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(54) Three dimensional microfluidic device that determines metastatic capacity and homing 
choices

(57) The invention provides a device that mimics the
in vivo tumor microenvironment comprising different cell
types, matrices, biological molecules and chemicals. All
steps of metastasis, namely, angiogenesis, matrix inva-
sion, cell migration, intravasation, circulation, extravasa-
tion and new tumor formation, in addition to homing choic-

es of cancer cells can simultaneously and jointly be in-
vestigated using the said microfluidic device. The design
of the device with multiple adjacent channels comprising
3D cell-laden or cell free matrices(24, 25, 26, 27, 28, 29)
neighboring a flow channel (30) allows determination of
metastatic capacity and homing choices of cancer cells.
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Description

Field of the Invention

[0001] The invention concerns a microfluidic device
that determines metastatic capacity and homing choices.
The device mimics the in vivo tumor microenvironment
comprising different cell types, matrices, biological mol-
ecules and chemicals. All steps of metastasis, namely,
angiogenesis, matrix invasion, cell migration, intravasa-
tion, circulation, extravasation and new tumor formation,
can be simultaneously and jointly investigated using the
said microfluidic device.

Background of the Invention

[0002] The leading cause of death for cancer patients
is metastasis. Even if the primary tumor is surgically re-
moved, cells that could have spread from the the primary
tumor can cause formation of new tumors and recurrence
of cancer. There is no test that can show whether cancer
will recur or nor. In addition, as cancer spreads in the
body, the tissues where new tumors form can be various.
It is not known which type of tissue, cancer cells from
each patient will prefer, for new tumor sites. Therefore,
it is not possible to determine patient-specific therapies.
In short, the desired points in diagnosis and therapy are
not reached.
[0003] Metastasis of cancerous epithelial cells in the
body comprises of steps occuring in a certain order: Can-
cer cells that have multiplied in an uncontrolled fashion
induce angiogenesis, invade tissue matrix (invasion), mi-
grate in tissue matrix towards blood vessels (migration),
enter blood vessels (intravasation), move through blood
vessels (circulation), exit blood vessels (extravsation)
and form tumor in a new tissue. During these molecular
events, cancer cells interact with various extracellular
molecules (collagen, fibronectin, laminin, growth factors,
free radicals, metal ions, etc.) and various cells (macro-
phages, fibroblasts, endothelial cells, epithelial cells,
bone cells, etc.).
[0004] Important knowledge on cancer cell biology has
been gained due to 2 dimensional and in vitro experi-
ments. However, cells in vivo are in 3D (3 dimensional)
matrices. Research shows that cell shape, adhesion, mo-
tility, response to growth factors and resistance to drugs
are different in two and three dimensional settings 1-3.
Almost all experiments in vitro and even some animal
models can not provide the in vivo orthotopic environ-
ment of cancer 4. Today, only 8 out 100 clinical trials give
effective results 5. 3D cell culture systems have shown
that they are a very necessary step between in vitro, in
vivo and clinical experiments 6,7. Therefore, to achieve
a comprehensive understanding of the interactions of
cancer with its microenvironment, new cell culture sys-
tems are needed.
[0005] There are some 3D and some co-culture exam-
ples 8,9. However,mimicking the in vivo microenviron-

