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Three-dimensional cell spheroids are superior cell-administration form for cell-based therapy which generally
exhibit superior functionality and long-term survival after transplantation. Here, we nondestructively measured
the oxygen consumption rate of cell spheroids using an on-chip electrochemical device (OECD) and examined
whether this rate can be used as a marker to estimate the quality of cell spheroids. Cell spheroids containing
NanoLuc luciferase-expressing mouse mesenchymal stem cell line C3H10T1/2 (C3H10T1/2/Nluc) were pre-
pared. Spheroids of high or low quality were prepared by altering the medium change frequency. After trans-
plantation into mice, the high-quality C3H10T1/2/Nluc spheroids exhibited a higher survival rate than the low-
quality ones. The oxygen consumption rate of the high-quality C3H10T1/2/Nluc spheroids was maintained at
high levels, whereas that of the low-quality spheroids decreased with time. These results indicate that OECD-
based measurement of the oxygen consumption rate can be used to estimate the quality of cell spheroids
without destructive analysis of the spheroids.

the short-term survival and suboptimal function of transplanted cells. As
these problems result in insufficient therapeutic outcomes, numerous
attempts have been made to improve the survival and function of the

Abbreviations
ANOVA Analysis of variance

DMEM  Dulbecco’s modified Eagle’s medium transplanted cells [5-8]. Cell spheroids are three-dimensional cell
FBS Fetal bovine serum structures that exhibit in vivo-like cell function [9, 10]. This is mainly
HEPES  4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid because cells in cell spheroids, unlike monolayer-cultured cells, are
JSPS Japan Society for the Promotion of Science under conditions of high cell-cell interactions, which induce in vivo-like
LPS Lipopolysaccharide gene and protein expression [11, 12]. Recently, several researchers,
Nluc NanoLuc luciferase including our group, have demonstrated the usefulness of cell spheroids
OECD  On-chip electrochemical device in cell-based therapies [13-15]. In our previous studies, cell spheroids

composed of insulin-secreting cells reduced blood glucose level after
transplantation in a diabetic mouse model and showed therapeutic ef-
fects superior to cell suspensions [16]. Furthermore, spheroids made of

1. Introduction

Cell-based therapy is a highly promising and effective method for
treating refractory diseases, including diabetes, kidney diseases, and
myocardial or nerve disorders. Furthermore, a single administration of
therapeutic cells can show long-term therapeutic effects, unlike con-
ventional drug therapies [1-4]. Despite this potential advantage, some
serious problems have been identified for cell-based therapy, including
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murine adipose-derived mesenchymal stem cell line m17.ASC showed
an increased therapeutic effect in lipopolysaccharide (LPS)-induced
inflammation model mice compared to cell suspension [17]. Thus, cell
spheroids are expected to be clinically applied soon to solve problems
associated with cell-based therapy.

The therapeutic application of cell spheroids requires quality control
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Table 1
The size of spheroids. Results are expressed as mean + SD of 100 experiments.

Seeding cell number (x 10° cells) Diameter (pm)

2 103 + 16
5 141 + 23
10 164 + 21
20 253 + 22

because the characteristics of cell spheroids depend on the preparation
method, spheroid size, and culture time. Some spheroid preparation
methods cannot control spheroid size and do not allow medium changes
during spheroid culture [18-21]. These drawbacks of spheroid prepa-
ration methods have been largely solved by the recent advances in
micromolding techniques. Microdevices developed using this technique
can be used to prepare uniform-sized cell spheroids with appropriate
medium-change intervals [22, 23]. Despite these advances, the quality
of cell spheroids varies depending on culture and storage conditions. For
effective and reproducible cell-based therapy using cell spheroids, the
quality of the cell spheroids must be evaluated prior to transplantation.

Oxygen consumption is one of the most basic biological activities of
cells and is strongly related to the function and survival of cells. To date,
various methods have been developed to measure the oxygen con-
sumption rate or metabolism of cells, including spectrophotometric,
fluorescence, electrochemical, and photoluminescence techniques
[24-26]. These techniques can help determine the biological activities
of cells and can also be used for evaluating cell quality. However, these
methods are generally complicated and require specialized techniques.
More importantly, it is difficult to maintain intact cell spheroids after
measuring the oxygen consumption rate. Therefore, these techniques are
not suitable for facile quality evaluation of cell spheroids prior to
transplantation.

