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(57) ABSTRACT 
A stamp and a method for transferring particles to cells of a 
cell culture. The stamp includes a body having upper and 
lower surfaces. The lower surface includes a recessed por
tion. A gel extends along the recessed portion of the lower 
surface of the body and including the particles patterned 
therein. The body is configured to move between a first 
position wherein the gel is isolated from the cells of the cell 
culture and a second position wherein the particles patterned 
in the gel communicate with the cells of the cell culture 
through diffusion. 

15 Claims, 7 Drawing Sheets 
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STAMP AND METHOD OF TRANSFERRING 
PARTICLES TO CELLS OF A CELL 

CULTURE 

2 
It is a further object and feature of the present invention 

to provide a stamp and a method for transferring particles to 
cells of a cell culture that enables direct correlation between 
differences within a heterogeneous cell population and the 

REFERENCE TO GOVERNMENT GRANT 5 position of given cells within a microenvironment. 

This invention was made with government support under 
EB010039 awarded by the National Institutes of Health. The 
government has certain rights in the invention. 

It is a still further object and feature of the present 
invention to provide a stamp and a method for transferring 
particles to cells of a cell culture that is simple to use and 
inexpensive to manufacture. 

10 In accordance with the present invention, a stamp is 
FIELD OF THE INVENTION provided for transferring particles to cells of a cell culture. 

The stamp includes a body having upper and lower surfaces. 
The lower surface includes a recessed portion. A gel extends This invention relates generally to the study of cells, and 

in particular, to a device and method for transferring par
ticles to cells of a cell culture to facilitate the broad-spectrum 
analysis of cells and cell associated factors with two
dimensional (2D) spatial resolution and minimal fluid han
dling or processing. 

15 
along the recessed portion of the lower surface of the body 
and includes the particles pre-patterned therein. The body is 
configured to move between a first position wherein the gel 
is isolated from the cells of the cell culture and a second 
position wherein the particles pre-patterned in the gel com-

20 municate with the cells of the cell culture. 
BACKGROUND AND SUMMARY OF THE 

INVENTION 
The body includes first and second passages extending 

between the upper surface and the recessed portion of lower 
surface thereof. The gel is received in the first and second 
passages through the body. The gel in the first passage 

25 defines a first well. The first well is adapted for receiving a 
first solution therein. The gel in the second passage defines 
a second well. The second well is adapted for receiving a 
second solution therein. At least one of the first and second 

Cells are constantly receiving, integrating, and reacting to 
physical and molecular signals. These signals define the 
cellular microenvironment, which varies from location to 
location within in vivo systems and in vitro cultures. Spa
tiotemporial patterns of soluble factors influence cellular 
behaviors such as growth, migration, and differentiation. 
Mimicking these chemical and molecular patterns in vitro is 30 

of particular interest for those seeking to understand cellular 
regulation in vitro and in vivo. Current technologies allow
ing patterning of soluble factors in gradients and other 
concentration profiles are limited to microfluidic devices or 
culture in or under a hydrogel. However many standard cell 35 

culture procedures and protocols calling for patterning of 
surface associated factors require open systems. 

In addition to heterogeneity in their microenvironments, 
within a population, cells exhibit individual-to-individual 
heterogeneity. As a result, measures of behaviors averaged 40 

over the population may not accurately reflect the state of a 
specific cell within that population. The differences have led 
to the emergence of single cell analysis tools. However, 
current procedures and readouts for these analyses are not 
ideal, as they either fail to provide the user historical 45 

information about a cells origin in terms of microenviron
ment or they limit throughput and analyte detection. For 
example, in flow cytometry, the expression of proteins may 
be measured on a cell-by-cell basis. But, any information 
regarding the location of where the cells where first removed 50 

from their microenvironment and any information about the 
cell's position within a culture are lost, thereby leaving 
analyses ignorant of the effects of diverse microenviron
ments on diverse cell populations. 

solutions includes the particles to be transferred. 
In accordance with a further aspect of the present inven

tion, a method of transmitting particles to cells of a cell 
culture is provided. The particles are patterned in a gel 
extending along a portion of a lower surface of a stamp. The 
stamp is positioned such that the particles in the gel extend
ing along the lower surface of the stamp communicate with 
the cells of the cell culture. The particles in the gel are 
allowed to diffuse into the cells of the cell culture. 

