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(54) MEASURING SYSTEM  AND MANUFACTURING PROCESS OF SUCH A MEASURING SYSTEM

(57) The invention relates to a system (10) adapted
to measure multiple biophysical characteristics of cells.
The system (10) includes: a microfluidic chip (12) provid-
ed with a microfluidic channel (14) which allows cells to
flow through, the microfluidic channel (14) having an inlet
(14a), an outlet (14b), and a lateral opening (14c) situated
between the inlet (14a) and the outlet (14b); and a sensor
(30) adapted to obtain biophysical characteristics of a

single cell in the microfluidic channel (14) by directly ma-
nipulating the single cell through the lateral opening (14c)
of the microfluidic channel (14). The sensor (30) includes
a stationary part and a movable part which is movable
relative to the stationary part, the stationary part being
fixed to the microfluidic chip (12), the movable part being
arranged in the lateral opening (14c) of the microfluidic
channel (12).
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Description

FIELD OF THE INVENTION

[0001] The present invention relates to a measuring
system used for biophysical characterization of cells and
to a manufacturing process of such a measuring system.

BACKGROUND OF THE INVENTION

[0002] In the field of biomedical sciences, there has
been a great demand for solutions to determine biophys-
ical characteristics of individual cells. The biophysical
characteristics of cells provide useful information to iden-
tify a relationship between the cell and a certain disease,
such as cancer.
[0003] On the other hand, a mixture of cells having
different biophysical characteristics only produces the
averaged results, making it difficult to identify disease
specific changes found only in specific subanatomical
regions or cell types.
[0004] Japanese Patent Publication No. 2016-099219
discloses a detection system for detecting a reaction of
a molecule within a microfluidic channel under the influ-
ence of a certain reactant. According to this system, the
reaction of a molecule can be observed through direct
manipulations of the molecule by using a pair of tweezers.
[0005] Tweezers designed to capture a single cell be-
tween their flat tips have also been known. See Nicolas
Lafitte, Hervé Guillou, Momoko Kumemura, Laurent Jal-
abert, Teruo Fujii, Hiroyuki Fujita, and Dominique Col-
lard, "Integrated MEMS platform with silicon nanotweez-
ers and open microfluidic device for real-time and routine
biomechanical probing on molecules and cells," 35th An-
nual International Conference of the IEEE EMBS, Osaka,
Japan, 3-7 July, 2013, pp.148-151.
[0006] These tweezers are introduced into the micro-
fluidic channel through an opening formed in a side wall
of the microfluidic channel to capture and directly manip-
ulate a cell or molecule between the tweezers. In order
to do so, however, the existing tweezers require accurate
positioning relative to the microfluidic channel. This po-
sitioning process can be very difficult and considered to
be a burden when it is desired to increase the throughput
of the system (the number of objects which can be char-
acterized by the system during a certain period of time).
[0007] Therefore, an object of the present invention is
to provide a measuring system which provides efficient
characterizations of individual cells and makes it possible
to easily increase the throughput of the system.

SUMMARY OF THE INVENTION

[0008] According to an embodiment of the invention,
there is provided a system adapted to measure multiple
biophysical characteristics of cells, the system compris-
ing: microfluidic chip provided with a microfluidic channel
which allows cells to flow through, the microfluidic chan-

