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Description

Technical Field

[0001] The present invention relates to a method for inducing an anti-apoptotic effect and/or an anti-necrotic effect in
a living cell.

Background Art

[0002] A technique to suppress the oxidation of coffee or to maintain the freshness of vegetables is conventionally
known in which an alternating-current voltage of 10 V or higher but 5 kV or lower is applied to an object to be treated so
that an extremely weak electric current of 1 mA or higher but 1000 mA or lower flows (see Patent Documents 1 and 2).
However, the mechanism remains unclear by which the oxidation of food can be suppressed or the freshness of food
can be maintained by an extremely weak electric current.
[0003] Meanwhile, apoptosis is one mode of death of cells constituting a body of a multicellular organism, and is known
as active cell suicide, that is, programmed cell death induced to keep individuals in better conditions. On the other hand,
cell death induced by deterioration of an intracellular or extracellular environment such as poor circulation or external
injury is known as necrosis. It is known that in order to suppress such apoptosis and necrosis, various drugs are
administered to a living cell to induce an anti-apoptotic effect or an anti-necrotic effect. However, the fact that an anti-
apoptotic effect or an anti-necrotic effect is induced by applying an electric current, which is a physical stimulus, to a
living cell is not conventionally known at all.

Patent Document 1: JP-A-2004-305046
Patent Document 2: WO 2008/096631

SUMMARY OF THE INVENTION

Problems to be Solved by the Invention

[0004] Under the circumstances, it is an object of the present invention to provide a method for simply inducing an
anti-apoptotic effect and/or an anti-necrotic effect in a living cell with good control without administering any drug.

Means for Solving the Problems

[0005] The present inventors have studied the influence of an extremely weak electric current on a living cell, and
unexpectedly have found that an anti-apoptotic effect and/or an anti-necrotic effect are/is induced in a living cell at a
very low electric current value within a certain range. This finding has led to the completion of the present invention.
[0006] More specifically, the present invention relates to a method for inducing anti-apoptosis and/or anti-necrosis in
a living cell by applying an alternating-current voltage to the living cell so that an electric current of 25 mA or higher but
75 mA or lower flows.
[0007] In the present invention, the living cell used may be a cultured cell. Further, the voltage value of the alternating-
current voltage is preferably 10 V or higher but 5 kV or lower.
[0008] More specifically, the present invention can be carried out by applying the alternating-current voltage to a stage
member on which a container holding the living cell is placed.

Effects of the Invention

[0009] According to the present invention, it is possible to simply induce an anti-apoptotic effect and/or an anti-necrotic
effect in a living cell with good control without administering any drug.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] Fig. 1 is a schematic diagram showing a structure of an alternating-current voltage applying device usable in
one embodiment of the present invention.

