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Adipose-derived mesenchymal stem cells (ASCs) have the potential to differentiate into cells of mesodermal
origin, such as osteoblasts, adipocytes, myocytes, and chondrocytes, and cryopreservation is currently per-
formed as a routine method for preserving ASCs to safely acquire large numbers of cells. For clinical appli-
cation of ASCs, serum-free, xeno-free cryopreservation solutions should be used. This study determined the
viability and adipo-osteogenic potential of cryopreserved ASCs using four cryopreservation solutions: 10%
DMSO, Cell Banker 2 (serum free), Stem Cell Banker (=Cell Banker 3: serum free, xeno free), and TC protec-
tor (serum free, xeno free). The viability of the cryopreserved ASCs was over 80% with all cryopreservation
solutions. No difference in the adipo-osteogenic potential was found between the cells that did or did not
undergo cryopreservation in these cryopreservation solutions. These data suggest that Cell Banker 3 and TC
protector are comparable with 10% DMSO and Cell Banker 2 for ASCs, and cryopreserved as well as noncryo-
preserved ASCs could be applied for regenerative medicine.
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INTRODUCTION

Mesenchymal stem cells (MSCs) maintain the poten-
tial to differentiate into cells of mesodermal origin such
as osteoblasts, adipocytes, myocytes, and chondrocytes;
moreover, MSCs possess immunosuppressive effects,
which implies that they may have possible clinical appli-
cations in regenerative medicine and in therapies for
treatment-resistant immune disorders'-. Adipose-derived
MSCs (ASCs) are normally isolated from subcutaneous
adipose tissue, which allows them to be acquired in large
numbers, so ASCs have attracted attention as a cell source
for regenerative medicine and cell transplantation. These
medical treatments, however, require a high quality and
quantity for supply of human ASCs. Cryopreservation is
currently performed as a routine method for preserving
ASC:s to safely acquire large numbers of cells.

However, a number of studies have indicated that
the cellular activity of ASCs after freezing and thawing
is affected by cryopreservation solutions. For instance,
dimethyl sulfoxide (DMSO) and glycerol are commonly
used as cryopreservation solutions to protect the cells
from damage caused by freezing; however, they can also
decrease the survival rate or induce cell differentiation®'”.
Our group previously compared seven preservation solu-
tions, including maintenance medium+10% DMSO,
Cell Freezing Medium-DMSO, Cell Freezing Medium-
Glycerol, Cell Banker 1, Cell Banker 1+, Cell Banker 2,
and CP-1, for mouse ASCs and showed that Cell
Banker 2 is the most effective cryopreservation solution’.
We also reported that the proliferation rate of human
ASCs frozen in Cell Banker 2 and Dulbecco’s modified
Eagle’s medium (DMEM)/Ham’s F-12 medium (serum
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free)+10% DMSO, 0.1 mol/L maltose, and 1% sericin
was higher than that of the cells frozen in the mainte-
nance medium+10% DMSO". For clinical application
of human ASCs, serum-free, xeno-free cryopreserva-
tion solutions should be used. In this study, we evaluated
serum-free, xeno-free cryopreservation solutions includ-
ing Cell Banker 3 and TC protector.

MATERIALS AND METHODS
Culturing of Human ASCs

Human ASCs from a 40-year-old female [Lot No.
0000353102; body mass index (BMI): 23; passage 1]
were obtained from Lonza Japan, Inc. (Tokyo, Japan).
For attached cell culture, 4x10° ASCs were seeded into
a T-75 flask (Asone, Osaka, Japan) with the Poietics™
ADSC-GM BulletKit™ (PT-4505; Lonza Japan) at 37°C
in a humidified atmosphere of 5% CO,. The cells attached
and spread onto the flask and were cultured until they
were approximately 80%—90% confluent. The cells were
detached from the culture flask with trypsin-ethylenedi-
aminetetraacetic acid (EDTA) (0.25% w/v; Wako, Osaka,
Japan) and repeatedly seeded and cultured onto new cul-
ture flasks. The passaging of the cells was repeated from
four to eight times, and the cells obtained after each pas-
sage were frozen and stored for 14 days. Proliferation rate
and differentiation into adipocytes and osteocytes were not
significantly different among the ASCs passaged four to
eight times.

