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ABSTRACT

Raw materials affect quality of cell therapy products. Although human serum albumin products as
pharmaceuticals have been reported to improve cell quality, Sodium Octanoate (SO), which is known
to damage cells, is contains as an additive of human serum albumin drug products. We confirmed
SO concentration-dependent decrease in cell viability and increase in apoptosis in Mesenchymal Stem
Cells (MSCs). Furthermore, we detected decrease of mitochondrial transmembrane potential difference
and caspase 9 activation in a dose dependent manner of SO. N-Acetyl-L-Cysteine (NAC) and N-Acetyl-
L-Tryptophan (NAT) were investigated for their protective effects towards SO-induced cell death and
apoptosis due to their antioxidant properties. It was identified that the SO dependent apoptosis,
caspase 9 activation and cell death were suppressed by NAC or NAT. These results suggest that the SO
dependent cell death on MSCs is likely due to mitochondrial dysfunction by Reactive Oxygen Species
(ROS) generation or cytoplasmic release of cytochrome ¢, and the acetyl amino acids play a critical role
in inhibiting the SO dependent cytotoxicity on MSCs. Our research indicated that inhibitory effects of
acetyl amino acids may contribute to the process development in cell therapy field.
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INTRODUCTION pharmaceuticals are utilized as excipients of the products in clinical
applications [8-10]. HSA drug products contain excipients such
as Sodium Octanoate (SO) to stabilize the structure of albumin
during viral inactivation in the manufacturing process [11-13]. SO
has also been found to enhance the thermal stabilization of HSA
) R i ) by binding to HSA. On the other hand, in the presence of 0.5 mM-
resistance. Therefore., opt1m1zat%on for cryopreservation process is 6 1M SO, the proliferation of MSCs is reduced by about 50%
one _Of the most applicable solutions er inhibiting the thermal and [14]. Also, SO has a function effects on adipocyte differentiation in
physm.al d?mages [1'3]_' Cryopreservation process has some hurdles vitro [15,16), so caution should be required in its usage during long-
to maintain h1gb quality of cell th_erap?’ prOdE‘CtS’ and for example, term culture of MSCs, for instance. Even though SO has effects on
suppression of ice crystal formation is required for cell freezing, cell growth and death, detailed information regarding its effect is
not currently available for MSCs. As SO contained in HSA drug
products is quite conceivable to affect cell quality, the effects on
the target cells need to be evaluated when using the HSA drug
products during cell therapy product manufacturing, such as cell

In cell therapy field, it is necessary to deliver regenerative
medicines as living cells into medical institutions, and the products
are required to be transported in good quality via controlled
temperature, qualified delivery time, and allowed vibration

because it is one of the most critical matters in cryopreservation
process [4]. Materials used for conducting cryopreservation must be
safe to be administered into patients while maintaining the product
quality specification. To reduce deterioration of quality for cell
therapy products, cryoprotectants or stabilizing substances, such
as Human Serum Albumin (HSA), are utilized in manufacturing
process development. HSA has a characteristic for stabilizing the
quality of cell therapy products [5-7], and HSA drug products as

culture, cell harvest, buffer exchange or cryopreservation. On cell
therapy product manufacturing, buffer exchange process is critical
step in cell culture, harvest, and formulation. Formulation process
tends to expose cells to drastic environmental changes from the
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culture process because cell culture medium is set for an appropriate
condition for cell environment, whereas formulation requires
solution containing simpler components to minimize human safety
risk. There are some cases that HSA drug products is used during
buffer exchange process to prevent quality deterioration, however it
could take long time for multiple buffer exchange process to reduce
process derived impurities. So that, the quality risk may increase
due to long-term exposure of SO contained in HSA drug products.

