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ABSTRACT 

The invention presents a microfluidic device that provides 
investigation of distance dependent interactions between 
cells and various factors. A method that uses the device to 
determine distance dependent interactions between cells and 
various factors and agents that can change these interactions 
is also presented. 
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Figure 1C 
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MCROFLUIDIC DEVICE FOR 
INVESTIGATION OF DISTANCE 

DEPENDENT INTERACTIONS IN CELL 
BOLOGY 

FIELD OF THE INVENTION 

0001. The invention concerns a microfluidic device that 
determines the distance dependent interactions between vari 
ous factors such as cells which are matrix embedded or not 
and same type of cells which are matrix embedded or not, 
another type of cells which are matrix embedded or not, 
different and more than one type of cells which are matrix 
embedded or not, a matrix with different stiffness, a different 
type of matrix, culture medium, physiological buffer solu 
tion, a biological or chemical molecule, a soluble or matrix 
bound component or a combination thereof, and a method to 
determine these interactions and a method to determine 
agents that affect these interactions. 

BACKGROUND OF THE INVENTION 

0002 Interactions of cells with factors such as same or 
different types of cells, soluble factors or matrix bound 
soluble factors, depend on the distances between cells and the 
factors. For example, breast cancer cells that express epider 
mal growth factor receptor move towards the source of epi 
dermal growth factor source. Different cells can show differ 
ent interaction mechanisms such as autocrine, juxtacrine, 
paracrinem endocrine signaling. Cells can give chemotactic, 
haptotactic, durotactic responses to different factors. 
Research in cancer, stem cells, immunology, development, 
endocrinology, neuroscience etc. require better devices that 
can investigate interactions of cells with factors such as those 
mentioned above. 

0003 Microfluidics Microfluidic technology provides 
precise spatial and temporal control, high-throughput analy 
sis, low fabrication costs ye portability. Used material and 
waste Volumes can be as low as picoliters. Using Small Vol 
umes of unknown or toxic materials provides safe experimen 
tal study. Moreover, microfluidic technology can provide 
means to mimic physiological microenvironments. This fea 
ture can help us more realistically study cells in both health 
and disease states and improve drug testing approches it can 
also help reduce animal testing. 
0004 Devices used today usually focus on providing gra 
dients of soluble factors (Kamm, R. D. et al. Device for High 
Throughput Investigations of Cellular Interactions. PCT/ 
US2011/054029 2011). However, in vivo, gradients are gen 
erated by the sources of factors and agents to be responded to 
being at different distances. The device of this patent appli 
cation positions the cells and factors to be investigated at 
different, distances from each other and thus provides a more 
physiological setup. In addition the device of this patent 
application allows simultaneous investigation of different 
distances in one device 

SUMMARY OF THE INVENTION 

0005. The purpose of the invention is to determine dis 
tance dependent interactions of cells with various factors. 
Another purpose of the invention is to test agents that can 
affect distance dependent interactions of cells with various 
factors. 
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0006. The microfluidic device with the described features 
is shown in the drawings below. 
0007. The drawings are not necessarily to scale. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0008 FIG. 1A shows the top view of a first embodiment of 
the microfluidic device. 
0009 FIG. 1B shows the top view a second embodiment of 
the microfluidic device. 
(0010 FIG. 1C shows the top view a third embodiment of 
the microfluidic device. 
(0011 FIG. 1D shows the top view a fourth embodiment of 
the microfluidic device. 
0012 FIG. 2 shows the posts of the microfluidic device. 
0013 FIG. 3 shows the longitudinal view of the microflu 
idic device. 

BRIEF DESCRIPTION OF THE REFERENCES IN 
THE DRAWINGS 

0014 Parts in the figures are numbered and their explana 
tions are given below: 
0015 1. Optically transparent surface 
0016. 2. Structure 
0017 3. Test channel 
0018, 4. Main channel 
0019 5. Fluid reservoir 
0020. 6. Post 
0021 7. Test channel opening 
0022 8. Main channel opening 
0023 9. Shared test and main channel opening 
0024 10. Fluid channel opening 
(0025 11. Wide fluid channel opening 

