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Description

METHOD FOR EVALUATING ABILITY OF CELLS TO GROW INTO SHEET

Technical Field
[0001]

The present invention relates to a method a
system for evaluating the ability of cells to grow

sheet.

Background Art

[0002]

Attempts are being made in recent years to
transplant a variety of cells for the purpose of he
damaged tissues. Such attempts are intended to hea
heart tissues damaged by ischemic heart disease suc
cardiac angina and cardiac infarction. The cells f
transplantation include fetal cardiocytes, skeletal
myoblasts, mesenchymal stem cells, cardiac stem cel
cells, and the like (see Non-Patent Document 1).
[0003]

The attempts are directed partly to the
development of a cell structure formed by means of
scaffold or a cell culture in sheet form (which is
aggregate of cells resembling a sheet). (See Paten

Document 1.)
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Therapeutic application of a cell culture in sheet

form is under study for the healing of skin damaged
burns with a sheetlike cell culture of skin, the he

of damaged cornea with a sheetlike cell culture of
corneal skin, and the healing of esophageal carcino
after endoscopic resection with a sheetlike cell cu
of oral mucosa.

[0004]

The application of a cell culture to clinic
practice requires that the cell culture should have
adequate applicability, effectiveness, safety, stor
life, and transportability. This leads to the nece
of establishing an index for an optimal method of
production and an index for quality control (such a
measurement of strength of the sheetlike cell cultu

Evaluation of the sheetlike cell culture in terms o

strength or the like may be accomplished by any one

methods disclosed in Patent Documents 2 and 3. The

former describes the method for determining the
concentration (or change thereof) of non-adhering c
in the liquid culture medium being used for sheet-f
cultivation, thereby judging the extent to which th
sheetlike cell culture has grown. The latter descr
the method for calculating the portion of the sheet
forming cells sticking to the culture container, th

judging the formation of the sheetlike cell culture
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Prior Art Document
Patent Documents
[0005]
Patent Document 1: JP-T-2007-528755
Patent Document 2: JP-A-2012-152188
Patent Document 3: JP-A-2012-152189
Non-Patent Document
[0006]
Non-Patent Document 1: Haraguchi et at., St

Cells Transl Med. 2012 Feb; 1(2):136-41

Summary of Invention

Technical Problem

[0007]
The present invention is intended to provid
method and system for evaluating the ability of cel

grow into a sheet.

Technical Solution

[0008]

During their research into sheetlike cell
cultures, the present inventors found that cultivat
under the same conditions gives rise to sheetlike c
cultures varying in properties. For example, some

samples break, losing the sheetlike shape, at the t
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peeling from the culture substrate, and some sample
off spontaneously from the culture substrate before
end of cultivation. With this in mind, the present
inventors continued their research assuming that an
efficient production of sheetlike cell cultures wou
possible if there is a way to predict whether or no
cells form normal sheetlike cell cultures under ord
conditions. As the result, they found that it is
possible to discriminate between cells capable of f
normal sheetlike cell cultures and other cells base
some numerical values, such as electrical resistanc
the cell culture which are measured during cultivat
cells to form the sheetlike cell cultures. This fi
led to the present invention.
[0009]

The present invention covers the following.

<1> A method for evaluating the ability of
to grow into a sheet, including:

(1) a step of examining cell cultures growi
into a sheet to determine their impedance and/or
electrical resistance or numerical values relating
thereto;

(2) a step of comparing the numerical value
determined by Step (1) with reference values; and

(3) a step of judging, based on the results

comparison obtained in Step (2), the ability of cel
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grow into a sheet.

<2> A method for producing a sheetlike cel
culture, including:

(1) a step of examining cell cultures growi
into a sheet to determine their impedance and/or
electrical resistance or numerical values relating
thereto;

(2) a step of comparing the numerical value
determined by Step (1) with reference values;

(3) a step of judging, based on the results
comparison obtained in Step (2), the ability of cel
grow into a sheet; and

(4) a step of controlling, based on the res
judgment obtained in Step (3), a process of produci
sheetlike cell culture.

[0010]

<3> The method defined in Paragraph <1> or
above, in which the determination of impedance and/
electrical resistance is performed periodically in
(1)

<4> The method defined in any of Paragraph
to <3> above, in which Step (1) further includes
determination of voltage phase relative to current

<5> The method defined in any of Paragraph
to <4> above, in which the determination of impedan

Step (1) is performed at two or more frequencies.
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<6> The method defined in any of Paragraph s<1>
to <5> above, in which the numerical values relatin g to
impedance are parameters selected from a group cons isting
of electrical resistance, capacitance, Rb, o, Rb/ o, and
Cm of the cell culture and also selected from a gro up
consisting of peak values, times to peak, and slope sto
peak of the parameters.
[0011]

<7> The method defined in any of Paragraph s<1>
to <6> above, in which cells are judged to be low i n
ability to grow into a sheet if the electrical resi stance
determined in Step (3) is equal to or smaller than the
reference value.

<8> The method defined in Paragraph <6> or <7>
above, in which cells are judged to be low in abili ty to
grow into a sheet if the values of Rb, o, and Rb/ o
determined in Step (3) are equal to or smaller than the
reference values.

<9> The method defined in Paragraph <6> or <7>
above, in which cells are judged to be adequate or
excessive in ability to grow into a sheet if the va lues
of Rb, o, and Rb/ o determined in Step (3) are equal to or
larger than the reference values.

<10> The method defined in Paragraph <6> a bove,
in which cells are judged to be low in ability to g row

into a sheet if the numerical values selected from
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group consisting of the peak value of electrical

resistance, the peak value of Rb, and the slope to peak
of Rb determined in Step (3) are equal to or smalle r than
the reference values, and/or if the numerical value S
selected from a group consisting of the time to pea k of
electrical resistance and the time to peak of Rb ar e

equal to or larger than the reference values.

[0012]

<11> The method defined in Paragraph <6> a bove,
in which cells are judged to be adequate in ability to
grow into a sheet if, in Step (3), the numerical va lues
selected from a group consisting of the time to pea k of
electrical resistance and the time to peak of Rb ar e
equal to or smaller than the reference values and t he
numerical values selected from a group consisting o f the
peak value of Rb/ o and the slope to peak of Rb/ o are
equal to or smaller than the reference values, and/ or if
the numerical values selected from the group consis ting
of the time to peak of electrical resistance and th e time
to peak of Rb are equal to or smaller than the refe rence
values and the time to peak of Rb/ o is equal to or longer

than the reference value.

<12> The method defined in Paragraph <6> a bove,
in which cells are judged to have excessive ability to
grow into a sheet if, in Step (3), the numerical va lues

selected from a group consisting of the peak value of
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Rb/ o and the slope to peak of Rb/

than the reference values, and/or if the time to pe

Rb/ o is equal to or shorter than the reference value.

<13> A system for evaluating the ability o
cells to grow into a sheet, including: a container
cultivation to grow cells into a sheet; and a measu
apparatus to determine impedance and/or electrical

resistance of the cell culture in the container.

Advantageous Effects

[0013]

The method according to the present inventi
intended to evaluate the ability of cells to grow i
sheet. The results of such evaluation permit one t
control the process of producing the sheetlike cell
cultures according to the ability of cells to grow
sheet. This leads to efficient production of sheet

cell cultures.

Brief description of Drawings
[0014]
[Fig. 1]
Fig. 1 is a photograph depicting the appear
of a peeled sheet.
[Fig. 2]
Fig. 2 is a photograph depicting the appear
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of a weak sheet.
[Fig. 3]
Fig. 3 is a photograph depicting the appear ance

of a normal sheet.

[Fig. 4]
Fig. 4 is a graph depicting the change with time
of electrical resistance (R) that takes place in a weak

sheet, normal sheet, and peeled sheet.
[Fig. 5]

Fig. 5 is a graph depicting the change with time
of Rband  « that takes place in a weak sheet, normal
sheet, and peeled sheet.
[Fig. 6]

Fig. 6 is a graph depicting the change with time
of Rb/ « that takes place in a weak sheet, normal sheet,

and peeled sheet.

[Fig. 7]

Fig. 7 is a graph depicting the peak values of
electrical resistance (R), Rb, o, and Rb/ o which are
observed in a weak sheet, normal sheet, and peeled sheet.

The asterisk (*) denotes p < 0.005.

[Fig. 8]

Fig. 8 is a graph depicting the time to pea k of
electrical resistance (R), Rb, o, and Rb/ o which are
observed in a weak sheet, normal sheet, and peeled sheet.

[Fig. 9]
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Fig. 9 is a graph depicting the slope to pe
electrical resistance (R), Rb, o, and Rb/
observed in a weak sheet, normal sheet, and peeled

The asterisk (*) denotes p < 0.005.