The stamp includes a body has an upper surface, a lower 
surface having a recessed portion, and first and second 
passages extending between the upper surface and the 
recessed portion of lower surface thereof. The gel extends 
along the recessed portion of the lower surface of the body. 
The body may also include first and second passages extend
ing between the upper surface and the recessed portion of 
lower surface thereof. The gel is received in the first and 
second passages through the body. The gel in the first 
passage defines a first well. The first well is adapted for 
receiving a first solution therein. The gel in the second 
passage defines a second well. The second well is adapted 
for receiving a second solution therein. 

The step of patterning the particles includes the additional 
step of depositing a first solution in the first well. The first 
solution includes the particles. Thereafter, the particles are 
allowed to diffuse into the gel. The particles in the gel form 
a gradient between the first and second passages in the body 
along the recessed portion of the lower surface. It is con-
templated to deposit cell culture media on the cell culture 
prior to the step of positioning the stamp. 

In accordance with a still further aspect of the present 

Conversely to methods requiring the removal of cells 55 

from their microenvironment, image based analysis can be 
used to track cellular histories. These methods are limited in 
throughput, requiring continuous monitoring of a limited 
number oflocations in cultures, and the microscope's filters 
and light source dictate the number of analytes that can be 
imaged. Thus, important measures often cannot be obtained 
simultaneously and those that can be obtained are evaluated 
using image analyses methods that are relatively computa
tionally intensive. 

60 invention, a method of transmitting particles to cells of a cell 
culture is provided. The method includes the steps of form
ing a cell culture on a base and patterning the particles in a 
gel extending along a lower surface of a stamp. Cell culture 
media is deposited on the cell culture and the stamp is 

Therefore, it is a primary object and feature of the present 
invention to provide a stamp and a method for transferring 
particles to cells of a cell culture. 

65 positioned in communication with the cell culture media 
such that the particles in gel extending along the lower 
surface of the stamp communicate with the cells of the cell 
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culture. The particles in the gel are allowed to diffuse into 
the cells of the cell culture through the cell culture media. 

4 
FIG. 13 is a top plan view of an alternate embodiment of 

a stamp in accordance with the present invention; and 
FIG. 14 is a cross sectional view of the stamp of the 

present invention taken along line 14-14 of FIG. 13. 

DETAILED DESCRIPTION OF THE DRAWINGS 

Referring to FIGS. 1-5, a stamp for use in the methodol
ogy of the present invention is generally designated by the 
reference numeral 10. In the depicted embodiment, stamp 
includes base 11 having a generally square configuration, 
FIG. 2. Base 11 is defined by first and second sidewalls 12 
and 14, respectively, and first and second end walls 16 and 
18, respectively. Upper edges 12a and 14a of first and 

The stamp includes a body has an upper surface, a lower 
surface having a recessed portion, and first and second 
passages extending between the upper surface and the 5 

recessed portion of lower surface thereof. The gel extends 
along the recessed portion of the lower surface of the body. 
The body also includes first and second passages extending 
between the upper surface and the recessed portion of lower 
surface thereof. The gel is also received in the first and 10 

second passages through the body. The gel in the first 
passage define a first well. The first well is adapted for 
receiving a first solution therein. The gel in the second 
passage defines a second well. The second well is adapted 
for receiving a second solution therein. 15 second side walls 12 and 14, respectively, and upper edges 

16a and 18a of first and second end walls 16 and 18, 
respectively, are generally co-planer, FIG. 4. Similarly, 
lower edges 12b and 14b of first and second sidewalls 12 and 

The step of patterning the particles includes the additional 
step of depositing a first solution in the first well. The first 
solution include the particles. The particles are allowed to 
diffuse into the gel and form a gradient between the first and 
second passages in the body along the recessed portion of 20 

the lower surface. The particles are first particles and the 
method may include the additional step of depositing a 
second solution in the second well. The second solution 
includes second particles. The second particles are allowed 

14, respectively, and upper edges l6ba and 18b of first and 
second end walls 16 and 18, respectively, are generally 
co-planer. 