On the other hand, it is poorly understood how HSA drug products
containing SO should be appropriately used in the manufacturing
process on cell therapy products. Understanding the effects of
SO on stem cells will enable the appropriate usage of HSA drug
products during manufacturing process and may improve the
quality of cell products. The advantage of HSA drug products as
a cryoprotectant or a stabilizer for cell products is supported in
marketed regenerative medicines such as TEMCELL®HS Inj and
Alofisel® [17-19]. On the other hand, some HSA drug products
manufactured by using recombinant HSA protein do not contain
additional sodium octanoate, but there are concerns regarding
high manufacturing costs and the immunogenicity derived from
the host cells used to produce the proteins [20,21]. Therefore, these
problems suggest that there are some advantages of using HSA drug
products from blood donation for regenerative medicine field. One
of the most critical steps for assuring the quality of cell products are
considered to be the process harvesting and concentrating viable
cells after cell culture and replacing them with various buffers [22].
The cell viability, which is a critical quality attribute for the drug
product specification in cell therapy field [23,24], is also measured
in the process where cells adherent to the culture device are stored
as a cell suspension after treatment with a cell dissociation solution
such as trypsin [25]. Therefore, some processing time such as process
working time, holding time need to be set to construct appropriate
manufacturing process. HSA drug products are utilized for cell
therapy products, and furthermore HSA has cytoprotective effects,
however there is the report that blood derived HSA drug product
decreased MSCs quality on storage stability evaluation [26]. This
controversial evidence implies that component-based research for
quality characterization has not been fully conducted for the cell
therapy products development regarding to HSA drug products as
well as their excipients, such as SO.

There is great uncertainty about why SO affect cell viability and
how to inhibit them. Additionally, in the filling process, drug
substances may be dispensed into containers, such as vials and
bags, and it is assumed that some processing time is required for
this filling process as well. Furthermore, the time required from
cell harvest process to cryopreservation process depends on the
manufacturing scale, but holding time is needed in consideration of
manufacturing deviations, etc. Therefore, the storage stability of cell
quality should be evaluated in hours to days. Identifying the storage
stability of cells for SO, which is included as an excipient in HSA
drug products, from the viewpoint of the manufacturing process
of cellular products is very meaningful information for cell therapy
research and engineering. Moreover, identifying the influence of
cell death during storage and understanding the mechanism of cell
death lead to a valuable and informative knowledge for problem-
solving regarding to inhibit cell death. Furthermore, investigating
the mechanism of cell death may play a significant.

Therefore, the objectives of this research are to investigate effect
on cell storage stability in the presence of SO, and to identify
the mechanism of cytotoxicity using MSCs that expect various
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pharmacological efficacies as cell therapy products. In this study, we
identified that there is the cytotoxic effect, which means cell death,
apoptosis, mitochondrial dysfunction, and caspase 9 activation, on
cell storage stability in the presence of SO using human Dental
Pulp Stem Cells (hDPSCs) as the model of MSCs. Furthermore,
we identified that acetyl amino acids suppress SO dependent
cytotoxicity.

MATERIALS AND METHODS
Cells and reagents

Human dental pulp-derived mesenchymal stem cells (hDPSCs,
Product Code: PT-5025, Lot. 0000611163) was purchased from
Lonza. For the reagents used for cell culture and cell death
evaluation, the buyer is shown below. MEMa, (GlutaMAX
Supplement, no nucleosides), FBS (Fetal Bovine Serum), Anti-
Anti (100X) (Antibiotic-Antimycotic), TrypLE Express, DPBS
(Dulbecco’s Phosphate Buffered Saline), Trypan Blue Stain 0.4%,
SYTOX Red Dead Cell Stain for 633 nm or 635 nm excitation
(SYTOX), and Ultra-Pure Distilled Water (water) were purchased
from Thermo Fisher Scientific. Sodium octanoate, DMSO (Culture
Sure  DMSO), N-Acetyl-L-tryptophan, were purchased from
Fujifilm Wako Pure Chemical Industries, Ltd. Albumin solution
human (30% Human serum albumin (30% HSA)), N-Acetyl-L-
cysteine were purchased from Sigma Aldrich. Annexin V-FITC,
Annexin V Binding Buffer, 10X concentrate (10 x Binding Buffer)
were purchased from BECTON DICKINSON (BD Pharmingen).
Via 1-Cassette was purchased from Chemometec, CELLBANKER
1 from Nippon Whole Pharmaceutical Industry Co., Ltd., Caspase
9 (active) FITC Staining Kit from Abcam, and JC-1 MitoMP
Detection Kit from Dojindo Chemical Research Institute.