DETAILED DESCRIPTION OF THE INVENTION 

0026. The invention is a microfluidic device that deter 
mines the distance dependent interactions of cells with fac 
tors such as same or different types of cells, soluble factors, 
matrix bound factors. 
0027. In one embodiment, the device has two main parts: 
Optically transparent Surface (1) and a structure (2) on this 
optically transparent Surface. This structure (2) comprises, 
separated by posts (6), two test channels (3), one main chan 
nel (4), the width of which can be constant at different regions 
and increases continuously or in steps along its length in one 
direction, neighboring and in the middle of the test channels 
(3), two fluid reservoirs (5) each neighboring a test channel 
(3), four test channel openings (7), two main channel open 
ings (8) and four fluid reservoir openings (10) (FIG. 1A). 
0028. In another embodiment, the device has two main 
parts: Optically transparent Surface (1) and a structure (2) on 
this optically transparent Surface. This structure (2) com 
prises, separated by posts (6), two test channels (3), one main 
channel (4), the width of which can be constant at different 
regions and increases continuously or in steps along its length 
in one direction, neighboring and in the middle of the test 
channels (3), two fluid reservoirs (5) each neighboring a test 
channel (3), two test channel openings (7), one main channel 
opening (8), one shared testand main channel opening (9) and 
four fluid reservoir openings (10) (FIG. 1B). 
0029. In another embodiment, the device has two main 
parts: Optically transparent Surface (1) and a structure (2) on 
this optically transparent Surface. This structure (2) com 
prises, separated by posts (6), two test channels (3), one main 
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channel (4), the width of which can be constant at different 
regions and increases continuously or in steps along its length 
in one direction, neighboring and in the middle of the test 
channels (3), two fluid reservoirs (5) each neighboring, a test 
channel (3), four test channel openings (7), two main channel 
openings (8) and two wide fluid reservoir openings (11) (FIG. 
1C) 
0030. In another embodiment, the device has two main 
parts: Optically transparent Surface (1) and a structure on this 
optically transparent Surface. This structure (2) comprises, 
separated by posts (6), two test channels (3), one main chan 
nel (4), the width of which can be constant at different regions 
and increases continuously or in steps along its length in one 
direction, neighboring and in the middle of the test channels 
(3), two fluid reservoirs (5) each neighboring a test channel 
(3), two test channel openings (7), one main channel opening 
(8), one shared test and main channel opening (9) and two 
wide fluid reservoir openings (11) (FIG. 1D). 
0031 While the width of the main channel (4) can be 
constant at different places, it increases continuously or in 
steps along its length in one direction. Thus, components in 
test channels (3) are positioned at different distances from 
each other. 

0032. While the width of the main channel (4) can be 
constant at different places, it increases continuously or in 
steps along its length in one direction; The width of the main 
channel can be between 20 micrometers and 50 millimeters. 

0033. The widths of the test channels (3) can be between 
50 micrometers and 10 millimeters. 

0034. The lengths of the test channels (3) and main chan 
nel (4) can be same or different, between 500 micrometers 
and 20 centimeters. 

0035 Test channels (3), main channel (4) and fluid reser 
voirs (5) of the device comprise of openings (7,8,9, 10, 11) 
that allow for loading of culture medium, physiological butler 
Solution, one or more biological molecule or chemical, cell 
laden matrix, cell free matrix or a combination thereof and 
allow for exit of air or previously loaded material during 
loading. Test channel (3) and main channel (4) openings can 
be shared (9) or separate (7,8) (FIGS. 1A, 1B, 1C and 1D). 
0036. The heights of fluid reservoirs (5), test channels (3) 
and main channel (4) can be same or different. The heights 
can be between 50 micrometers and 50 millimeters (FIG. 3). 
0037 Test channels (3), main channel (4) and posts (6) 
have the same height which can be between 50 micrometers 
and 1 centimeter. 