ment is far beyond completion: In vivo, different cell and
tissues types exist at certain locations with respect to
each other, such as connective tissue being around blood
vessels. In addition, cancer metastasis is composed of
steps that occur in a certain order. Therefore, a system
that will investigate these steps has to mimic the in vivo
microenvironment.
[0006] Needle biopsy is used to predict metastatic ca-
pacity. It is also proposed that gene signatures will be
useful 10. However, functional tests at the cell and/or tis-
sue levels do not exist. Needle biopsy is a structural test
because it determines the organization of cells taken
from the patient checking whether cells are connected
to eacah other or are dispersed. On the other hand, a
functional test would check whether cells carry out the
steps of metastasis: angiogenesis, matrix invasion, cell
migration, intravasation, circulation, extravasation and
new tumor formation, or not.
[0007] Microfluidic technology provides precise spatial
and temporal control, high-throughput analysis, low fab-
rication costs ve portability. Used material and waste vol-
umes can be as low as picoliters. Using small volumes
of unknown or toxic materials provides safe experimental
study. Moreover, microfluidic technology can provide
means to mimic physiological microenvironments. This
feature can help us more realistically study cells in both
health and disease states and improve drug testing ap-
proches. It can also help reduce animal testing.
[0008] With microfluidic technology based set-ups,
some steps of cancer cell metastasis have been studied
to certain degree. Research on breast cancer cells and
fibroblast cells together in 3D collagen 11, angiogenesis
due to growth factors in microfluidic channels and inter-
actions of cancer cells with endothelial cells 12,13, effects
of drugs in microfluidic channels on cancer cells in 3D
cell culture 14, hepatocyte cell culture in microfluidic sys-
tems 15, interactions of breast cancer cells and macro-
phages in 3D microfluidic channels 16, interactions of
breast cancer cells and fibroblasts in 3D microfluidic
channels 17, interactions of breast cancer cells, macro-
phages and endothelial cells in 3D microfluidic channels
18 have been perfomed. However, there is neither a set-
up nor a device that can simultaneously and jointly in-
vestigate all steps of cancer cell metastasis and that can
mimic the required features of the in vivo microenviron-
ment.
[0009] The patent which has the closest content to the
submitted application here is the patent by Roger Kamm,
titled "Device for High Throughput Investigations of Cel-
lular Interactions" 19. The basic unit in the mentioned pat-
ent, is composed of various flow channels around one
microfluidic channel/area comprising 3D cell-laden ma-
trix. By repeating the basic unit high-throughput is
achieved. Since there is only one microfluidic channel/ar-
ea comprising 3D cell-laden matrix in each basic unit, it
is not possible for different cell types to be studied to be
in neighboring but separate microfluidic channels/areas
comprising 3D cell-laden matrices. Thus, cells to be stud-
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ied together are mixed in 3D matrix and loaded into the
microfluidic channel/area comprising 3D cell-laden ma-
trix. In vivo, there can be more than one type of cell in
one region, for example both macrophages and fibrob-
lasts can be found in connective tissue; however different
cell types are ofund in different tissues and organs: For
example lung epithelial cells are found in lungs, breast
epithelial cells are found in breast. For example in breast
cancer, cancer epithelial cells are next to normal epithe-
lial cells when they first form a tumor. When cancer ep-
ithelial cells pass into connective tissue, they come next
to macrophages and fibroblasts that can be found togeth-
er in connective tissue. As cancer epithelial cells spread
in the body, they interact with different cell types such as
endothelial cells, lung epithelial cells, live epithelial cells,
bone cells found in different regions in the body. To be
able to study cancer metastasis outside the organism, it
is necessary to mimic the in vivo organization of different
cell types in different regions, outside the organism.
Therefore, the device in Kamm’s patent, due to having
only one 3D cell-laden matrix channel/area in its basic
unit, is limited in mimicking the in vivo microenvironment.
Hence, at most three different cell types could have been
simultaneously studied. In addition, the mentioned de-
vice does not make it possible to investigate all steps of
cancer metastasis simultaneously and jointly. Another
deficiency is that the device cannot determine homing
choices of cancer cells. For example, it cannot determine
whether breast cancer cells that have entered blood flow
will form new tumors in regions with 3D lung epithelial
cell-laden matrix or 3D liver epithelial cell-laden matrix
or 3D bone cell-laden matrix.
[0010] On the other hand, the device I present in this
patent application, due to its basic unit comprising at least
one flow channel and at least 3 on each side, at least 6
in total, channels, comprising 3D cell-free or cell-laden
matrices neighbouring each flow channel, achieves (i)
simultaneous investigation of at least five different cell
types, (ii) simultaneous investigation of all steps of cancer
metastasis and thus determination of metastatic capac-
ity, and (iii) determination of homing choices of cancer
cells.
[0011] To determine metastatic capacity, all steps of
metastasis should be investigated simultaneously and
jointly because each step is connected to others. Cancer
cells less successful at one or more steps can still me-
tastasize. The important question is whether new tumors
form or not as a result of the sum of all steps. This is the
question the drugs that will be used against cancer are
expected to answer. More important than which meta-
static step the drug affects is whether the drug prevents
new tumor formation or not. Side effects of anti-cancer
drugs on normal cells is an unwanted situation. It is ideal
to use cell culture devices comprising 3d matrices, mul-
tiple and different cell types and thus best mimicking the
in vivo conditions, to investigate side effects.

Summary of the invention

[0012] The purpose of the invention is to determine
metastatic capacity of cancer cells.
[0013] Another purpose of the invention is to determine
homing choices of cancer cells.
[0014] Another purpose of the invention is to simulta-
neously and jointly investigate all steps of metastasis,
namely, angiogenesis, matrix invasion, cell migration, in-
travasation, circulation, extravasation and new tumor for-
mation under conditions mimicking the in vivo microen-
vironment.
[0015] Another purpose of the invention is to test anti-
metastasis drugs.
[0016] The microfluidic device with the desccribed fea-
tures is shown in the drawings below.
[0017] The drawings are not necessarily to scale.