Modes for Carrying Out the Invention

[0015]

All the technical and scientific terms used
this specification have the same meaning as ordinar
understood by those who are skilled in the art unle
otherwise specifically defined herein. This
specification will reference any and all informatio
disclosed in patents, patent applications, and
publications.

[0016]

One aspect of the present invention relates
method for evaluating the ability of cells to grow
sheet, which includes:

(1) a step of examining cell cultures growi
into a sheet to determine their impedance and/or
electrical resistance or numerical values relating
thereto;

(2) a step of comparing the numerical value
determined by Step (1) with reference values; and

(3) a step of judging, based on the results

comparison obtained in Step (2), the ability of cel
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grow into a sheet. This method will occasionally b
abbreviated as “method for evaluation of sheet-form
ability” hereinafter.
[0017]

The term “ability of cells to grow into a s
used in the present invention denotes the ability o
cells to form a sheetlike cell culture. The term
“sheetlike cell culture” used herein denotes someth
sheet form which is composed of cells binding toget
It is considered important that cells should be abl
bind together and bind themselves to the culture
substrate so that cells form a sheetlike cell cultu
although there is no specific reliable theory.
Consequently, the sheet-forming ability may be defi
the general ability of cells to grow into a sheet w
includes the ability of cells to bind together and
themselves to the culture substrate.
[0018]

The sheetlike cell culture typically consis
one cell layer; however, it also includes those whi
composed of two or more cell layers placed one over
another. Cells constituting the sheetlike cell cul
may bind together directly and/or indirectly. The
binding may permit the presence of an intermediate
as adhesion molecules. The indirect binding needs

intermediate placed between cells. The intermediat
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substance is not specifically restricted so long as itis
capable of physically (or mechanically) binding cel Is
together. It includes, for example, an extracellul ar
substrate. The intermediate substance should prefe rably
be one which is derived from cells, particularly on e
which is derived from cells constituting the sheetl ike

cell culture. Cells should join together at least

physically or mechanically; cells may also join tog ether
functionally. e.g., chemically or electrically. Th e
sheetlike cell culture may exist in the form sticki ng to
or free (peeled) from the culture substrate. The | atter
form, which is typical, will occasionally be called an

isolated or free sheetlike cell culture hereinafter

[0019]

The term “sheet-forming cultivation” used i n the
present invention denotes a manner of cultivation i n
which cells are inoculated into a cultivation vesse I and
the inoculated cells are allowed to grow into a she et (or
a sheetlike cell culture). The sheet-forming culti vation
is typically accomplished by inoculating cells (cap able

of growing into a sheet) into a culture vessel and

cultivating the inoculated cells for a prescribed p eriod
under a condition that they bind together to react with
one another. The cell binding condition is not

specifically restricted but is one which is commonl y used

for cell cultivation at 37°C in a 5% CO 2 atmosphere. Any
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adequate condition suitable for cells to be inocula

will be selected by those who are skilled in the ar

Some examples of sheet-forming cultivation are foun

the following literature without specific restricti

Patent Document 1, JP-A-2010-081829, JP-A-2010-2269
JP-A-2011-110368, JP-A-2011-172925, and WO 2014/185
[0020]

The cell inoculation may be accomplished in
known way under any known conditions. An exemplary
method of cell inoculation is by injecting into a v
a suspension of cells dispersed in a sheet-forming
The injection of cell suspension may be facilitated
using a tool, such as pipette and dropper, suitable
injection.

[0021]

Inoculation with cells is not specifically
restricted in the density of cells. Cells may exis
density adequate for cells to form a sheetlike cell
culture without substantial proliferation. The ter
density adequate for cells to form a sheetlike cell
culture without substantial proliferation” denotes
density adequate for cells to form a sheetlike cell
culture when cells are cultivated in a non-prolifer
culture solution which is substantially free of gro
factor. This inoculation density is higher than th

used in the technique that employs a culture soluti
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containing a growth factor; it may be equal to or h igher
than that for cells to confluent. An unrestricted
example of the cell density is equal to or higher t han
1.0x 10 Scellslem 2. The cell density has no upper limit;
but it may be lower than 3.4 x 10 ®cellsiem ?solong as it
has no adverse effect on the formation of the cell
culture and it does not induce cell differentiation
[0022]

The density adequate for cells to form a
sheetlike cell culture without substantial prolifer ation
may vary over a certain range as indicated below
depending on the embodiment: 1.0 x 10 °t0 3.4 x 10 6
cellslem 2;3.0x10 °t03.4x10 °®cellsicm 2 35x10 °to
34x10 °®cellslem 21.0x10 °t03.4x10  °®cellsiem ?2;3.0
x10°t01.7x10  Ccellslem ?35x10 °tol.7x10 °

cells'em 2;and 1.0 x 10 ®t01.7x10  °®cellsicm 2. The
above-mentioned ranges may include one of or both t he
upper limit and the lower limit, so long as the upp er
limit is less than 3.4 x 10 ® cellslem 2. Examples of the

above-mentioned density are as follows: equal to or
higher than 3.0 x 10 ®cellslem 2 and lower than 3.4 x 10 6

cells’em 2 (including the lower limit and not including the

upper limit); equal to or higher than 3.5 x 10 ® cells/cm
and lower than 3.4 x 10 6 cellslem 2 (including the lower
limit and not including the upper limit); equal to or

higher than 1.0 x 10 6 cellslem 2 and lower than 3.4 x 10 6
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cells’em 2 (including the lower limit and not including the

upper limit); higher than 1.0 x 10 ® cellslem 2 and lower

than3.4x 10  ®cells/em 2 (not including the lower limit
and not including the upper limit); and higher than
10° cells’em 2 and equal to or lower than 1.7 x 10
cells’em 2 (not including the lower limit and including the
upper limit).
[0023]

The sheet forming is accomplished with the
of a medium, which is not specifically restricted s
as it has electrical conductivity. Examples of the
medium include physiological saline, various
physiological buffer solutions containing electroly
(such as PBS and HBSS), and those which are derived
various basal media for cell cultivation. Examples
the basal media unrestrictedly include DMEM, MEM, F
DME, RPMI1640, MCDB (such as MCDB 102, 104, 107, 12
153, and 199), L15, SkBM, RITC80-7, and DMEM/F12.
basal media are commercially available and have the
composition known to public. The basal medium may
used in the form of its standard composition (or in
form as purchased); alternatively, it may be used i
form with its composition modified according to the
species and cell condition. In other words, the ba
medium to be used in the present invention is not

restricted to the one with known composition but in
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the one which has one or more than one component ad

deleted, or increased or decreased in amount. The
for sheet formation may include such additives as s
(e.g., fetal bovine serum, bovine serum, horse seru
human serum), and various growth factors (e.g., FGF
VEGF, and HGF).

[0024]

Those cells which form the sheetlike cell ¢
unrestrictedly include adherent cells which are
exemplified below. Somatic cells (such as cardiocy
fibroblasts, epithelial cells, endothelial cells,
hepatocytes, pancreatic cells, nephrocytes, adrenal
periodontal membrane cells, gingival cells, periost
cells, dermal cells, synovial cells, and chondrocyt
and stem cells (such as myoblasts, tissue stem cell
(e.g., cardiac stem cells), embryonic stem cells,
pluripotent stem cells (e.g., iPS or induced plurip
stem cells), and mesenchymal stem cells. The somat
cells may be those which have differentiated from s
cells, especially iPS cells. Also, those cells whi
form the sheetlike cell culture unrestrictedly incl
myoblasts (e.g., skeletal myoblasts), mesenchymal s
cells (e.g., those which are derived from marrow, f
tissues, peripheral blood, skin, hair root, muscle
endometrium, placenta, and cord blood), cardiocytes

fibroblasts, heart stem cells, embryonic stem cells
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cells, synovial cells, chondrocytes, epithelial cel
(e.g., oral mucosa epitheliocytes, retinal pigment
epitheliocytes, and nasal mucosa epitheliocytes),
endothelial cells (e.qg., blood endothelial cells),
hepatocytes (e.g., hepatic mesenchymal cells), panc
cells (e.g., islet cells), nephrocytes, adrenal cel
periodontal membrane cells, gingival cells, periost
cells, and dermal cells).

[0025]

The cell culture is examined for impedance
electrical resistance by any known technique. The
impedance may be determined, for example, by applyi
AC voltage and current to the cell culture and meas
an AC voltage and current that appear in the cell ¢
and dividing the voltage by the current. The elect
resistance may be determined, for example, by apply
DC voltage across the cell culture and measuring a
current that flows across the cell culture (or appl
DC current across the cell culture and measuring a
voltage that appears across the cell culture) and
dividing the voltage by the current. The impedance
and/or electrical resistance may be determined by u
any known apparatus (such as impedance meter and
resistance meter).