Cryopreservation and Cell Viability Assays
of Human ASCs

At subconfluency, when the cell density was approxi-
mately 2.5-6.5x10* cells/cm?, the human ASCs were
detached from the flasks with trypsin-EDTA, centri-
fuged, and suspended at a density of 2x10° cells/ml in
four types of cryopreservation solution. The cryopreser-
vation solutions were 10% DMSO (Sigma-Aldrich,
St. Louis, MO, USA), Cell Banker 2 (Takara Bio Inc.,
Shiga, Japan), Stem Cell Banker (=Cell Banker 3; Takara
Bio Inc.), and TC protector (DS Pharma Biomedical,
Osaka, Japan). Cells were either frozen in culture media
or not cryopreserved (noncryopreserved) as controls.
The cells in cryopreservation solution were rapidly
cooled and stored at —80°C for 14 days. Immediately
after thawing, the cryopreserved cells were diluted with
culture medium. Cell suspensions were centrifuged at
200x g for 3 min and resuspended in 5 ml of culture
medium. Cell viability was determined using the trypan
blue (Wako) exclusion procedure.

Measurement of the Proliferation Rate

Noncryopreserved or cryopreserved ASCs were seeded
onto 12-well plates (Sigma-Aldrich) at a density of
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1.0x10* cells/well, and the cells were detached from the
plates with trypsin-EDTA. The cell number was counted
after 3, 5, and 7 days. Viable cells were then counted
using the trypan blue exclusion procedure.

Osteogenic Differentiation Assay

Osteogenic differentiation was induced by culturing
the cells for 3 weeks in Osteoblast Differentiation Medium
(#OB-1; DS Pharma Biomedical). Differentiation was
examined by staining for extracellular matrix calcifica-
tion by Alizarin red S staining (Calcified Nodule Staining
Kit; Cosmo Bio Co., Ltd., Tokyo, Japan).

Adipogenic Differentiation Assay

Adipogenic differentiation was induced by culturing
the cells for 7 days in adipocyte differentiation medium
(#DM-2; DS Pharma Biomedical). The cells were cul-
tured further in adipocyte maintenance medium (#AM-1;
DS Pharma Biomedical) for 7 days. Differentiation was
confirmed by Oil red O staining of intracellular lipid drop-
lets. Differentiated ASCs were fixed in a 10% solution of
formaldehyde (Wako) in phosphate-buffered saline (PBS)
(Wako) for at least 10 min, washed with 60% isopropa-
nol (Wako), and stained with Oil red O solution (Wako)
for 10 min followed by repeated washing with water and
destaining in 100% isopropanol for 1 min. The activity
of glycerol-3-phosphate dehydrogenase (GPDH) was
assayed using a GPDH assay kit (Takara Bio Inc.).

Statistical Analyses

The values for the data are presented as the means+SE.
To compare the data among the groups, a repeated-
measures ANOVA was used. The differences between
the groups were considered to be significant for values
of p<0.05.

RESULTS
Cell Viability of Cryopreserved ASCs

Human ASCs at passages 4-8 were used in this study,
and the passage was the same for each comparison. ASCs
were cryopreserved for 14 days in 10% DMSO, Cell
Banker 2, Cell Banker 3, and TC protector. Immediately
after thawing of the cells, the cell viability was evaluated
using the trypan blue exclusion procedure. Figure 1 dem-
onstrates that the viability of cryopreserved ASCs was
over 80% in all four cryopreservation solutions. On the
other hand, the viability of ASCs that were cryopreserved
in culture medium was less than 20%.

Comparison in the Proliferation Rate Between
Cryopreserved and Noncryopreserved ASCs

To examine the proliferation rate of cryopreserved or
noncryopreserved ASCs, the cells were counted on days
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Figure 1. Viability of cryopreserved human adipose-derived
mesenchymal stem cells (ASCs). Human ASCs (passages 4—8)
cryopreserved in four different solutions, that is, 10% dimethyl
sulfoxide (DMSO), Cell Banker 2, Cell Banker 3, and TC pro-
tector, were assayed for cell viability. The cell populations were
cryopreserved for 7 days. Immediately after thawing of the
cells, cell viability was evaluated using the trypan blue exclu-
sion procedure. The averages of three independent assays are
indicated with SE bars.

3,5, and 7 after culture (Fig. 2). The proliferation rate of
cryopreserved ASCs was similar to that of noncryopre-
served ASCs.

Osteogenic Differentiation Capabilities of
Cryopreserved ASCs

To examine whether the cryopreserved ASCs main-
tained osteogenic differentiation capabilities, the cells
were treated with osteogenic induction medium for
3 weeks, and then Alizarin red S staining was performed.
All cryopreserved cells (Fig. 3) were positive for calci-
fied nodule staining, thus suggesting that the cells had
osteogenic differentiation capabilities.

Adipogenic Differentiation Capabilities of
Cryopreserved ASCs

To test whether the cryopreserved ASCs maintained
adipogenic differentiation capabilities, the cells were
treated with adipogenic induction medium for 7 days
and cultured with maintenance medium for an additional
7 days, and then Oil red O staining was performed. All
cryopreserved ASCs were positive for Oil red O staining
(Fig. 4), suggesting that the cryopreserved cells had adi-
pogenic differentiation capabilities.