0038 Fluid reservoirs (5) can comprise of a single wide 
fluid reservoir opening (11) which can be as large as the fluid 
reservoir (5). Since the wide fluid reservoir opening (11) is 
large, fluids can be more easily changed. 
0039 Test channels (3) and main channel (4) of the device 
are separated from each other by arrays of posts (6) (FIG. 2). 
Fluid reservoirs (5) are also separated from test channels (3) 
by arrays of posts. In each array, there is a plurality of posts 
(6). Since separation of channels (3,4) and fluid reservoirs (5) 
from each other is realized by arrays of posts instead of 
continuous walls, factors in a channel (3, 4) and/or fluid 
reservoirs (5) can pass into other channels (3, 4) and/or fluid 
reservoirs (5). 
0040 Cross section of each post (6) can be hexagon, 
circle, ellipse or as different shape. 
0041. The horizontal long axis of each post (6) can be 
between 10 micrometers and 10 millimeters. The distance 
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between two consecutive posts (6) is shorter than widths of 
the test channels (3) and main channel (4) they surround. 
0042 Test channel openings (7), main channel openings 
(8), shared test and main channel openings (9), fluid reservoir 
openings (10), wide fluid reservoir openings (11) of the 
device can have different shapes and horizontal long axis 
lengths between 50 micrometer and 50 millimeters 
0043. The matrix in the main channel (4) and test channels 
(3) can be same or different. Matrices used in the device can 
be matrigel, collagen, laminin, agarose, polyacrylamide or 
biocompatible matrices or a combination thereof. 
0044) When more than one device is used devices can have 
separate optically transparent Surfaces (1) or the structures (2) 
can be organized on a shared optically transparent Surface (1). 
0045. The optically transparent surface (1) is the base of 
the device (FIG. 3). The material of the optically transparent 
surface (1) can be glass, polydimethylsiloxane (PDMS), 
polystyrene (PS) or cyclic olefin copolymer (COC). 
0046. The material of the structure (2) on the optically 
transparent surface (1) can be polydimethylsiloxane (PDMS) 
or polystyrene. 
0047. The structure (2) on the optically transparent surface 
(1) can be fabricated by polymerizing PDMS on silicon or 
SU-8 masters prepared with standard lithography techniques 
or by polymerizing PS on PDMS masters prepared with stan 
dard lithography techniques, or by injection molding PS. The 
optically transparent Surface (1) and the structure can be 
bonded using UV/oZone treatment, plasma treatment and/or 
heating. 
0048. The device can be used to determine whether there is 
a distance dependent interaction between a cell type and a 
factor. Here the factor can be cells which are matrix embed 
ded or not and same type of cells which are matrix embedded 
or not, another type of cells which are matrix embedded or 
not, different and more than one type of cells which are matrix 
embedded or not, a matrix with different stiffness, a different 
type of matrix, culture medium, physiological buffer solu 
tion, a biological or chemical molecule, a soluble or matrix 
bound component or a combination thereof. First cell laden 
matrix, cell free matrix, culture medium, physiological buffer 
Solution or one or more biological or chemical molecule(s) or 
a combination thereof is loaded to the main channel (4). Then 
cells which are matrix embedded or not are loaded into a test 
channel (3) on one side of the main channel (4). Subsequently, 
a factor is loaded into the test channel (3) on the other side of 
the main channel (4). The matrix in the main channel (4) can 
be same as or different from the matrix in the test channels (3). 
Lastly,culture medium or physiological buffer solutions are 
loaded into the fluid reservoirs (5). 
0049 Loading of the test channels (3) and main channel 
(4) can also be carried out simultaneously. Loadings can be 
carried out into an empty device or a device previously loaded 
with culture medium or physiological buffer solution. 
0050. If there is an interaction between a certain cell type 
and a factor, that is inversely related to the distance between 
them, this interaction will be observed most evidently at the 
device position where the distance between the cells and the 
factor is minimum while the interaction will be much less 
pronounced or not observed at all at the device position where 
the distance between the cells and the factor is maximum. If 
the interaction between a certain cell type and the factor 
shows a positive or a negative correlation, this indicates that 
there is a distance dependent interaction. The interaction 
between the certain cell type and the factor can exhibit itself 
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as the migration of the certain type of cell, cell viability, 
expression of different genes, shape change etc. 
0051. A sample application is as follows: 
0052 A certain type of cells are embedded in a matrix is 
loaded into the test channel (3) on one side of the main 
channel (4), a different type of cells embedded in a matrix are 
loaded in the other test channel (3) on the other side of the 
main channel (4). Cell free matrix is loaded into the main 
channel (4). Culture medium or physiological buffer solution 
is loaded into the fluid reservoirs (5). If there is a paracrine 
interaction between the two cell types and a chemotactic 
response, it is expected that the response changes inversely 
proportional to the distance between them. 
0053 Another sample application is as follows: 
0054. A certain type of cells are embedded in a matrix is 
loaded into the test channel (3) on one side of the main 
channel (4), a different type of cells embedded in a matrix are 
loaded in the main channel (4). Cell free matrix is loaded into 
the test channel (3) on the other side of the main channel (4). 
Culture medium or physiological buffer solution is loaded 
into the fluid reservoirs (5). If the cells in the main channel (4) 
show a feature only at the contact areas with the test channel 
(3) containing the other cell type, this indicates a paracrine 
interaction between the cell types. 
0055 Another sample application is as follows: 
0056 Cell free matrix is loaded into the test channels (3) 
on both sides of the main channel (4). A certain type of cells 
are embedded in a matrix is loaded into the main channel (4). 
Culture medium or physiological buffer solution is loaded 
into the fluid reservoirs (5). In this case, the cell density in the 
main channel (4) is same but there are more cells where the 
main channel (4) is widest. If cells in the main channel (4) 
show a feature most prominently at the region where the test 
channels (3) are furthest away from each other, then this 
indicates that cells have an autocrine interaction. 
0057 Another sample application is as follows: 
0058. A certain type of cells are embedded in a matrix is 
loaded into the test channel (3) on one side of the main 
channel (4), the same type of matrix without cells is loaded in 
the main channel (4). A matrix with different stiffness is 
loaded into the test channel (3) on the other side of the main 
channel (4). Culture medium or physiological buffer solution 
is loaded into the fluid reservoirs (5). If cells sense the stiff 
matrix in a manner dependent on the distance between the 
cells and the stiff matrix, the cell response, which can be 
differentiation, migration etc., is expected to change with the 
distance to the matrix with different stiffness. 