An on-chip electrochemical device (OECD) contains biosensors for
the electrochemical analysis of various chemicals, including DNA and
oxygen [27]. To measure the oxygen consumption rate of cells, the in-
tegrated electrode array optimized for measuring oxygen enables the
determination of the oxygen consumption rate of cultured cells,
including monolayered cells or embryos (e.g., inhomogeneous blasto-
cysts), with a single measurement. In recent years, OECDs have been
improved to be easy to operate and to nondestructively measure the
oxygen consumption rate of cells in a short time [28, 29]. Therefore,
OECDs may be used to evaluate the quality of cell spheroids prior to
transplantation.

In this study, we attempted to demonstrate the utility of OECDs for
evaluating the quality of cell spheroids via measuring their oxygen
consumption rate. To achieve this aim, cell spheroids under either good
or bad conditions were prepared using the NanoLuc luciferase (Nluc)-
expressing mouse mesenchymal stem cell line (C3H10T1/2/Nluc) by
altering the medium-change frequency. Parameters related to the
quality of the cell spheroids, including the oxygen consumption rate,
were measured and compared with the survival rate of C3H10T1/2/
Nluc spheroids post-transplantation.

2. Materials and methods
2.1. Animals

Male C3H/He mice (5 weeks old) were purchased from Sankyo Labo
Service Co. Inc. (Tokyo, Japan) and were maintained under specific
pathogen-free conditions. The protocols for experiments involving ani-
mals were approved by the Institutional Animal Experimentation
Committee of Tokyo University of Science. All experiments involving
animals were performed in accordance with the procedures outlined in
the National Institutes of Health Guide for the Care and Use of Labora-
tory Animals and ARRIVE guidelines. In all experiments, mice were
treated under isoflurane anesthesia and were euthanized by isoflurane
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over-inhalation after the experiments.
2.2. Materials

Hygromycin B Gold was purchased from InvivoGen Co. (San Diego,
CA, USA). HEPES was purchased from Dojindo Laboratories (Kuma-
moto, Japan). Hank’s balanced salt solution was purchased from Sigma-
Aldrich (St. Louis, MO, USA). Deoxyribonuclease I from bovine
pancreas, precrystalline, DISPASE II, NP-40 substrate, tris (hydrox-
ymethyl) aminomethane, sodium deoxycholate, sodium dodecyl sulfate,
chloroform, isopropyl alcohol, ethanol, NaHCOs, d-(+)-glucose, and 0.4
w/V % trypan blue solution were purchased from FUJIFILM Wako Pure
Chemical Co. (Osaka, Japan). Collagenase D was purchased from Roche
Diagnostics, Inc. (Mannheim, Germany). Fetal bovine serum (FBS) was
purchased from Biosera (East Sussex, UK). Dulbecco’s modified Eagle’s
medium (DMEM) was purchased from Nissui Pharmaceutical Co. Ltd.
(Tokyo, Japan). Mitomycin C, a penicillin-streptomycin-glutamine
mixed solution, and 100 mM sodium pyruvate solution (100 x ) were
purchased from Nacalai Tesque Inc. (Kyoto, Japan). All the other
chemicals used were of the highest commercially available grade.

2.3. Cell culture

C3H10T1/2 cells were kindly provided by Dr. Hiroki Kagawa
(Department of Cell Biology, Kyoto Pharmaceutical University, Kyoto,
Japan) and were cultured in DMEM supplemented with 15% heat-
inactivated FBS and penicillin-streptomycin-glutamine mixed solution
at 37°C in a humidified air atmosphere containing 5% COy. C3H10T1/
2/Nluc cells, established in our previous study [30], were cultured in the
same medium containing 500 pg/mL hygromycin B.

2.4. Preparation of an agarose-based microwell sheet

Micropillar arrays and microwell sheets were fabricated as described
previously [17]. Briefly, agarose was dissolved in ultrapure water to a
final concentration of 3% (w/v) and heated in a microwave oven. The
agarose solution was then poured onto the micropillar arrays and left for
20 min at room temperature (approximately 22°C). After gelation of the
agarose solution, the agarose-based microwell sheet was detached from
the micropillar arrays and cut to the size of a 6-well cell culture plate.
The microwell sheets were placed in 6-well cell culture plates, washed
with PBS, and sterilized with ultraviolet irradiation prior to cell seeding.
Specifically, each microwell in an agarose-based microwell sheet has
approximately 200 pm depth and approximately 500 pm width, and the
sheet has 900 microwells.

