein, it
was desirable to use a modification of the protocol of Horbett,
(Horbett, T. A. in Techniques of Biocompatibility Testing Vol.
11, pp. 183-214, Williams, D. F., Ed., CRC Press Inc. Boca
Raton, Fla., 1986; Rapoza, R. J. and Horbett, T. A. J. Coll.
Interface Sci., 136:480-493, 1990), and first to place the pat-
terned SAM plate in buffer and then to add concentrated
protein solution so that the final, total concentration of protein
in the solution in contact with the patterned SAM plate was
that desired for adsorption (e.g., 1 mg/mL). This procedure
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eliminated the exposure of the SAM to the interface of the
solution of protein and air. After the appropriate adsorption
time, the solution of protein was displaced with at least five
equivalent volumes of distilled deionized water. The samples
were further rinsed directly with distilled deionized water and
dried under a stream of nitrogen.

Example 5
Patterned Plating of Primary Rat Hepatocytes

Mold patterns were developed using a computer program
commonly used for integrated circuit designs. The pattern
was created on a glass plate coated with photosensitive emul-
sion using a pattern generator (Gyrex 1005A). The final mask
was made by contact printing the emulsion plate onto a chro-
mium-coated quartz plate. Silicon wafers were cleaned in
piranha solution, rinsed with distilled water and dehydrated
under N, at 200° C. for 8 hrs. One layer (1-2 pm) of negative
photoresist (Union Carbide) was spin-coated on the silicon
wafers. The coated wafers were baked at 90° C. for 30 min,
placed in a mask aligner (Karl Zuss, Munich, Germany), and
exposed to ultraviolet light through the chromium mask con-
taining the desired pattern. The exposed wafers were hard
baked at 120° C. for 90 s and developed to produce the desired
photoresist template for the rubber stamp. A 10:1 mixture (v/v
or w/w) of Silicone Elastomer-184 and Silicone Elastomer
Curing Agent-184 (Dow Corning Corporation) was poured
onto this photoresist template, allowed to cure at 60° C. for
45-90 min, and peeled away from the template. The resulting
PDMS stamp was inked by brushing it with a cotton swab that
had been moistened with a 1 mM solution of a hexade-
canethiol (HS(CH,),sCH,) in ethanol. The inked stamp was
then placed in contact with a plate with a gold surface (2000
Angstroms Au on a titanium-primed silicon wafer) to form
the SAMs of hexadecanethiolate. Upon removal of the stamp,
the plate was washed for 5 s in a solution of an alkanethiol
terminated with ethylene glycol oligomer (HS(CH,),
(OCH,CH,)sOH, 1 mM in ethanol). The plate was finally
washed with ethanol and dried in a stream of dry nitrogen.
Patterned plates were coated with 1 pg/cm?® of mouse laminin
using a carbonate buffer adsorption method. The laminin
adhered to the hexadecanethiol islands but not to the hydro-
philic PEG-terminated SAM. Primary rat hepatocytes were
isolated and cultured in defined medium on the laminin-
coated islands as described in Mooney et al., J. Cell Physiol.,
151:497 (1992).

Example 6

Controlling Cell Shape and Function

The ability of the techniques of the present invention to
control distribution and shape was explored by plating pri-
mary rat hepatocytes in hormonally-defined medium
(Mooney et al, 1d.) on laminin-coated substrata that were
stamped with square and rectangular islands having micron
dimensions (5x5 microns to 100x100 microns). Cells
attached preferentially to the adhesive, laminin-coated
islands and were prevented from extending onto surrounding
non-adhesive regions. Selective attachment of cells to these
adhesive islands resulted in development of regular arrays of
individual adherent cells that were aligned single file in both
horizontal and vertical columns, extending over large areas
(mm?) of the culture surface. The adhesive islands limited cell
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spreading and largely prevented cell-cell contact formation,
although a few cells (less than 10%) were found to bridge
between adjacent islands. In most cases, cells conformed to
the shape of the underlying island. Actual projected cell areas,
determined by computerized image analysis, were consis-
tently within 20% of the island area. In many cells, the abrupt
prevention of cell spreading at the lateral borders of each
island resulted in formation of corresponding square and
rectangular cells with “corners” that approximated 90
degrees. In contrast, cells plated at the same density on unpat-
terned, laminin-coated gold substrata spread extensively,
formed numerous cell-cell contacts, and exhibited normally
pleomorphic shapes. Thus, the shape and spatial distribution
of cultured cells could be simply controlled using our “rubber
stamp” method to engineer adhesive islands with desired
design characteristics and shapes.