MODE FOR CARRYING OUT THE INVENTION

[0011] Fig. 1 is a schematic diagram showing a structure of an alternating-current voltage applying device usable in
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one embodiment of the present invention. The alternating-current voltage applying device 1 has a treatment chamber
2. This treatment chamber may be a hermetically-sealable culture apparatus used for conventional cell culture. The
culture apparatus is capable of maintaining its internal temperature and humidity at constant levels to culture cells. The
treatment chamber 2 has a box-like shape and its wall section is made of a conductive material. In part of the wall section
of the treatment chamber 2, a door 2a is provided through which a container 6 holding a living cell is transferred into or
from the treatment chamber 2.
[0012] Inside the treatment chamber 2, a holder 5 is provided. The holder 5 includes, for example, a supporting member
4 made of an electrical insulating material and provided so as to stand on the bottom surface of the treatment chamber
2 and a plate-like stage member (table) 3 made of a conductive material and provided at the end of the supporting
member 4. The container 6 is placed on the stage member 3. The container 6 is usually a vessel having a recess in its
top surface, and a living cell is contained and held in the recess. As the container 6, a glass or resin dish for holding a
living cell is usually used.
[0013] The alternating-current voltage applying device 1 has an electric transformer 7, and one terminal 9 of a pair of
secondary output lines of the electric transformer 7 is insulated and is not connected to anywhere. In this way, in this
embodiment, an output terminal on the side opposite to the side where a voltage is applied to the container 6 is insulated,
and therefore a load impedance is smaller as compared to a case where the output terminal is opened, which makes it
possible to reduce the output voltage of the electric transformer 7. Further, the other of the pair of secondary terminals
of the electric transformer 7 is connected through a wiring 11 having a safety resistor R0 to the stage member 3 of the
holder 5 provided in the treatment chamber 2. The wiring 11 is appropriately electrically insulated from the wall section
of the treatment chamber 2. A primary voltage V1 can be regulated by a voltage operating unit (not shown), which makes
it possible to regulate a load voltage VL to be applied to the container 6.
[0014] Hereinbelow, a description will be given of a method for holding a living cell and inducing an anti-apoptotic
effect and/or a necrotic effect by applying an extremely weak electric current to the living cell with the use of the alternating-
current voltage applying device having such a structure as described above.
[0015] First, the door 2a of the treatment chamber 2 is opened to place the container 6 holding a living cell on the
stage member 3 of the holder 5, and then the door 2a is closed.
[0016] Then, the primary voltage V1 is applied across a pair of primary terminals of the electric transformer 7. Here,
this primary voltage V1 is a sinusoidal alternating-current voltage with a commercial frequency. As a result, a secondary
voltage V2 is induced across the secondary terminals of the electric transformer 7, and the load voltage VL, which is
determined by deducting a voltage drop caused by the safety resistor R0 from the secondary voltage V2, is applied to
the container 6. The container 6 and the insulated terminal 9 are insulated from each other by the supporting member
4 and air between the secondary terminals, and therefore a load current is applied to a secondary circuit of the electric
transformer 7 and then to the container 6 depending on the load impedance (leak resistance or capacitance) between
the container 6 and air between the secondary terminals. This load current is extremely weak. This is because the load
impedance between the container 6 and air between the secondary terminals is very large. Then, the occurrence of
apoptosis and/or necrosis is suppressed in the living cell held in the container 6 by this extremely weak load current.
[0017] The present invention is characterized by using an extremely weak electric current. In addition, an anti-apoptotic
effect and/or an anti-necrotic effect can be induced in a living cell at a load current value within a very narrow range of
25 mA or higher but 75 mA or lower. Most preferably, the load current value is about 50 mA (40 mA to 60 mA).
[0018] Further, the present invention uses an alternating-current voltage. An anti-apoptotic effect and/or an anti-necrotic
effect cannot be induced by a direct-current voltage.
[0019] The time during which an electric current is applied to induce an anti-apoptotic effect and/or an anti-necrotic
effect is not particularly limited. Even when the current application time is short, a reasonable effect can be obtained,
but the current application time is preferably 12 hours or longer, more preferably 24 hours or longer. However, if the
current application time is too long, there is a fear that apoptosis or necrosis is adversely induced. For this reason, the
current application time is preferably, for example, 48 hours or shorter.
[0020] A living cell usable in the present invention is not particularly limited. For example, living cells collected from
multicellular organisms such as mammals (e.g., humans, mice, rats) and birds can be used. The living cell used may
be one cultured under normal culture conditions.
[0021] The culture conditions are not particularly limited, either. Appropriate temperature, humidity, atmosphere, liquid
culture medium, and additive may be selected depending on the type of living cell used. According to the present
invention, as described above, an anti-apoptotic effect and/or an anti-necrotic effect can be appropriately induced by
applying an extremely weak electric current while cultured cells are cultured under normal conditions.

Examples

[0022] Hereinbelow, the present invention will be described in more detail with reference to examples, but is not limited
to these examples.
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Materials and Methods

(1) Cells

[0023] In the following tests, commercially-available mouse-derived cells NIH3T3 (ATCC, Manassas, VA) were used
as cultured cells. The cells stored in a frozen state were thawed, subcultured to the fifth generation to stabilize cell
growth, and then subjected to the tests.

(2) Culture Environment

[0024] The fifth-generation NIH3T3 cells (2 3 107 cells/dish) were placed in a 60 mm cell culture dish (BD Bioscience,
Bedford, MA) together with 10% fetal bovine serum, 1% antibiotic and antimycotic, and liquid cell culture medium, and
cultured to about 80% confluency as determined when the maximum cell growth achievable in the dish was defined as
100% confluency.
[0025] The cell culture was performed in a tissue/cell incubator manufactured by Thermo. In this incubator, an elec-
trically-insulating supporting member was placed, and a conductive stage member was further provided on the supporting
member. The dish was allowed to stand on the stage member, and the stage member was connected to depak manu-
factured by Santetsu Engineering Inc. as the above-described electric current applying device.
[0026] The cells were cultured under conditions of a temperature of 37°C, a carbon dioxide concentration of 5%, and
a humidity of 100% from start to finish irrespective of whether or not an electric current was applied. Further, the connection
of the electric current applying device to the stage member in the incubator was performed with the utmost caution, and
a detector VoltAlert (Fluke, Japan, www.fluke.com) was used to frequently make sure that there was no interference in
a current-carrying region.
[0027] Then, the cells under test were divided into four groups depending on different set electric current values of
the electric current applying device of 0 mA (no electric current was applied), 25 mA, 50 mA, and 75 mA, and the cells of
each group were cultured while an electric current was applied at a voltage set to 10 V to 10000 V for 24 hours accurately.
After the application of an electric current, the cultured cells were quickly washed with a washing liquid at 4°C three
times, physically separated from the culture dish using a cell scraper (Fisher Scientific, Pittsburgh, PA), and collected
in a micro-centrifuge tube. After the completion of centrifugation at 4°C, a supernatant was removed and mRNA was
extracted from the cells of each group and weighed.