Brief description of the drawings

[0018]

Fig. 1 shows a drawing of a longitudinal outside view
of a device and presentation of peripheral units
Fig. 2 shows a drawing of a longitudinal, top outside
section view of a device
Fig. 3 shows a drawing of a longitudinal, top inside
section view of a device with references 21 and 22
Fig. 4 shows a drawing of a longitudinal, top inside
section view of a device with references 23
Fig. 5 shows a drawing of a longitudinal, top inside
section view of a device with references 24, 25, 26,
27, 28, 29, 30, 31 and 32
Fig. 6 shows a drawing of the places of cross-sec-
tions at the longitudinal, top inside section view of a
device
Fig. 7 shows a drawing of the cross-sections taken
at places noted in Fig. 6
Fig. 8 shows a drawing of a longitudinal, top inside
section view of a device and the 3D view of selected
region of the device including a fluid reservoir
Fig. 9 shows a drawing of a longitudinal, top inside
section view of a device and the 3D view of selected
region of the device including two partial rows of
posts.

Brief description of the references in the drawings

[0019] Parts in the figures are numbered and their ex-
planations are given below:

1: The optically transparent surface that forms the
base of the device
2: The structure of the device
3: Channel inlet or outlet
4: Channel inlet or outlet
5: Channel inlet or outlet
6: Channel inlet or outlet
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7: Channel inlet or outlet
8: Channel inlet or outlet
9: Channel inlet or outlet
10: Channel inlet or outlet
11: Channel inlet or outlet
12: Channel inlet or outlet
13: Channel inlet or outlet
14: Channel inlet or outlet
15: Channel inlet or outlet
16: Channel inlet or outlet
17: Fluid reservoir inlet
18: Fluid reservoir outlet
19: Fluid reservoir inlet
20: Fluid reservoir outlet
21: Curved interior corner
22: Border area that prevents direct mixing of fluids
in fluid reservoirs
23: Post
24: 3D cell-free or cell-laden matrix channel
25: 3D cell-free or cell-laden matrix channel
26: 3D cell-free or cell-laden matrix channel
27: 3D cell-free or cell-laden matrix channel
28: 3D cell-free or cell-laden matrix channel
29: 3D cell-free or cell-laden matrix channel
30: Flow channel
31: Fluid reservoir
32: Fluid reservoir
33: Connector
34: Tubing
35: Storage reservoir
36: Tubing
37: Tubing
38: Air bubble trap
39: Tubing
40: Flow regulating pump

Detailed description of the invention

[0020] The invention is a microfluidic device that can
be used to simultaneously and jointly investigate all steps
of metastasis and homing choices of cancer cells. The
device mimics the in vivo tissue level organization of tu-
mor microenvironments comprising various tissues and
blood vessels. Different tissues are mimicked by at least
six different channels comprising cell-laden or cell-free
3D matrices (24, 25, 26, 27, 28, 29). Blood vessels are
mimicked by at least one flow channel (30) comprising
endothelial cells. Channels comprising cell-laden or cell-
free 3D matrices (24, 25, 26, 27, 28, 29) are arranged
along each long side of the flow channel (30) and one of
the channels on one side of the flow channel (30) com-
prises cancer cell laden matrix and all others comprise
cell free or normal cell laden matrices.
[0021] In one embodiment, the structure (2) on the op-
tically transparent surface has the following parts: at least
one flow channel (30) comprising endothelial cells on its
walls, at least three adjacent channels comprising cell-
laden or cell-free 3D matrices, neighboring each flow

