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INTRODUCTION

Human mesenchymal stromal/stem cells (hMSCs) hold incredible potential for use in cell therapies. Due to their immunomodulatory properties 
and multipotent potential to support cartilage, bone, and other cell types, hMSCs are being investigated for use in a wide range of indications. 
With the recent FDA approval of remestemcel-L-rknd (Ryoncil) for steroid-refractory acute graft-versus-host disease (SR-aGvHD), therapy 
developers are increasingly focused on bringing MSC therapies to the market. 

Like most cell therapies, MSC therapies require the expansion of hMSCs ex vivo to generate a clinically relevant number of cells. Such a  
manufacturing process must be reproducible and minimize cell stress in order to maximize the therapeutic efficacy of the cells. There are  
numerous challenges in the manufacturing workflow for MSC therapies that need to be addressed to realize the full potential of this therapeutic  
modality. Specifically, these manufacturing challenges include achieving high levels of MSC expansion while maintaining stemness and maintaining  
cell quality throughout the cryopreservation process. 

FUJIFILM Irvine Scientific offers a wide range of cell culture reagents that support the manufacturing workflow of MSC-based therapies (Figure 1).  
Here we demonstrate how these reagents can be utilized for large-scale expansion and cryopreservation of hMSCs from various sources. 

METHODS

Cell source: Commercially-available, human adipose-derived MSCs (AD-MSCs), bone marrow-derived MSCs (BM-MSCs), or umbilical cord-
derived MSCs (UC-MSCs) were used to generate the data presented here.

Quantum bioreactor: hMSCs were initially expanded in flasks to a seeding amount of 14–25 x 106 cells per bioreactor. RUO bioreactors 
were coated with 5 mg/unit of human fibronectin, and the seeded hMSCs were expanded for 7 days following an MSC expansion protocol 
provided by Terumo Blood and Cell Technologies (BCT).

Flow cytometry: Cell samples were taken at Day 0 and Day 7 of culture in the Quantum bioreactor, prepared in a PBS + 0.5% BSA flow 
buffer solution, and analyzed using a standard MSC marker panel. Analysis was performed using a 6-color panel for 3 positive markers 
(CD73, CD90, and CD105), 2 negative controls (CD34 and CD45), and an amine-reactive viability dye.

Differentiation: hMSCs were harvested, seeded, and differentiated following the protocol for PRIME-XV Adipogenic SFM and PRIME-XV 
Chondrogenic XSFM for adipogenic and chondrogenic differentiation, respectively. Osteogenic differentiation was performed following a 
commercially-available kit.

Cryopreservation: hMSCs were harvested and resuspended in cryopreservation solution and filled into a commercially-available 
cryopreservation bag. The bags were frozen using a controlled rate freezer and stored in a liquid nitrogen dewar. The cells were thawed 
in a water bath and immediately assessed for viable cell density and viability. The thawed cells were also cultured for 3 days to assess 
post-thaw expansion.
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RESULTS

Choosing the right reagents is critical in the successful development and manufacture of MSC-based therapies. Here, we have highlighted 
the capability of PRIME-XV MSC Expansion XSFM to support robust expansion of hMSCs of various sources. Furthermore, we demonstrate 
the use of PRIME-XV MSC XSFM Dual Component Kit in a closed-system bioreactor to achieve large-scale expansion of hMSCs, yielding 
200 x 106 hMSCs in 7 days of expansion while maintaining stemness of hMSCs post-expansion. Finally, we show that PRIME-XV FreezIS 
DMSO-Free performs similarly to a commercially-available, DMSO-containing cryopreservation solution when cryopreserving hMSCs in 
a clinically relevant format using a cryopreservation bag. Together, these reagents from FUJIFILM Irvine Scientific address some of the 
most critical challenges that currently exist in MSC cell therapy workflows.

Figure 2. PRIME-XV MSC Expansion XSFM supports 
robust expansion of hMSCs derived from bone marrow, 
adipose tissue, and umbilical cord. AD-MSCs, BM-MSCs,  
and UC-MSCs were cultured in PRIME-XV MSC Expansion 
XSFM through 3 passages. Each passage was harvested at 
80% confluence and assessed for cell count and viability.

Figure 4. hMSCs maintain their stem cell phenotype 
at Day 7 post-expansion in PRIME-XV MSC XSFM Dual  
Component Kit with Phenol Red. The expression of 
negative markers CD34 and CD45 remained below 2%  
over the course of the culture. The expression of the positive  
markers CD73, CD90, and CD105 ranged from 94–100%, 
indicating the maintenance of MSC differentiation potential  
over the course of the culture, similar to the PRIME-XV MSC 
Expansion XSFM.