nel having an inlet, an outlet, and a lateral opening situ-
ated between the inlet and the outlet; and sensor adapted
to obtain biophysical characteristics of a single cell in the
microfluidic channel by directly manipulating the single
cell through the lateral opening of the microfluidic chan-
nel. The sensor comprises a stationary part and a mov-
able part which is movable relative to the stationary part,
the stationary part being fixed to the microfluidic chip, the
movable part being arranged in the lateral opening of the
microfluidic channel.
[0009] According to an embodiment, the sensor may
include a pair of arms extending toward each other, tips
of the pair of arms are arranged in the lateral openings
formed on opposite side of the microfluidic channel, and
at least one of the pair of arms is capable of moving closer
to or away from the other arm.
[0010] According to an embodiment, the sensor may
be a programmable sensor adapted to selectively obtain
one or more biophysical characteristics of the single cell.
[0011] According to an embodiment, the microfluidic
chip may be further provided with at least one additional
microfluidic channel arranged in parallel with the micro-
fluidic channel.
[0012] According to an embodiment, the sensor may
be adapted to obtain biophysical characteristics of the
single cell by stimulating the single cell in the microfluidic
channel mechanically and/or electrically.
[0013] According to an embodiment, the sensor may
be adapted to obtain biophysical characteristics of the
single cell by stimulating the single cell in the microfluidic
channel chemically and/or biologically.
[0014] According to an embodiment, the sensor may
be adapted to obtain biophysical characteristics including
at least one of size, rigidity, shape recovery time, viscos-
ity, and electrical impedance, and/or frequency depend-
ency of the biophysical characteristics.
[0015] According to an embodiment, the measuring
system may further comprise a collecting means in fluid
communication with the outlet of the microfluidic channel.
[0016] According to an embodiment, the measuring
system may further comprise a sorting means for sorting
the cells flowing in the microfluidic channel, depending
on the biophysical characteristics of the cells obtained
by the sensor.
[0017] According to an embodiment, the microfluidic
chip may be further provided with at least one branch
channel branching off from the microfluidic channel and
downstream relative to the sensor.
[0018] According to an embodiment, the sorting means
may comprise a valve adapted to direct the cell to the
branch channel or downstream of the microfluidic chan-
nel, depending on the biophysical characteristics of the
cell.
[0019] According to an embodiment, the measuring
system may further comprise a dock in fluid communica-
tion with the branch channel.
[0020] According to an embodiment, the sorting means
may be adapted to sort the cells by comparing the bio-
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physical characteristics of the cell with a threshold.
[0021] According to an embodiment, the threshold may
be programmable.
[0022] According to an embodiment, there is provided
a process of manufacturing the measuring system. The
process comprising: applying a mask pattern corre-
sponding to the shape of the microfluidic channel and
the shape of the stationary part and the movable part of
the sensor; and forming the shape of the sensor together
with the microfluidic channel.

BRIEF DESCRIPTION OF THE FIGURES

[0023] Embodiments of the invention will be described
in further detail with reference to the accompanying draw-
ings, in which

Figure 1 is a schematic diagram showing an exem-
plary configuration of a cell analysis system which
includes a measuring system according to an em-
bodiment;
Figure 2 is a schematic view showing a measuring
system according to an embodiment;
Figure 3 is an enlarged view showing a sensor of the
measuring system and part of a microfluidic channel
nearby;
Figure 4 is a cross sectional view schematically
showing the measuring system;
Figure 5 is a schematic view corresponds to Figure
2, but showing the measuring system in operation;
Figure 6 is an enlarged view corresponding to Figure
3, but showing the measuring system in operation;
Figure 7A to 7D show exemplary biophysical char-
acteristics which can be obtained by the measuring
system;
Figure 8 shows an exemplary relationship between
the biophysical characteristics of a cell and proba-
bility of being a cancer stem cell;
Figure 9A to 9E show exemplary configurations of a
sensor element of the measuring system;
Figure 10 is a schematic diagram showing a meas-
uring system according to another embodiment;
Figure 11 is a schematic diagram sowing a measur-
ing system according to yet another embodiment;
Figure 12 illustrates a process of manufacturing a
sensor element of a measuring system according to
an embodiment;
Figure 13 shows a mask pattern which can be used
to manufacture the sensor element in accordance
with the process illustrated in Figure 12; and
Figure 14 shows the sensor element produced in
accordance with the process illustrated in Figure 12
by using the mask pattern shown in Figure 13.