hDPSCs Culture

DPSCs were cultured in MEMa containing 10% FBS and 1%
Antibiotic-Antimycotic (growth media) at 37°C. with 5% CO,
incubator. hDPSCs were cultured in their growth media until they
reached 80%-90% confluence. The cells were washed once with
DPBS, and DPBS was replaced with DPBS (0.1% HSA) before each

assay as followed:

Cell viability study: To determine cell viability, cultured hDPSCs
were resuspended with DPBS (0.1% HSA). The final cell
concentration was set to 5 x 10° cells/mL and the cells were treated
with the 0 mM, 1 mM, 2 mM, 4 mM, 8 mM, or 16 mM SO for
24 or 48 hours at 4°C. The cells were washed twice with DPBS
(0.1% HSA) and the cell viability was measured using NC-200

(Chemometec).

Flow cytometric detection of apoptosis cellss To measure
apoptosis, cultured hDPSCs were resuspended with DPBS (0.1%
HSA). The final cell concentration was set to 5 x10° cells/mL and
the cells were treated with the 0 mM, 1 mM, 2 mM, 4 mM, 8 mM,
or 16 mM SO for 6 hours at 4°C. The cells were washed once with
1 x Binding Buffer, which was prepared by diluting Annexin V
Binding Buffer (10X concentrate) and the cells were stained with
1 x Binding Buffer containing Annexin V-FITC and SYTOX for
20 min at room temperature. After staining, the cells were washed
twice with 1 x Binding Buffer and were measured using flow
cytometer (CytoFLEX S). After the measurement, the analysis was
carried out with Flow]o software.

Flow cytometric detection of mitochondrial membrane potential
variation with JC-1 staining: To detect mitochondrial membrane
potential difference (A¥m), cultured hDPSCs were resuspended
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with DPBS (0.1% HSA). The final cell concentration was set to
5-7.5 x 10° cells/mL and the cells were treated with the 0 mM, 2
mM, 4 mM, 8 mM, or 16 mM SO for 6 hours at 4°C. The cells were
washed once with DPBS (0.1% HSA) and the cells were stained
with DPBS (0.1% HSA) containing 100 pM of JC-1 (JC-1 Mito MP
Detection Kit from Donindo Chemical Research Institute) for 20
minutes at 37°C. After staining, the cells were washed once with
DPBS (0.1% HSA), were suspended with 1 x Imaging Buffer, which
was prepared by diluting 10 x Imaging Buffer from JC-1 Mito MP
Detection Kit, and were measured using flow cytometer (CytoFLEX
S).After the measurement, the analysis was carried out with Flow]o
software.

Flow cytometric detection of caspase 9 activity: To evaluate caspase
9 activity, cultured hDPSCs were resuspended with DPBS (0.1%
HSA). The final cell concentration was set to 5 x 10° cells/mL and
the cells were treated with the 0 mM, 2 mM, 4 mM, 8 mM, or
16 mM SO for 3 hours at 4°C. The cells were washed once with
DPBS (0.1% HSA) and the cells were stained with DPBS (0.1%
HSA) containing 500-fold diluted caspase 9 substrate (Caspase 9
(active) FITC Staining Kit from Abcam) and1000-fold diluted
SYTOX for 20 minutes at 37°C. After staining, the cells were
washed twice with DPBS (0.1% HSA) and were measured using
flow cytometer (CytoFLEX S). After the measurement, the analysis
was carried out with Flow]o software.