2.5. Preparation of C3H10T1/2/Nluc spheroids

C3H10T1/2/Nluc cells were added at cell numbers of 2 x 10%, 5 x
10%,1 x 10° and 2 x 10° onto the agarose-based microwell sheet set in
6-well culture plates. The culture plates were shaken for 1 h at 60 rpm in
a CO; incubator, and the culture medium was changed. During the
following experimental period, the culture medium of “the medium-
change group” was changed every 24 h, and the medium of “the no
medium-change group” was kept unchanged. C3H10T1/2/Nluc spher-
oids collected from the microwell sheets were observed under a BZ-9000
microscope, and the diameter was measured using BZ-9000 analyzer
software. The cell number per spheroid was counted after dispersing the
spheroids using a digestion solution (0.05 g of collagenase D, 0.05 g of
DNase I and 0.3 g of dispase II in 100 ml of 1 x PBS) as previously
described [31] followed by staining with a trypan blue solution.

2.6. Measurement of luciferase activity of C3H10T1/2/Nluc spheroids

C3H10T1/2/Nluc spheroids were dispersed for 15-30 min at 37°C
using a digestion solution and the dispersed cells were centrifuged at
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150 x g for 3 min. The supernatant was then removed, and the cells
were lysed with lysis buffer (20 mM Tris-HCl, 200 mM NaCl, 2.5 mM
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MgCl,, 0.05 w/v% NP-40, pH7.4). The luciferase activity of the cells was

measured by detecting the luminescence using Nano-Glo assay reagent
(Promega Co., Tokyo, Japan), and luminescence was measured using the

mice

EnVision multi-label plate reader (Perkin-Elmer, Wellesley, MA, USA).

C3H10T1/2/Nluc spheroids were seeded into a 96-well culture plate
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Fig. 1. Characteristics of C3H10T1/2/Nluc spheroids.
Diameter histogram of C3H10T1/2/Nluc spheroids
with varying seeded cell numbers: (A) 2 x 10°, (B) 5 x
105 (©) 1 x 10° or (D) 2 x 10° cells/well. The results
are expressed as the mean + SD of 100 samples.
Representative images of two independent experiments
with similar results are shown. (E, F) Typical images of
C3H10T1/2/Nluc spheroids with or without medium
changes every 24 h. The groups with medium change
(mc (+)) and without medium change (mc (—)) are
indicated. Representative images of two independent
experiments with similar results are shown. Scale bars
represent 200 pm. (G) Change in diameter of
C3H10T1/2/Nluc spheroids with or without medium
change every 24 h. The groups with medium change
(mc (+)) and without medium change (mc (—)) are
indicated. The results are expressed as the mean + SD
of 100 (mc (+)) or 47 (mc (—)) samples. Representative
images of two independent experiments with similar
results are shown. *p < 0.05, statistically significant
differences were observed in comparison with the
medium-change group at the same time point. (H)
Number of C3H10T1/2/Nluc spheroids with or
without medium change every 24 h. The groups with
medium change (mc (+)) and without medium change
(mc (-)) are indicated. The results are expressed as the
mean + SD of three to five samples. Representative
images of three independent experiments with similar
results are shown. *p < 0.05, statistically significant
differences were observed in comparison with the
medium-change group at the same time point.

and cultured for 24 h in a CO; incubator. The medium was collected and
luciferase activity in the medium was measured as described above.

2.7. Survival of C3H10T1/2/Nluc spheroids after transplantation into

C3H10T1/2/Nluc spheroids were prepared as described above by
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Fig. 2. Luciferase activity of C3H10T1/2/Nluc spheroids.

Luciferase activity of the C3H10T1/2/Nluc spheroids with or without medium
change every 24 h. The groups of medium change (mc (+)) and without me-
dium change (mc (-)) are indicated. Results are expressed as the mean + SD of
three to five samples. Representative of three independent experiments with
similar results is shown. *p < 0.05, statistically significant differences observed
in comparison with the medium change group at the same time point.
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Fig. 3. Survival rate after transplantation of C3H10T1/2/Nluc spheroids.
Survival rate after transplantation of C3H10T1/2/Nluc spheroids with or
without medium change every 24 h. The groups with medium change (mc (+))
and without medium change (mc (—)) are indicated. The results are expressed
as the mean =+ SD of three to four samples. Representative images of two in-
dependent experiments with similar results are shown. ns, not significant; *p <
0.05, statistically significant differences observed in comparison with the
medium-change group at the same time point.

adding 2 x 10° cells to each well. Twenty C3H10T1/2/Nluc spheroids
were subcutaneously transplanted into the backs of C3H/He mice under
isoflurane anesthesia. The mice were sacrificed 5 h after cell trans-
plantation by isoflurane over-inhalation, and the tissue at the trans-
plantation site was collected and homogenized in lysis buffer using a
homogenizer (Microtec, Chiba, Japan). The homogenate was then
centrifuged at 10,000 x g for 10 min at 4°C. Luciferase activity in the
supernatant was evaluated as previously described.