[0026]

The voltage application may be accomplished
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the following way, for example. The cell culture i
allowed to grow between a working electrode and a ¢
electrode across which a current flows, and a volta
applied across the two electrodes, with the cell cu
placed between them. The voltage application may a
accomplished in another way that follows, for examp
working electrode and a counter electrode are arran
the bottom of the cultivation vessel, on which the
culture is allowed to grow, and a voltage is applie
across the two electrodes. Alternatively, a voltag
applied across a working electrode and a counter
electrode one of which is placed on the upper surfa
the cell culture and the other of which is placed o
lower surface.

[0027]

The impedance of the cell culture may be
determined by any known method such as ECIS (Electr
Cell-substrate Impedance Sensing) method. The elec
resistance of the cell culture may be determined by
known method such as ECIS method and TEER (Trans
Epithelial Electric Resistance) measuring method.
are known and commercial apparatuses for determinin
impedance and/or electrical resistance of the cultu
medium. (The former is disclosed in US Patent No.
5187096, and the latter is available as ECIS Z or E

from Applied BioPhysics, Inc. or as EVOM2 from Worl
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Precision Instruments, Inc.) These apparatuses may
used to evaluate the ability of cells to grow into
sheet.

[0028]

In addition to the determination of the imp
and/or electrical resistance, the determination of
impedance may be performed simultaneously with the
determination of phase of voltage or current. The
determination of phase of voltage or current may be
performed by any known technique, such as the one w
employs a lock-in amplifier. The thus determined p
of voltage or current may be used to determine the
resistance and reactance from the impedance.

[0029]

The AC current to be applied to determine
impedance may have one or more than one frequency.
impedance varies depending on frequency because the
culture existing between the two electrodes functio
a capacitor, as in the case of ECIS model mentioned
Therefore, the difference in frequency can be used
evaluate the ability of cells to grow into a sheet.
frequency to be used is not specifically restricted
long as information on the ability of cells to grow
a sheet can be obtained. It may be selected from 3
Hz to 64 kHz and 4 to 64 kHz; particularly 62.5 Hz,

Hz, 250 Hz, 500 Hz, 1 kHz, 2 kHz, 4 kHz, 8 kHz, 16
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32 kHz, and 64 kHz.
[0030]

The determination of impedance and/or elect rical
resistance of the cell culture may be performed
periodically. The periodically repeated determinat ions
permit one to detect and/or monitor the change with time
of the impedance and/or electrical resistance. The

interval of the periodical determinations is not

specifically restricted; for example, it may be 0.0 01
seconds to 3 hours, 0.01 seconds to 1 hour, 0.05 se conds
to 30 minutes, 0.1 seconds to 10 minutes, or 1 seco nd to

1 minute. The determination of impedance and/or
electrical resistance may be performed within a cer tain

period of time which is long enough to provide

information necessary to evaluate the ability of ce lIs to
grow into a sheet. Such a period may be within 72 hours,
48 hours, 36 hours, 24 hours, 12 hours, 10 hours, 8 hours,

or 6 hours, for example.
[0031]
The impedance and/or electrical resistance
determined as mentioned above give numerical values
relating thereto. Such numerical values may be
determined as the impedance and/or electrical resis tance
is determined, or calculated from the impedance and lor
electrical resistance, or calculated from the thus

calculated numerical values. Those numerical value S
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which are determined as the impedance is determined

unrestrictedly include, for example, voltage, curre nt,
frequency of AC voltage, timing of determination (| ength
of time from the start of sheet-forming cultivation ), and
the phase of voltage or current to be determined. Those
numerical values which are determined as the electr ical
resistance is determined unrestrictedly include, fo r
example, voltage, current, and timing of determinat ion.
Those numerical values which are calculated from th e
numerical values which are determined as the impeda nce is

determined unrestrictedly include, for example, the

electrical resistance of the cell culture, capacita nce,
Rb, o, Cm, Rb/ o, peak values thereof, time to peak, slope

to peak, coefficient of differential with respect t o time,
and change with time in amount or ratio within a

prescribed period of time.

[0032]

The ECIS model (see Giaever and Keese, Proc Natl
Acad Sci USA, 1991 Sep 1; 88(17): 7896-900, for exa mple)
tells that the impedance (Z) to be determined consi sts of
resistance (R) and reactance (Xc) and the resistanc eisa
guotient obtained by dividing voltage (in phase wit h
current) by current, and the reactance is a quotien t
obtained by dividing voltage (out of phase with cur rent)
by current. The capacitance (C) is calculated from Xc=

1/(2 nfC)andZ=(R 2+ Xc 2)%5, where f represents
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frequency. Consequently, the impedance, current, v
phase, and frequency, which have been determined in
presence of the cell culture, permit one to calcula
electrical resistance and capacitance of the cell ¢
[0033]

The ECIS model is also useful to calculate
and Cm. According to the ECIS model, the cells
inoculated on the working electrode is regarded as
cylindrical body surrounded by an insulating film a
filled with a conducive electrolyte. When the
cylindrical body is given an AC current from the wo
electrode at the bottom thereof, the space between
cells functions as a resistance and the cells funct
a capacitor as the current flows to the counter ele
The ECIS model uses Rb to denote the resistance of
space between cells and also uses Cm to denote the
capacitance of the cell membrane. The fact that th
bottom of the cylindrical body is not in uniform co
with the electrode but in partial contact with the
electrode leads to an assumption that there is a un
gap (with a height of h) between the bottom and the
electrode, and this assumption suggests the existen

a resistance across the bottom and the electrode.

ECIS model uses a to denote the resistance across the

bottom and the electrode. Incidentally,

a=rc( p/h) %%, where rc denotes the radius of the cell
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and p denotes the resistance of the medium (in which
cells grow into the sheetlike culture). The values

and o can be calculated from the following formulas.
(See Giaever and Keese, Opp et al., Biosens Bioelec

2009 Apr 15; 24(8): 2625-9, for example.)

[0034]
[Formula 1]
Z:'ll
l_ I ZH + Z.'I+z.lr.' {l}
A re lo(yre
Z:‘ er Zn +Z:rr % I'|.|::,.:+Hb (;,!T*i“ EL,.,)

o N l+i = l;ri (1)
A VAN | FANA

|
Zn:S H}:+‘._'
n/C, ey

I
Zn=2 _HEH.[C:N (IV)
Ry

[0035]

In the formula above, Zc denotes the impeda
per unit area of the electrode (working electrode)
covered with cells; Zn denotes the impedance per un
area of the electrode not covered with cells; Zm de
the impedance per unit area of the cell culture; |
denote respectively the zeroth and first order modi

Bessel function of the first kind; S denotes the ar

of Rb
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the electrode, Rn denotes the determined value of t he
resistance of the electrode not covered with cells; f
denotes the frequency of the AC voltage; Cn denotes the
determined value of the capacitance of the electrod e not
covered with cells; Rm denotes the resistance of th e cell

membrane; and Cm denotes the capacitance of the cel I
membrane. Incidentally, the parameters represented by R,

C,Rb, «, and Cm are available in the form of output from

the software attached to ECISZ 6 (Applied BioPhysics,
Inc.). Rb/ o is a quotient obtained by dividing Rb by a.
[0036]

The peak value and the time to peak denote
respectively the numerical values of R, C, Rb, o, Cm, and
Rb/ o at the time of their peak and the time to reach

their peak. The slope to peak denotes a quotient

obtained by dividing the peak value by the time to peak.
As demonstrated in Example 3, it was found that, af ter
inoculation with cells, R, Rb, a, and Rb/ o reach their
peaks in a comparatively early stage of the period for

sheet-forming cultivation and then they gradually
decrease. This suggests that the numerical values
relating to the peak can be used to judge in an ear ly
stage the ability of cells to grow into a sheet.
[0037]
Step 2 in the method employs the reference values

which are established to judge the degree of the ab ility
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of cells to grow into a sheet. The reference value
be established by preliminary experiments with cell
which the degree of the ability of cells to grow in
sheet is known. The degree of the ability of cells
grow into a sheet may be expressed in terms of two
or three levels. The two levels consist of the
“adequate” level representing the ability of cells
grow into a normal sheet and the “inadequate” level
representing the lack of the ability of cells to gr

into a normal sheet. The three levels consist of t
“adequate” level representing the ability of cells
grow into a normal sheet, the “low” level represent
the ability of cells to merely grow into a sheet (w

is too weak to keep its shape when it is detached f
the cultivation substrate), and the “excessive” lev
representing the ability of cells to merely grow in
sheet (which spontaneously peels off from the culti
substrate before the period of sheet-forming cultiv
comes to an end). There are certain reference valu
judgment about which of the foregoing two levels or
levels the ability of cells to grow into a sheet
corresponds to. Such reference values are not
specifically restricted. For example, one referenc
value may specify the ratio of cells capable of gro
into a sheet of a certain level. Another reference

may specify the ratio of cells capable of growing i
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sheet of a certain level and the ratio of cells cap

of growing into a sheet of another level. Such rat

may be 60%, 70%, 80%, 85%, 90%, 95%, 97%, 98%, 99%,

100%. The higher ratio implies the higher reliabil
the reference value.
[0038]

The foregoing is exemplified in Table 13 fo
Example 3. Assume that the reference value for the
value of electrical resistance is “smaller than 550
Then, 100% of the cells having “low” ability to gro
a sheet satisfies this reference value, and none of
cells having the “adequate” and “excessive” ability
grow into a sheet satisfy this reference value. Th
implies that the foregoing reference value is extre
reliable for discrimination between those cells hav
the “low” ability to grow into a sheet and those ce
having the “adequate” and “excessive” ability to gr
into a sheet. Also, assume that the reference valu
the time to peak of electrical resistance is “longe
6 hours.” Then, only 18% of those cells having the
ability to grow into a sheet satisfies this referen
value, none of those cells having the “adequate” an
“excessive” ability to grow into a sheet satisfy th
reference value. This implies that those cells tha
satisfy this reference value almost apparently have

“low” ability to grow into a sheet. Itis conclude
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therefore, that the foregoing reference value is
extremely reliable to judge that the cells have a “
ability to grow into a sheet.

