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CELL EVALUATION APPARATUS AND CELL
EVALUATION METHOD

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a Continuation of PCT Interna-
tional Application No. PCT/JP2016/076812 filed on Sep. 12,
2016, which claims priority under 35 U.S.C § 119(a) to
Japanese Patent Application No. 2015-190860 filed on Sep.
29, 2015. Each of the above application(s) is hereby
expressly incorporated by reference, in its entirety, into the
present application.

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0002] The present invention relates to a cell evaluation
apparatus and a cell evaluation method for evaluating cells
in a differentiation inducing process.

2. Description of the Related Art

[0003] Multipotent stem cells such as induced pluripotent
stem (iPS) cells or embryonic stem (ES) cells have an ability
of being differentiated into cells of various tissues, and
attracts attention as applicability to regenerative medicine,
development of medicines, explication of diseases, or the
like.

[0004] Differentiation inducing is performed to obtain
desired cells such as nerve cells or liver cells from multi-
potent stem cells. In the differentiation inducing, it is nec-
essary to automatically check whether the multipotent stem
cells have been correctly differentiated into the desired cells.
[0005] Accordingly, in the related art, a method for defin-
ing a likelihood of desired cells as an image feature value
and detecting and evaluating the image feature value using
a discrimination part to automatically check whether mul-
tipotent stem cells are differentiated into desired cells has
been proposed.

[0006] Further, JP2005-168360A has proposed a method
for determining a cell differentiation stage on the basis of a
reduction rate of the amount of oxygen that is dissolved in
a culture medium, and the amount of alkaline phosphatase.
Further, JP2006-042663 A and WO2010/137722A have pro-
posed a method for checking whether multipotent stem cells
are in an undifferentiated state or in a differentiated state by
analyzing an expression level of genes relating to differen-
tiation.

SUMMARY OF THE INVENTION

[0007] However, for example, in a method for detecting an
image feature value using a single discrimination part to
evaluate whether multipotent stem cells have differentiated
into the desired cells, it is not possible to evaluate whether
a region where the desired cells are not detected using the
discrimination part is a region where cells other than the
desired cells are present or a region where cells are not
present.

[0008] Accordingly, for example, even in a case where it
is possible to detect differentiated cells using the discrimi-
nation part, there is a possibility that undifferentiated cells
remain in a region where the differentiated cells are not
detected. In this way, in a case where the undifferentiated
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cells remain, there is a problem in that the undifferentiated
cells become a malignant tumor after tissues are trans-
planted.

[0009] Further, JP2005-168360A, JP2006-042663A and
W02010/137722 A disclose methods for evaluating a differ-
entiated state of cells, but even if the disclosed methods are
used, there is a possibility that remaining undifferentiated
cells are overlooked.

[0010] The invention has been made in consideration of
the above-mentioned problems, and an object of the inven-
tion is to provide a cell evaluation apparatus and a cell
evaluation method capable of preventing overlooking of
remaining undifferentiated cells.

[0011] According to an aspect of the invention, there is
provided a cell evaluation apparatus comprising: a first
evaluation part and a second evaluation part that evaluate
cells to be evaluated, in which the first evaluation part
includes at least two discrimination parts that respectively
discriminate whether the cells to be evaluated correspond to
at least two types of cells on the basis of an image obtained
by imaging the cells to be evaluated, and the second evalu-
ation part evaluates the cells to be evaluated under an
evaluation condition different from an evaluation condition
of the first evaluation part in a case where discrimination
results in at least two discrimination parts among the dis-
crimination parts are conflicting.

[0012] In the cell evaluation apparatus according to this
aspect of the invention, the second evaluation part may
evaluate the cells to be evaluated on the basis of an image
obtained by imaging the cells to be evaluated at a magnifi-
cation higher than that in the first evaluation part.

[0013] In the cell evaluation apparatus according to this
aspect of the invention, in a case where the evaluation is
performed on the basis of images obtained by dividing a
group of the cells to be evaluated into a plurality of regions,
the second evaluation part may set an evaluation result of
one image among the images of the plurality of regions as
a representative evaluation result.

[0014] In the cell evaluation apparatus according to this
aspect of the invention, in a case where the evaluation is
performed on the basis of images obtained by dividing a
group of the cells to be evaluated into a plurality of regions,
the second evaluation part may set the most common
evaluation result among evaluation results of the images of
the plurality of regions as a representative evaluation result.
[0015] In the cell evaluation apparatus according to this
aspect of the invention, in a case where the evaluation is
performed on the basis of images obtained by dividing a
group of the cells to be evaluated into a plurality of regions,
the second evaluation part may set a result obtained by
averaging evaluation results of the images of the plurality of
regions as a representative evaluation result.

[0016] In the cell evaluation apparatus according to this
aspect of the invention, the first evaluation part may evaluate
the cells to be evaluated on the basis of an image obtained
by imaging the cells to be evaluated using a non-invasive
imaging method, and the second evaluation part may evalu-
ate the cells to be evaluated on the basis of an image
obtained by imaging the cells to be evaluated using an
invasive imaging method.

[0017] In the cell evaluation apparatus according to this
aspect of the invention, the second evaluation part may
evaluate the cells to be evaluated on the basis of a fluores-
cent image of the cells to be evaluated.
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[0018] In the cell evaluation apparatus according to this
aspect of the invention, the second evaluation part may
evaluate the cells to be evaluated on the basis of an image
captured at a time point when a preset time elapses from an
imaging time point of the image used for the discrimination
in the first evaluation part.