DETAILED DESCRIPTION OF EMBODIMENTS OF 
THE INVENTION

[0024] Figure 1 shows a cell analysis system 100 which

includes a measuring system 10 according to an embod-
iment of the present invention. The cell analysis system
100 also includes a cell acquiring means 120 and an
analyzing system 140.
[0025] The cell acquiring means 120 has functions of
acquiring cells individually from cell mixtures. The cell
mixtures may be complex heterogeneous cells mixtures
and tissues, which include but are not limited to any com-
plex multicellular mixture, such as complex cell cultures,
cell spreads, tissue sections (e.g., brain tissues), liquid
biopsies, dissociated cells from solid biopsies. The cell
acquiring means 120 may also be used to acquire cells
from homogeneous populations in order to analyze indi-
vidual cells. In the latter case, the analysis system 100
may be used to understand variability of individual cells
among genetically or morphologically similar or identical
cells.
[0026] The cell acquisition means 120 may be config-
ured to aspirate and collect a single cell from cell mixtures
by generating vacuum, as described in the United States
Patent No. 8,797,644. For example, the cells of interest
are positioned directly under the tip of a disposable cap-
illary unit (DCU), and a precise vacuum impulse is applied
to collect the desired individual cells into the DCU barrel
(see Kudo LC, Vi N, Ma Z, Fields T, Avliyakulov NK, Hay-
kinson MJ, Bragin A, Karsten SL. Novel Cell and Tissue
Acquisition System (CTAS): microdissection of live and
frozen brain tissues. PLoS One. 2012;7(7):e41564. doi:
10.1371/journal.pone.0041564. Epub 2012 Jul 24.
PMID: 22855692). The acquired sample may be trans-
ferred into a container for subsequent use in the meas-
uring system 10, or directly introduced into the measuring
system 10.
[0027] The cell acquisition means 120 may employ la-
ser-capture microdissection (LCM) which uses a laser to
separate and collect individual cells. The cell acquisition
means 120 may also employ fluorescence assisted cell
sorting (FACS) technique which uses a specific fluores-
cent label to identify individual cells. Fluorescence as-
sisted cell sorting instruments are capable of separating
a heterogeneous suspension of cells into purified frac-
tions on the basis of fluorescence and light scattering
properties. Briefly, the cells to be analyzed are placed in
suspension and injected into the measuring system 10.
[0028] Alternatively, cells can be captured directly from
a microscope slide or petri dish, or collected simply by
pipetting. Other types of devices may be used to isolate
and collect single cells.
[0029] The measuring system 10 includes a sensor 30
adapted to obtain one or more biophysical characteristics
of cells acquired by the cell acquiring means 120. The
measuring system 10 may also include a sorting means
40 and a collecting means 60.
[0030] The sorting means 40 is capable of sorting the
individual cells, depending on their biophysical charac-
teristics. The sorted cells are collected by the collecting
means 60 to ensure that the sorted cells are not mixed
with other cells.
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[0031] The analyzing system 140 performs further
analysis of the collected cells as required. For example,
the cells are subjected to molecular analysis, including
but not being limited to cDNA synthesis, microarray anal-
ysis, proteomics applications, Next Generation Sequenc-
ing (NGS), etc.
[0032] According to the embodiment, the measuring
system 10 is configured as an integrated system includ-
ing a microfluidic channel through which cells are sup-
plied and a sensor which obtains biophysical character-
istics of the cells within the microfluidic channel.
[0033] Referring to Figures 2 to 4, the detailed config-
uration of an exemplary measuring system 10 will be de-
scribed. Figure 2 is a schematic view showing the meas-
uring system 10. Figure 3 is an enlarged view showing
a sensor 30 of the measuring system 10 and part of a
microfluidic channel 14 nearby. Figure 4 is a cross sec-
tional view schematically showing the measuring system
10.
[0034] The measuring system 10 includes a microflu-
idic chip 12 provided with a microfluidic channel 14. The
microfluidic channel 14 has an inlet 14a at one end and
an outlet 14b at the other end. The measuring system 10
also includes a plurality of sensors 30. In the illustrated
embodiment, the measuring system 10 includes four sen-
sors 30 arranged alongside the microfluidic channel 14.
[0035] As shown in Figure 4, the microfluidic chip 12
includes a base plate 13 made of glass or silicon and a
cover layer 15 disposed on an upper surface 13a of the
base plate 13. The cover layer 15 may be made of poly-
dimethylsiloxane (PDMS). The cover layer 15 has, on a
surface facing the base plate 13, a groove 15a which is
formed by a known way, e.g., by photolithography and
structuration. The structuration may be performed by
moulding. The microfluidic channel 14 is defined between
the groove 15a and the side walls 15b of the cover layer
15 and the upper surface 13a of the base plate 13.
[0036] Returning to Figure 2, the microfluidic channel
14 includes an elongated main channel 16 and branch
channels 18. The main channel 16 extends between the
inlet 14a and the outlet 14b. The branch channels 18
branch off from the main channel 16 and are disposed
downstream of the respective sensors 30. In the illustrat-
ed embodiment, four pairs of branch channels 18 are
formed in a spaced relationship with each other, and each
pair of the branch channels 18 extends substantially lat-
erally from both sides of the main channel 16 in opposite
directions.
[0037] The microfluidic chip 12 is also formed with
docks 11 which are provided at the terminal ends of the
branch channels 18 and in fluid communication with the
corresponding branch channels 18.
[0038] The microfluidic chip 12 also includes valves 42
as the sorting means 40 for sorting the cells based on
their biophysical characteristics. The valves 42 are pro-
vided immediately downstream of the respective sensors
30. The valves 42 are configured to selectively guide cells
either one of the branch channels 18 or downstream of