Effects of N-Acetyl-L-Cysteine and N-Acetyl-L-Tryptophan

on storage stability

To evaluate the effect of NAC or NAT, hDPSCs were added with/
without 5 mM NAC or NAT at the same time for being treated
with SO. Apoptosis detection, caspase 9 activity, and cell viability
were conducted by the methods described above.

Statistical analysis

The analysis was performed with the statistical analysis software JMP
(SAS Institute, version 14.0.0). Cellular viability test, mitochondrial
membrane potential detection test by JC-1 stain and caspase 9
activity test were analyzed by Dunnett’s test. Caspase 9 activity test,
Annexin V stain apoptosis detection test and cell viability test,
which were performed as the assessment of the effect of N-Acetyl-L-
cysteine or N-Acetyl-L-tryptophan addition on the storage stability
of SO reactive cells, were analyzed by Tukey-Kramer HSD test.

RESULTS
Cell viability study

To investigate effect of octanoate on cell viability, hDPSCs were
resuspended in DPBS (0.1% HSA) with different concentration
of SO, and cell viability by different SO concentrations were
evaluated after storing the cells for 24 hours and 48 hours under
4°C condition. In the presence of 0 mM, 1 mM, 2 mM, 4 mM,
8 mM, and 16 mM, mean cell viabilities were 87.8%, 90.8%,
80.7%, 56.6%, 39.7%, and 38.3% after 24 hours of storage,
respectively. The viability for cells treated with 8 mM or 16 mM SO
was significantly reduced compared to that in the absence of SO
(Figure 1A). After 48 hours of storage, mean cell viabilities were
86.8%, 58.8%, 25.8%, 17.5%, 13.5%, and 13.9%, respectively. A
significant decrease in viability was detected for all SO addition
groups (Figure 1B). Cell viability was maintained over 80% in O
mM condition throughout the experimental duration. From these
results SO concentration-dependent and time-dependent cell death
occurred when the cell suspensions were stored at 4°C.
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Figure 1: Effect of storage stability at 4°C on hDPSCs viability by
sodium octanoate treatment with cell viability method. Viable cells and
total cells were stained with acridine orange and DAPI (4',6- diamidino-
2-phenylindole), respectively. Each bar represents mean * standard
deviation of cell viability stored at 4°C for 24 h (A) and 48 h (B) (n=3).
Significant differences were observed between groups using Dunnett’s

test (p < 0.05, “p <0.001, ""p < 0.0001).

Apoptosis detection

In order to determine whether SO-triggered cell death is attributed
to the apoptosis of hDPSCs, the degree of apoptosis was measured
after storing the cells for 6 hours at 4°C in the presence of 0 mM,
1 mM, 2 mM, 4 mM, 8 mM, and 16 mM by flow-cytometry using
Annexin V/SYTOX doublestaining. From SO concentrations
more than 2 mM, the cell viability decreased, and apoptotic cells
were detected (Figure 2). Moreover, higher SO concentration was
found to increase the population of late apoptotic cells.
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Figure 2: Apoptosis assay on hDPSCs by sodium octanoate treatment
with FITC-Annexin V staining method. The ratios of viable cells,
early apoptotic cells and late apoptotic cells were quantified with flow
cytometric analysis (n=3). Each bar represents mean # standard
deviation of viable cells (black), early apoptotic cells (dark grey), or late
apoptotic cells (light grey) stored at 4°C for 6 h.
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Measurement of mitochondrial membrane potential