[0019] In the cell evaluation apparatus according to this
aspect of the invention, the second evaluation part may
evaluate the cells to be evaluated on the basis of a larger
number of images, obtained by imaging the cells to be
evaluated, than those in the first evaluation part.

[0020] In the cell evaluation apparatus according to this
aspect of the invention, in a case where the first evaluation
part and the second evaluation part evaluate the cells to be
evaluated over time plural times, and previous discrimina-
tion results in the at least two discrimination parts in the first
evaluation part are conflicting, evaluation of cells to be
currently evaluated may not be performed in the first evalu-
ation part, and may be performed in the second evaluation
part.

[0021] In the cell evaluation apparatus according to this
aspect of the invention, in a case where the first evaluation
part and the second evaluation part divide a group of the
cells to be evaluated into a plurality of regions to perform the
evaluation, and previous discrimination results in one region
among the plurality of regions are conflicting, evaluation of
cells to be currently evaluated in the one region and regions
around the one region may not be performed in the first
evaluation part.

[0022] In the cell evaluation apparatus according to this
aspect of the invention, the second evaluation part includes
at least two discrimination parts, similarly to the first evalu-
ation part, and in a case where discrimination results in the
at least two discrimination parts are conflicting, the cells to
be evaluated may be evaluated under a further different
evaluation condition.

[0023] In the cell evaluation apparatus according to this
aspect of the invention, in a case where the discrimination
results in the at least two discrimination parts included in the
second evaluation part are conflicting, the second evaluation
part may change the evaluation condition plural times to
sequentially perform the evaluation, and may terminate the
evaluation at a time point when the discrimination results in
the at least two discrimination parts become consistent
results.

[0024] According to another aspect of the invention, there
is provided a cell evaluation method comprising: performing
a first evaluation for discriminating, on the basis of an image
obtained by imaging cells to be evaluated, whether the cells
to be evaluated correspond to at least two types of cells using
at least two discrimination parts; and performing a second
evaluation for evaluating the cells to be evaluated under an
evaluation condition different from an evaluation condition
of the first evaluation in a case where discrimination results
in at least two discrimination parts among the discrimination
parts are conflicting.

[0025] According to the cell evaluation apparatus and the
cell evaluation method of the invention, a first evaluation for
discriminating, on the basis of an image obtained by imaging
cells to be evaluated, whether the cells to be evaluated
correspond to at least two types of cells is performed using
at least two discrimination parts, and a second evaluation for
evaluating the cells to be evaluated is performed under an
evaluation condition different from an evaluation condition
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of the first evaluation in a case where discrimination results
in at least two discrimination parts among the discrimination
parts are conflicting. Accordingly, for example, even in a
case where it is discriminated that cells to be evaluated
correspond to differentiated cells using one discrimination
part, in a case where it is discriminated that the cells to be
evaluated correspond to undifferentiated cells using the
other discrimination part, since discrimination results
thereof are conflicting, the second evaluation is performed
again under a different evaluation condition. Accordingly, it
is possible to prevent overlooking of remaining undifferen-
tiated cells by re-evaluating as described above.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026] FIG. 1 is a block diagram showing a schematic
configuration of a cell evaluation system using an embodi-
ment of a cell evaluation apparatus of the invention.
[0027] FIG. 2 is a table showing discrimination results in
a first discrimination part, discrimination results in a second
discrimination part, and determination results of cells based
on the discrimination results.

[0028] FIG. 3 is a diagram showing an imaging region and
evaluation target ranges obtained by dividing the imaging
region.

[0029] FIG. 4 is a flowchart illustrating an operation of the

cell evaluation system using the embodiment of the cell
evaluation apparatus of the invention.

[0030] FIG. 5 is a diagram showing an imaging region,
evaluation target ranges obtained by dividing the imaging
region, and divided regions obtained by dividing the evalu-
ation target ranges.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0031] Hereinafter, a cell evaluation system using an
embodiment of a cell evaluation apparatus and a cell evalu-
ation method according to the invention will be described in
detail with reference to the accompanying drawings. FIG. 1
is a block diagram showing a schematic configuration of a
cell evaluation system using a cell evaluation apparatus of
this embodiment.

[0032] The cell evaluation system of this embodiment
includes a first evaluation part 1 and a second evaluation part
2, as shown in FIG. 1. The first evaluation part 1 includes a
first imaging device 10, and the second evaluation part
includes a second imaging device 20. The first evaluation
part 1 and the second evaluation part 2 share a discrimina-
tion result evaluation device 30. Further, a display device 3
and an input device 4 are connected to the discrimination
result evaluation device 30.

[0033] The first imaging device 10 captures an image of
cells in a differentiation inducing process. In this embodi-
ment, a phase difference microscope is used as the first
imaging device 10. The first imaging device 10 includes an
imaging element such as a charge-coupled device (CCD)
image sensor or a complementary metal-oxide semiconduc-
tor (CMOS) image sensor, and a captured image captured by
the imaging element is output to the discrimination result
evaluation device 30 from the first imaging device 10.
[0034] As cells that are imaging targets, for example, cells
in a process where multipotent stem cells such as induced
pluripotent stem (iPS) cells or embryonic stem (ES) cells are
differentiation-induced to mesoderms, cells in a process
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where nerve stem cells are differentiation-induced to neu-
rons, cells in a process where liver stem cells are differen-
tiation-induced to liver cells, cells in a process where
multipotent stem cells are differentiation-induced to cardio-
myocytes, cells in a process where hematopoietic stem cells
are differentiation-induced to red blood cells, lymphocytes,
or platelets, or the like are used, but the invention is not
limited thereto, and other cells in a differentiation inducing
process may be used.