Base 11 includes central portion 20 having an upper 
surface 22 which extends between upper edges 12a and 14a 
of first and second side walls 12 and 14, respectively. Upper 

to diffuse into the gel. The second particles in the gel form 
a second gradient from the between the second well and the 
first well in the body along the recessed portion of the lower 
surface. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The drawings furnished herewith illustrate a preferred 
construction of the present invention in which the above 
advantages and features are clearly disclosed as well as other 
which will be readily understood from the following 
description of the illustrated embodiment. 
In the drawings: 

FIG. 1 is an isometric view of a stamp in accordance with 
the present invention; 

FIG. 2 is an isometric view of a base for the stamp of FIG. 
1; 

FIG. 3 is a cross sectional view of the stamp of the present 
invention; 

FIG. 4 is a top plan view of the stamp of FIG. 3; 
FIG. 5 is a cross-sectional view of the stamp of FIG. 3 

prior to engagement with a cell culture; 
FIG. 6 is a cross-sectional view of the stamp of FIG. 3 

showing engagement of the device with the cell culture; 
FIG. 7 is a cross-sectional view show the cell culture after 

engagement with the stamp of the present invention; 
FIG. 8 is an enlarged, cross-sectional view of the stamp of 

the present invention having multiple gradients formed 
therein; 

25 surface 22 of central portion 20 is generally co-planar with 
upper edges 12a and 14a of first and second side walls 12 
and 14, respectively, and with upper edges 16a and 16b of 
first and second end walls 16 and 18, respectively. Central 
portion 20 is further defined by first and second sides 24 and 

30 26, respectively. First and second sides 24 and 26, respec
tively, of central portion 20 are generally parallel to each 
other. 

As best seen in FIG. 4, first side 24 of central portion 20 
is generally co-planar with and directed towards inner 

35 surface 28 of fast end wall 16. First side 24 of central portion 
20, inner surface 28 of first end wall 16 and first portions 32a 
and 34a of inner surfaces 32 and 34, respectively, of first and 
second side walls 12 and 14, respectively, define first gel 
cavity 36 extending through base 11. In the depicted 

40 embodiment, first gel cavity 36 has a generally rectangular 
cross section. However, other configurations of first gel 
cavity 36 are possible without deviating from the scope of 
the present invention. 

Second side 26 of central portion 20 is generally co-planar 
45 with and directed towards inner surface 30 of second end 

wall 18. Second side 26 of central portion 20, inner surface 
38 of second end wall 18 and second portions 32b and 34b 
of inner surfaces 32 and 34, respectively, of first and second 
side walls 12 and 14, respectively, define second gel cavity 

50 40 extending through base 11. In the depicted embodiment, 
second gel cavity 40 has a generally rectangular cross 
section. However, other configurations of second gel cavity 
40 are possible without deviating from the scope of the 

FIG. 9a is a bottom plan view of an upper portion of a 
mold used to fabricate a stamp in accordance with the 55 

present invention. 
Lower surface 42 of central portion 20 extends between 

inner surfaces 32 and 34 of first and second side walls 12 and 
14, respectively. Lower surface 42 of central portion 20 is 
generally planar and recessed from a plane co-planar with 
lower edges 12b and 14b of first and second side walls 12 
and 14, respectively, and lower edges 16b and 18b of first 
and second end walls 16 and 18, respectively. Lower surface 

present invention; 
FIG. 9b is a top plan view of a bottom portion of the mold 

used to fabricate the stamp of the present invention; 
FIG. 10 is a cross-sectional view of the bottom portion of 

the mold receiving the base of the stamp of the present 60 

invention; 
FIG. 11 is a cross-sectional view of the top and bottom 

portion of the mold in an assembled configuration housing 
the base of the stamp of the present invention; 

FIG. 12 is a cross-sectional view of the stamp of the 
present invention within the bottom portion of the mold after 
the fabrication thereof; 

42 and the plane co-planer with lower edges 12b and 14b of 
first and second side walls 12 and 14, respectively, and lower 
edges 16b and 18b of first and second end walls 16 and 18, 

65 respectively, define a gradient cavity 44 therebetween. Gra
dient cavity 44 communicates with first and second gel 
cavities 36 and 40, respectively, as hereinafter described. 
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nals may be used to relate gene expression or some other 
cellular characterization metric back to a position within the 
original microenvironment. 