difference by JC-1 staining

To investigate the reason why apoptosis occurred in hDPSCs
treated by SO, A¥m as mitochondrial function was evaluated.
After storing cells for 6 hours at 4°C in the presence of 0 mM, 2
mM, 4 mM, 8 mM, and 16 mM SO, JC-1 fluorescence dye, which
has dual fluorescent property of either green fluorescent monomer
as depolarization or red fluorescent aggregates as hyperpolarization,
was used for monitoring the A¥m by flow cytometry. The mean
ratio of aggregates/monomer was 10.1%, 10.2%, 6.3%, 1.4%, and
0.9% after 6 hours of storage, respectively. A significant decrease
in the membrane potential was detected by SO at concentrations
more than 2 mM (Figure 3). Additionally, SO concentration-
dependent decrease of A¥m was detected.
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Figure 3: Mitochondrial membrane potential assay on DPSC by
sodium octanoate treatment with JC-1 staining method. The ratios
of aggregates/monomer were quantified with flow cytometric analysis
(n=4). Each bar represents mean * standard deviation of the ratio of
aggregates/monomer. Significant differences were observed between
groups using Dunnett’s test ("p < 0.001, ""p < 0.0001).
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Figure 4: Caspase 9 assay on DPSC by sodium octanoate treatment
with caspase 9 staining method. The ratios of activated-caspase 9
positive cells were quantified with flow cytometric analysis (n=4). Each
bar represents mean + standard deviation of the ratio of activated-
caspase 9 positive cells. Significant differences were observed between
groups using Dunnett’s test (****p < 0.0001).

Caspase 9 activity

Mitochondrial dysfunction, such as ROS generation and cytoplasmic
release induction of cytochrome ¢, leads to caspase 9 activation.
To confirm that mitochondrial dysfunction by SO is related to
apoptosis on hDPSCs, caspase 9 activity was evaluated, storing for
3 hours at 4°C in the presence of 0 mM, 2 mM, 4 mM, 8 mM, and
16 mM SO. The mean ratio of caspase 9 positive cells was 7.0%,
7.3%, 13.4%, 60.0%, and 75.4%, respectively. Significant increase
in caspase 9 activity was detected with SO at concentrations of 8
mM and 16 mM (Figure 4). A mild increase in caspase 9 activity was
observed at 4 mM SO, although the difference from the control
sample was not significant.

Evaluation on effect of acetyl amino acids on the storage
stability of SO-reacted cells

To confirm that anti-oxidative effect by acetyl amino acids on
hDPSCs, NAC or NAT were added in the condition of DPSCs
storage stability. Preventive effect of the acetyl amino acid against
apoptosis by SO was evaluated, storing for 6 hours at 4°C in the
presence of 0 mM, 2 mM, 4 mM, 8 mM, and 16 mM SO, and
with or without 5 mM NAC and NAT. The addition of NAC and

NAT significantly suppressed the generation of early apoptosis-
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Figure 5: Preventive effect of acetyl amino acids against apoptosis on
SO-treated hDPSCs. The ratios of early apoptotic cells (A) and late
apoptotic cells (B) were quantified by flow cytometric analysis with or
without acetyl amino acids (n=3). Each bar represents mean * standard
deviation of the ratio of early apoptotic cells (A) and late apoptotic
cells (B) on DMSO-treated (black bar), NAC-treated (dark grey bar),
or NAT-treated hDPSCs (light grey bar). Significant differences were
observed between groups using Tukey-Kramer HSD test (""p < 0.0001).

positive cells at concentrations of 8 mM and 16 mM SO (Figure
5A). Additionally, the increase of late apoptosis-positive cells was
observed due to SO concentration dependent manner and were
significantly suppressed at concentrations of 8 mM and 16 mM SO

with NAC and NAT (Figure 5B).