the main channel 16. Accordingly, the cells having certain
biophysical characteristics will be separated from the oth-
ers by the valves 42.
[0039] The measuring system 10 also includes a suc-
tion unit 62. The suction unit 62 is arranged at the outlet
14b of the microfluidic channel 14. The suction unit 62 is
operated by generating vacuum through a vacuum pump
(not shown) to collect the cells which have reached the
outlet 14b. Similar suction units may also be provided at
the docks 11.
[0040] Each of the sensors 30 has a pair of sensor
elements 31 and 32 which are provided on the opposite
sides of the main channel 16 and face each other across
the main channel 16. The sensor elements 31 and 32
have arms 34 extending laterally (substantially perpen-
dicularly to the main channel 16) and toward the main
channel 16. Referring to Figure 4, the sensor elements
31 and 32 also have a base part 36 which is fixedly at-
tached to the base plate 13 of the microfluidic chip 12.
[0041] The arms 34 project into the main channel 16
through openings 14c formed in the side walls 15b of the
cover layer 15 which define the main channel 16. The
openings 14c are small enough to prevent a fluid within
the main channel 16 from leaking, but at the same time,
large enough to allow the tip end of the arms 34 of the
sensor 30 to be introduced into the main channel 16
through the opening 14c. The sensor elements 31 and
32 have the size in the order of micrometers or nanom-
eters.
[0042] At least one of the sensor elements 31 and 32
includes a movable part which is movable together with
the arm 34 relative to the remaining part (e.g., the base
part 36). The movable part of the sensor element 31 or
32 may be electrostatically actuated by an actuator based
on known Micro Electro Mechanical systems (MEMS).
The movable part of the sensor elements 31 or 32 may
also be thermally actuated or piezoelectrically actuated.
[0043] Accordingly, the arms 34 of the sensor elements
31 and 32 are configured to move closer to or away from
each other by the MEMS-based actuators. The tip ends
of the arms 34 may be configured to facilitate capture of
a single cell and/or sensing of the biophysical property
of the cell captured between the arms 34. One of the
sensor elements 31 and 32 may be configured as a pas-
sive sensor, which is fixed to the microfluidic chip 12.
Thanks to the MEMS-based actuators, the sensor 30 is
capable of stimulating single cells mechanically and/or
electrically. The stimulation to the cells may be performed
various ways. The cells may be subjected to the meas-
urement of electrical properties under mechanical stress
or of mechanical properties under electrical stimulation.
In order to electrically stimulate the cells, the arms 34
may be able to act as electrodes.
[0044] The sensor 30 may be configured to measure
more than one biophysical characteristics of the cells.
The sensor 30 may be programmable to selectively ob-
tain one or more biophysical characteristics of the cells.
[0045] The MEMS-based actuator may include a comb
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drive actuator, a parallel plate actuator, or a bimorph ac-
tuator. The MEMS-based actuators may be operated in
accordance with a program to change a gap between the
tips of the arms 34 in a controlled manner.
[0046] The displacement of the arms 34 may be de-
tected as difference in capacitance. A known capacitive
sensor can be used to detect a gap between the arms
34. A known piezo resistive sensor may also be used for
the same purpose. The gap between the arms 34 may
be detected in real-time.
[0047] The sensors 30 may also include a MEMS-
based sensor element capable of detecting changes in
mechanical or electrical properties of single cells in re-
sponse to the actuation of the MEMS-based actuators.
The MEMS-based sensor element and actuator may be
incorporated into a single arm 34.
[0048] The sensor elements 31 and 32 are made from
silicon substrate by using known technique such as re-
active ion etching, local oxidation, and anisotropic etch-
ing in a similar manner as described in C. Yamahata, D.
Collard, B. Legrand, T. Takekawa, M. Kumemura, G.
Hashiguchi, and H. Fujita, "Silicon Nanotweezers With
Subnanometer Resolution for the Micromanipulation of
Biomolecules," J. Microelectromech. Syst., vol. 17, no.
3, pp. 623-631, 2008. The manufacturing process of
forming the sensor 30 according to an embodiment will
be described below in further details.
[0049] The biophysical characteristics of the cells ob-
tained by the sensor 30 include, but are not limited to,
cell rigidity, size, shape recovery time, viscosity, and
electrical impedance, or any combination thereof. The
biophysical characteristics may be obtained as variables
having a certain dependency on the resonance frequen-
cies, the conductivities or dumping properties, etc.
[0050] The sensors 30 may also provide physical phe-
notyping of the cells. The cells may be categorized ac-
cording to one or more mechanical, electrical and/or elec-
tromechanical properties.
[0051] Now referring to Figures 5 and 6, the operation
of the measuring system 10 will be described.
[0052] Cells 70 acquired by the acquiring means 120
are introduced to the inlet 14a of the microfluidic channel
14 by a known tool, such as a pipette 110. The cells 70
may be supplied to the microfluidic channel 14 consec-
utively at predetermined time intervals.
[0053] When a cell 70 flowing in the main channel 16
reaches at one of the sensors 30, the sensor 30 is actu-
ated to move the arm 34 of the sensor element 31 toward
the other sensor element 32, for example, as illustrated
in Figure 6, to capture the cell 70 between the tips of the
arms 34. The sensor 30 then manipulates the captured
cell 70 electrically and/or mechanically for characteriza-
tion of the cell with respect to its mechanical or electrical
or electromechanical property or properties. According
to an embodiment, it may take about one minute to meas-
ure the biophysical characteristics of the cell 70 by the
sensor 30.
[0054] When the characterization is completed, the