channel (30) on each long side of it, with same or different
lengths as the flow channel (30), in total at least six chan-
nels comprising cell-laden or cell-free 3D matrices (24,
25, 26, 27, 28, 29), at least two fluid reservoirs (31, 32)
each neighbouring one of the channels comprising cell-
laden or cell-free 3D matrices (24, 29) furthest from the
flow channel (30), at least two border areas that prevent
direct mixing of different fluids in the fluid reservoirs (22),
borders comprising at least twelve posts (23) that sepa-
rate neighboring channels (24, 25, 26, 27, 28, 29, 30)
from each other, and channels (24, 29) from neighboring
fluid reservoirs (31, 32), curved interior corners (21) that
minimize air bubble formation.
[0022] There are at least three 3D cell-free or cell-laden
matrix comprising channels adjacent to eac other and to
each side of each flow channel (30). Cells and/or mole-
cules from at least six 3D cell-free or cell-laden matrix
comprising channels can reach each flow channel
through spacings between posts. If the number of flow
channels (30) is increased, number of 3D cell-free or cell-
laden matrix containing channels will increase accord-
ingly. If there are 2 flow channels (30), there will be at
least 12 of 3D cell-free or cell-laden matrix containing
channels.
[0023] Fluid reservoirs (31, 32) provide biological mol-
ecules and chemicals to cells furthest away from the flow
and mimic interstitial fluid.
[0024] One end of the flow channel (30) is connected
via connector (33) and tubing (39) to air bubble trap (38)
connected via tubing (37) to flow regulating pump (40)
and the other end of the flow channel is connected via
connector (33) and tubing (34) to a storage reservoir (35)
where flow passes through and cancer cells and other
biological molecules and chemicals that have entered
flow can be collected for analysis. The storage reservoir
(35) is connected via tubing (36) to the flow regulating
pump (40).
[0025] All channels (24, 25, 26, 27, 28, 29, 30) and
fluid reservoirs (31,32) in the device have each one inlet
for loading culture media, physiological buffer solution,
biological molecules or chemicals to be tested, cell-free
matrix, cell-laden matrix or a combination thereof and
each one outlet for inside air or preloaded fluid to exit
during loading (3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15,
16, 17, 18, 19, 20). If the number of flow channels (30)
is increased, numbers of inlets, outlets (15, 16), connec-
tors (33), inlet and outlet tubings (34, 39), and if desired
number of storage reservoirs (35), inlet and outlet tubings
(34, 36) of storage reservoirs will be increased accord-
ingly.
[0026] If the border areas that prevent direct mixing of
fluids in the fluid reservoirs (22) are not used, the fluids
in the two fluid reservoirs can have the same composition.
[0027] The fact that the interior corners are curved can
reduce air bubbles that can form inside the device during
fluid loading.
[0028] All channels (24, 25, 26, 27, 28, 29, 30) in the
device are separated from each with rows of posts (23).
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Fluid reservoirs (31, 32) are also separated from the out-
ermost channels (24, 29) with rows of posts (23). There
are at least 12 posts (23) in each row. Since the separa-
tion of channels and fluid reservoirs is realized with rows
of posts instead of solid walls, cells, biological molecules
and/or chemicals in one channel and/or reservoir can
pass to other channel and/or reservoirs.
[0029] All channels (24, 25, 26, 27, 28, 29, 30), fluid
reservoirs (31,32) and posts (23) are of the same height.
Their height can be between 50 micrometers and 5 mil-
limeters.
[0030] Width and length of each channel (24, 25, 26,
27, 28, 29,30) can be the same as or different from the
widths and lengths of other channels. Widths of channels
can be between 100 micrometers and 25 milimeters.
[0031] The horizontal cross-section of each post (23)
can have the shape of a hexagon, a circle or an ellipse.
The width of each post can be between 50 micrometers
to 3 millimeters.
[0032] The spacing between two consecutive posts
(23) is shorter than the width of the post (23) which has
the smaller width of the two consecutive posts (23).
[0033] The diameters of inlet and outlets in the device
(3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19,
20) can be between 50 micrometers and 10 milimeters.
[0034] When more than one device is used, the devic-
es can have separate optically transparent surfaces (1)
or their structures (2) can be organized on one common
optically transparent surface.
[0035] The material of the optically transparent surface
(1) can be glass, polydimethylsiloxane (PDMS) or poly-
styrene (PS).
[0036] The material of the structure (2) on the optically
transparent surface (1) can be polydimethylsiloxane
(PDMS) or polystyrene.
[0037] The structure (2) on the optically transparent
surface (1) can be fabricated by polymerizing PDMS on
silicon or SU-8 masters prepared with standard lithogra-
phy techniques, or by polymerizing PS on PDMS masters
prepared with standard lithography techniques, or by in-
jection molding PS. The optically transparent surface (1)
and the structure can be bonded using UV/ozone treat-
ment, plasma treatment and/or heating.
[0038] Cell lines and/or cancer patient biopsy cells
such as cancer cells, macrophages, fibroblasts, endothe-
lial cells, normal breast epithelial cells, myoepithelial
cells, normal liver epithelial cells, hepatocytes, normal
lung epithelial cells, normal bone cells can be used in the
device. At least five different cell types can be simulta-
neously and jointly investigated in the device. Normal
epithelial cells of type same as the cancer type or different
from the cancer type can be used. For example, if breast
cancer cells will be studied, breast cancer epithelial cells
and normal breast epithelial cells and/or normal lung ep-
ithelial cells can be used.