[0039]

The reference value may be established for
of any kind or for values of specific kinds useful
evaluate the ability of cells to grow into a sheet.
kind of numerical values to evaluate the ability of
to grow into a sheet is not specifically restricted
Appropriate numerical values for this purpose may b
selected from those values representing the statist
significant difference among the groups of cells
differing in the ability of cells to grow into a sh
This will be explained below with reference to Tabl
to 10 of Example 3. The numerical values for certa
kinds indicated a statistically significant differe
among those cells having the ability to grow into a
sheet, those cells having the ability to grow into
normal sheet, and those cells merely having the abi
to grow into a peeled sheet. (For example, a
statistically significant difference was found betw

weak sheet and normal sheet in R, Rb, peak value of

slope to peak, and peak value of o. A statistically

significant difference was also found between weak
and peeled sheet in R, peak value of Rb, and slope

peak.) The foregoing suggests that the reference v
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established for numerical values of specific kinds
to highly reliable reference values, as demonstrate
Tables 13 and 14.

[0040]

The cell cultures vary in impedance and
electrical resistance from one species of cells to
another. This leads to an assumption that the refe
values also vary depending on the species of cells
the ratio of the species of cells constituting the
cultures. Fortunately, however, it would be possib
those who are skilled in the art to establish adequ
reference values for the specific species of cells
the cell population composed of cells in a specific
if they refer to this specification, particularly
Examples given later herein. Thus, the specific
reference values given herein are merely exemplary
are not intended to restrict the scope of the prese
invention.

[0041]

The value determined in Step (1) is compare
the reference value in the following way. Inthe c
where the reference value is a single value, compar
is achieved simply by determining whether the value
determined in Step (1) is larger than, smaller than
equal to, equal to or larger than, or equal to or s

than the reference value. In the case where the
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reference value has a certain range, comparison is
achieved by determining whether the value determine
Step (1) is contained in the reference value range,
larger than the upper limit, smaller than the lower
equal to or larger than the upper limit, or equal t
smaller than the lower limit.
[0042]

The judgment in Step (3) as to the ability
cells to grow into a sheet is performed by comparin
numerical values obtained in Step (1) with the refe
values. Such comparison reveals a correspondence b
the numerical value and the level of ability, the
correspondence depending on the properties of the
reference value. For example, in the case where th
reference value is a single value and there is a
correspondence between the numerical value and the
reference value such that any sample having a numer
value smaller than the reference value is regarded
cells having an “inadequate” ability to grow into a
and any sample having a numerical value equal to or
larger than the reference value is regarded as cell
having an “adequate” ability to grow into a sheet,
judgment is made to the effect that the sample has
“inadequate” ability to grow into a sheet if the
numerical value determined in Step (1) is smaller t

the reference value and the sample has an “adequate
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ability to grow into a sheet if the numerical value
determined in Step (1) is equal to or larger than t
reference value. Also in the case where the refere
value is expressed in terms of range and there is a
correspondence between the numerical value and the
of the reference value such that any sample having
numerical value within the range of the reference v
is regarded as cells having a “adequate” ability to
into a sheet, any sample having a numerical value s
than the lower limit of the range of the reference

is regarded as cells having a “low” ability to grow

a sheet, and any sample having a humerical value la
than the upper limit of the range of the reference

is regarded as cells having an “excessive” ability
grow into a sheet, a judgment is made to the effect
the sample has an “adequate” ability to grow into a
if the numerical value determined in Step (1) is wi
the range of the reference value, the sample has a
ability to grow into a sheet if the numerical value
determined in Step (1) is smaller than the lower li
the range of the reference value, and the sample ha
“excessive” ability to grow into a sheet if the num
value determined in Step (1) is larger than the upp
limit of the range of the reference value.

[0043]

Steps (2) and (3) may be performed once or
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than once. For example, in the case where the abil

cells to grow into a sheet is to be determined in t

or more levels, Steps (2) and (3) are performed
repeatedly so that the ability of cells to grow int

sheet is determined level by level each time the St

(2) and (3) are performed. This will be explained

in a concrete manner with reference to Example 3.

case where the reference value for the peak of elec
resistance is set at “smaller than 550 Q" a
discrimination may be made between those cells havi
“low” ability to grow into a sheet and those cells

an “adequate” or “excessive” ability to grow into a

but no satisfactory discrimination may be made betw
those cells having an “adequate” ability to grow in

sheet and those cells having an “excessive” ability

grow into a sheet. On the other hand, in the case

the reference value for the peak of Rb/ o is set at
“larger than 0.55 cm Q%% a discrimination may be made
between those cells having an “excessive” ability t

into a sheet and those cells having a “low” or “ade

ability to grow into a sheet, but no satisfactory
discrimination may be made between those cells havi
“low” ability to grow into a sheet and those cells

an “adequate” ability to grow into a sheet. This

situation will be circumvented in the following way

Steps (2) and (3) are performed first to compare th
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numerical value determined in Step (1) with the ref
value “smaller than 550 Q" for the peak of electrical
resistance, thereby discriminating between those ce
having a “low” ability to grow into a sheet and tho
cells having an “adequate” and “excessive” ability
grow into a sheet. Then, Steps (2) and (3) are per
for the second time to compare the numerical value
determined in Step (1) with the reference value “la
than 0.55cm - Q%% " for the peak of Rb/ a, thereby
discriminating between those cells having an “adequ
ability to grow into a sheet and those cells having
“excessive” ability to grow into a sheet. All leve
the ability to grow into a sheet can thus be judged
[0044]
In Step (3) that is performed in one way, a
judgment is made to the effect that cells have a lo
ability to grow into a sheet if the electrical resi
determined is equal to or smaller than the referenc
value. In Step (3) that is performed in another wa
judgment is made to the effect that cells have a lo
ability to grow into a sheet if Rb, o, and Rb/
to or smaller than the reference value. In Step (3
is performed in further another way, a judgment is
to the effect that cells have an adequate or excess
ability to grow into a sheet if Rb, o, and Rb/

to or larger than the reference value. As depicted

erence

s
se
to

formed

rger

ate”
an

Is of

w
stance
e
y, a
w

o are equal
) that
made
ive

o are equal

in



10

15

20

25

33

Figs. 4 and 5, the electrical resistance, Rb,

are smaller in cells having a low ability to grow i
sheet than in cells having an adequate or excessive
ability to grow into a sheet throughout the entire

of sheet-forming cultivation. Regardless of the wa

which Step (3) is performed, the electrical resista

Rb, o, and Rb/ o may be measured at any time during the

sheet-forming cultivation.
[0045]

In Step (3) that is performed in another wa
judgment is made to the effect that cells have a lo
ability to grow into a sheet if the numerical value
selected from the group consisting of the peak valu
electrical resistance, the peak value of Rb, and th
slope to the peak of Rb is equal to or smaller than
reference value, and/or if the numerical value sele
from the group consisting of the time to peak of
electrical resistance and the time to peak of Rb is
to or larger than the reference value. In Step (3)
is performed in another way, a judgment is made to
effect that cells have an adequate ability to grow
sheet if the numerical value selected from the grou
consisting of the time to peak of electrical resist
and the time to peak of Rb is equal to or smaller t
the reference value and the numerical value selecte

the group consisting of the peak value of Rb/

a, and Rb/
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slope to the peak of Rb/ o is equal to or smaller than the

reference value, and/or if the numerical value sele
from the group consisting of the time to the peak o
electrical resistance and the time to the peak of R

equal to or smaller than the reference value and th

to the peak of Rb/ o is equal to or longer than the

reference value. In Step (3) that is performed in
another way, a judgment is made to the effect that
have an excessive ability to grow into a sheet if t

numerical value selected from the group consisting

peak value of Rb/ o and the slope to the peak of Rb/

equal to or larger than the reference value, and/or
the time to the peak of Rb/
the reference value.
[0046]