(3) Extraction of mRNA and Examination of Anti-Apoptosis-Related Genes by PCR Array (Verification of Anti-Apoptotic 
Effect)

[0028] The mRNA of each group was purified by a spin column method using a spin column (QIAGEN Inc., Valencia,
CA). Then, 10 ng of the mRNA was transcribed to cDNA, and the cDNA was used to perform a search for 84 kinds of
apoptosis-related genes by a semi-quantitative PCR array (SuperArray Bioscience, Frederick, MD).
[0029] The expression of each of the genes was quantified by determining how much more highly the gene was
expressed in each of the groups other than the 0 mA control group (to which no electric current was applied) than in the
control group, and the results are shown in Tables 1 and 2.

Table 1

Gene Names
Test Sample/Control

25 mm/0 mm 50 mm/0 mm 75 mm/0 mm

Akt1 0.921 1.054 0.874

Apaf1 1.166 0.886 0.911

Api5 0.988 1.289 1.054

Atf5 1.073 1.106 1.040

Bad 1.030 1.138 1.047

Bag1 1.142 1.138 1.138

Bag3 1.015 1.091 1.004

Bak1 0.974 1.004 0.937

Bax 1.022 1.091 1.047
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(continued)

Gene Names
Test Sample/Control

25 mm/0 mm 50 mm/0 mm 75 mm/0 mm

Bcl10 0.733 2.743 1.410

Bcl2 0.759 0.793 0.658

Bcl2l1 1.096 1.236 1.084

Bel2l10 0.185 0.456 0.453

Bcl2l2 1.058 0.950 0.937

Bid 0.860 0.990 0.918

Naip1 0.298 0.264 0.220

Naip2 0.921 0.950 0.984

Birc2 1.081 1.280 1.106

Birc3 1.037 1.099 1.091

Xiap 1.166 1.069 1.018

Birc5 0.684 0.761 0.777

Bnip2 1.081 1.076 1.011

Bnip3 1.103 1.114 1.091

Bnip3l 1.081 1.091 1.040

Bok 0.988 0.880 0.880

Card10 0.718 0.788 1.410

Nod1 1.096 1.069 1.186

Card6 1.081 1.138 1.122

Casp1 0.872 0.577 0.804

Casp12 0.974 1.106 1.146

Casp14 1.882 1.186 1.874

Casp2 1.008 1.084 1.047

Casp3 0.915 1.069 0.839

Casp4 0.791 1.130 1.061

Casp6 1.051 1.228 1.153

Casp7 0.775 1.254 1.004

Casp8 0.903 1.271 1.084

Casp9 1.037 1.170 1.178

Cflar 0.903 1.076 0.977

Cidea 1.081 1.186 1.186

Cideb 1.037 1.186 1.219

Cradd 1.340 1.254 1.178

Dad1 1.466 1.245 0.957
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Table 2