It can be appreciated that the methodology heretofore 
5 described will enable direct correlation between differences 

Gel 50 is provided in first and second gel cavities 36 and 
40, respectively, and in gradient cavity 44 along lower 
surface 42 of central portion 20 of base 11. It is contemplated 
for gel 50 to take the form of an agarose gel. As is known, 
agarose gel has a high degree of physical, chemical and 
thermal stability and exhibits limited interaction with 
biomolecules. It is noted, however, the gel 50 may take other 
forms without deviating from the scope of the present 
invention. First portion 52 of gel 50 in first gel cavity 36 
includes upper surface 54 which is generally co-planar with 10 

upper surface 22 of central portion 20. First well 56 is 
formed in upper surface 54 of first portion 52 of gel 50 for 
reasons hereinafter described. In the depicted embodiment, 
first well 56 has a generally rectangular cross section. 
However, other configurations of first well 56 are possible 15 

without deviating from the scope of the present invention. 
Second portion 58 of gel 50 in second gel cavity 40 includes 
upper surface 60 which is generally co-planar with upper 
surface 22 of central portion 20. Second well 62 is formed 
in upper surface 56 of second portion 58 of gel 50, for 20 

reasons hereinafter described. In the depicted embodiment, 
second well 62 has a generally rectangular cross section. 
However, other configurations of second well 62 are pos
sible without deviating from the scope of the present inven
tion. Third portion 64 of gel 50 in gradient cavity 44 has a 25 

lower surface 66 which is generally co-planar with lower 
edges 12b and 14b of first and second side walls 12 and 14, 
respectively, and lower edges 16b and 18b of first and 
second end walls 16 and 18, respectively. 

In operation, second well 62 in second portion 58 of gel 30 

50 is filled with a first predetermined solution, such as 
deionized water. A predetermined fluid having a known 
concentration of particles 68, such as cells, molecules, 
chemical species, organisms or the like, therein are intro
duced or loaded into first well 56 in first portion 52 of gel 50. 35 

Molecules may include those that influence cell behaviors, 
such as chemokines that induce chemotactic migration, 
morphogens that influence differentiation and development, 
or growth factors that stimulate proliferation. Chemical 
species such as cell function inhibitors/activators or nutri- 40 

ents may also be patterned. Alternatively, cell-sourced mol
ecules may be patterned by culturing mammalian or micro
bial cells in one or more gel cavities. Thereafter, the 
predetermined fluid diffuses through first portion 52 of gel 
50 into third portion 64 of gel 50 in gradient cavity 44 so as 45 

to create a concentration gradient of particles in third portion 
64 of gel 50 in gradient cavity 44 from first well 56 to second 
well 62 over a predetermined time period. 

During or after the gradient has formed in gradient cavity 
44, stamp 10 is positioned over a cell culture, generally 50 

designated by the reference numeral 70, which has been 
provided on cell culture surface 72, FIG. 5. Cell culture 70 
includes a plurality of cells 74 received within cell culture 
media 76. Stamp 10 is positioned such that lower surface 66 
of third portion 64 of gel 50 in gradient cavity 44 commu- 55 

nicates with upper surface 78 of cell culture media 76, FIG. 
6. Stamp 10 in maintained in positioned a desired incubation 
period. During the incubation period, particles 68 in gel 50 
diffuse from lower surface 66, through cell culture media 76 
and into the plurality of cells 74 to provide for gradient 60 

registered cells 80. At the conclusion of the incubation 
period, stamp 10 is removed and gradient registered cells 80 
are processed according to a desired application, FIG. 7. For 
example, cell identification and location mapping by micros
copy, analysis of single cells and subpopulations can be 65 

performed by techniques such as single cell PCR, flow 
cytometry, or PCR of sorted subpopulations. Registry sig-

within a heterogeneous cell population and the position of 
given cells within a microenvironment. As such, deep char
acterizations of cellular heterogeneity/microenvironment 
relationships, along with the potential to reveal previously 
undiscovered or understudied aspects of cellular interactions 
and regulation, may be enabled. 