2.8. Device fabrication

The OECD system includes a chip sensor, a measuring device, a
temperature controller, and a sensor plate fixture (Supplementary
Figure 1). The chip sensor was produced using semiconductor process
technology. The working electrode chip consists of a micropit and Pt
electrodes. Pt rings electrodes were fabricated in the following process;
First, Pt rings were fabricated on a SiO,/Si substrate using Ti/Pt sput-
tering and a dry etching. Next, thin SiO; layer was fabricated on the Ti/
Pt layer by sputtering. Subsequently, the SiO layer in the designated
areas were removed by wet etching, exposing eight Pt disks (5 pm in
diameter) in each Pt ring pattern. The counter and reference electrodes
consist of Pt disk electrodes and insulation layers consists of SiO layer.
This chip device consists of 6 wells, one well for measuring reference and
counter currents. A micropit (200 pm diameter and 80 pm depth) was
fabricated at the center of the chip for the settling of a spheroid. Disk
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electrodes were regularly placed from the edge of the micropits (20, 70,
120, 200, 300 and 400 pm distance for 200 pm micropit), and eight
microelectrodes were placed on each disk electrode.

2.9. Measurement of oxygen consumption rate of cell spheroids

As previously reported [28], this system uses the principle of elec-
trochemical detection of the oxygen concentration around the cell by
electrodes and conversion of electrode output into oxygen consumption
(Supplementary Figure 2). The spherical diffusion theory was used for
general analysis of the oxygen consumption rate of the cell spheroids.
The measurement program was optimized by setting sufficient waiting
time until the oxygen-consuming layer was formed by the spheroids.
When measuring spheroids with 200 pm sensor, spheroids were visually
confirmed to be settled down in the center of the micropit and the
nearest electrode from the edge of micropit (20 pm) was not used for
calculating oxygen consumption rate due to possibility of contacting cell
spheroid and electrode.

The measuring plate contained a chip sensor and was filled with 2 mL
of culture medium containing 25 mM HEPES buffer. After filling the
measurement medium, -0.6 and +0.05 V square wave pulses were
applied to each electrode for 14 cycles per 2 s until the oxygen reduction
current curve was uniformly stable. After running this cycle for 8 min to
stabilize the sensor, a -0.6 V pulse was applied to each chip for 4 s, and
the oxygen reduction current was collected as the background. The
C3H10T1/2/Nluc spheroids were then transferred to each micropit
using a micropipette, and a measurement voltage of -0.6 V was applied
for 2 min to measure the oxygen consumption rate.

2.10. Mitomycin C treatment of C3H10T1/2/Nluc spheroids

Mitomycin C was used to inhibit DNA replication by cross-linking it
with double-stranded DNA. C3H10T1/2/Nluc spheroids were prepared
as described above by adding 2 x 10° cells to each well. The spheroids
were cultured in a medium containing 50 or 100 pg/mL mitomycin C for
24 h, and the oxygen consumption rate of C3H10T1/2/Nluc spheroids
was measured by the OECD as described above. The concentration of
mitomycin C was determined by confirming its effect on the oxygen
consumption rate of spheroids in a preliminary study.

2.11. Evaluation of proliferation of C3H10T1/2/Nluc spheroids after
measurement of the oxygen consumption rate

C3H10T1/2/Nluc spheroids were prepared as described above by
adding 2 x 10° cells to each well. After measurement of the oxygen
consumption rate by the OECD, C3H10T1/2/Nluc spheroids were re-
seeded into a 96-well culture plate and cultured for 24 h in a COq
incubator. The proliferation of cells in the C3H10T1/2/Nluc spheroids
was measured using the Cell Counting Kit-8 (Dojindo Laboratories).

2.12. Statistical analysis

Statistical differences were evaluated using one-way analysis of
variance (ANOVA) followed by Student’s t-test for two groups. Statisti-
cal significance was set at p < 0.05.