[0035] The second imaging device 20 captures an image
of cells in a differentiation inducing process, similar to the
first imaging device 10. Here, the second imaging device 20
images the cells under an evaluation condition different from
that in the first imaging device 10. The evaluation condition
includes an imaging condition. Specifically, the second
imaging device 20 of this embodiment captures a phase
difference image of a magnification higher than that in the
first imaging device 10, and is configured to be able to
capture a fluorescent image. While the capturing of the
phase difference image is performed using a non-invasive
imaging method, the capturing of the fluorescent image is
performed using an invasive imaging method since there is
damage of cells due to irradiation of excitation light. Further,
the second imaging device 20 may perform imaging using
fluorescence emitted from dyed cells, or may perform imag-
ing using self-emission of cells. The captured image cap-
tured by the second imaging device 20 is output to the
discrimination result evaluation device 30 from the second
imaging device 20.

[0036] The discrimination result evaluation device 30 is
configured of a computer that includes a central processing
unit (CPU), a semiconductor memory, a hard disk, or the
like. The discrimination result evaluation device 30 deter-
mines, on the basis of images captured by the first imaging
device 10 and the second imaging device 20, whether cells
included in the captured images are undifferentiated cells or
differentiated cells.

[0037] Specifically, the discrimination result evaluation
device 30 includes a first discrimination part 31, a second
discrimination part 32, and a discrimination result determi-
nation part 33.

[0038] The first discrimination part 31 discriminates
whether cells included in a captured image are undifferen-
tiated cells on the basis of the input captured image. As a
method for discriminating whether the cells are the undif-
ferentiated cells, for example, a method for performing
discrimination using morphological characteristics of the
cells may be used.

[0039] Specifically, for example, it is possible to discrimi-
nate whether cells are undifferentiated cells using the size,
circularity, or brightness of each cell. Further, a method for
discriminating whether cells are a colony of undifferentiated
cells in a cell colony unit instead of a cell unit may be used.
For example, a method for discriminating whether cells are
undifferentiated cells using the number or density of cells
included in a cell colony, the circularity or brightness of the
cell colony, the area or density of white streaks in the cell
colony, or the like, may be used.

[0040] The white streaks represent boundaries of cells, a
so-called halo image. In a case where differentiation con-
tinues, halos increase. Thus, in a case where the area or
density of white streaks is equal to or lower than a threshold
value, it may be determined that the cells are undifferenti-
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ated cells. Further, as a method for discriminating whether
cells are undifferentiated cells, other known techniques may
be used.

[0041] The second discrimination part 32 discriminates
whether cells included in a cell image are differentiated cells
on the basis of the input captured image. As a method for
discriminating whether the cells are the differentiated cells,
for example, a method for performing discrimination using
morphological characteristics of the cells after differentia-
tion may be used.

[0042] Specifically, for example, in a case where a nerve
stem cell is differentiation-induced to neurons, it is possible
to use the size, circularity or brightness of the cell, the
lengths or the number of axons, the sizes or the number of
dendrons, the sizes or the number of cell nuclei, the sizes or
the density of white streaks, or the like. Further, in a case
where a liver stem cell is differentiation-induced to liver
cells, it is possible to use the size, circularity or brightness
of each cell, the sizes or the number of cell nuclei, the area
or density of white streaks, or the like. In addition, in a case
where a multipotent stem cell is differentiation-induced to
myocardial cells, the presence or absence of pulsation of
cells, the area or density of white streaks, or the like may be
used. The presence or absence of pulsation of the cells may
be acquired by calculating a variation of two images cap-
tured in time series. Furthermore, in a case where a
hematopoietic stem cell is differentiation-induced to red
blood cells, it is possible to use colors of the cells.

[0043] As a method for discriminating whether cells are
differentiated cells, other various techniques may be used.
Further, as a discrimination method in the first discrimina-
tion part 31 and the second discrimination part 32, a dis-
crimination method based on the size, circularity, brightness
of each cell, or the area or density of white streaks is
commonly used, but discrimination criteria such as thresh-
old values in the first discrimination part 31 and the second
discrimination part 32 are different from each other.
[0044] The discrimination result determination part 33
acquires a discrimination result in the first discrimination
part 31 and a discrimination result in the second discrimi-
nation part 32, and determines whether the discrimination
results are conflicting. Specifically, as shown in FIG. 2, in a
case where the discrimination result in the first discrimina-
tion part 31 is a discrimination result indicating that undif-
ferentiated cells are present in a captured image and the
discrimination result in the second discrimination part 32 is
a discrimination result indicating that differentiated cells are
not present in the captured image, since the results are not
conflicting, it is determined that the cells in the captured
image are undifferentiated cells, as appropriate results.
[0045] Further, in a case where the discrimination result in
the first discrimination part 31 is a discrimination result
indicating that undifferentiated cells are not present in a
captured image and the discrimination result in the second
discrimination part 32 is a discrimination result indicating
that differentiated cells are present in the captured image,
since the results are not conflicting, it is determined that the
cells in the captured image are differentiated cells, as appro-
priate results.