Example 1: 1. Breast cancer epithelial cells 2. normal
breast epithelial cells 3. fibroblasts 4. macrophages

5. endothelial cells.
Example 2: 1. Breast cancer epithelial cells 2. normal
breast epithelial cells 3. fibroblasts 4.
macrophages 5. endothelial cells 6. bone cells
Example 3: 1. Breast cancer epithelial cells 2. normal
breast epithelial cells 3. fibroblasts 4.
macrophages 5. endothelial cells 6. liver cells
Example 4: 1. Breast cancer epithelial cells 2. normal
breast epithelial cells 3. fibroblasts 4.
macrophages 5. endothelial cells 6. normal lung ep-
ithelial cells
Example 5: 1. Breast cancer epithelial cells 2. normal
breast epithelial cells 3. fibroblasts 4.
macrophages 5. endothelial cells 6. normal lung ep-
ithelial cells 7. bone cells

[0039] A sample placement of cells in the device for
the Example 5 above: Breast cancer epithelial cells in
matrix in relevant channel (24), normal breast epithelial
cells in matrix in relevant channel (25), fibroblasts and
macrophages in matrix in relevant channel (26), endothe-
lial cells in flow channel (30), fibroblasts and macrophag-
es in matrix in relevant channel (27),normal lung epithe-
lial cells in matrix in relevant channel (28), bone cells in
matrix in relevant channel (29).
[0040] Blood of cancer patient can be used as fluid
passing through the flow channel (30). In this case, met-
astatic capacity of cancer cells that have already entered
blood circulation can be investigated. Blood of healthy
individual can be used as control.
[0041] A sample application is as follows:

Cell-free matrix is loaded into relevant channels (24,
29),
Cancer cell laden matrix is loaded into relevant chan-
nel (25),
Macrophage and fibroblast laden matrix is loaded
into relevant channels (26, 27),
Normal epithelial cell laden matrix is loaded into rel-
evant channel (28).
After matrices polymerize, endothelial cells are load-
ed into the flow channel (30) and culture media are
loaded into fluid reservoirs (31, 32).
The storage reservoir (35) is filled with physiological
buffer.
The flow regulating pump (40), air bubble trap (38),
storage reservoir (35) and tubings (34, 36, 37, 39)
are connected to each other.
The flow channel (30) is connected to flow via con-
nectors (33) and tubings (34, 39). Tubings (34, 39)
can be directly placed in inlet and outlet (15, 16) with-
out using connectors (33) if desired.
Device is placed on microscope stage. Device is kept
at 37°C. Device is also kept at 5% CO2 atmosphere
unless CO2 independent culture media are used.

[0042] After endothelial cells form a monolayer, flow is
started. Microscope images are taken at regular time in-
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tervals at predefined positions in the device. Cell behav-
ior is observed, recorded and analyzed. Or at a prede-
termined time point, for example 3 days, 7 days, 14 days,
cells in the device are labeled using standard immuno-
histochemistry to determine locations of cancer cells and
other normal cells of interest, for example, endothelial
cells, macrophages, normal epithelial cells, etc.
[0043] If cancer cells reach normal epithelial cell laden
matrix comprising channel (28) and form new tumors,
they are classified as cancer cells with high metastatic
capacity.
[0044] The device can be used to determine whether
a biological molecule or a chemical or a combination
thereof prevents metastasis or not. A sample application
is as follows:

Cancer cell laden matrix is loaded into relevant chan-
nel (24),
Fibroblast laden matrix is loaded into relevant chan-
nels (25, 28),
Macrophage laden matrix is loaded into relevant
channels (26, 27),
Normal epithelial cell laden matrix is loaded into rel-
evant channel (29).