3. Results
3.1. Characteristics of C3H10T1/2/Nluc spheroids

The characteristics of microwell sheets have already been reported
[17]. C3H10T1/2/Nluc spheroids of different sizes were prepared
depending on the number of cells added to the microwell sheets
(Table 1, Figs. 1A-D). In the following experiments, those with the
largest size were used to evaluate the influence of medium change on the
characteristics of C3H10T1/2/Nluc spheroids. The spherical shape and
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Fig. 4. Oxygen consumption rate of C3H10T1/2/Nluc
spheroids.

(A) Oxygen consumption rate of C3H10T1/2/Nluc
spheroids with varying seeded cell number. Results are
expressed as the mean + SD of five samples. Repre-
sentative of two independent experiments with similar
results is shown. (B) The correlation coefficient be-
tween the oxygen consumption rate and the diameter
of cell spheroids. (C) Oxygen consumption rate of cell
spheroids treated with mitomycin C. Results are
expressed as the mean + SD of five samples. Repre-
sentative of two independent experiments with similar
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The groups of medium change (mc (+)) and without
medium change (mc (—)) are indicated. Results are
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statistically significant differences observed in com-
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size of the C3H10T1/2/Nluc spheroids remained almost unchanged
during the experimental period of 168 h after daily medium change. In
contrast, without daily medium change, the surfaces of the spheroids
became rough, and their size decreased with time (Figs. 1E-G). In
addition, the number of live cells in the no medium-change group was
significantly lower than that in the medium-change group on day 3 and
thereafter (Fig. 1H). These results indicate that no medium change
greatly reduced the quality of C3H10T1/2/Nluc spheroids.

3.2. Luciferase activity of C3H10T1/2/Nluc spheroids
To quantitatively evaluate the quality of the C3H10T1/2/Nluc

spheroids, their intracellular luciferase activities was measured. The
intracellular luciferase activities decreased with time in both groups
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dependent experiments with similar results is shown.
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(Fig. 2), and consistent with the results in Fig. 1H, the activity of the no
medium-change group was significantly lower than that of the medium
change group. These results indicated that the luciferase activity of the
spheroids can be used as an indicator of cell quality in C3H10T1/2/Nluc
spheroids. In subsequent experiments, the quality of the spheroids was
evaluated based on intracellular luciferase activity.

3.3. Survival rate after transplantation of C3H10T1/2/Nluc spheroids
into mice

To evaluate the survival of C3H10T1/2/Nluc spheroids prepared by
5- or 7-day culture with or without medium change, these cells were
subcutaneously transplanted into the back of C3H/He mice. Based on
the results of a preliminary experiments, the survival of the spheroids
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Fig. 6. Characteristics of C3H10T1/2/Nluc spheroids
after the measurement of oxygen consumption rate.

(A) The luciferase activity of C3H10T1/2/Nluc spher-
oids after measurement of the oxygen consumption
rate. Before and after groups indicate the luciferase
activity before or after measurement of the oxygen
consumption rate using the OECD, respectively.
Representative of two independent experiments with
similar results is shown. Results are expressed as the
mean + SD of five samples. ns, not significant. (B) The
luciferase activity of secreted from C3H10T1/2/Nluc
spheroids after measurement of oxygen consumption
rate. Before and after groups indicate the luciferase
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was evaluated 5 h after transplantation. The survival rate of the 5- and 7-
day culture C3H10T1/2/Nluc spheroids was significantly higher in the
medium-change group than in the no medium-change group (Fig. 3).

3.4. Oxygen consumption rate of C3H10T1/2/Nluc spheroids

The oxygen consumption rate of C3H10T1/2/Nluc spheroids pre-
pared under various conditions was measured by OECD. The oxygen
consumption rate of C3H10T1/2/Nluc spheroids depended on the
number of cells seeded on the microwell sheets (Fig. 4A). The oxygen
consumption rate and diameter of the spheroids were well correlated
with a correlation coefficient of 0.93 (Fig. 4B). The oxygen consumption
rate of C3H10T1/2/Nluc spheroids treated with mitomycin C was
measured to evaluate the effect of cell viability on the oxygen con-
sumption rate. Thus, the oxygen consumption rate of C3H10T1/2/Nluc
spheroids decreased when incubated with mitomycin C-containing
culture medium (Fig. 4C).