[0046] On the other hand, in a case where the discrimi-
nation result in the first discrimination part 31 is a discrimi-
nation result indicating that undifferentiated cells are present
in a captured image and the discrimination result in the
second discrimination part 32 is a discrimination result
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indicating that differentiated cells are present in the captured
image, since the results are conflicting, determination on
whether the cells in the captured image are differentiated
cells or undifferentiated cells is unclear.

[0047] Further, in a case where the discrimination result in
the first discrimination part 31 is a discrimination result
indicating that undifferentiated cells are not present in a
captured image and the discrimination result in the second
discrimination part 32 is a discrimination result indicating
that differentiated cells are not present in the captured image,
since the results are conflicting, determination on whether
the cells in the captured image are differentiated cells or
undifferentiated cells is unclear. The discrimination result
determination part 33 stores the above-described determi-
nation result.

[0048] A whole controller 34 controls the entirety of the
cell evaluation system including the first imaging device 10
and the second imaging device 20. Particularly, in a case
where the determination result in the discrimination result
determination part 33 is unclear, the whole controller 34
performs a control so that imaging of cells in the second
imaging device 20 is performed under an evaluation condi-
tion different from that of the first imaging device 10, and so
that discrimination in the first discrimination part 31 and
discrimination in the second discrimination part 32 are
performed again.

[0049] The imaging in the second imaging device 20 may
be automatically performed according to the determination
result by the whole controller 34, or may be performed by
causing the display device 3 to display the fact that the
determination result is unclear to notify a user of the result
and causing the user to input a command for performing the
imaging in the second imaging device 20 using the input
device 4.

[0050] The second imaging device 20 images cells under
an evaluation condition different from that of the first
imaging device 10 as described above, on the basis of a
control signal output from the whole controller 34, and in
this case, captures a phase difference image of the cells at a
magnification higher than that in the first imaging device 10.
[0051] The image captured at the high magnification by
the second imaging device 20 is output to the discrimination
result evaluation device 30, and the discrimination result
evaluation device 30 performs discrimination in the first
discrimination part 31 and discrimination in the second
discrimination part 32 again, on the basis of the input high
magnification image. Further, the discrimination result
determination part 33 determines whether the cells included
in the captured image are undifferentiated cells, differenti-
ated cells, or obscure on the basis of the discrimination
results, and stores the determination result.

[0052] Further, in a case where the determination result in
the discrimination result determination part 33 is unclear
again, the whole controller 34 performs a control so that
imaging of cells in the second imaging device 20 is per-
formed under a further different evaluation condition, and so
that discrimination in the first discrimination part 31 and
discrimination in the second discrimination part 32 are
performed again. Specifically, the second imaging device 20
performs imaging for a fluorescent image of cells. The
imaging for the fluorescent image in the second imaging
device 20 may be automatically performed according to the
determination result by the whole controller 34, or may be
performed by causing the display device 3 to display the fact

Jul. 12,2018

that the determination result is unclear to notify a user of the
result and causing the user to input a command for perform-
ing the imaging in the second imaging device 20 using the
input device 4.

[0053] The fluorescent image captured by the second
imaging device 20 is output to the discrimination result
evaluation device 30, and the discrimination result evalua-
tion device 30 performs determination in the first discrimi-
nation part 31 and determination in the second discrimina-
tion part 32 again, on the basis of the input fluorescent
image. Further, the discrimination result determination part
33 determines whether the cells included in the captured
image are undifferentiated cells, differentiated cells, or
obscure, on the basis of the discrimination results, and stores
the determination result.

[0054] The first imaging device 10 and the second imaging
device 20 scan the inside of an imaging region R where a
plurality of cells is present, as shown in FIG. 3, under the
control of the whole controller 34, and captures an image of
each divided evaluation target range r in the imaging region
R. The unit of the imaging region R may be set to a well
plate having a plurality of wells, for example, and each well
in the well plate may be set to the evaluation target range r.
Alternatively, one well may be set to the imaging region R,
and each divided region in the one well may be set to the
evaluation target range.

[0055] The determination in the discrimination result
evaluation device 30 is performed on the basis of the image
of each evaluation target range r, and a determination result
for each evaluation target range r is stored in the discrimi-
nation result determination part 33.

[0056] The display device 3 is configured of a display
device such as a liquid crystal display. The display device 3
displays images captured by the first imaging device 10 and
the second imaging device 20 under the control of the whole
controller 34, or displays discrimination results in the first
and second discrimination parts 31 and 32 and a determi-
nation result in the discrimination result determination part
33.

[0057] The input device 4 is configured of an input device
such as a keyboard or a mouse. The input device 4 receives
an input of a command for imaging in the second imaging
device 20 as described above, for example. The display
device 3 and the input device 4 may be configured of a touch
panel so that the touch panel functions as both the display
device 3 and the input device 4.

[0058] Next, an operation of the cell evaluation system of
this embodiment will be described with reference to a
flowchart shown in FIG. 4.

[0059] First, a cultivation container in which cells to be
evaluated in a differentiation inducing process are contained
is placed in the first imaging device 10, and a setting is
performed so that an image of the initial evaluation target
range is captured (S10).

[0060] Further, it is confirmed by the whole controller 34
whether a first evaluation is previously performed with
respect to the set evaluation target range (S12). The first
evaluation refers to a process from imaging in the first
imaging device 10 to storaging of a determination result in
the discrimination result determination part 33.