In addition to creating the concentration gradient of 
particles in third portion 64 of gel 50 in gradient cavity 44 
from first well 56 to second well 62, it is contemplated to 
create a second concentration gradient of particles in third 
portion 64 of gel 50 in gradient cavity 44 from second well 
62 to first well 56, FIG. 8. More specifically, second well 62 
in second portion 58 of gel 50 may be filled with a second 
predetermined fluid having a known concentration of second 
particles 84, different from particles 68, such as cells, 
molecules, chemical species, organisms or the like. There
after, the second predetermined fluid diffuses through sec
ond portion 58 of gel 50 into third portion 64 of gel 50 in 
gradient cavity 44 so as to create a concentration gradient of 
particles 84 in third portion 64 of gel 50 in gradient cavity 
44 from second well 62 to first well 56 over a predetermined 
time period. 

Stamp 10 may be fabricated from a mold, generally 
designated by the reference numeral 90, FIG. 11. Mold 90 
includes lower portion 92, FIG. 9b, and upper portion 94, 
FIG. 9a. Referring to FIG. 9b, lower portion 92 has a 
box-like configuration and is defined by lower wall 96 
having first and second sidewalls 98 and 100, respectively, 
projecting from opposite sides 102 and 104 oflower wall 96 
and first and second end walls 106 and 108, respectively, 
projecting from opposite ends 110 and 112 oflower wall 96. 
Inner surfaces 98a and 100a of first and second sidewalls 98 
and 100, respectively, and inner surfaces 106a and 108a of 
first and second end walls 106 and 108, respectively, define 
mold cavity 114. Mold cavity 114 is adapted for receiving 
base 11 therein, FIG. 10, for reasons hereinafter described. 

Referring back to FIG. 9a, upper portion 94 of mold 90 
also has a box-like configuration and is defined by upper 
wall 116 having first and second sidewalls 118 and 120, 
respectively, projecting from opposite sides 122 and 124 of 
upper wall 116 and first and second end walls 126 and 128, 
respectively, projecting from opposite ends 130 and 132 of 
upper wall 116. Inner surfaces 118a and 120a of first and 
second sidewalls 118 and 120, respectively, and inner sur
faces 126a and 128a of first and second end walls 126 and 
128, respectively, define lower portion receipt cavity 134. 
Lower portion receipt cavity 134 is adapted for receiving 
lower portion 92 of mold 90 therein, FIG. 11, as hereinafter 
described. First and second well forming projections 136 
and 138, respectively, extending from inner surface 116a of 
upper wall 116 into lower portion receipt cavity 134. First 
and second well forming projections 136 and 138, respec
tively, correspond in size, shape and location to first well 56 
formed in upper surface 54 of first portion 52 of gel 50 and 
second well 62 formed in upper surface 56 of second portion 
58 of gel 50, respectively. 

In order to fabricate stamp 10, base 11 is positioned in 
mold cavity 114 such that lower edges 12b and 14b of first 
and second side walls 12 and 14, respectively, and lower 
edges 16b and 18b of first and second end walls 16 and 18, 
respectively, engage upper surface 96a of lower wall 96, 
FIG. 10. Inner surfaces 98a and 100a of first and second 
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sidewalls 98 and 100, respectively, and inner surfaces 106a 
and 108a of first and second end walls 106 and 108, 
respectively, abut corresponding outer surfaces 142 and 144 
of first and second side walls 12 and 14, respectively, and 
outer surfaces 146 and 148 first and second end walls 16 and 5 

includes bottom wall 158 having a lower surface 160 being 
generally coplanar with lower edge 152b of sidewall 152 
and an upper surface 162. 