Next, to verify inhibitory effect of acetyl amino acids against
apoptosis on a molecular basis, effect of acetyl amino acids was
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activated-caspase 9 positive cells. Significant differences were observed
between groups using Dunnett’s test ("p < 0.001, ""p < 0.0001).
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Figure 7: Effect of storage stability at 49°C on hDPSCs viability by
sodium octanoate treatment with/without acetyl amino acid. Viable
cells and total cells were stained with acridine orange and DAPI (4',6-
diamidino-2-phenylindole), respectively. Each bar represent mean +
standard deviation (n=3) of cell viability stored at 4°C for 24 h (A) and
48 h (B). Significant differences were observed between groups using
Tukey- Kramer HSD test (""p < 0.0001).

evaluated on caspase 9 activity when stored for 3 hours at 4°C in
the presence of 8 mM SO, and at the same time in the presence or
absence of 5 mM NAC or NAT. We identified that the addition of
NAC or NAT significantly suppressed SO-dependent activation of
caspase 9 (Figures 6A and 6B). Moreover, these suppressive effects
led to similar caspase 9 activation levels to controls (SO (-) groups).

Finally, to investigate that the preventive activity of acetyl amino acid
affects whole cell function, cell viability was evaluated storing for 24
hours and 48 hours at 4°C in the presence of 0 mM, 2 mM, 4 mM,
8 mM, and 16 mM SO, and with or without 5 mM NAC and NAT.
After 24 hours of storage, the cell death detected with 8 mM and
16 mM SO was significantly suppressed by the addition of NAC or
NAT (Figure 7A). Additionally, after 48 hours of storage, cell death
detected in the presence of SO was significantly suppressed by the
addition of NAC or NAT (Figure 7B). The addition of NAC or
NAT significantly increased cell viability compared with treatment
by 16 mM SO, however these protective effects on cell viability did
not lead to fully recover cell viability in the absence of SO (Figure
7B, 0 mM SO vs. 16 mM SO treated by NAC; P<0.05, 0 mM SO
vs. 16 mM SO treated by NAT; P<0.01).

DISCUSSION

We conducted this research in order to clarify the effect of SO on
cell storage stability, and to identify the mechanism of SO-induced
cytotoxicity using hDPSCs as the model of MSCs that are expected
to have various pharmacological efficacies in cell therapy fields.
In this study, we evaluated whether SO dependent cytotoxicity
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on hDPSCs during the hypothermic storage and acetyl amino
acids can rescue SO-induced cell damage. The results from cell
viability. The results from cell viability, apoptosis, mitochondrial
transmembrane potential difference (A¥m), and caspase 9 activity
suggested that the SO at high concentration attenuate the function
of mitochondria by suppressing the A¥m, and consequently
activates caspase 9, leading to apoptosis and cell death. Caspase
9 is activated by mitochondrial dysfunction, ROS generation and
cytoplasmic release induction of cytochrome c [27,28]. It has been
reported that NAC and NAT could inhibit ROS generation and
cytoplasmic release of cytochrome ¢, respectively [29,30]. We found
that the addition of NAC and NAT suppressed caspase 9 activation,
apoptosis, and cell death induced by SO in hDPSCs. The results
supported that SO has a characteristic of inhibiting mitochondrial
function and the induced mitochondrial dysfunction can be
rescued by the antioxidant effects of NAC and NAT. Juan et al.
reported that FDA and EMA specified the minimal cell viability
for MSC-based cell therapy products as 70% and 80%, respectively
[23]. We consider that these criterions help it prove the justification
that cell viability was more than 80% without SO treatment shown
in Figure 1 and maintained more than 70% for SO treated hDPSCs
with NAC or NAT represented in Figure 7.