Dapk1 1.303 1.401 1.061

Dffa 1.044 1.219 0.990

Dffb 1.030 1.186 0.963

Tsc22d3 1.037 1.054 1.032

Fadd 1.081 1.032 0.943

Fas 0.961 1.450 1.430

Fasl 1.081 1.186 1.186

Hells 437.155 510.582 400.595

Il10 4.234 1.724 0.614

Lhx4 0.903 2.152 0.705

Ltbr 0.884 1.025 1.004

Mcl1 1.066 1.228 1.153

Nfkb1 1.174 1.047 1.186

Nme5 1.550 2.542 2.473

Nol3 1.127 1.091 1.178

Pak7 1.081 1.186 1.186

Pim2 1.001 1.122 1.069

Polb 1.037 1.186 1.122

Prdx2 1.096 1.211 1.162

Pycard 1.416 0.997 1.245

Ripk1 1.008 1.130 1.114

Rnf7 1.199 1.254 1.236

Sphk2 0.981 1.047 0.997

Tnf 1.081 1.186 1.186

Tnfrsf10b 1.142 1.262 1.219

Tnfrsf11b 0.961 1.084 1.011

Tnfrsf1a 0.961 1.047 1.054

Cd40 1.081 1.186 1.186

Tnfsf10 1.073 1.122 0.640

Tnfsf12 1.051 1.114 1.130

Cd401g 1.081 1.186 1.186

Cd70 1.081 1.186 1.186

Traf1 0.860 0.868 0.804

Traf2 0.928 1.011 1.018

Traf3 1.015 1.091 1.114

Trp53 1.037 1.032 1.025

Trp53bp2 1.008 1.018 0.937

Trp53inp1 1.001 1.138 0.957

Trp63 0.308 0.581 0.334
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The genes whose expression was 1.5 times or more that in the control group were regarded as genes whose expression
was increased and the genes whose expression was less than 0.40 times that in the control group were regarded as
genes whose expression was decreased. The genes whose expression was increased or decreased are as follows.
Bcl10 (which shows an anti-apoptotic effect when its expression is increased)
Bcl2/10 (which shows an apoptotic effect when its expression is decreased)
Naip1 (which shows an apoptotic effect when its expression is decreased)
Casp14 (which shows an apoptotic effect when its expression is increased)
Hells (which shows an anti-apoptotic effect when its expression is increased)
IL10 (which shows an anti-apoptotic effect when its expression is increased)
Lxh4 (which shows an anti-apoptotic effect when its expression is increased)
Nme5 (which shows an anti-apoptotic effect when its expression is increased)
Trp63 (which shows an apoptotic effect when its expression is increased)
[0030] As can be seen from the above results, the expression of the genes showing an anti-apoptotic effect (especially,
Bcl10, Hells, Lxh4, and Nme5) was enhanced in the groups to which an extremely weak electric current of 25 to 75 mA
was applied. That is, it was demonstrated that an anti-apoptotic effect is induced by the application of an electric current.
Particularly, the expression of the genes showing an anti-apoptotic effect was significantly enhanced in the group to
which an extremely weak electric current of 50 mA was applied, and therefore it was found by a molecular biological
technique that an optimum value of an extremely weak electric current applied to NIH3T3 cells for 24 hours is 50 mA.

(4) Verification of Anti-Necrotic Effect by Histological Staining (Chamber-Assay Method)

4-1) AnnexinV 3 PI Staining

[0031] NIH3T3 cells were grown in a chamber by the above-described culture method and costained with AnnexinV
(green) for detecting apoptotic cell membrane and Propidium Iodido (PI) (red) for detecting necrotic cells. The NIH3T3
cells were divided into four groups depending on different set electric current values of the electric current applying
device of 0 mA (no electric current was applied), 25 mA, 50 mA, and 75 mA.
[0032] As a result, the ratio of PI positive cells of each of the 25 mA, 50 mA, and 75 mA groups after the application of
an electric current was reduced as compared to the 0 mA control group (to which no electric current was applied). That
is, it was demonstrated that an anti-necrotic effect was induced by the application of an electric current.

4-2) LC3 3 DAPI Staining

[0033] NIH3T3 cells were grown in a chamber by the above-described culture method and costained with LC3 protein
(red) expressed when necrotic protein is induced and DAPI (blue) for detecting cell nuclei.
[0034] As a result, the ratio of LC3 positive cells of each of the 25 mA, 50 mA, and 75 mA groups after the application
of an electric current was reduced as compared to the 0 mA control group (to which no electric current was applied).
Particularly, the ratio of LC3 positive cells of the control group was 50%, whereas it was observed that those of the 25
mA group and the 50 mA group were significantly reduced to 28% and 16%, respectively. Also in this system, it was
demonstrated that an anti-necrotic effect was induced by the application of an electric current.

(5) Verification of Anti-Apoptotic Effect and Anti-Necrotic Effect by Flow Cytometry

[0035] In this experiment, an anti-apoptotic effect and an anti-necrotic effect were verified by flow cytometry.
[0036] NIH3T3 cells were grown in a chamber by the above-described culture method and costained with AnnexinV

(continued)

Trp73 1.895 1.491 0.542

Zc3hc1 1.073 1.186 1.153

Gusb 0.860 0.918 1.032

Hprt1 0.872 0.950 0.821

Hsp90ab1 1.037 1.018 1.091

Gapdh 1.088 1.004 0.984

Actb 1.183 1.122 1.099
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(green) for detecting apoptotic cell membrane and Propidium Iodido (PI) (red) for detecting necrotic cells. The NIH3T3
cells were divided into four groups depending on different set electric current values of the electric current applying
device of 0 mA (no electric current was applied), 25 mA, 50 mA, and 75 mA.