sensor 30 releases the cell 70, allowing it to proceed to
the sorting stage. The valve 42 guides the cell 70 either
downstream of the main channel 16 or to the branch
channel 18, depending on the biophysical characteristics
of the cell.
[0055] For example, if the rigidity of the cell 70 is within
a certain range between a lower threshold and an upper
threshold, the valve 42 directs the cell 70 downstream of
the main channel 16 for further characterization. When
the rigidity of the cell 70 is lower than the lower threshold,
the cell 70 is directed to one of the branch channels 18
on the left side (the side of the sensor element 31). On
the other hand, when the rigidity of the cell 70 is greater
than the upper threshold, the cell 70 is directed to the
other branch channel 18 on the opposite side (the side
of the sensor element 32). Thresholds used for sorting
cells 70 may be advantageously programmable.
[0056] The cell 70 flowing downstream of the main
channel 16 is subjected to characterization by another
sensor 30. The measuring system 10 according to the
illustrated embodiment has four sensors 30, but may
have any given number of sensors 30 as necessary. The
measuring system 10 may include only one sensor 30
and one valve 42.
[0057] Each sensor 30 may obtain one or more bio-
physical characteristics of a cell, depending on the pre-
ferred application. Accordingly, the measuring system 10
with more than one sensor 30 can obtain different kinds
of physical characteristics of the cells 70.
[0058] If a cell 70 flows through the main channel 16
to reach the outlet 14b, the cell 70 is sucked out of the
microfluidic channel 14 by the suction unit 62 for further
analysis by the analyzing system 140 as described above
with reference to Figure 1. In another embodiment, the
cells 70 may be directly collected in a test tube which is
connected to the outlet 14b of the microfluidic channel 14.
[0059] According to the above-described embodiment,
the arm 34 of the sensor element 31 is actuated relative
to the base part 36 which is fixedly attached to the mi-
crofluidic chip 12 and relative to the other arm 34 of the
sensor element 32 on the opposite side. The integration
of the sensor elements 31 and 32 with the microfluidic
chip 12 eliminates a need to accurately position the sen-
sor 30 relative to the microfluidic channel 14 every time
the sensor 30 is introduced into the microfluidic channel
14. Therefore, the process of obtaining biophysical char-
acteristics of the single cells 70 can be more efficient,
compared to the existing technique.
[0060] In addition, since the sensor 30 is able to cap-
ture a cell 70 flowing within the microfluidic channel 14,
cells 70 can be supplied to the microfluidic channel 14
one after another for consecutive characterization. This
contributes to increasing the throughput of the measuring
system 10.
[0061] Further, when the measuring system 10 in-
cludes a plurality of sensors 30 along the microfluidic
channel 14, various biophysical characteristics of the
cells 70 can be obtained during one continuous measur-
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ing process.
[0062] Furthermore, the cells 70 are sorted depending
on their biophysical characteristics, while flowing through
the microfluidic channel 14. As a result, only cells 70 hav-
ing certain biophysical characteristics will reach the outlet
14b. Therefore, there is no need for additional means for
separating cells subjected to a further analysis from oth-
ers.
[0063] Figures 7A to 7D show examples of the bio-
physical parameters of cells obtained by the sensor 30.
Figure 7A shows force with respect to an amount of gap
closing (a relative displacement between the arms 34 in
a closing direction). A solid line in Figure 7A represents
one cell having lower rigidity and bigger cell size than
another shown by a dashed line. Figure 7B shows force
with respect to time. A solid line in Figure 7B represents
one cell having low viscosity than another shown by a
dashed line.
[0064] Figure 7C shows the amplitude of vibration with
respect to resonance frequency of the mechanical meas-
urement. The resonance frequency is higher when the
cell has higher rigidity. On the other hand, the peak of
the vibration amplitude at the resonance frequency de-
pends on the viscosity. The higher the viscosity of the
cell, the smaller the peak at the resonance frequency
becomes.
[0065] Figure 7D shows electrical impedance with re-
spect to resonance frequency of the electrical measure-
ment. The solid line represents a cell having lower cyto-
plasm resistivity, which has lower impedance. The
dashed line corresponds to a cell having a lower mem-
brane capacitance, or in other words, higher impedance.
[0066] There is a well-established link between bio-
physical properties of the cells and a certain disease. For
example, some recent studies have clearly demonstrat-
ed that cancer cells experience size modification and
complex alterations of their mechanical properties.
[0067] The biophysical characteristics of the cell pro-
vide a good indication of the link with a potential disease.
Figure 8 shows the difference in biophysical parameters
between a cell having higher probability of being a cancer
stem cell and a cell having lower probability. With such
a known relationship between the biophysical character-
istics of the cells and a potential disease, a person skilled
in the art would easily determine appropriate threshold
values for sorting the cells in terms of whether or not the
cells are required for further analysis.
[0068] Figures 9A to 9E show various configurations
of the sensor element. Figures 9A to 9E only show one
sensor element 31, but the other sensor element 32 may
also be configured in various ways. According to an em-
bodiment, the sensor elements 31 and 32 can be config-
ured as a modular device which can be combined with
others. Therefore, the sensor 30 can have a modular
design.
[0069] For example, Figure 9A shows a sensor ele-
ment 31 including a flexible passive element 31 a de-
signed to come in contact with a cell for establishing elec-