3.5. Correlation between oxygen consumption rate and luciferase activity
after transplantation of C3H10T1/2/Nluc spheroids

To evaluate the correlation between the oxygen consumption rate
and the survival rate after transplantation of C3H10T1/2/Nluc spher-
oids, the oxygen consumption rate of C3H10T1/2/Nluc spheroids was
measured under various conditions. The oxygen consumption rate of the
no medium-change group decreased with culture time (Fig. 5A), and the
rate of 5- or 7-day culture spheroids of the no medium-change group was
significantly lower than that of the medium-change group. In addition,
the oxygen consumption rates of the 5- and 7-day culture C3H10T1/2/
Nluc spheroids were plotted against the luciferase activity after trans-
plantation into mice, and a positive correlation was observed when the
oxygen consumption is 40 fmol/s or more (Fig. 5B).
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experiments with similar results is shown. Results are
expressed as the mean + SD of five samples. ns, not
significant. (D) Typical images of C3H10T1/2/Nluc
spheroids after 24 h of measurement of oxygen con-
sumption rate. Before and after groups indicate the
images before and after measurement of oxygen con-
sumption rate using OECD, respectively. Representa-
tive of five independent experiments with similar
results is shown. Scale bars represent 100 pm.

After

24 h after
seeding

3.6. Influence of the measurement of oxygen consumption rate on the
characteristics of C3H10T1/2/Nluc spheroids

The luciferase activity of C3H10T1/2 spheroids was measured before
and after measuring the oxygen consumption rate of the spheroids. The
measurement had little effect on the intercellular and extracellular
luciferase activities of the spheroids (Figs. 6A,B). Similar results were
obtained for proliferation and adhesion of C3H10T1/2/Nluc spheroids
(Fig. 6C,D). These results indicate that the measurement is not only a
nondestructive method but has little influence on the characteristics of
spheroids.

4. Discussion

The quality of pharmaceuticals in the market must be strictly
controlled for effective and safe use in clinical practice. However, this is
not the case for cellular pharmaceuticals. The heterogeneity of cells may
cause unstable cell function and survival [32-34], and effective and
reproducible cell-based therapy cannot be achieved. Therefore, the
development of a method to nondestructively evaluate the quality of
cells prior to transplantation into patients is necessary for the realization
of excellent cell-based therapy. Cell spheroids potentially have high
functionality because of firm and multiple cell-cell interactions.
Therefore, cell spheroids have been reported to show higher therapeutic
effects after transplantation than cell suspensions [16, 17, 35, 36]. In
this study, the quality of cell spheroids was evaluated before trans-
plantation to realize highly effective and reproducible cell-based ther-
apy using cell spheroids of guaranteed high quality.

The OECD is an on-chip device that enables nondestructive mea-
surement of the oxygen consumption rate of cells. OECD has been used
to measure the oxygen consumption rate of human embryos [27-29].
The rate changed depending on embryo proliferation. However, another
study reported that the oxygen consumption rate of embryos did not
correlate with their transplantation rate [37]. The embryos were divided
into high (14.71 + 4.61 fmol/s) and low oxygen consumption rate (7.65
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+ 1.50 fmol/s) groups, and their transplantation rates were 56.6 and
70.0%, respectively, which were not significantly different from each
other. Despite these results, attention should be paid to whether the
oxygen consumption rate was accurately measured because the rates
measured were very low, even in the high oxygen consumption rate
group. Therefore, in this study, we evaluated whether the device could
sensitively measure the oxygen consumption rate of cell spheroids. We
then examined whether the rate was a suitable index for the selection of
high-quality cell spheroids for transplantation.

We showed that the oxygen consumption rate of the cell spheroid
increased as the viable cell number of the spheroids increased, and we
confirmed that the viable cell number of cell spheroids could be evalu-
ated from the oxygen consumption rate measured using the OECD. In
fact, in in vitro experiments using mitomycin C, the oxygen consumption
rate of the C3H10T1/2 cell spheroids decreased according to the con-
centration of mitomycin C, which decreased the number of viable cells
(Fig. 4C). Furthermore, the measurement of the oxygen consumption
rate by OECD hardly affected the survival and function of cells forming
the cell spheroids (Figs. 6A-D). In the present study, cell spheroids of
good or poor quality were prepared by changing the medium change
frequency. These results indicate that the oxygen consumption rate
measured using the OECD can be used to predict the transplantation
efficiency of cell spheroids of varying qualities. The results of this study
raise the possibility that cell spheroids can be screened by measuring the
oxygen consumption rate using the OECD prior to transplantation to
realize highly effective and reproducible cell-based therapy.

5. Conclusions

The oxygen consumption rate of cell spheroids measured using
OECDs can be used to evaluate the quality of cell spheroids for trans-
plantation, and the OECD-based quality check of cell spheroids will lead
to excellent cell-based therapy with high-quality cell spheroids.
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