[0037] As a result, as shown in Table 3, the ratio of necrotic cells, the ratio of early apoptotic cells, and the ratio of late
apoptotic cells of each of the 25 mA, 50 mA, and 75 mA groups were reduced as compared to the 0 mA control group (to
which no electric current was applied). Therefore, it was demonstrated by flow cytometry that an anti-apoptotic effect
and an anti-necrotic effect were induced by the application of an electric current.
[0038] Further, as a comparative experiment, an anti-apoptotic effect and an anti-necrotic effect were verified by flow
cytometry in the same manner as described above except that the set electric current values of the electric current
applying device were changed to 15 mA and 100 mA. As a result, the ratio of necrotic cells of the 15 mA or 100 mA group
was comparable to that of the 0 mA control group. The ratio of apoptotic cells of the 15 mA or 100 mA group was slightly
reduced, but the degree of the reduction was much smaller than those of the 25 to 75 mA groups. That is, remarkable
induction of an anti-apoptotic effect and an anti-necrotic effect was not observed in the 15 mA or 100 mA group.
[0039] Each of the above experiments was performed two or more times, and the results showed the same tendency.
That is, it has been confirmed that the experiments are reproducible.

Industrial Applicability

[0040] According to the present invention, it is possible to hold a living cell while suppressing the occurrence of
apoptosis or necrosis in the living cell. Particularly, it is possible to suppress the occurrence of apoptosis or necrosis in
a cultured cell.

Description of Reference Numerals

[0041]

1 Alternating-current voltage applying device
2 Treatment chamber (culture apparatus)
3 Stage member
4 Supporting member
5 Holder
6 Container holding a living cell
7 Electric transformer
9 Terminal
10, 11 Wiring

Claims

1. A method for inducing anti-apoptotic effect and/or anti-necrotic effect in a living cell, comprising applying an alter-
nating-current voltage to the living cell so that an electric current of 25 mA or higher but 75 mA or lower flows, wherein
the living cell is a cultured cell.

2. The method according to claim 1, wherein the voltage value of the alternating-current voltage is 10 V or higher but
5 kV or lower.

Table 3

Ratio (%)

Necrotic Cells Early Apoptotic Cells Late Apoptotic Cells Other Cells

0 mA (control) 10.74 4.37 32.54 52.36

25 mA 1.37 1.74 12.18 84.71

50 mA 1.73 0.95 6.92 90.39

75 mA 2.42 0.94 4.81 91.83
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3. The method according to claim 1 or 2, wherein the alternating-current voltage is applied to a stage member r (3-
Figure 1) on which a container holding the living cell is placed.

Patentansprüche

1. Verfahren zum Induzieren eines antiapoptotischen und/oder antinekrotischen Effekts in einer lebenden Zelle, um-
fassend das Anlegen einer Wechselspannung an die lebende Zelle, so dass ein elektrischer Strom von mindestens
25 mA, aber höchstens 75 mA, fließt, wobei die lebende Zelle eine kultivierte Zelle ist.

2. Verfahren nach Anspruch 1, wobei der Spannungswert der Wechselspannung mindestens 10 V, aber höchstens 5
kV, beträgt.

3. Verfahren nach Anspruch 1 oder 2, wobei die Wechselspannung an ein Plattformelement (3 - Figur 1) angelegt
wird, auf dem ein die lebende Zelle enthaltender Behälter angeordnet ist.

Revendications

1. Procédé pour produire un effet anti-apoptotique et/ou anti-nécrotique dans une cellule vivante, comprenant l’appli-
cation d’une tension de courant alternatif à la cellule vivante de manière à faire circuler un courant électrique de 25
mA ou plus mais 75mA ou moins, dans lequel la cellule vivante est une cellule de culture.

2. Procédé selon la revendication 1, dans lequel la valeur de tension de la tension de courant alternatif est de 10 V
ou plus mais 5 kV ou moins.

3. Procédé selon la revendication 1 ou 2, dans lequel la tension de courant alternatif est appliquée à un élément de
socle (3 - Figure 1) sur lequel est placé un récipient contenant la cellule vivante.
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