Stamp 150 further includes first, second and third parti
tions 164, 166 and 168 extending radially outward from and 
circumferentially spaced about central hub 170. Central hub 
170 extends from upper surface 162 of bottom wall 158 and 

18, respectively, with base 11 received in mold cavity 114 so 
as to prevent lateral movement of base 11 during the 
molding process. With base 11 receiving in mold cavity 114, 
upper surface 22 of central portion 20 of base 11, upper 
edges 12a and 14a of first and second side walls 12 and 14, 
respectively, and upper edges 16a and 16b of first and 
second end walls 16 and 18, respectively, and generally 
co-planar with upper edges 150 and 152 of first and second 
sidewalls 98 and 100, respectively, and upper edges 154 and 
156 of first and second end walls 106 and 108, respectively. 

terminates at upper edge 170a which is coplanar with upper 
edge 152a of sidewall 152. First partition 164 extends from 

10 upper surface 162 of bottom wall 158 between central hub 
170 and inner surface 172 of sidewall 152. First partition 
164 is defined by first and second sides 174 and 176, 
respectively, and upper edge 178 which is coplanar with 
upper edge 152a of sidewall 152 and upper edge 170a of 

15 central hub 170. Second partition 166 extends from upper 
surface 162 of bottom wall 158 between central hub 170 and 

After inserting base 11 into mold cavity 114, upper 
portion 94 of mold 90 is positioned on lower portion 92, 
FIG. 11. More specifically, lower portion 92 is inserted into 
lower portion receipt cavity 134 such that upper edges 150 20 

and 152 of first and second sidewalls 98 and 100, respec
tively, and upper edges 154 and 156 of first and second end 
walls 106 and 108, respectively, engage inner surface 116a 

inner surface 172 of sidewall 152. Second partition 166 is 
defined by first and second sides 180 and 182, respectively, 
and upper edge 184 which is coplanar with upper edge 152a 
of sidewall 152 and upper edge 170a of central hub 170. 
First side 180 of second partition 166 and second side 176 
of first partition 164 define first gel cavity 186 therebetween. 
Third partition 168 extends from upper surface 162 of 
bottom wall 158 between central hub 170 and inner surface 
172 of sidewall 152. Third partition 168 is defined by first 
and second sides 188 and 190, respectively, and upper edge 
192 which is coplanar with upper edge 152a of sidewall 152 
and upper edge 170a of central hub 170. First side 188 of 
third partition 168 and second side 182 of second partition 

of upper wall 116 of upper portion 94. First and second well 
forming projections 136 and 138, respectively, extend into 25 

first and second gel cavities 36 and 40, respectively. Inner 
surfaces 118a and 120a of first and second sidewalls 118 and 
120, respectively, and inner surfaces 126a and 128a of first 
and second end walls 126 and 128, respectively, of upper 
portion 94 abut corresponding outer surfaces 98b and 100b 30 166 define second gel cavity 194 therebetween. First side 

174 of first partition 164 and second side 190 of third 
partition 168 define third gel cavity 196 therebetween. First, 
second and third passages 200, 202 and 204 extend through 
bottom wall 158 of stamp 110 and communicate with 

of first and second sidewalls 98 and 100, respectively, and 
outer surfaces 106b and 108b of first and second end walls 
106 and 108, respectively, of lower portion 92 so as to 
prevent lateral movement of lower portion 92 during the 
molding process. 

With lower portion 92 received with lower portion receipt 
cavity portion 134 of upper portion, gel 50 is inserted into 
mold 90 so as to be received in first and second gel cavities 
36 and 40, respectively, and in gradient cavity 44 along 
lower surface 42 of central portion 20 of base 11. As 
previously noted, first and second well forming projections 
136 and 138, respectively, prevent gel 50 from occupying 
the portions of first and second gel cavities 36 and 40, 
respectively, corresponding to first well 56 and second well 
62, respectively. Thereafter, gel 50 is polymerized within 
first and second gel cavities 36 and 40, respectively, and 
gradient cavity 44. Mold 90 may then be disassembled so as 
to allow stamp 10 to be removed thereform. It is contem
plated to initially remove upper portion 94 of mold 90 from 
lower portion 92 of mold 90, FIG. 12. With stamp 10 
positioned within mold cavity 114 of lower portion 92 of 
mold 90, a user may introduce the concentration of gradient 
particles in third portion 64 of gel 50, as heretofore 
described. As a result, when removed from mold cavity 114 
of lower portion 92 of mold 90, stamp 10 would be ready for 
immediate use on a cell culture, as heretofore described. 