[0045] After matrices polymerize, endothelial cells are
loaded into the flow channel (30) and culture media are
loaded into fluid reservoirs (31, 32).
[0046] The storage reservoir (35) is filled with physio-
logical buffer and biological molecule, chemical or a com-
bination thereof to be tested.
[0047] The flow regulating pump (40), air bubble trap
(38), storage reservoir (35) and tubings (34, 36, 37, 39)
are connected to each other.
[0048] The flow channel (30) is connected to flow via
connectors (33) and tubings (34, 39). Tubings (34, 39)
can be directly placed in inlet and outlet (15, 16) without
using connectors (33) if desired.
[0049] Device is placed on microscope stage. Device
is kept at 37°C. Device is also kept at 5% CO2 atmos-
phere unless CO2 independent culture media are used.
[0050] After endothelial cells form a monolayer, flow is
started. Microscope images are taken at regular time in-
tervals at predefined positions in the device. Cell behav-
ior is observed, recorded and analyzed. Or at a prede-
termined time point, for example 3 days, 7 days, 14 days,
cells in the device are labeled using standard immuno-
histochemistry to determine locations of cancer cells and
other normal cells of interest, for example, endothelial
cells, macrophages, normal epithelial cells, etc.
[0051] If new tumors form in the normal epithelial cell
laden matrix (29) comprising channel when controls of
biological molecule, chemical or a combination thereof
is used and new tumors do not form in the normal epi-
thelial cell laden matrix comprising channel (29) when
the biological molecule, or chemical or a combination
thereof tested is used, then this indicates the biological
molecule, or chemical or a combination thereof tested

can be used against cancer metastasis.
[0052] The device can be used to determine the hom-
ing choices of cancer cells. For example to determine
whether breast cancer cells will metastasize to lungs or
bones:

in one device breast cancer cell-laden matrix can be
loaded into one channel on one side of the flow chan-
nel (30) and normal bone cell-laden matrix into an-
other channel on the other side of the flow channel
(30) and in another device breast cancer cell-laden
matrix can be loaded into one channel on one side
of the flow channel (30) and normal lung epithelial
cell-laden matrix into another channel on the other
side of the flow channel (30) or

[0053] in one device breast cancer cell-laden matrix
can be loaded into one channel on one side of the flow
channel (30) and normal lung epithelial cell-laden matrix
into one half of another channel and normal bone cell-
laden matrix into the other half of the channel on the other
side of the flow channel (30) or in one device breast can-
cer cell-laden matrix can be loaded into one channel on
one side of the flow channel (30), normal lung epithelial
cell-laden matrix and normal bone cell-laden matrix into
other channels on the other side of the flow channel (30).
[0054] Then where breast cancer cells migrate and
where they form new tumors in each device can be de-
termined.
[0055] For example to determine whether breast can-
cer cells will metastasize to lungs or bones an application
is as follows:

Normal epithelial cell laden matrix is loaded into rel-
evant channel (24),
Cancer cell laden matrix is loaded into relevant chan-
nel (25),
Macrophage and fibroblast laden matrix is loaded
into relevant channels (26, 27),
Normal lung epithelial cell laden matrix is loaded into
relevant channel (28).
Normal bone cell laden matrix is loaded into relevant
channel (29).

[0056] After matrices polymerize, endothelial cells are
loaded into the flow channel (30) and culture media are
loaded into fluid reservoirs (31, 32).
[0057] The storage reservoir (35) is filled with physio-
logical buffer.
[0058] The flow regulating pump (40), air bubble trap
(38), storage reservoir (35) and tubings (34, 36, 37, 39)
are connected to each other.
[0059] The flow channel (30) is connected to flow via
connectors (33) and tubings (34, 39). Tubings (34, 39)
can be directly placed in inlet and outlet (15, 16) without
using connectors (33) if desired.
[0060] Device is placed on microscope stage. Device
is kept at 37°C. Device is also kept at 5% CO2 atmos-

9 10 



EP 2 741 083 A1

7

5

10

15

20

25

30

35

40

45

50

55

phere unless CO2 independent culture media are used.
[0061] After endothelial cells form a monolayer, flow is
started. Microscope images are taken at regular time in-
tervals at predefined positions in the device. Cell behav-
ior is observed, recorded and analyzed. Or at a prede-
termined time point, for example 3 days, 7 days, 14 days,
cells in the device are labeled using standard immuno-
histochemistry to determine locations of cancer cells and
other normal cells of interest, for example, endothelial
cells, macrophages, normal epithelial cells, etc.
[0062] If cancer cells reach normal lung epithelial cell
laden matrix comprising channel (28) and form new tu-
mors, they are classified as cancer cells that home to
lung tissue. If cancer cells reach normal bone cell laden
matrix comprising channel (29) and form new tumors,
they are classified as cancer cells that home to bone
tissue.
[0063] To distinguish cancer cells from other cells, they
can be labelled with fluorescent dyes before loading into
the device. Another approach is to label cells other than
the cancer cells to be loaded into the device with fluores-
cent dyes. Or these cells can express various fluorescent
proteins.
[0064] Effect of different flow rate on cancer cell me-
tastasis can be invesitgated by changing the flow rate
generated with the flow regulating pump (40).
[0065] The matrix can be collagen, matrigel, laminin,
hydrogel or a combination thereof. In addition, extracel-
lular matrix proteins such as fibronectin, entactin can be
added to the matrix.
[0066] Drugs, growth factors, biological molecules
and/or chemicals to be tested can be added to one or
more of the reservoirs (31, 32, 35). Intended effects on
cancer cells and side effects on normal cells can be si-
multaneously and jointly studied.
[0067] When cells from cancer patient biopsies are
used in the device, better informed choices can be made
for personalized therapy.
[0068] The device can be fabricated using standard
lithography, hot embossing, micro-injection molding
and/or laser micromachining techniques.
[0069] Loading of materials to the device, change of
fluids, microscopic observations and analyses can be au-
tomized with a computerized robotic set-up.
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Claims