[0061] Further, in a case where it is confirmed that the first
evaluation is not previously performed (NO in S12), a phase
difference image of the initial evaluation target range is
captured using the first imaging device 10 (S14), and the



US 2018/0195038 Al

captured image is input to the first discrimination part 31 and
the second discrimination part 32. The first imaging device
10 performs imaging at a magnification lower than that in
the second imaging device 20, and specifically, performs
imaging at a magnification of 1 to 4.

[0062] Then, it is discriminated by the first discrimination
part 31 whether undifferentiated cells are present in the
captured image (S16), and it is discriminated by the second
discrimination part 32 whether differentiated cells are pres-
ent in the captured image (S18). The respective discrimina-
tion results are input to the discrimination result determina-
tion part 33.

[0063] Further, the discrimination result determination
part 33 determines whether the cells in the captured image
are undifferentiated cells, differentiated cells, or obscure on
the basis of the discrimination results in the first and second
discrimination parts 31 and 32, and stores the determination
result.

[0064] The whole controller 34 determines whether a
second evaluation is to be performed on the basis of the
determination result in the discrimination result determina-
tion part 33 (S20). Specifically, in a case where the deter-
mination result in the discrimination result determination
part 33 is unclear, the whole controller 34 determines that
the second evaluation is to be performed, and in other cases,
the whole controller 34 terminates the evaluation of the
initial evaluation target range without performing the second
evaluation (NO in S20). The second evaluation refers to a
process from imaging in the second imaging device 20 to
storaging of the determination result in the discrimination
result determination part 33.

[0065] Further, in a case where it is determined by the
whole controller 34 that the performing of the second
evaluation is to be determined (YES in S20), the cultivation
container is placed in the second imaging device 20, a phase
difference image of the initial evaluation target range is
captured by the second imaging device 20 (S22), and the
captured image is input to the first discrimination part 31 and
the second discrimination part 32. The second imaging
device 20 performs imaging at a magnification higher than
that in the first imaging device 10, specifically, performs
imaging at a magnification of 10 to 20, for example. Move-
ment of the cultivation container from the first imaging
device 10 to the second imaging device 20 may be per-
formed using, for example, a turn table, or the like.

[0066] Then, it is discriminated again by the first discrimi-
nation part 31 whether undifferentiated cells are present in
the captured image (S24), and it is discriminated again by
the second discrimination part 32 whether differentiated
cells are present in the captured image (S26). Then, the
respective discrimination results are input to the discrimi-
nation result determination part 33.

[0067] Further, the discrimination result determination
part 33 determines whether the cells in the captured image
are undifferentiated cells, differentiated cells, or obscure on
the basis of the discrimination results in the first and second
discrimination parts 31 and 32, and stores the determination
result.

[0068] The whole controller 34 determines whether evalu-
ation based on a fluorescent image is to be performed on the
basis of the determination result in the discrimination result
determination part 33 (S28). Specifically, in a case where the
determination result in the discrimination result determina-
tion part 33 is unclear, the whole controller 34 determines
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that the evaluation based on the fluorescent image is to be
performed, and in other cases, the whole controller 34
terminates the evaluation of the initial evaluation target
range (NO in S28).

[0069] Further, in a case where the whole controller 34
determines that the evaluation based on the fluorescent
image is to be performed (YES in S28), the fluorescent
image of the initial evaluation target range is captured by the
second imaging device 20 (S22), and then, the fluorescent
image is input to the first discrimination part 31 and the
second discrimination part 32.

[0070] Then, it is discriminated again by the first discrimi-
nation part 31 whether undifferentiated cells are present in
the fluorescent image (S24), and it is discriminated again by
the second discrimination part 32 whether differentiated
cells are present in the fluorescent image (S26). Then, the
discrimination results are input to the discrimination result
determination part 33.

[0071] Further, the discrimination result determination
part 33 determines whether the cells in the fluorescent image
are undifferentiated cells, differentiated cells, or obscure on
the basis of the discrimination results in the first and second
discrimination parts 31 and 32, stores the determination
result, and then, terminates the evaluation of the initial
evaluation target range (NO in S28).

[0072] As described above, the evaluation is performed
three times at the maximum with respect to the initial
evaluation target range, and the determination results are
stored.

[0073] Further, in a case where the next evaluation target
range is present (NO in S30), a cultivation container is
placed in the first imaging device 10 again, and a setting is
performed so that an image of the next evaluation target
range is captured (S10). In a similar way to the initial
evaluation target range, the evaluation is performed three
times at the maximum with respect to the next evaluation
target range, and the determination results are stored.
[0074] Then, the evaluation target ranges are sequentially
changed, and the processes of S12 to S30 are repeated. Then,
at a time point when the evaluation of all evaluation target
ranges is terminated, the evaluation of the current imaging
region R is terminated (YES in step S30).

[0075] Further, in a case where a predetermined period
elapses and after differentiation inducing of the cells is
proceeded and again continuously evaluation of the imaging
region R is performed (YES in S32), the procedure returns
to S10, the second-round evaluation is performed again in
the order from the initial evaluation target range in the
imaging region R. Here, in a case where the first evaluation
has already been performed previously and it is confirmed
that the determination result in the discrimination result
determination part 33 shows that the cells are either undif-
ferentiated cells or differentiated cells and does not show
that the cells are obscure, no evaluation is performed (YES
in S12, and NO in S20). On the other hand, in a case where
the first evaluation has already been performed previously
and the determination result in the discrimination result
determination part 33 shows that the cells are obscure, the
first evaluation is not performed, and evaluation starts from
the second evaluation (YES in S12, and YES in S20).
[0076] Further, at a time point when evaluation of all the
evaluation target ranges for which determination results are
unclear is terminated, the second-round evaluation in the
imaging region R is terminated (YES in S30).
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[0077] Then, in a case where a predetermined period
further elapses and after differentiation inducing of the cells
is proceeded and the third-round evaluation of the imaging
region R is performed (YES in S32), the procedure returns
to S10, and the same processes as in the case of the
second-round evaluation in the imaging region R are
repeated.