Our study showed that it is possible to manufacture a cell product
that satisfies the specification as described above if the SO
concentration is not more than 2 mM when stored within 24 hours
at 4°C. HSA drug products generally contain SO at a concentration
of approximately 16 mM [31]. In cell therapy manufacturing, cells
could contact SO contained in HSA during buffer exchange
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process as well as formulation and cryopreservation process.
Therefore, our study could be helpful to evaluate the effects of SO
on cells during manufacturing processing. In this study, to identify
the effect of SO on hDPSCs, DPBS was used as the suspension
buffer due to its simple composition and 0.19% HSA was added to
suppress attachment to the container during sample preparation.
Acetyl tryptophan is included in HSA drug products at similar
concentration as SO as an excipient [31]. For example, when HSA
drug products are diluted to prepare the solution containing 5 mM
acetyl tryptophan, the SO concentration contained in the diluted
solution becomes 5 mM. The induction of caspase 9 activity,
apoptosis, and cell death due to SO were suppressed by the addition
of NAC and NAT in this study. Therefore, it is assumed that 5 mM
acetyl tryptophan in the solution prepared by the diluted HSA drug
products could sufficiently suppress the cell death caused by SO
concentration contained in diluted HSA drug products. Reports
on cell storage stability using HSA drug products have shown that
cell death still occurred at HSA concentrations of 2% to 5% [26].
The estimated concentration of acetyl tryptophan calculated from
Harm’s report [31] is up to 4 mM for 5% HSA drug products.
This concentration of acetyl tryptophan reported by Harm et al. is
close to the effective concentration of our study, while showed no
protective effects. Acetyl tryptophan is an unstable amino acid and
prone to degradation by light, and afterwards N-formylkynurenine,
kynurenine, and quinolinic acid are generated [32,33]. Assuming
this degradation sensitivity of acetyl tryptophan on MSCs storage
stability with HSA drug product, acetyl tryptophan might be
degraded, and the inhibitory effect of cell death caused by SO might
not be sufficiently inhibited. Considering the degradation of acetyl
tryptophan, additional acetyl tryptophan is more effective to rescue
apoptosis and cell death of MSCs that may be caused by SO in HSA
drug products. Therefore, the inhibition of cell death by NAC and
NAT revealed in this experiment is significant from the viewpoint
of process development for MSCs as cell therapy medicines.

It was clarified that mitochondrial function is inhibited by SO in
this experiment. This result suggests that excessive amount of SO
may be taken into mitochondria and mitochondrial function such
as Broxidation may have been inhibited. We proved that this
decrease in the mitochondrial membrane potential was caused by
sodium octanoate using JC-1 staining. Inhibition of the caspase 9
activity caused by NAC and NAT was distinctly detected at 5 mM,
but at lower concentrations (e.g. 1 mM), no inhibition of caspase
9 activity could be detected (data not shown). Some reports show
that NAC needs to be added at mM-order level to exert the cellular
anti-oxidation, so that, the results in this study that the effective
dose was 5 mM of NAC and NAT, is similar to the concentration
range previously reported [34-37]. Thus, concentration of around 5
mM is considered to be required for inhibition of caspase 9 activity
in hDPSCs. It was clarified that cell viability was decreased for 48
hours in the presence of 2 mM SO in Figure 1B. Additionally, it was
revealed that the addition of NAC and NAT rescued the decrease
in cell viability for 48 hours in the presence of 2 mM SO in Figure
7. These results indicate that long-term retention of even a small
amount of sodium octanoate induces cell death, supported by the
report that cell proliferation decreases by about 50% in the culture
of MSC:s in the presence of 0.5 mM to 0.6 mM sodium octanoate
[14]. Therefore, these results suggest that the cell viability exposed
by less than 1 mM SO for a longer time may be decreased and may
recover cell viability by the anti-oxidative effect of NAC and NAT.
It has been reported that preconditioning, such as the addition of a
caspase inhibitor or under hyperoxic conditions, affects inhibition
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of apoptosis and cell survival [38]. The results in Figure 7B shows
that the effect of NAC and NAT tend not to completely rescue
SO dependent cell death compared with the negative control (SO
negative sample) for 48 hours. The experimental protocol in this
study does not include preconditioning of NAC and NAT. NAC
and NAT were added at the same time as SO added to hDPSCs,
however it is meaningful that cell death can be suppressed without
preconditioning from the point of view of simpler operation in
manufacturing process development.