trical contact therebetween.
[0070] Figure 9B shows a sensor element 31 including
a combination of the passive element 31 a as illustrated
in Figure 9A and an actuation element 31 b. The actuation
element 31 b can be used to actuate the passive element
31 a for mechanical or electrical stimulation of a cell.
[0071] Figure 9C shows a sensor element 31 including
a harmonic sensing element 31c designed to provide for
mechanical stimulation of a cell according to resonance
frequency. The harmonic sensing element 31 c can be
used to obtain the biophysical characteristics of cells
showing the dependency on the resonance frequency.
[0072] Figure 9D shows a sensor element 31 including
a displacement sensing element 31d. This type of the
sensor element 31 does not have an actuating means
and can be operated only in a passive manner.
[0073] Figure 9E shows a sensor element 31 including
a displacement sensing element 31d and an actuation
element 31 e.
[0074] It should be understood that the present inven-
tion is not limited to any particular combination of the
sensor elements. Although not illustrated in the drawings,
the sensor elements may also be designed to be ther-
mally actuated or piezoelectrically actuated. The sensing
element may also be in the form of a piezo resistive sen-
sor.
[0075] Although the sensor elements 31 and 32 may
have various configurations, they can be manufactured
from a silicon substrate in the same way by a known
method, e.g., photolithography, using different mask pat-
terns.
[0076] Figure 10 shows a measuring system 10 ac-
cording to another embodiment. The measuring system
10 also has a microfluidic chip 12 formed with a micro-
fluidic channel 14 and a plurality of sensors 30 integrated
with the microfluidic chip 12. In contrast to the measuring
system 10 shown in Figure 2, the measuring system 10
according to this embodiment is not provided with the
branch channels 18 and the valves 42. Thus, the meas-
uring system 10 does not have a function of sorting cells,
depending on the biophysical characteristics of the cells.
[0077] This type of the measuring system 10 is used
to perform chemical or biological manipulation of the cells
by exposing the cell to solution including biochemical re-
actant. In this case, the solution is supplied from the inlet
14a through the microfluidic channel 14 to make certain
that the cells of interest can be characterized under in-
fluence of the reactant. For example, the evolution of
cells exposed to the reagent may be observed. In order
to characterize the cells, the sensor elements 31 and 32
capture a single cell between the tips of arms in the same
way as described above with reference to Figure 6. The
reaction of the cell can be obtained through direct ma-
nipulation of the cell as the biophysical characteristics of
the cells change correspondingly.
[0078] Although six sensors 30 are illustrated in Figure
10 by way of example, the measuring system 10 may
include any number of sensors 30 as required.