The present invention provides a method for
evaluating the ability of cells to grow into a shee
mentioned above. This method may be applied to a
sheetlike cell culture to be practically used for
transplantation, or to a sheetlike cell culture whi
represents a lot of sheetlike cell cultures produce
under the same condition. In the latter case, this
method gives a result of evaluation which can be ap
to the entire lot to which the particular cell cult
belongs. In this case, the result of evaluation ma

used to control the production process for the enti
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to which the particular cell culture belongs. For
example, if the result of evaluation suggests that
cells in question are low in ability to grow into a

a remedy may be adopted to cope with such a situati
The remedy may be one which enhances the bond stren
between cells, such as the addition of extracellula
substrate components to the culture medium, the add
of factors that promote the production of extracell
substrate components to the culture medium, the use
culture substrate coated with serum or extracellula
substrate components, and the inoculation with a hi
cell density. The extracellular substrate componen
include, for example, collagen, laminin, fibronecti
vitronectin, gelatin, proteoglycan, and glycosamino
The factors that promote the production of extracel
substrate components include, for example, ascorbic
derivatives thereof such as ascorbic acid diphospha
ascorbic acid monophosphate, and salts thereof such
sodium salt and magnesium salt. Also, if the resul
evaluation suggests that the cells in question have
excessive ability to grow into a sheet, a remedy ma
adopted to cope with such a situation. The remedy
one which enhances the bond between the culture sub
and the cells being cultivated. This object may be
achieved by employing a culture substrate highly ca

of adhesion to the cells being cultivated. Such a
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substrate may be CellBIND (registered trademark) (f
Corning (registered trademark)), which has its surf
negatively charged, and one which has its surface c
with an adhesion factor. Another remedy may be one
enhances the bond between the culture substrate and
cells being cultivated by coating the surface of th
culture substrate with serum, extracellular substra
components, adhesion factors, etc. Another remedy
accomplished by reduction of the time of cultivatio
cells to grow into a sheet and frequent monitoring
the early detection of peeling of the sheetlike cel
culture from the cultivating substrate. Such monit
helps detect the sign of peeling in an early stage
cultivation.
[0047]

Another aspect of the present invention rel
to a method for producing a sheetlike cell culture
includes:

(1) a step of examining cell cultures growi
into a sheet to determine their impedance and/or
electrical resistance or numerical values relating
thereto;

(2) a step of comparing the numerical value
determined by Step (1) with reference values;

(3) a step of judging, based on the results

comparison obtained in Step (2), the ability of cel
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grow into a sheet; and

(4) a step of controlling, based on the res
judgment obtained in Step (3), the process of produ
the sheetlike cell culture. The foregoing method m
occasionally be abbreviated as “production method”
“controlled production method” hereinafter.

[0048]

The controlled production method according
present invention includes Steps (1) to (3), which
the method for evaluation of cells to grow into a s
as mentioned above.

Step (4) is intended to variously control,
on the results of judgment obtained in Step (3), th
process for production of the sheetlike cell cultur
The control of the production process may be applie
the sheetlike cell culture which is under sheet-for
cultivation according to Step (1) or the different
sheetlike cell culture of cells belonging to the sa
cell lot. In the latter case, the different sheetl
cell culture may be produced while Steps (1) to (3)
going or after Steps (1) to (3) have finished. The
method for production of the sheetlike cell culture
known; it is for example disclosed in Patent Docume
JP-A-2010-081829, JP-A-2010-226991, JP-A-2011-11036
A-2011-172925, and WO 2014/185517. If the results
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ability to grow into a sheet, a remedy may be adopt
cope with such a situation. The remedy may be one
enhances the bond strength between cells, such as t
addition of extracellular substrate components to t
culture medium, the addition of factors that promot
production of extracellular substrate components to
culture medium, the use of a culture substrate coat
with serum or extracellular substrate components, a
inoculation with a higher cell density. The
extracellular substrate components include, for exa
collagen, laminin, fibronectin, vitronectin, gelati
proteoglycan, and glycosaminoglycan. The factors t
promote the production of extracellular substrate
components include, for example, ascorbic acid,
derivatives thereof such as ascorbic acid diphospha
ascorbic acid monophosphate, and salts thereof such
sodium salt and magnesium salt. Also, if the resul
Step (3) suggests that the cells in question have a
excessive ability to grow into a sheet, a remedy ma

adopted to cope with such a situation. The remedy

one which enhances the bond between the culture sub

and the cells being cultivated. This object may be
achieved by employing a culture substrate highly ca
of adhesion to the cells being cultivated. Such a
substrate may be CellBIND (registered trademark) (f

Corning (registered trademark)), which has its surf
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negatively charged, and one which has its surface c
with an adhesion factor. Another remedy may be one
enhances the bond between the culture substrate and
cells being cultivated by coating the surface of th
culture substrate with serum, extracellular substra
components, adhesion factors, etc. Another remedy
accomplished by reduction of the time of cultivatio
cells to grow into a sheet and frequent monitoring
the early detection of peeling of the sheetlike cel
culture from the cultivating substrate. Such monit
helps detect the sign of peeling in an early stage
cultivation.
[0049]

Another aspect of the present invention rel
to a system for evaluating the ability of cells to
into a sheet, the system having a container for
cultivation in which cells are grown into a sheet a
apparatus for measuring the impedance and/or electr
resistance of the cell culture in the container. T
system will occasionally be abbreviated as “sheet-f
ability evaluation system” hereinafter. This syste
be employed for the method for evaluation of sheet-
forming ability or the production method, which are
defined in the present invention.
[0050]

The sheet-forming ability evaluation system
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according to the present invention employs a contai
for cell cultivation, which is not specifically
restricted so long as it is suitable for cultivatio

cells that grow into a sheet. Such a container may
any conventional known one for cell cultivation. T
container for cell cultivation should preferably be
which is made of any material impervious to the
cultivation medium and is so constructed as to prev
the permeation of the cultivation medium. Such a
material may be exemplified by polyethylene,
polypropylene, Teflon (registered trademark),
polyethylene terephthalate, polymethyl methacrylate
nylon-6,6, polyvinyl alcohol, cellulose, silicone,
polystyrene, glass, polyacrylamide, and
polydimethylacrylamide.

[0051]

The container for cell cultivation may be
provided with a working electrode and/or a counter
electrode for determination of impedance and/or
electrical resistance. The working electrode and/o
counter electrode may be arranged in any manner so
as they provide information necessary for determina
of the impedance and/or electrical resistance of th
culture. It is possible to arrange both the workin
electrode and the counter electrode on the inside o

bottom of the container for cultivation. Itis als

ner

n of
be
he

one

ent

r the
long
tion

e cell

f the



10

15

20

25

41

possible to arrange either of the working electrode
the counter electrode on that bottom of the contain
with which the base of the cell culture comes into
contact and to arrange the other of the working ele
and the counter electrode above the upper side of t
cell culture. The electrodes may be formed from an
material without specific restrictions so long as i
permits application of voltage to the cell culture

the cultivation medium for cells to grow into a she
Examples of such a material include gold, silver,
platinum, carbon, indium-tin oxide, and the like.
may be inoculated on the electrodes or within an in
which is placed in the container, the insert being
capable of permeating the medium for cultivation of
to grow into a sheet. Particular examples of the
container for cell cultivation include arrays (8W1E
8W10E, 8W10E+, 8W1F, 8W1E DD, 8W2x1E (from Applied
BioPhysics, Inc.)) for commercially available ECIS
Applied BioPhysics, Inc.).

[0052]

No specific restrictions are imposed on the
measuring apparatus for the sheet-forming ability
evaluation system defined in the present invention,
long as it is capable of determining the impedance
electrical resistance of the cell culture. Any kno

impedance measuring apparatus and resistance meter
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used. These apparatus and meter may be constructed
that they are electrically connected to the electro

the case where the container for cultivation is pro

with the electrodes. In the case where the contain
cultivation is not provided with electrodes, the
measuring apparatus may be connected to the contain
cultivation in which the electrodes are arranged.
measuring apparatus should preferably be one which
capable of determining impedance and/or electrical
resistance periodically. The interval of measureme
not specifically restricted and may be 0.001 second
hours, 0.01 seconds to 1 hour, 0.05 seconds to 30 m
0.1 seconds to 10 minutes, 1 second to 1 minute, or
like. The length of time for determination of impe
and/or electrical resistance is not specifically
restricted, so long as it is sufficient to collect
information for evaluation of the ability of cells

grow into a sheet; for example within 72 hours, 48

36 hours, 24 hours, 12 hours, 10 hours, 8 hours, or
hours.

[0053]

The measuring apparatus may also be one whi
further capable of determining the phase of voltage
current. It is possible to determine the phase of
voltage or current by any known method that, for ex

employs a lock-in amplifier. In other words, the
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measuring apparatus may be one which is provided wi
means, such as lock-in amplifier, which determines
phase of voltage or current.