[0078] On the other hand, in a case where a user inputs a
command for discontinuing the third-round evaluation in the
imaging region R, or at a time point when determination
results in all the evaluation target ranges r in the imaging
region R are confirmed and an evaluation target range r for
which the determination result is unclear is not present, the
process is terminated (NO in S32).

[0079] According to the cell evaluation system of the
above-described embodiment, it is discriminated whether
cells to be evaluated correspond to undifferentiated cells or
differentiated cells on the basis of an image obtained by
imaging the cells to be evaluated, respectively, using the first
and second discrimination parts 31 and 32, and in a case
where discrimination results in the first and second discrimi-
nation parts 31 and 32 are conflicting, the cells to be
evaluated are re-evaluated under a different evaluation con-
dition. Accordingly, by re-evaluating as described above, it
is possible to prevent overlooking of remaining undifferen-
tiated cells.

[0080] In the above-described embodiment, in a case
where the determination result based on the evaluation in the
first evaluation part 1 is unclear, the evaluation in the second
evaluation part 2 is immediately performed, but the evalu-
ation may be performed by the second evaluation part 2 at
a time point when a predetermined time eclapses after the
evaluation is performed by the first evaluation part. That is,
at a time point when the predetermined time elapses from
imaging for an image in the first imaging device 10, imaging
for an image in the second imaging device 20 may be
performed. In this case, since it may be considered that
differentiation of cells continues with the lapse of time and
states of the cells vary, as in the above-described embodi-
ment, it is not essential to change a magnification, and the
imaging in the second imaging device 20 may be performed
at a low magnification.

[0081] Further, in the above-described embodiment, a
phase difference image of a high magnification and a fluo-
rescent image are captured using the second imaging device
20, but the invention is not limited thereto, and for example,
imaging for a plurality of phase difference images having
different exposure times may be performed, and discrimi-
nation in the first and second discrimination parts 31 and 32
may be performed using an image obtained by adding up the
plurality of phase difference images. Further, in the second
imaging device 20, a multiple exposure image may be
captured, or a confocal image may be captured. Further, in
the second imaging device 20, two images having different
imaging conditions may be captured, and discrimination in
the first and second discrimination parts may be performed
using a difference image.

[0082] Further, in the above-described embodiment, in a
case where evaluation after the second round with respect to
the imaging region R is performed, with respect to an
evaluation target range r for which the first evaluation was
performed previously and a determination result is unclear,
the first evaluation is not performed and evaluation starts
from the second evaluation, but with respect to peripheral
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evaluation target ranges r that are adjacent to the evaluation
target range r, similarly, evaluation may start from the
second evaluation without performing the first evaluation.
This is because there is a high possibility that the peripheral
evaluation target ranges r that are adjacent to the evaluation
target range r for which the determination result is unclear
also have unclear determination results. Thus, by starting
evaluation from the second evaluation as described above, it
is possible to reduce time for evaluation of the imaging
region R.

[0083] In addition, in the above-described embodiment, in
a case where high magnification imaging is performed in the
second imaging device 20, an imaging visual field becomes
narrow. Thus, a result that an image for each of divided
regions sr obtained by dividing the evaluation target range r
into a plurality of regions is captured is obtained, as shown
in FIG. 5. In this case, in a case where determination results
with respect to the images of the respective divided regions
are different from each other, a determination result of an
image of any one divided region sr among the plurality of
divided regions sr may be stored as a representative deter-
mination result of the evaluation target range r.

[0084] Alternatively, the most common determination
result among the determination results of the images of the
plurality of divided regions sr included in the evaluation
target range r may be stored as a representative determina-
tion result of the evaluation target range r.

[0085] Alternatively, an average determination result of
the determination results of the images of the plurality of
divided region sr included in the evaluation target range r
may be stored as a representative determination result of the
evaluation target range r.

[0086] Specifically, for example, the first discrimination
part 31 calculates a likelihood of undifferentiated cells with
respect to cells in an image of each divided region sr as a first
score, and calculates an average value of the first scores in
the entire divided regions sr. Further, similarly, the second
discrimination part 32 calculates a likelihood of differenti-
ated cells with respect to cells in an image of each divided
region sr as a second score, and calculates an average value
of'the second scores in the entire divided regions sr. The first
score has a larger value as a possibility that the cells are
undifferentiated cells is higher (the likelihood of the undif-
ferentiated cells is high), and the second score has a larger
value as a possibility that the cells are differentiated cells is
higher (the likelihood of the differentiated cells is high).