1. A microfluidic device comprising a structure (2) on
an optically transparent surface (1) where the struc-
ture (2) comprises

(i) at least one flow channel (30) comprising en-
dothelial cells,
(ii) at least three adjacent channels comprising
cell-laden or cell-free 3D (3 dimensional) matri-
ces, neighboring each flow channel on each long
side of it, in total at least six channels comprising
3D cell-laden or cell free matrix (24, 25, 26, 27,
28, 29),
(iii) at least two fluid reservoirs (31, 32) each
neighbouring one of the channels comprising 3D
cell-laden or cell free matrix (24, 29) furthest
from the flow channel (30),
(iv) borders comprising at least twelve posts (23)
that separate neighboring channels (24, 25, 26,
27, 28, 29, 30) from each other, and channels
(24, 29) from neighboring fluid reservoirs (31,
32).
(v) at least five different cell types in total.

2. The device of claim 1 wherein one end of the flow
channel (30) is connected via connector (33) and
tubing (39) to air bubble trap (38) connected to a flow
regulating pump (40) and the other end is connected
via connector (33) and tubing (34) to a storage res-
ervoir (35) where the flow passes through and cancer
cells, biological molecules and chemicals that have
entered the flow can be collected for analysis.

3. The device of claim 1 wherein there are at least two
border areas (22) that prevent mixing of different flu-
ids in the fluid reservoirs (31, 32),

4. The device of claim 1 wherein the interior corners
(21) are curved to minimize air bubble formation.

5. The device of claim 1 wherein the fluids in the res-
ervoirs (31, 32, 35) and the flow channel (30) com-
prise culture media, physiological buffer solutions,
biological molecules, chemicals to be tested or a
combination thereof.

6. The device of claim 1 wherein all channels (24, 25,

26, 27, 28, 29, 30) and fluid reservoirs (31,32) com-
prise each one inlet for loading culture media, phys-
iological buffer solutions, biological molecules,
chemicals, cell-free matrix, cell-laden matrix to be
tested or a combination thereof and each one outlet
for the inside air or preloaded fluid to exit during load-
ing (3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17,
18, 19, 20).

7. The device of claim 1 wherein channels (24, 25, 26,
27, 28, 29, 30), fluid reservoirs (31,32) and posts
(23) are of the same height.

8. The device of claim 1 wherein channels comprising
3D cell-laden or cell free matrix (24, 25, 26, 27, 28,
29) are the same or different lengths as the flow
channel (30),

9. The device of claim 1 wherein all channels (24, 25,
26, 27, 28, 29, 30) are parallel to each other.

10. The device of claim 1 wherein all channels (24, 25,
26, 27, 28, 29, 30) each have a length between 500
micrometers and 20 centimeters.

11. The device of claim 1 wherein the horizontal cross-
section of each post (23) is hexagonal, circular or
elliptical.

12. The device of claim 1 wherein the horizontal cross-
section of each post (23) is between 10 micrometers
and 1 millimeter wide.

13. The device of claim 1 wherein the material of the
optically transparent surface(1) is glass, polydimeth-
ylsiloxane or polystyrene.

14. The device of claim 1 wherein the material of the
structure (2) is polydimethylsiloxane or polystyrene.

15. The device of claim 1 wherein the cells comprise a
combination of cancer cells, macrophages, fibrob-
lasts, endothelial cells, normal breast epithelial cells,
myoepithelial cells, normal liver epithelial cells,
hepatocytes, normal lung epithelial cells, normal
bone cells.