Since the extent to which a cell spreads influences its
growth and function, maintaining large populations of cells in
specific shapes on patterned substrata can be an effective way
of controlling both the behavior of individual cells and the
performance of the entire culture. By fabricating adhesive
islands of varying size on a single substratum, we were able to
maintain cells at defined degrees of extension for extended
periods of time, independent of the presence of growth factors
or the composition mechanics or molecular density of the
extracellular matrix. Quantitation of DNA synthesis in hepa-
tocytes cultured on islands of different size in defined
medium (Mooney et al., Id.) containing saturating amounts of
soluble growth factors (EGF, insulin, and dexamethasone)
revealed significant differences in the number of cells that
exhibited nuclear labelling. DNA synthesis was highest (60%
nuclear labeling index) in cells on unpatterned surfaces where
cells could spread without restriction. Decreasing the size of
the adhesive islands resulted in a progressive reduction in
growth such that less than 3% of the cells adherent to the
smallest islands (less than 1600 pm?) entered S phase. This
result was not due to changes in cell viability; similar per-
centages of cells incorporated the vital dye, calcein AM, on all
substrata.

We assessed the differentiated function of hepatocytes cul-
tured on substrata coated with uniformly sized islands by
assaying the culture supernatant for secretion of albumin, a
liver-specific product. Hepatocytes cultured on unpatterned
substrata rapidly lost the ability to secrete high levels of
albumin. In contrast, hepatocytes maintained near normal
levels of albumin secretion for at least 3 days when cultured
on the smallest adhesive islands (40x40 pm)
that fully restricted cell extension. In general, albumin secre-
tion rates decreased as the size of the adhesive island was
increased and growth was promoted. These data are consis-
tent with studies, that show that cells, such as hepatocytes, can
be switched between growth and differentiation in the pres-
ence of soluble mitogens by modulating cell shape. In past
studies, shape was controlled by varying ECM molecular
coating densities on otherwise non-adhesive dishes and
thereby, altering cell-ECM contact formation. The present
results demonstrate that it is the degree to which the cell
extends and not the density at which the ECM ligand is
presented that indicates whether a cell will grow or differen-
tiate. Use of this type of approach, which relies upon chemi-
cally-defined, patterned surfaces and serum-free culture con-
ditions, facilitates further analysis of the basic mechanism of
coupling between cell shape and function and of other fun-
damental biological processes that involve changes in cell
form or cell-cell contact formation.
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The invention claimed is:

1. A device, comprising:

a plate defining a surface; and

a plurality of cytophilic islands on the surface to which

cells adhere isolated by cytophobic regions to which
cells do not adhere contiguous with the cytophilic
islands, wherein the cytophilic islands are arranged in a
grid pattern on the plate, and wherein at least one of the
cytophilic islands and cytophobic regions is formed of a
self-assembled monolayer.

2. A device as in claim 1, wherein at least one of the
cytophilic islands is formed of a self-assembled monolayer.

3. A device as in claim 1, wherein at least one of the
cytophobic regions is formed of a self-assembled monolayer.

4. A device as in claim 1, wherein at least one of the
cytophilic islands is between 1 and 100 square microns.

5. A device as in claim 1, wherein the cytophilic islands
adhere one cell type but do not substantially adhere a second
cell type different from the first cell type.

6. A device as in claim 1, wherein at least one of the
cytophilic islands binds only a selected cell type.

7. A device as in claim 1, wherein the grid pattern com-
prises a pattern of parallel lines.

8. A device as in claim 1, wherein the surface comprises at
least one cell bound to a cytophilic island.

9. A device as in claim 8, wherein the cell has been exposed
to a dye.
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10. A device as in claim 8, wherein the cell has been
exposed to a fluorescently-labeled compound.

11. A device as in claim 8, wherein the cell has been
exposed to a treatment or a compound that causes a change in
a spectrophotometric emission, reflection or absorption of the
cell.

12. A device as in claim 1, comprising a plurality of cells
bound to the plurality of cytophilic islands.

13. A device as in claim 1, comprising a plurality of difter-
ent cell types bound to the plurality of cytophilic islands.

14. A device as in claim 1, comprising a plurality of same
cell types bound to the plurality of cytophilic islands.

15. A device as in claim 1, wherein the cytophilic islands
are of a size and shape appropriate for binding individual cells
on each island.

16. A device as in claim 1, further comprising a detector
unit comprising a multiplicity of individual detectors
arranged in an array corresponding spatially to the cytophilic
islands of the plate.

17. A device as in claim 1, further comprising a detector
unit comprising a single detector which may be sequentially
positioned over each cytophilic island of the plate.

18. A device as in claim 1, comprising cytophilic islands
bearing cells of known types which act as references to allow
classification of cells on the plate.

19. A device as in claim 8, wherein the cell is a mammalian
cell.