[0087] Further, it is determined whether the average val-
ues are conflicting by comparing the average value of the
first scores with the average value of the second scores, and
the determination result is stored as a representative deter-
mination result of the evaluation target range r. Specifically,
in a case where a difference between the average value of the
first scores and the average value of the second scores is
larger than a predetermined threshold value, it is considered
that the average values are not conflicting, and a determi-
nation result having a larger average value is used as the
determination result of the evaluation target range r. On the
other hand, in a case where the difference between the
average value of the first scores and the average value of the
second scores is smaller than the predetermined threshold
value, it is considered that the average values are conflicting
and the determination result of the evaluation target range r
is unclear.
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[0088] With respect to the score of the likelihood of the
undifferentiated cells and the score of the likelihood of the
differentiated cells, as described above, low-dimensional
information such as the size, brightness, or color of each cell
may be scored, for example, or high-dimensional informa-
tion in cytology such as the circularity of each cell, the shape
of a nucleus of the cell, or the density of the cells may be
scored.

[0089] Alternatively, in a case where even one unclear
determination result is included among the determination
results with respect to the images of the plurality of divided
regions sr included in the evaluation target range r, it may be
considered that the determination result with respect to the
evaluation target range r is unclear, and the result may be
stored.

[0090] Further, in the above-described embodiment, in the
second evaluation part 2, evaluation based on a high mag-
nification phase difference image and evaluation based on a
fluorescent image are performed, but in the evaluation based
on the fluorescent image, in a case where discrimination
results in the first and second discrimination parts 31 and 32
are conflicting, the evaluation may be performed on the basis
of images captured under further different evaluation con-
ditions, and the evaluation may be terminated at a time point
when the discrimination results in the first and second
discrimination parts 31 and 32 are not conflicting.

[0091] In addition, in the above-described embodiment,
evaluation of whether cells to be evaluated are undifferen-
tiated cells or differentiated cells is performed, but the
invention is not limited thereto, and evaluation of whether
cells to be evaluated are live cells or dead cells may be
performed.

[0092] Specifically, the first discrimination part 31 may
discriminate whether cells to be evaluated are live cells, the
second discrimination part 32 may discriminate whether the
cells to be evaluated are dead cells, and the discrimination
result determination part 33 may determine whether the cells
to be evaluated are live cells, dead cells, or obscure. The
discrimination of whether the cells to be evaluated are the
live cells may be performed on the basis of circularity,
brightness, or the like, for example, and the discrimination
of whether the cells to be evaluated are the dead cells may
be performed on the basis of the brightness or the presence
or absence of a nucleus, for example. A phase difference
image of the dead cells generally becomes white, and
becomes an image with a high brightness. In this way, by
evaluating whether cells to be evaluated are live cells or
dead cells, it is possible to appropriately remove the dead
cells.

[0093] Further, evaluation of whether cells to be evaluated
are multipotent stem cells or feeder cells may be performed.
Specifically, the first discrimination part 31 may discrimi-
nate whether cells to be evaluated are multipotent stem cells,
the second discrimination part 32 may discriminate whether
the cells to be evaluated are feeder cells, and the discrimi-
nation result determination part 33 may determine whether
the cells to be evaluated are multipotent stem cells, feeder
cells, or obscure. The discrimination of whether the cells to
be evaluated are the multipotent stem cells may be per-
formed on the basis of circularity, brightness, or the like, for
example, and the discrimination of whether the cells to be
evaluated are the feeder cells may be performed on the basis
of'unique shapes of the feeder cells, for example. In this way,
by evaluating whether cells to be evaluated are multipotent
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stem cells or feeder cells, it is possible to appropriately
remove the feeder cells at a time point when differentiation-
inducing is terminated.

[0094] Furthermore, in the above-described embodiment,
cells to be evaluated are evaluated using discrimination
results in two discrimination parts of the first discrimination
part 31 and the second discrimination part, but instead, the
cells to be evaluated may be evaluated using discrimination
results in three or more discrimination parts. Specifically, for
example, a configuration in which a third discrimination part
is provided with respect to the above-described embodiment
and the third discrimination part discriminates whether cells
to be evaluated are feeder cells may be used. In a case where
discrimination results in two or more discrimination parts
among the first to third discrimination parts are conflicting,
and in a case where all the discrimination parts have
discrimination results indicating that there are no cells of a
corresponding type, re-evaluation in the second evaluation
part 2 may be performed. Even in a case where four or more
discrimination parts are provided, conditions of re-evalua-
tion are the same.

EXPLANATION OF REFERENCES

[0095] 1: first evaluation part
[0096] 2: second evaluation part
[0097] 3: display device

[0098] 4: input device

[0099] 10: first imaging device

[0100] 20: second imaging device

[0101] 30: discrimination result evaluation device

[0102] 31: first discrimination part

[0103] 32: second discrimination part

[0104] 33: discrimination result determination part

[0105] 34: whole controller

What is claimed is:

1. A cell evaluation apparatus comprising:

a first evaluation part and a second evaluation part that
evaluate cells to be evaluated,

wherein the first evaluation part includes at least two
discrimination parts that respectively discriminate
whether the cells to be evaluated correspond to at least
two types of cells on the basis of an image obtained by
imaging the cells to be evaluated, and

the second evaluation part evaluates the cells to be
evaluated under an evaluation condition different from
an evaluation condition of the first evaluation part in a
case where discrimination results in at least two dis-
crimination parts among the discrimination parts are
conflicting.

2. The cell evaluation apparatus according to claim 1,

wherein the second evaluation part evaluates the cells to
be evaluated on the basis of an image obtained by
imaging the cells to be evaluated at a magnification
higher than that in the first evaluation part.