It is contemplated to modify stamp 10 to provide addi
tional concentration gradients of various particles (e.g. 3 
different particles) in gel 50. Referring to FIGS. 13-14, an 
alternate embodiment of a stamp in accordance with the 
present invention is generally designated by the reference 
numeral 150. Stamp 150 has a generally circular configu
ration, FIG. 13, and is defined by a circular sidewall 152 
having an upper edge 152a and a lower edge 152b. A 
plurality of circumferentially spaced hooks 154 extend from 
upper edge 152a and are adapted from supporting stamp 150 
in a well 156, as hereinafter described. Stamp 150 further 

35 corresponding first, second and third gel cavities 186, 194 
and 196, respectively. 

Gel 50 is provided in first, second and third gel cavities 
186, 194 and 196, respectively, and first, second and third 
passages 200, 202 and 204, respectively. In addition, gel 50 

40 is provided along lower surface 160 of bottom wall 158. As 
heretofore described, it is contemplated for gel 50 to take the 
form of an agarose gel. As is known, agarose gel has a high 
degree of physical, chemical and thermal stability and 
exhibits limited interaction with biomolecules. It is noted, 

45 however, the gel 50 may take other forms without deviating 
from the scope of the present invention. 

Gel 50 in first gel cavity 186 defines first gel well 206 
formed the upper surface 208 thereof. In the depicted 
embodiment, first gel well 206 has a generally pie-shaped 

50 cross section. However, other configurations of first gel well 
206 are possible without deviating from the scope of the 
present invention. Gel 50 in second gel cavity 194 defines 
second gel well 212 formed in upper surface 210 thereof. In 
the depicted embodiment, second gel well 212 has a gen-

55 erally pie-shaped cross section. However, other configura
tions of second gel well 212 are possible without deviating 
from the scope of the present invention. Gel 50 in third gel 
cavity 196 defines third gel well 214 formed in upper surface 
216 thereof. In the depicted embodiment, third gel well 214 

60 has a generally pie-shaped cross section. However, other 
configurations of third gel well 214 are possible without 
deviating from the scope of the present invention. 

In operation, first, second and third gel wells 206, 212 and 
214, respectively, are filled with corresponding predeter-

65 mined fluids, having a known concentration of particles 218, 
220 and 222, respectively, therein, such as cells, molecules, 
chemical species, organisms or the like. Molecules may 
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include those that influence cell behaviors, such as chemok
ines that induce chemotactic migration, morphogens that 
influence differentiation and development, or growth factors 
that stimulate proliferation. Chemical species such as cell 
function inhibitors/activators or nutrients may also be pat- 5 

terned. Alternatively, cell-sourced molecules may be pat
terned by culturing mammalian or microbial cells in one or 
more gel cavities. Thereafter, the predetermined fluids dif
fuse through gel 50 in first, second and third gel cavities 186, 
194 and 196, respectively, and through first, second and third 10 

passages 200, 202 and 204, respectively, in bottom wall 158 
into portion 224 of gel 50 provided along lower surface 160 
of bottom wall 158 so as to create three concentration 
gradients of particles in portion 224 of gel 50 provided along 
lower surface 160 of bottom wall 158 over a predetermined 15 

time period. 
Referring to FIG. 14, during or after the gradients have 

formed in portion 224 of gel 50 provided along lower 
surface 160 of bottom wall 158, stamp 150 is inserted into 
well 156 such that hooks 154 engage support wall 226 20 

extending about opening 228 of well 156. With stamp 150 
received in well 156, portion 224 of gel 50 provided along 
lower surface 160 of bottom wall 158 is positioned over a 
cell culture, generally designated by the reference numeral 
230, which has been provided on cell culture surface 232 at 25 

the bottom ofwell 156. Cell culture 230 includes a plurality 
of cells 234 received within cell culture media 236. Stamp 
150 is positioned such that lower surface 238 of portion 224 

10 
4. The method of claim 3 wherein: 
the gel in the first passage defining a first well, the first 

well being adapted for receiving a first solution therein; 
and 

the gel in the second passage defines a second well, the 
second well being adapted for receiving a second 
solution therein. 