9 10 



EP 3 333 566 A1

7

5

10

15

20

25

30

35

40

45

50

55

[0079] According to the embodiment in which the
measuring system 10 has a plurality of sensors 30 along
the microfluidic channel 14, characterization can be per-
formed for more than one cell simultaneously. When the
characterization is completed, the cells are all moved to
the outlet 14b where they are sucked out of the microflu-
idic channel 14 by the suction unit 62. Nonetheless, ac-
cording to an embodiment, the measuring system 10 may
also be provided with only one sensor 30.
[0080] Figure 11 shows a measuring system 10 similar
to that shown in Figure 10, but having an increased
throughput. Referring to Figure 11, four separate micro-
fluidic channels 14 are provided in parallel with each oth-
er, by way of example. The microfluidic channels 14 can
be used independently of each other, and therefore the
throughput of the measuring system 10 can be increased
as four times. The modular configuration of the measur-
ing system 10 makes it easy to increase the throughput
as necessary in combination with one measuring system
with another.
[0081] In addition, the above-described measuring
systems 10 may be configured as a modular device, such
that the measuring systems 10 are compatible with other
existing apparatus.
[0082] Referring to Figures 12 to 14, an exemplary
manufacturing process to produce a sensor 30 according
to an embodiment will be described.
[0083] Figure 12 illustrates a process of manufacturing
sensor elements 31 and 32 of a measuring system 10
according to an embodiment. Figure 13 shows a mask
pattern which can be used to manufacture the sensor
elements 31 and 32. Figure 14 shows the sensor ele-
ments 31 and 32 produced by using a mask 240 shown
in Figure 13.
[0084] As shown in Figure 12(a), a multi-layer object
and a mask 240 are provided to produce the sensor el-
ements 31 and 32. A bulk silicon layer 200 is disposed
at the bottom of the object. An oxide layer 210 is disposed
on the top of the bulk silicon layer 200. On the other side
of the oxide layer 210, a top silicon layer 220 is provided.
Resist 230 forms a top layer of the object.
[0085] In order to obtain a desired shape of the sensor
elements 31 and 32, the mask 240 is provided. As can
be seen in comparison between Figures 13 and 14, the
mask 240 has a shape corresponding to the sensor ele-
ments 31 and 32 and the microfluidic channel 14.
[0086] Then, the resist 230 is subjected to insolation
through the mask 240 to remove part of the resist 230
according to the mask pattern, as illustrated in Figure
12(b). Next, the top silicon layer 220 is etched and the
resist 230 is removed (Figure 12(c)).
[0087] The oxide layer 210 is then etched to shape the
top silicone layer 220 (Figure 12(d)). At this stage, the
arm 34 of the sensor 30 is shaped as well as the sensor
elements 31 and 32. Finally, a cap 250 made of PDMS
is provided on the top of the top silicon layer 220, to obtain
the sensor elements 31 and 32 as well as the microfluidic
channel 14 (Figures 12 (e) and 14). Referring to Figure

14, hatched portions represent a stationary part fixedly
attached to the base plate of the microfluidic chip.
[0088] Accordingly, the integrated sensor 30 is pat-
terned on the base plate of the microfluidic chip 12. The
shape of the sensor 30 is obtained with micromachining
technique that permits to have the fixed part on the base
plate and flexible arm 34. As the sensor elements 31 and
32 and the opening 14c are fabricated on the base plate,
the flexible arms 34 are self-aligned with the opening 14c
to guaranty the impermeability of the opening 14c and
the proper operation of the measuring system 10.
[0089] According to the manufacturing process de-
scribed above, the moving elements such as an actuator
and/ or sensor and the lateral opening 14c of the channel
14 are patterned with the same mask 240, thus these
parts are also self-aligned as a result of the process as
shown in Figure 12. On the other hand, the PDMS cap
250 can be relatively loosely positioned relative to the
sensor elements 31 and 32.
[0090] The above-described measuring systems 10 fa-
cilitate cell specific analysis in the field of biomedical sci-
ences. The possible applications include, but are not lim-
ited to, basic research, cancer diagnostics, translational
research, drug development, molecular studies, practice
of medicine, etc.
[0091] In clinical oncology, molecular profiling of iso-
lated circulating tumor cells (CTCs) or microdissected
cell populations can yield a global map of "omics" infor-
mation that (in combination with morphological and bio-
physical analysis) can provide the basis for diagnosis,
prognosis, and individually tailored therapy.
[0092] Profiled individual cells (single cell research) al-
so provide additional molecular detail of disease mech-
anisms and new layers of data for identifying and priori-
tizing drug targets and therapeutic hypothesis.