[0054]

The measuring apparatus may be one which is
capable of determining the impedance at one frequen
more than one frequency. The frequency to which th
measuring apparatus is applied is not specifically
restricted so long it is capable of collecting
information about the ability of cells to grow into
sheet. Examples of such frequencies are 31.25 Hz t
kHz and 4 to 64 kHz, preferably 62.5 Hz, 125 Hz, 25
500 Hz, 1 kHz, 2 kHz, 4 kHz, 8 kHz, 16 kHz, 32 kHz,
64 kHz.

[0055]

The sheet-forming ability evaluation system accordi
to the present system may have any construction sui
for evaluation of the ability of cells to grow into
sheet. Such a construction may include a processor
record and process the data of impedance and/or
electrical resistance supplied from the measuring
apparatus, an interface such as display unit and in
unit, an injector to add cells and cultivation medi
the container, an incubator for cell cultivation, a
stirrer.

[0056]
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The system for evaluating the ability of ce
grow into a sheet according to the present inventio
be communicatably connected to or built into the sy
for producing the sheetlike cell cultures, so that
controls the process of production of the sheetlike
cultures. Consequently, the present invention rela

also to a system for producing the sheetlike cell

cultures, the system having communicatably connecte

thereto the system for evaluating the ability of ce
grow into a sheet according to the present inventio
having built therein the system for evaluating the
ability of cells to grow into a sheet according to
present invention. The process for production of t
sheetlike cell cultures is controlled in accordance
the evaluation of the ability of cells to grow into
sheet as mentioned above in relation to the product

method according to the present invention.

EXAMPLES
[0057]

The present invention will be described in
detail with reference to Examples that follow, whic
intended to illustrate the invention but not to res
the scope of the invention.

[0058]

Example 1 Classification of cells according to the
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ability to grow into a sheet
Blastocytes of skeletal muscle were prepare
usual way from different samples of human skeletal

A portion of the blastocytes was suspended in a cul

medium containing 20% human serum (DMEM-F12 from Li

Technologies). The suspended cells were inoculated
temperature-responsive culture dish (UpCell (regist

trademark) with 12 wells, from CellSeed), with the

of cells being 3.7 x 10 ’. Cultivation for the cells to

grow into a sheet was carried out at 37°Cina 5% C
environment for 12 to 26 hours. After the cultivat
the resulting cell cultures were observed to check
their state. The resulting sheetlike cell cultures
divided into two classes; one which has peeled from
culture dish (depicted in Fig. 1) and one which rem
sticking to the culture dish. Those cells which ha
formed sheetlike cell cultures are classified as “p
sheet group.” Those cell cultures which have remai
sticking to the culture dish were peeled off by coo
the environment for cultivation down to room temper
Some samples of the cell cultures broke (without ke
the sheet form) during the peeling step, whereas so
samples of the cell cultures kept the sheet form (w
breaking). The cells in the former case are design
as “weak sheet group” (depicted in Fig 2), and the

in the latter case are designated as “normal sheet
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(depicted in Fig. 3).
[0059]

Example 2 Measurement of electrical characteristic

properties in the course of sheet-forming cultivati
The “weak sheet,” “normal sheet,” and “peel

sheet” which have been identified in Example 1 were

examined to evaluate the state of cell adhesion. T

object was achieved as follows by measuring the

electrical characteristic properties of the cell sh

the course of sheet-forming cell cultivation by usi

real-time cell analyzing apparatus ECISZ

BioPhysics, Inc.). ECISZ 6 is so designed as to measure

in real time the impedance, voltage, and its phase
cell layer on the electrodes. It also calculates s
parameters, such as electrical resistance (R) and
capacitance (C) of the cell layer, Rb as an index
indicating the state of cells adhering to one anoth
as an index indicating the state of adhesion betwee
cells and the electrodes (or the culture substrate)
Cm representing an average capacitance of the cell
membrane. (Refer to Operation Manual for all ECIS
Systems, Version 1.2.78, Applied BioPhysics, Inc.)
[0060]

The cells of each group classified in Examp
were inoculated on the well plate provided with

electrodes (8W10E+, from Applied BioPhysics, Inc.)
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density of 8.57 x 10 ® cells/well. The inoculated cells
underwent sheet-forming cultivation in DMEM-F12 cul ture
medium containing 20% human serum at 37°C ina 5% C O

environment  During the cultivation, the impedance,

voltage, and its phase were measured and recorded t ime to
time in MFT (Multiple Frequency/Time) mode with the help
of ECISZ 6. The measurement was carried out at

frequencies of 62.5, 125, 250, 500, 1000, 2000, 400 0,
8000, 16000, 32000, and 64000 Hz. The result of

measurement at 8000 Hz was used in the experiment

described below. The equipment for measurement was

operated in accordance with the maker's manual. Th e thus
measured values were converted into parameters with the
help of software attached to the equipment.

[0061]

Example 3 Identification of indexes relating to the

ability of cells to grow into a sheet

Typical experiments with each group indicat ed
that the electrical resistance (R) varies with time in
the course of sheet-forming cultivation as depicted in
Fig. 4. ltis noted from Fig. 4 that the group of weak
sheet has a smaller value of electrical resistance than
other groups. This suggests that a smaller value o f
electrical resistance can be an index for the weak sheet.
It is also noted that the electrical resistance rap idly

increases in the early stage of sheet-forming culti vation
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and then gradually decreases after it has reached t he
peak.
[0062]

Typical experiments with each group indicat e that

Rb and o vary with time in the course of sheet-forming

cultivation as depicted in Fig. 5. Itis noted fro m Fig.
5 that the group of weak sheet has a smaller value of Rb
than other groups. This suggests that a smaller va lue of
Rb can be an index for the weak sheet. It also not ed
from Fig. 5 that the group of peeled sheet has a va lue of
o which is almost equal to that of the group of norm al
sheet but the group of peeled sheet has a value of Rb
which is larger than that of the group of normal sh eet.
This suggests that the group of peeled sheet differ s from
the other group in that it has a relatively larger value
of Rb than a value of o. This was made more apparent by
graphical representation for Rb/ o (Rb divided by o). It

is considered that the value of Rb/ a indicates the ease

with which the cell culture peels off from the cult ure
substrate (ability of cells to peel off). Itis ap parent

from Fig. 6 that the group of peeled sheet has a

remarkably larger value of Rb/ o than other groups.
[0063]

Experiments were carried out to see if the index
indicating the ability of cells to grow into a shee t can

be obtained from such parameters as R, Rb, o, and Rb/  «oin
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terms of their peak values (the highest values that reach
during sheet-forming cultivation), their time to pe ak
(time for these values to take to reach the peak va lue),
and their slope to peak (peak value divided by time to
peak). The results of the experiments are indicate d
below in terms of the number of cells of each group and
the average value of each group. The average value of
each group is depicted in Figs. 7 to 9.
Table 1
Numerical values for each group of weak sheet (Part 1)
R Rb
Slope to Peak Slope to
No. Peak Time to Time to
peak value peak
value (Q) | peak (h) peak (h)
(Q/h) (Qcm?) (Qcm?/h)
1 501.5 20.6 24.4 1.22 6.53 0.19
2 442.1 3.0 146.6 1.02 3.72 0.27
3 403.6 3.4 120.1 0.91 4.13 0.22
4 542.1 3.8 143.4 1.31 3.78 0.35
5 508.2 2.6 179.0 1.01 3.62 0.28
6 361.9 4.6 79.3 0.53 6.52 0.08
7 327.7 2.7 119.4 0.47 20.52 0.02
8 338.9 21.6 15.7 0.40 20.66 0.02
9 339.1 4.8 70.0 0.26 6.46 0.04
10 399.2 5.3 75.9 0.66 5.47 0.12
11 437.8 4.0 109.4 0.96 4.28 0.22
Average 418.4 7.0 98.5 0.80 7.79 0.17
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SD 74.7 7.0 50.9 0.35 6.43 0.11
[0064]
Table 2
Numerical values for each group of weak sheet (Part 2)
a Rb/a
Peak Slope to Peak
No. Time to Time to Slope to peak
value peak value
peak (h) peak (h) (cm*Q%%/h)
(cmQ°®) (em'Q®°/h) | (cm' Q%)
1 3.29 3.51 0.94 0.42 8.15 0.052
2 2.92 2.89 1.01 0.37 4.57 0.081
3 4.07 1.66 2.45 0.31 11.70 0.027
4 4.06 1.24 3.27 0.35 4.90 0.072
5 3.65 1.46 2.47 0.34 4.48 0.070
6 3.63 3.48 1.04 0.23 7.37 0.032
7 3.78 2.33 1.62 0.21 20.73 0.010
8 4.27 3.93 1.09 0.11 20.78 0.005
9 4.76 4.21 1.13 0.07 7.08 0.009
10 4.86 8.86 1.26 0.17 6.18 0.028
11 5.06 1.77 2.56 0.25 5.19 0.047
Average 4.03 2.76 1.74 0.26 9.22 0.039
SD 0.67 1.10 0.86 0.11 6.04 0.027
[0065]
Table 3
Numerical values for each group of normal sheet (Pa rtl)
R Rb
No.
Peak Time to Slope to Peak value | Timeto | Slope to peak
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value (Q) | peak (h) | peak (Q/h) (Qcm?) | peak (h) (Q-cm?/h)
1 922.2 35 262.8 2.15 3.65 0.59
2 1336.1 3.4 397.7 3.73 3.43 1.09
3 550.8 3.9 143.0 1.23 3.99 0.31
4 536.0 3.7 144.4 1.31 4.13 0.32
5 994.0 4.5 220.0 2.70 4.52 0.60
6 865.3 4.7 185.6 2.22 4.81 0.46
7 818.8 5.0 165.4 2.18 5.02 0.43
8 933.0 4.4 213.3 2.42 4.37 0.55
9 1039.5 2.6 396.1 2.60 2.77 0.94
10 872.2 2.6 341.6 1.41 3.83 0.37
11 1036.4 2.7 384.4 2.59 2.70 0.96
12 733.3 3.6 206.4 1.66 3.98 0.42
13 1002.4 25 406.6 2.42 2.74 0.88
14 959.7 2.4 400.6 2.33 2.6 0.90
15 715.6 25 282.3 1.50 3.16 0.47
16 468.8 3.2 145.0 0.75 5.26 0.14
17 967.6 25 381.7 2.49 2.54 0.98
18 1005.2 2.2 459.6 2.57 2.40 1.07
Average | 875.4 3.3 285.3 2.13 3.66 0.64
SD 212.6 0.9 110.0 0.70 0.92 0.30
[0066]
Table 4
Numerical values for each group of normal sheet (Pa rt 2)
a Rb/a
No.
Peak value | Time to Slope to Peak value | Time to Slope to
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(cm'Q®°) | peak (h) peak (cm'Q*°) | peak (h) peak
(cm'Q°%/h) (cm'Q*°/h)