0059. The device can be used to determine whether an 
agent interferes with the distance dependent interaction 
between a certain cell type and a factor. Here the factor can be 
cells which are matrix embedded or not and same type of cells 
which are matrix embedded or not, another type of cells 
winch are matrix embedded or not, different and more than 
one type of cells which are matrix embedded or not, a matrix 
with different stiffness, a different type of matrix, culture 
medium, physiological buffer Solution, a biological or chemi 
cal molecule, a soluble or matrix bound component or a 
combination thereof. Here the agent can be one or more 
drugs, a biological molecule or chemical or a combination 
thereof. First, cell laden matrix, cell free matrix, culture 
medium, physiological buffer solution or one or more bio 
logical or chemical molecule(s) or a combination thereof is 
loaded to the main channel (4) Then cells which are matrix 
embedded or not are loaded into a test channel (3) on one side 
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of the main channel (4). Subsequently, a factor is loaded into 
the test channel (3) on the other side of the main channel (4). 
The matrix, in the main channel (4) can be same as or different 
from the matrix in the test channels (3). Lastly, culture 
medium or physiological buffer solutions are loaded into the 
fluid reservoirs (5). In addition, the agent to be tested is added 
to the contents of one or more of the test channels (3), the 
main channel (4) and fluid reservoirs (5). Loading of the test 
channels (3) and main channel (4) can also be carried out 
simultaneously. Loadings can be carried out into an empty 
device or a device previously loaded with culture medium or 
physiological buffer solution. If the tested agent reduces or 
enhances the interaction between the certain cell type and the 
factor, then this indicates that the tested agent can change the 
distance dependent interaction between the certain cell type 
and the factor. 
0060 A sample application is as follows: 
0061. A certain type of cells are embedded in a matrix is 
loaded into the test channel (3) on one side of the main 
channel (4), a different type of cells embedded in a matrix are 
loaded in the other test channel (3) on the other side of the 
main channel (4). Collagen containing an agent to be tested, 
for instance chemical molecule, is loaded into the main chan 
nel (4). If while one of the cell types migrates towards the 
other in the absence of the agent, and there is no migration in 
the presence of the agent, then this indicates that the agent 
inhibits the distance dependent interaction between the two 
cell types. 
0062) Any cell line and/or primary cells and/or biopsy 
cells can be used in the device. 

1. A microfluidic device comprising 
an optically transparent Surface, and 
a structure in the optically transparent Surface comprising: 

at least two test channels, 
a main channel, which is between the two test channels 

and the width of which is constant at different regions 
and increases continuously or in steps along its length 
in one direction, 

two fluid reservoirs, each of which neighbors one of the 
test channels, 

a plurality of borders comprising a plurality of posts that 
separate the test channels from the main channel and 
from the fluid reservoirs, 

at least two test channel openings, and 
at least one main channel opening. 

2. The microfluidic device of claim 1, wherein the fluids in 
the fluid reservoirs comprise of a culture medium, a physi 
ological buffer Solution, one or more biological molecule, 
chemical or a combination thereof. 