3. The cell evaluation apparatus according to claim 2,

wherein in a case where the evaluation is performed on
the basis of images obtained by dividing a group of the
cells to be evaluated into a plurality of regions, the
second evaluation part sets an evaluation result of one
image among the images of the plurality of regions as
a representative evaluation result.

4. The cell evaluation apparatus according to claim 2,

wherein in a case where the evaluation is performed on
the basis of images obtained by dividing a group of the
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cells to be evaluated into a plurality of regions, the
second evaluation part sets the most common evalua-
tion result among evaluation results of the images of
the plurality of regions as a representative evaluation
result.

5. The cell evaluation apparatus according to claim 2,

wherein in a case where the evaluation is performed on
the basis of images obtained by dividing a group of the
cells to be evaluated into a plurality of regions, the
second evaluation part sets a result obtained by aver-
aging evaluation results of the images of the plurality of
regions as a representative evaluation result.

6. The cell evaluation apparatus according to claim 1,

wherein the first evaluation part evaluates the cells to be
evaluated on the basis of an image obtained by imaging
the cells to be evaluated using a non-invasive imaging
method, and

the second evaluation part evaluates the cells to be
evaluated on the basis of an image obtained by imaging
the cells to be evaluated using an invasive imaging
method.

7. The cell evaluation apparatus according to claim 2,

wherein the first evaluation part evaluates the cells to be
evaluated on the basis of an image obtained by imaging
the cells to be evaluated using a non-invasive imaging
method, and

the second evaluation part evaluates the cells to be
evaluated on the basis of an image obtained by imaging
the cells to be evaluated using an invasive imaging
method.

8. The cell evaluation apparatus according to claim 3,

wherein the first evaluation part evaluates the cells to be
evaluated on the basis of an image obtained by imaging
the cells to be evaluated using a non-invasive imaging
method, and

the second evaluation part evaluates the cells to be
evaluated on the basis of an image obtained by imaging
the cells to be evaluated using an invasive imaging
method.

9. The cell evaluation apparatus according to claim 4,

wherein the first evaluation part evaluates the cells to be
evaluated on the basis of an image obtained by imaging
the cells to be evaluated using a non-invasive imaging
method, and

the second evaluation part evaluates the cells to be
evaluated on the basis of an image obtained by imaging
the cells to be evaluated using an invasive imaging
method.

10. The cell evaluation apparatus according to claim 5,

wherein the first evaluation part evaluates the cells to be
evaluated on the basis of an image obtained by imaging
the cells to be evaluated using a non-invasive imaging
method, and

the second evaluation part evaluates the cells to be
evaluated on the basis of an image obtained by imaging
the cells to be evaluated using an invasive imaging
method.

11. The cell evaluation apparatus according to claim 6,

wherein the second evaluation part evaluates the cells to
be evaluated on the basis of a fluorescent image of the
cells to be evaluated.
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12. The cell evaluation apparatus according to claim 7,

wherein the second evaluation part evaluates the cells to
be evaluated on the basis of a fluorescent image of the
cells to be evaluated.

13. The cell evaluation apparatus according to claim 8,

wherein the second evaluation part evaluates the cells to
be evaluated on the basis of a fluorescent image of the
cells to be evaluated.

14. The cell evaluation apparatus according to claim 1,

wherein the second evaluation part evaluates the cells to
be evaluated on the basis of an image captured at a time
point when a preset time elapses from an imaging time
point of the image used for the discrimination in the
first evaluation part.

15. The cell evaluation apparatus according to claim 1,

wherein the second evaluation part evaluates the cells to
be evaluated on the basis of a larger number of images,
obtained by imaging the cells to be evaluated, than
those in the first evaluation part.

16. The cell evaluation apparatus according to claim 1,

wherein in a case where the first evaluation part and the
second evaluation part evaluate the cells to be evalu-
ated over time plural times, and previous discrimina-
tion results in the at least two discrimination parts in the
first evaluation part are conflicting, evaluation of cells
to be currently evaluated is not performed in the first
evaluation part, and is performed in the second evalu-
ation part.

17. The cell evaluation apparatus according to claim 16,

wherein in a case where the first evaluation part and the
second evaluation part divide a group of the cells to be
evaluated into a plurality of regions to perform the
evaluation, and previous discrimination results in one
region among the plurality of regions are conflicting,
evaluation of cells to be currently evaluated in the one
region and regions around the one region is not per-
formed in the first evaluation part.

18. The cell evaluation apparatus according to claim 1,

wherein the second evaluation part includes at least two
discrimination parts, similarly to the first evaluation
part, and in a case where discrimination results in the
at least two discrimination parts are conflicting, the
cells to be evaluated are evaluated under a further
different evaluation condition.

19. The cell evaluation apparatus according to claim 18,

wherein in a case where the discrimination results in the
at least two discrimination parts included in the second
evaluation part are conflicting, the second evaluation
part changes the evaluation condition plural times to
sequentially perform the evaluation, and terminates the
evaluation at a time point when the discrimination
results in the at least two discrimination parts become
consistent results.

20. A cell evaluation method comprising:

performing a first evaluation for discriminating, on the
basis of an image obtained by imaging cells to be
evaluated, whether the cells to be evaluated correspond
to at least two types of cells using at least two dis-
crimination parts; and

performing a second evaluation for evaluating the cells to
be evaluated under an evaluation condition different
from an evaluation condition of the first evaluation in
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a case where discrimination results in at least two
discrimination parts among the discrimination parts are
conflicting.