1 4.82 2.88 1.67 0.46 4.22 0.109

> 6.19 3.29 1.88 0.63 4.41 0.143

3 4.14 1.66 2.49 0.37 11.50 0.032

4 4.98 1.59 3.13 0.31 5.33 0.058

5 5.02 4.30 1.17 0.55 5.17 0.106

6 4.91 4.09 1.20 0.46 5.24 0.088

7 4.62 3.94 1.17 0.48 5.67 0.084

8 4.98 3.04 1.64 0.50 5.53 0.090

9 5.09 2.34 2.18 0.52 3.20 0.163

10 5.81 1.70 3.42 0.29 4.84 0.059

11 5.18 2.27 2.28 0.52 3.27 0.159

12 4.50 1.48 3.04 0.39 3.98 0.097

13 4.89 2.40 2.04 0.53 4.07 0.130

14 4.83 2.19 2.21 0.50 2.95 0.169

15 5.05 1.77 2.85 0.37 3.65 0.100

16 4,58 2.19 2.09 0.28 7.02 0.040

17 5.14 1.98 2.60 0.51 3.09 0.165

18 7.21 1.21 5.96 0.43 3.09 0.138

Average 5.11 2.46 2.39 0.45 4.79 0.107

SD 0.69 0.93 1.11 0.10 2.01 0.043

[0067]

Table 5

Numerical values for each group of peeled sheet (Pa rtl)

No. R Rb
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Slope to
Peak Time to Slope to Peak value Time to
peak
value (Q) | peak (h) peak (Q/h) (Qcm?) peak (h)
(Qcm?/h)
1 1065.1 35 303.5 2.73 3.51 0.78
2 1093.0 2.6 416.4 2.83 2.70 1.05
3 1147.0 2.9 394.1 1.71 2.91 0.59
Average | 418.4 3.0 371.4 2.42 3.04 0.80
SD 41.6 0.5 59.8 0.62 0.42 0.23
[0068]
Table 6
Numerical values for each group of peeled sheet (Pa rt 2)
a Rb/a
Slope to Slope to
No. Peak value Time to Peak value | Time to
peak peak
(emQ®® | peak (h) (cm'Q®® | peak (h)
(cm'Q®/h) (cm'Q%°/h)
1 4.80 2.88 1.67 0.59 4.64 0.128
2 3.65 1.48 2.47 1.33 4.48 0.899
3 6.39 2.77 2.50 0.25 3.62 0.070
Average 5.13 2.38 2.21 0.73 3.25 0.365
SD 1.66 0.78 0.47 0.55 1.61 0.463
[0069]
The results of the foregoing experiments le ad to
the following conclusion.
(1) Those cells which grow into a weak she et

have parameters which all have small peak values,

extremely small values particularly for R and Rb.




10

15

20

25

54

(2) Those cells which grow into a normal s
or a peeled sheet have parameters which all have la
peak values. Those cells which grow into a peeled
have a large peak value particularly of Rb/

(3) Those cells which grow into a weak she
have parameters which all have a long time to peak,
extremely long time to peak particularly for R, Rb,
Rb/ a.

(4) Those cells which grow into a normal s
or a peeled sheet have parameters which all have a
time to peak. Those cells which grow into a peeled
have a short time to peak particularly for Rb/

(5) Those cells which grow into a weak she
have parameters which all have a small slope to pea
extremely small slope to peak particularly for R, R
Rb/ a.

(6) Those cells which grow into a normal s
or a peeled sheet have parameters which all have a
slope to peak. Those cells which grow into a peele
sheet have a large slope to peak particularly for R
[0070]

The foregoing numerical values were examine
see if there is any statistically significant diffe
among the groups. The results are indicated in Fig
to 10, in which “value,” “time,” and “slope” denote

respectively “peak value,” “time to peak,” and “slo
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peak.”
Table 7
Results of statistical analysis of numerical values for
each group (Part 1)
R Rb
Value Slope
Value (Q) | Time (h) | Slope (Q/h) Time (h)
(Qcm?) (Q-cm?/h)
Weak x
0.000 0.176 0.000 0.000 0.090 0.000
Normal
Weak x
0.000 0.140 0.000 0.000 0.052 0.000
Peeled
Normal x
0.131 0.857 0.313 0.750 0.405 0.558
Peeled
[0071]
Table 8
Results of statistical analysis of numerical values for
each group (Part 2)
a Rb/a
Value Slope Value Slope
Time (h) Time (h)
(cm'Q*®) (cm'Q®’h) | (cm' Q%) (cm*Q*°/h)
Weak x
0.001 0.667 0.164 0.000 0.056 0.000
Normal
Weak x
0.559 0.882 0.580 0.417 0.187 0.520
Peeled
Normal x
1.479 0.558 1.458 0.714 1.187 0.654
Peeled
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[0072]
Table 9
Results of statistical analysis of numerical values for
each group (Part 3)
R Rb
Value Slope
Value (Q) | Time (h) | Slope (Q/h) Time (h)
(Qcm?) (Qcm?/h)
Weak x
Normal- 0.000 0.059 0.000 0.000 0.030 0.000
Peeled
Normal 0.044 0.286 0.104 0.250 0.135 0.186
Peeled
[0073]
Table 10
Results of statistical analysis of numerical values for
each group (Part 4)
a Rb/a
Value Slope Value Slope
Time (h) Time (h)
(cm'Q°®) (em'Q®/h) | (cm'Q®®) (cmQ°*/h)
Weak x
Normal 0.000 0.222 0.055 0.000 0.019 0.000
Peeled
Normal
< 0.493 0.186 0.486 0.238 0.396 0.218
Peeled

[0074]




10

15

20

25

57

Tables 7 and 8 indicate the results of the
statistical analysis which was performed by t-test
numerical values obtained from each of the group of
sheet, the group of normal sheet, and the group of
sheet. Tables 9 and 10 indicate the results of the
statistical analysis performed by t-test on the num
value obtained from the group of weak sheet and the
numerical values obtained from the group of normal

and the group of peeled sheet which are combined to

on the
weak

peeled

erical

sheet

gether

(indicated by “Weak x Normal - Peeled”). Tables 9 and 10

also indicate the results of the statistical analys
performed by t-test on the numerical values obtaine
the group of normal sheet and the group of peeled s
which are combined together (indicated by “Normal x
Peeled”). The analysis by t-test was performed aft
analysis by F-test. The t-test was performed on tw
homoscedastic samples and the t-test was performed
heteroscedastic samples (one-sided distribution).
Incidentally, the results indicated in Tables 7 and
numerical values obtained after Bonferroni correcti
Assuming that the significance level is 5%, the res
indicated in Tables 7 and 8 indicate that there is
statistical significant difference in R, Rb, peak v

to Rb/ «, slope to peak, and peak value of

weak sheet and the normal sheet, and also there is

statistical significant difference in R, peak of Rb

d from

heet
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slope to peak between the weak sheet and the peeled
However, there is no statistical significant differ
between the normal sheet and the peeled sheet. For
further examination, a comparison was made between
numerical value of the group of weak sheet and the
numerical value of the two groups (combined togethe
normal sheet and peeled sheet. Then, another compa
was made between the numerical value of the group o
normal sheet and the numerical value of the group o
peeled sheet, with the group of normal sheet and th
group of peeled sheet combined together. It was fo
that there is a statistical significant difference

between the group of weak sheet and the two groups
(combined together) of normal sheet and peeled shee