Regarding the approach of apoptosis inhibition, there are some
evidences reported as below. Apoptosis could be inhibited on
ADSCs stably expressing HIFla [39]. Down-regulation of ROS,
caspase9, and caspase 3 could be observed with exogenous HIF1a,
but it did not lead to rescue of mitochondrial membrane potential
in the cells. Berberine activates the mitochondrial membrane
potential and inhibits apoptosis of ADSCs under hypoxic
conditions and no serum [40,41]. It was also reported that NAC
and ascorbic acid 2-phosphate synergize to suppress mitoptosis,
necrosis, and apoptosis of MSCs [42]. Furthermore, NAC has been
reported to suppress the generation of ROS and apoptosis derived
from FAS ligand on MSCs [43]. By conducting manufacturing
using preconditioning and metabolic improvement as shown
above, addition of NAC or NAT can improve the quality of
manufactured cellular products. In this study, it was clarified that
cell death caused by SO was suppressed in the presence of NAC or
NAT, but no rescue of mitochondrial membrane potential by SO in
the presence of NAC or NAT was observed (data not shown), and
no molecules that directly affect SO could be identified. Addition
of substances with antioxidant effects, such as berberine, which
activates the membrane potential of mitochondria, and vitamin E,
which suppresses the increase of lipid peroxide, may be effective for

the SO dependent inhibition [44].
We utilized hDPSCs as the model of MSCs in this study. SO

dependent cell death has been reported on bone marrow
mesenchymal stromal cell [14], and we found similar toxic effects
on hDPSCs. However, regarding other type of MSCs, evaluation
of cytotoxicity including caspase 9 -mediated apoptosis as described
in this study might need to be implemented because various type
of MSCs can be collected from different organs of the body and
the function of mitochondria may differ between each MSC types.
Regarding the molecular basis relating to SO derived mitochondrial
dysfunction, detailed evaluation such as metabolic flux analysis
in mitochondria, will be required to expand the finding in this
study. We also confirmed that either NAC or NAT significantly
inhibited cytotoxicity and recovered cell functions up to the level
of untreated MSCs. The additive effect of both NAC and NAT
could be expected regarding inhibition of cytotoxicity, however
we didn’t conduct further experiment of evaluating this additive
effect because adequate prevention of cytotoxicity was detected
by either NAC or NAT alone. Effect of combination with NAC
and NAT as well as other antioxidants such as berberine described
above may need to be evaluated with further functional analysis as
mitochondrial dysfunction by SO.

Developing cell therapy products as pharmaceuticals, formulation
buffer components should be considered carefully from the point of
view of efficacy, safety, and quality. Basically, cells should be cultured
and maintained in an appropriate medium during upstream
manufacturing process, and for that reason it is very difficult to
select a suitable solution to be used for formulation process to
maintain the cell function and viability. Regarding development of
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formulation process, not only formulation buffer selection, but also
determination of buffer exchange solution after cell harvest should
be required, because formulation process is a drastic exchange
from nutrient rich environment like an appropriate medium to
simple component in order to minimize human safety risk. Based
on the various evidences described above, utilization of HSA drug
products is considered to be significant from the viewpoint of
development of cell therapy products, because HSA prevents cell
loss, protects cells during freezing, and also protects cells from
adsorption to the container. However, the potentially detrimental
effects of SO included in HSA drug products must be considered
carefully because of the results in this study. Adding either NAC or
NAT can not only ameliorate the SO-induced apoptosis and cell
death, but also contribute to development of formulation buffer
solution of cell therapy product or development of manufacturing
process such as formulation development.

CONCLUSION

Our results suggest that the SO dependent cell death on MSCs
is likely due to mitochondrial dysfunction and caspase 9-mediated
apoptosis. This study clarified that SO triggered caspase 9 activation
dependent on mitochondrial dysfunction by ROS generation or
cytoplasmic release of cytochrome c, and the acetyl amino acids play
a critical role in inhibiting the SO dependent cytotoxicity on MSCs.
Our research indicated that inhibitory effects of acetyl amino acids
may contribute to the process development in cell therapy field. We
also provide usefulness for improving manufacturability and quality
of cell therapy products.
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