3. The microfluidic device of claim 1, wherein the test 
channels the main channel, and the fluid reservoirs comprise 
of openings that allow for loading of culture media, physi 
ological buffer Solutions, one of more biological or chemical 
molecule, cell laden matrices, cell free matrices or a combi 
nation thereof and that allow for exit of air or previously 
loaded material during loading. 

4. The microfluidic device of claim 1, wherein the test 
channels, the main channel and the posts are the same height. 

5. The microfluidic device of claim 1, wherein the heights 
of the test channels, the main channel and the posts are 
between 50 micrometers and 1 centimeter. 

6. The microfluidic device of claim 1, wherein the test 
channels and the main channel are the same lengths. 
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7. The microfluidic device of claim 1, wherein each length 
of the test channels and the main channel are between 500 
micrometers and 20 centimeters. 

8. The microfluidic device of claim 1, wherein the material 
of the optically transparent Surface is polydimethylsiloxane 
(PDMS), polystyrene (PS) or cyclic olefin copolymer (COC). 

9. The microfluidic device, of claim 1, wherein the material 
of the structure is polydimethylsiloxane (PDMS), polysty 
rene (PS) or cyclic olefin copolymer (COC). 

10. A method of determining whether there is a distance 
dependent interaction between a certain type of cell and a 
factor comprising: 

simultaneous or consecutive loading of cells, which are 
matrix embedded or not, into one of the test channels on 
one side of the main channel of the microfluidic device 
in claim 1, loading of a factor into the other test channel 
on the other side of the main channel of the microfluidic 
device in claim 1, loading of cell laden or cell free 
matrix, culture medium, physiological buffer solution, 
one or more biological molecule or chemical or a com 
bination thereof into the main channel of the microflu 
idic device in claim 1, loading of culture medium or 
physiological butler solution into the fluid reservoirs of 
the microfluidic device in claim 1, 

incubating the device at appropriate cell culture conditions 
and 

determining whether there is a distance dependent interac 
tion between the components of the two test channels of 
the microfluidic device in claim 1, wherein 

if the interaction of the cells, which are matrix embedded or 
not, with the factor shows a positive or negative corre 
lation, then this indicates that there is a distance depen 
dent interaction. 

11. A method of determining whether an agent interferes 
with the distance dependent interaction of cells, which are 
matrix embedded or not, with a factor, comprising 

simultaneous or consecutive loading of cells, which are 
matrix embedded or not, into one of the test channels on 
one side of the main channel of the microfluidic device 
in claim 1, loading of a factor into the other test channel 
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on the other side of the main channel of the microfluidic 
device in claim 1, loading of cell laden or cell free 
matrix, culture medium, physiological buffer solution, 
one or more biological molecule or chemical or a com 
bination thereof into the main channel of the microflu 
idic device in claim 1, loading of culture medium or 
physiological buffer solution into the fluid reservoirs of 
the microfluidic device in claim 1, 

addition of the agent to be tested to one or more of the 
components of the test channels, main channel and/or 
fluid reservoirs of the device in claim 1 during initial 
loading or afterwards, 

incubating the device at appropriate cell culture conditions, 
and 

determining whether a distance dependent interaction 
changed or not, wherein 

if the distance dependent interaction increases or 
decreases, then this indicates that the agent tested 
changes the distance dependent interaction between the 
cells, which are matrix embedded or not, and the factor. 

12. The method of claim 10, wherein the factor comprises 
same type of cells which are matrix embedded or not, differ 
ent type of cells which are matrix embedded or not, different 
and more than one type of cells which are matrix embedded or 
not, a matrix with different stiffness, a different type of 
matrix, culture medium, physiological buffer solution, a bio 
logical or chemical molecule or a combination thereof. 

13. The method of claim 11 wherein the agent comprises 
one or more drugs, a biological molecule or chemical or a 
combination thereof. 

14. The microfluidic device of claim 1, wherein the test 
channels and the main channel have different lengths. 

15. The method of claim 11, wherein the factor comprises 
same type of cells which are matrix embedded or not, differ 
ent type of cells which are matrix embedded or not, different 
and more than one type of cells which are matrix embedded or 
not, a matrix with different stiffness, a different type of 
matrix, culture medium, physiological buffer solution, a bio 
logical or chemical molecule or a combination thereof. 

k k k k k 