Claims

1. System (10) adapted to measure multiple biophysi-
cal characteristics of cells, the system (10) compris-
ing:

a microfluidic chip (12) provided with a microflu-
idic channel (14) which allows cells to flow
through, the microfluidic channel (14) having an
inlet (14a), an outlet (14b), and a lateral opening
(14c) situated between the inlet (14a) and the
outlet (14b); and
a sensor (30) adapted to obtain biophysical
characteristics of a single cell in the microfluidic
channel (14) by directly manipulating the single
cell through the lateral opening (14c) of the mi-
crofluidic channel (14),

characterized in that
the sensor (30) comprises a stationary part and a
movable part which is movable relative to the sta-
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tionary part, the stationary part being fixed to the
microfluidic chip (12), the movable part being ar-
ranged in the lateral opening (14c) of the microfluidic
channel (12).

2. System (10) according to claim 1, characterized in
that the sensor (30) includes a pair of arms (34) ex-
tending toward each other, tips of the pair of arms
(34) are arranged in the lateral openings (14c)
formed on opposite side of the microfluidic channel
(14), and at least one of the pair of arms (34) is ca-
pable of moving closer to or away from the other arm
(34).

3. System (10) according to claim 1 or 2, characterized
in that the sensor (30) is a programmable sensor
adapted to selectively obtain one or more biophysical
characteristics of the single cell.

4. System (10) according to any one of claims 1 to 3,
characterized in that the microfluidic chip (12) is
further provided with at least one additional micro-
fluidic channel (14) arranged in parallel with the mi-
crofluidic channel (14).

5. System (10) according to any one of claims 1 to 4,
characterized in that the sensor (30) is adapted to
obtain biophysical characteristics of the single cell
by stimulating the single cell in the microfluidic chan-
nel (14) mechanically and/or electrically.

6. System (10) according to any one of claims 1 to 4,
characterized in that the sensor (30) is adapted to
obtain biophysical characteristics of the single cell
by stimulating the single cell in the microfluidic chan-
nel (14) chemically and/or biologically.

7. System (10) according to any one of claims 1 to 6,
characterized in that the sensor (30) is adapted to
obtain biophysical characteristics including at least
one of size, rigidity, shape recovery time, viscosity,
and electrical impedance, and/or frequency depend-
ency of the biophysical characteristics.

8. System (10) according to any one of claims 1 to 7,
characterized by further comprising a collecting
means (60) in fluid communication with the outlet
(14b) of the microfluidic channel (14).

9. System (10) according to any one of claims 1 to 8,
characterized by further comprising a sorting
means (40) for sorting the cells flowing in the micro-
fluidic channel (14), depending on the biophysical
characteristics of the cells obtained by the sensor
(30).

10. System (10) according to claim 9, characterized in
that the microfluidic chip (12) is further provided with

at least one branch channel (18) branching off from
the microfluidic channel (14) and downstream rela-
tive to the sensor (30).

11. System (10) according to claim 10, characterized
in that the sorting means (40) comprises a valve
(42) adapted to direct the cell to the branch channel
(18) or downstream of the microfluidic channel (14),
depending on the biophysical characteristics of the
cell.

12. System (10) according to claim 10 or 11, character-
ized by further comprising a dock (11) in fluid com-
munication with the branch channel (18).

13. System (10) according to any one of claims 9 to 12,
characterized in that the sorting means (40) is
adapted to sort the cells by comparing the biophys-
ical characteristics of the cell with a threshold.

14. System (10) according to claim 13, characterized
in that the threshold is programmable.

15. Process of manufacturing the system (10) according
to any one of claims 1 to 14, the process comprising:

applying a mask pattern (240) corresponding to
the shape of the microfluidic channel (14) and
the shape of the stationary part and the movable
part of the sensor (30); and
forming the shape of the sensor (30) together
with the microfluidic channel (14).
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