5. The method of claim 1 wherein the step of patterning 
the particles includes the additional steps of: 

depositing a first solution in the first well, the first solution 
including the particles; and 

allowing the particles to diffuse into the gel. 
6. The method of claim 5 wherein the particles in the gel 

form a gradient between the first and second passages in the 
body along the recessed portion of the lower surface. 

7. The method of claim 1 comprising the additional step 
of depositing cell culture media on the cell culture prior to 
the step of positioning the stamp. 

8. A method of transmitting particles to cells of a cell 
culture, comprising the steps of: 

forming a cell culture on a base; 
patterning the particles in a gel extending along a lower 

surface of a stamp; 
depositing cell culture media on the cell culture; 
positioning the stamp with the particles patterned in the 

gel in the cell culture media such that the particles in 
the gel extending along the lower surface of the stamp 
communicate with the cells of the cell culture; and 

allowing the particles in the gel to diffuse into the cells of 
the cell culture through the cell culture media. 

9. The method of claim 8 wherein the stamp includes: 
a body having an upper surface, a lower surface having a 

recessed portion, and first and second passages extend
ing between the upper surface and the recessed portion 
of lower surface thereof; 

wherein the gel extends along the recessed portion of the 
lower surface of the body. 

of gel 50 provided along lower surface 160 of bottom wall 
158 communicates with cell culture media 236. Stamp 150 30 

in maintained in positioned for a desired incubation period. 
During the incubation period, particles 218, 220 and 222 in 
gel 50 diffuse from lower surface 238, through cell culture 
media 236 and into the plurality of cells 234 to provide for 
gradient registered cells. At the conclusion of the incubation 35 

period, stamp 150 is removed and the gradient registered 
cells are processed according to a desired application, as 
heretofore described. 

10. The method of claim 9 wherein the body includes the 
first and second passages extending between the upper 
surface and the recessed portion of lower surface thereof, the 

40 gel being received in the first and second passages through 
the body. 

Various modes of carrying out the invention are contem
plated as being within the scope of the following claims 
particularly pointing out and distinctly claiming the subject 
matter, which is regarded as the invention. 11. The method of claim 10 wherein: 

We claim: 
1. A method of transmitting particles to cells of a cell 

45 
culture, comprising the steps of: 

the gel in the first passage defining a first well, the first 
well being adapted for receiving a first solution therein; 
and 

the gel in the second passage defines a second well, the 
second well being adapted for receiving a second 
solution therein. 

providing the cell culture on a surface; 
patterning the particles in a gel extending along a portion 

of a lower surface of a stamp; 
positioning the stamp with the particles patterned in the 

50 
gel such that the particles in the gel extending along the 
lower surface of the stamp communicate with the cells 

12. The method of claim 8 wherein the step of patterning 
the particles includes the additional steps of: 

depositing a first solution in a first well, the first solution 
including the particles; and of the cell culture; and 

allowing the particles in the gel to diffuse into the cells of 
the cell culture. 

2. The method of claim 1 wherein the stamp includes: 
a body having an upper surface, a lower surface having a 

recessed portion, and first and second passages extend
ing between the upper surface and the recessed portion 

allowing the particles to diffuse into the gel. 

of lower surface thereof; 
60 

wherein the gel extends along the recessed portion of the 
lower surface of the body. 

13. The method of claim 12 wherein the particles in the 
55 gel form a gradient between the first and second passages in 

the body along the recessed portion of the lower surface. 
14. The method of claim 13 wherein the particles are first 

particles and wherein the method further comprises the 
additional steps of: 

depositing a second solution in the second well, the 
second solution including second particles; and 

allowing the second particles to diffuse into the gel. 3. The method of claim 2 wherein the body includes the 
first and second passages extending between the upper 
surface and the recessed portion of lower surface thereof, the 
gel being received in the first and second passages through 
the body. 

15. The method of claim 14 wherein the second particles 
in the gel form a second gradient from the second well to the 

65 first well along the recessed portion of the lower surface. 

* * * * * 