Rb, o, peak value of Rb/ a, time to peak of Rb and Rb/

and slope to peak of R, Rb, and Rb/ o. Moreover, there is

a statistical significant difference between the gr
normal sheet and the group of peeled sheet in the p
value of R.
[0075]
The foregoing findings suggest that the cel
capable of growing into a weak sheet, normal sheet,
peeled sheet can be discriminated by using as the i
the peak value, time to peak, and slope to peak of
parameters as R, Rb, o, and Rb/ . In order to verify the

foregoing assumption, the reference values (indicat

sheet.

ence

the

r) of

rison

und

tin R,

,

oup of

eak

or
ndex

such

edin



10

59

Tables 11 and 12) were established for the peak val ue,
time to peak, and slope to peak for the respective
parameters. In addition, an investigation was made to
see whether the foregoing discrimination is possibl e.
The results are indicated in Tables 13 and 14.
[0076]
Table 11
Reference values for peak values of R and Rb, time to
peak, and slope to peak
R Rb
Slope to
Peak value Time to Slope to Peak value | Time to
peak
Q) peak (h) peak (Q/h) (Qcm?) peak (h)
(Qcm?/h)
Weak Smaller Longer Smaller Smaller Longer | Smaller than
than 550 than 6 than 150 than 1.5 than 6 0.3
sheet
Normal
550 to 1000 150t0350 | 1.5t02.5
Equal to
sheet Equal to or Equal to or
or shorter h larger than
than 6 snorter 0.3
Peeled | Larger than Larger than | Larger than | than 6
1000 350 25
sheet
[0077]
Table 12

Reference values for peak values of

peak, and slope to peak

aand Rb/ o, time to

a Rb/a
Peak Time to Slope to Peak value Time to Slope to
value peak (h) peak (cm'QO'S) peak (h) peak
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(cm' Q") (cm'Q”*/h) (cm'Q%%/h)
Weak Smaller Longer | Smaller than Smaller Longer Smaller than
than 4.5 | than 3.5 15 than 0.3 than 6 0.05
sheet
Normal
Equal to 0.3t0 0.55 2t06 0.05t0 0.5
sheet Equal to q%r Equal to or
or larger h larger than
than 4.5 | Snorter 15
Peeled than 3.5 Larger than | Shorter | Larger than
0.55 than 2 0.5
sheet
[0078]
Table 13
Ratio of correspondence with reference values for e ach
group (Part 1)
R Rb
Reference
Time to Slope to Time to Slope to
values Peak value Peak value
peak peak peak peak
Group of weak sheet
Weak sheet 100% 18% 91% 100% 45% 91%
Normal sheet 0% 9% 0%
82% 55% 9%
Peeled sheet 0% 0% 0%
Group of normal sheet
Weak sheet 11% 0% 17% 22% 0% 6%
Normal sheet 61% 62% 50%
100% 100% 94%
Peeled sheet 28% 22% 28%
Group of peeled sheet
Weak sheet 0% 0% 0% 0% 0% 0%
Normal sheet 0% 33% 33%
100% 100% 100%
Peeled sheet 100% 67% 67%

[0079]
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Table 14
Ratio of correspondence with reference values for e ach
group (Part 2)
a Rb/a
Reference
Time to Slope to Time to Slope to
values Peak value Peak value
peak peak peak peak
Group of weak sheet
Weak sheet 73% 36% 55% 55% 64% 64%
Normal sheet 45% 36% 36%
27% 64% 45%
Peeled sheet 0% 0% 0%
Group of normal sheet
Weak sheet 6% 17% 17% 17% 11% 11%
Normal sheet 83% 89% 89%
94% 83% 83%
Peeled sheet 0% 0% 0%
Group of peeled sheet
Weak sheet 33% 0% 0% 33% 0% 0%
Normal sheet 0% 67% 67%
67% 100% 100%
Peeled sheet 67% 33% 33%
[0080]

It is considered that the reference values are
extremely useful if they have 100% or 0% for the gr oup of
cells belonging to specific classes.

[0081]

The present invention has distinguishing fe atures
as described in this specification, and such featur es
will be used in various forms of combination. Any
embodiment derived from such combination will be in cluded

in the scope of the present invention regardless of
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whether or not such embodiments are explicitly desc
in this specification. Those who are skilled in th

are aware that the present invention can be various
modified within the scope thereof, and such modific
and equivalents thereof are also within the scope o
present invention. It should be understood, theref
that the embodiments disclosed in this specificatio
mere examples and they are not intended to restrict

scope of the present invention.
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Claims

1. A method for evaluating the ability of
to grow into a sheet, comprising:

(1) a step of examining cell cultures growi
into a sheet to determine their impedance and/or
electrical resistance or numerical values relating
thereto;

(2) a step of comparing the numerical value
determined by Step (1) with reference values; and

(3) a step of judging, based on the results
comparison obtained in Step (2), the ability of cel
grow into a sheet.

2. A method for producing a sheetlike cell
culture, comprising:

(1) a step of examining cell cultures growi
into a sheet to determine their impedance and/or
electrical resistance or numerical values relating
thereto;

(2) a step of comparing the numerical value
determined by Step (1) with reference values;

(3) a step of judging, based on the results
comparison obtained in Step (2), the ability of cel
grow into a sheet; and

(4) a step of controlling, based on the res

judgment obtained in Step (3), a process of produci

sheetlike cell culture.
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3. The method defined in claim 1 or 2, whe rein
the determination of impedance and/or electrical
resistance is performed periodically in Step (1).

4. The method defined in any of claims 1t 03,
wherein Step (1) further includes determination of
voltage phase relative to current phase.

5. The method defined in any of claims 1t 04,
wherein the determination of impedance in Step (1) is

performed at two or more frequencies.

6. The method defined in any of claims 1t 05,
wherein the numerical values relating to impedance are
parameters selected from a group consisting of elec trical
resistance, capacitance, Rb, o, Rb/ o, and Cm of the cell
culture and also selected from a group consisting o f peak

values, times to peak, and slopes to peak of the

parameters.

7. The method defined in any of claims 1t 0 6,
wherein cells are judged to be low in ability to gr ow
into a sheet if the electrical resistance determine din
Step (3) is equal to or smaller than the reference value.

8. The method defined in claim 6 or 7, whe rein
cells are judged to be low in ability to grow into a
sheet if the values of Rb, o, and Rb/ o determined in Step
(3) are equal to or smaller than the reference valu es.

9. The method defined in claim 6 or 7, whe rein

cells are judged to be adequate or excessive in abi lity
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to grow into a sheet if the values of Rb,
determined in Step (3) are equal to or larger than
reference values.

10. The method defined in claim 6, wherein
are judged to be low in ability to grow into a shee
the numerical values selected from a group consisti
the peak value of electrical resistance, the peak v
of Rb, and the slope to peak of Rb determined in St
are equal to or smaller than the reference values,
if the numerical values selected from a group consi
of the time to peak of electrical resistance and th
to peak of Rb are equal to or larger than the refer
values.

11. The method defined in claim 6, wherein
are judged to be adequate in ability to grow into a
if, in Step (3), the numerical values selected from
group consisting of the time to peak of electrical
resistance and the time to peak of Rb are equal to
smaller than the reference values and the numerical

values selected from a group consisting of the peak

a, and Rb/

of Rb/ o and the slope to peak of Rb/ o are equal to or

smaller than the reference values, and/or if the
numerical values selected from the group consisting
the time to peak of electrical resistance and the t
peak of Rb are equal to or smaller than the referen

values and the time to peak of Rb/

o is equal to or longer
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than the reference value.

12. The method defined in claim 6, wherein cells
are judged to have excessive ability to grow into a sheet
if, in Step (3), the numerical values selected from a
group consisting of the peak value of Rb/ o and the slope

to peak of Rb/ o are equal to or larger than the reference
values, and/or if the time to peak of Rb/ o is equal to or
shorter than the reference value.

13. A system for evaluating the ability of cells

to grow into a sheet, comprising:

a container for cultivation to grow cells i nto a
sheet; and

a measuring apparatus to determine impedanc e
and/or electrical resistance of the cell culture in the
container.