The activity of GPDH in cryopreserved ASCs was
assayed using a GPDH assay kit. The GPDH activity in
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Figure 2. Proliferation of ASCs. Four samples of cryopre-
served human ASCs were used for the determination of cell
proliferation. The cell populations were cryopreserved for
14 days. The cells were counted on days 3, 5, and 7 after culture.
Noncryopreserved cells were used as a control. Since noncryo-
preserved cells were cultured and passaged for 14 days of the
cryopreservation, passage number of noncryopreserved ASCs
was two or three times higher than that of cryopreserved ASCs.

the cells 14 days after adipogenic induction/maintenance
showed no apparent difference among the cryopreserva-
tion solutions (Fig. 5).

DISCUSSION

DMSO is a solution that is commonly used for the
cryopreservation of cultured mammalian cells because
it is economical and has a relatively low cell toxicity.
However, when the cells will be used for clinical applica-
tion, negative effects such as a decline in the survival rate
following freezing, preserving, and thawing have been
reported'>'®. Moreover, it has been reported that DMSO
induces the differentiation of neuron-like cells* or cardiac
myocytes'” when added to culture medium. Our group
previously reported that Cell Banker 2 is an effective
cryopreservation solution for mouse and human ASCs’'".
Cell Banker 2 is a serum-free cryopreservation solution,
but is not xeno free. Therefore, we evaluated two serum-
free, xeno-free preservation solutions in this study.

The Cell Banker series allows for rapid cell cryo-
preservation at —80°C and has been shown to achieve
a better survival rate following freezing and thawing.
Serum-containing Cell Bankers 1 and 1+ can be used
for the cryopreservation of nearly all mammalian cells,
making them the standard Cell Banker series. Moreover,
serum-free Cell Banker 2 is optimal for the cryopreserva-
tion of cells in serum-free culture conditions. Stem Cell
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Figure 3. Osteogenic differentiation of cryopreserved human ASCs. Human ASCs were cryopreserved in (A) 10% DMSO, (B) Cell
Banker 2, (C) Cell Banker 3, and (D) TC protector for 14 days. The cells were stained with Alizarin red S 3 weeks after osteogenic
induction. Noncryopreserved human ASCs (E) were used as a positive control. Scale bars: 500 pm.

Figure 4. Adipogenic differentiation of cryopreserved ASCs. Human ASCs were cryopreserved in (A) 10% DMSO, (B) Cell
Banker 2, (C) Cell Banker 3, and (D) TC protector for 14 days. The cells were stained with Oil red O 7 days after adipogenic induction.
Noncryopreserved human ASCs (E) were used as a positive control. Scale bars: 100 um.
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Figure 5. Activity of glycerol-3-phosphate dehydrogenase
(GPDH) in cryopreserved ASCs. Human ASCs cryopreserved
in four different solutions were assayed for their adipogenic dif-
ferentiation capabilities. The activity of GPDH in the treated
cells was determined using a GPDH assay kit. The averages of
three independent assays are indicated with SE bars.

Banker (Cell Banker 3) is a chemically defined freezing
medium optimized for stem cell cryopreservation. It has
been successfully used in freezing and thawing a variety
of stem cell types, including marrow- or umbilical cord
blood-derived stem cells, embryonic stem cells (ESCs),
and induced pluripotent stem cells (iPSCs)®. A good
manufacturing practice (GMP)-grade version of Cell
Banker 3 is currently available. Al-Saqi et al. compared
the cell survival rate and differentiation potency of ASCs
cryopreserved with 10% DMSO and Cell Banker 3. While
there were no differences in the cell morphology before
and after freezing and thawing observed between the two
types of cryopreservation solutions, the cell survival rate
was significantly higher in Cell Banker 3 (90.4+4.5%)
than in 10% DMSO (79.9+£3.8%). The differentiation
potency of ASCs and osteoblasts did not differ signifi-
cantly between Cell Banker 3 and 10% DMSO?'.

TC protector is another cell cryopreservation solution
that satisfies the concept of a chemically defined known
ingredient that is xeno free and optimized for the pres-
ervation performance of valuable cells, such as several
human cell lines, somatic stem cells, ESCs, and iPSCs.
Miwa et al. reported that there was no apparent difference
in the cell growth and morphology between two kinds
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of human bone marrow MSCs using 10% DMSO or TC
protector®.

In conclusion, cryopreserved human ASCs by Cell
Banker 3 and TC protector could be applied for regenera-
tive medicine. A number of ASCs can be prepared before
the transplantation because the proliferative rate of ASCs
is high®?*, Moreover, the antigenicity of ASCs may be
low?, suggesting that ASCs could be used in the treat-
ment of several diseases®®?. The serum-free, xeno-free
cryopreservation solutions should therefore be widely
used in regenerative medicine, cell transplantation, and
biological research.
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