16. The device of claim 15 wherein the cells are cell lines
and/or cancer patient biopsy cells.

17. The device of claim 1 wherein at least one of the
channels (24, 25, 26, 27, 28, 29) comprising 3D cell-
laden or cell free matrix, comprises 3D cancer cell-
laden matrix while the others comprise 3D cell-free
matrix, 3D normal epithelial cell of type same as the
cancer type-laden matrix, 3D normal epithelial cell
of type different from the cancer type-laden matrix,
3D fibroblast-laden matrix, 3D macrophage-laden

13 14 



EP 2 741 083 A1

9

5

10

15

20

25

30

35

40

45

50

55

matrix, 3D myoepithelial cell-laden matrix, 3D nor-
mal liver epithelial cell-laden matrix, 3D hepatocyte-
laden matrix, 3D normal bone cell-laden matrix or a
combination thereof.

18. The device of claim 1 wherein the 3D matrix in six
or fewer of the channels (24, 25, 26, 27, 28, 29) com-
prising 3D cell-laden or cell free matrix is matrigel,
collagen, laminin or a combination thereof.

19. The device of claim 1 wherein the flow channel (30)
is a channel where

(i) Cancer cells that contact endothelial cells in
the flow channel (30),
(ii) Cancer cells that pass endothelial cells in the
flow channel (30) and enter the flow,
(iii) Cancer cells that enter the flow on one side
of the flow channel and contact the endothelial
cells on the other side of the flow channel (30)
are observed with a microscope.

20. The device of claim 1 wherein the structure compris-
es channels (26, 27) neighboring the flow channel
(30) and comprising 3D cell-laden or cell free matrix
where migration of cancer cells in 3D cell-laden or
cell free matrix towards the flow channel (30) and
exit of cancer cells from the flow channel (30) into
3D cell-laden or cell free matrix can be observed.

21. The device of claim 1 wherein any of the channels
(24, 25, 26, 27, 28, 29) comprising 3D normal cell of
type same as the cancer type or different type-laden
matrix is a channel where formation and/or presence
of new tumors by cancer cells that have passed
through the flow channel (30) and/or not, can be ob-
served with a microscope.

22. The device of claim 1 wherein the fluid in the flow
channel (30) is blood from cancer patient.

23. The device of claim 1 wherein the fluid in the flow
channel (30) is blood from healthy individual.

24. A method of determining whether a biological mole-
cule or a chemical or a combination thereof prevents
metastasis or not comprising

a. adding the biological molecule, chemical or a
combination thereof to be tested into one or
more of the fluid reservoirs (31, 32) and/or stor-
age reservoir (35) of the device in claim 1 where-
in at least one of the channels (24, 25, 26, 27,
28, 29) comprising 3D cell-laden or cell free ma-
trix comprises 3D cancer cell-laden matrix while
the others comprise 3D cell-free matrix, 3D nor-
mal epithelial cell of type same as the cancer
type-laden matrix, 3D normal epithelial cell of

type different from the cancer type-laden matrix,
3D fibroblast-laden matrix, 3D macrophage-lad-
en matrix, 3D myoepithelial cell-laden matrix, 3D
normal liver epithelial cell-laden matrix, 3D
hepatocyte-laden matrix, 3D normal bone cell-
laden matrix or a combination thereof, and
b. determining whether new tumors form in a
channel other than the one seeded with cancer
cells to begin with or not
wherein if new tumors do not form in a channel
other than the one seeded with cancer cells to
begin with, then this iindicates that the biological
molecule, chemical or a combination thereof
tested can be used against metastasis com-
pared to a suitable control biological molecule
or chemical.

25. A method of determining the homing choices of can-
cer cells comprising

a. The device of claim 1 wherein at least one of
the channels (24, 25, 26, 27, 28, 29) comprising
3D cell-laden or cell free matrix comprises 3D
cancer cells to be tested-laden matrix while the
others comprise 3D cell-free matrix, 3D normal
epithelial cell of type same as the cancer type-
laden matrix, 3D normal epithelial cell of type
different from the cancer type-laden matrix, 3D
fibroblast-laden matrix, 3D macrophage-laden
matrix, 3D myoepithelial cell-laden matrix, 3D
normal liver epithelial cell-laden matrix, 3D
hepatocyte-laden matrix, 3D normal bone cell-
laden matrix or a combination thereof, and
b. determining in which channels new tumors
form or are present
wherein if a new tumor forms in a channel with
normal lung epithelial cells, then this indicates
that cancer cells tested will metastasize to the
lungs, if a new tumor forms in a channel with
bone cells, then this indicates that cancer cells
tested will metastasize to the bones, if a new
tumor forms in a channel with normal liver cells,
then this indicates that cancer cells tested will
metastasize to the liver.
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