Figure 5. hMSCs expanded in PRIME-XV MSC Expansion XSFM in the Quantum bioreactor remain capable of trilineage differentiation. 
BM-MSCs were harvested from the Quantum bioreactor post-expansion and seeded into differentiation media in tissue culture plates 
(adipogenic and osteogenic) or conical tubes (chondrogenic). After differentiation, the cells were fixed and stained as follows: (A) Alizarin Red 
stains for calcium deposits in osteocytes, (B) Oil Red O stains for lipid droplets in adipocytes, (C) Alcian blue stains for cartilage.

A B C

Figure 6. Cryopreservation of hMSCs in bags using 
PRIME-XV FreezIS DMSO-Free achieves similar 
performance to a commercially-available, DMSO- 
containing solution. BM-MSCs were frozen using a 
15 mL fill volume in cryopreservation bags following a 
custom freezing protocol using a controlled-rate freezer. 
When compared against a commercially-available, 
DMSO-containing cryopreservation solution, the DMSO- 
free cryopreservation solution achieved similar cell recovery  
as assessed by viable cell density (VCD) and cell viability 
at thaw. Furthermore, the hMSCs that were cultured 
post-thaw showed no loss in proliferative capacity 
compared to the DMSO-containing solution. All values 
are normalized to the average of the values from the 
DMSO-containing solution.

Figure 3. Successful large-scale expansion of hMSCs  
in a closed-system format. Results from 7-day expansion  
of hMSCs using PRIME-XV MSC XSFM Dual Component 
Kit with Phenol Red shows an average of 8-fold expansion  
while maintaining viability above 90%. Using the Quantum  
bioreactor, a total cell yield of greater than 200 million cells 
can be achieved.

Figure 1. Reagents for supporting MSC workflow. FUJIFILM Irvine Scientific provides GMP compliant reagents to support research and clinical  
use of hMSCs. 
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INTRODUCTION

Using human mesenchymal stromal/stem cells (hMSCs) as therapeutic products requires 
a reproducible manufacturing process that minimizes cell stress with reduced cell 
handling, while maximizing differentiation potential with robust cell growth in scalable 
systems. The rational design approach to media development, employed by FUJIFILM 
Irvine Scientific, produced a xeno- and serum-free medium (XSFM) with a strong 
performance in static culture systems. 

Recently, the medium format has been adapted for large-scale closed culture systems. 
The new dual component format consists of two bags, a smaller supplement bag that 
keeps the critical, temperature sensitive components frozen until ready to use, and a larger 
5 L basal media bag that is packaged in a convenient suitcase format for refrigerated 
storage. Lines of pellethane tubing on both bags allow for easy connection by aseptic 
welding. The tubing is compatible with the Terumo BCT Quantum and Quantum Flex, as 
well as the TSCD-Q sterile tubing welder; however, the additional included PVC line may 
facilitate compatibility with other closed systems. PRIME-XV MSC XSFM Dual Component 
Kit with Phenol Red provides a powerful and versatile tool for consistent, reproducible 
hMSC manufacturing and downstream processing.

METHODS

Cell source: All data presented were generated using commercially-available human 
adipose-derived MSCs (ADMSCs) at passage 3 or below. 

Flow cytometry: Cell samples were taken at day 0 and day 7 of the Quantum culture, 
prepared in a 0.5% BSA + PBS flow buffer solution, and analyzed using a standard MSC 
marker panel. Analysis was performed on a BD FACSymphony A3 using a 6-color panel for 
three positive markers (CD73, CD90, and CD105), two negative controls (CD34 and CD45), 
and an amine-reactive viability dye.

Quantum bioreactor: ADMSCs between passage zero and two were initially expanded 
in flasks to a seeding amount of 14–25x106 cells per bioreactor. RUO bioreactors were 
coated with 5 mg/unit of human fibronectin, and the seeded ADMSCs were expanded for 
seven days following an MSC expansion protocol provided by Terumo BCT.

(A) SUPPLEMENT BAG

• 10 mL supplement

• Stored at -20°C
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RESULTS

The new PRIME-XV MSC XSFM Dual Component Kit with Phenol Red is fully compatible 
with hollow fiber bioreactors and supports 200x106 total MSCs from and initial seed of 
25x106 cells in seven days of expansion, and helps maintain stemness of ADMSCs post-
expansion. The dual component kit also enhances product stability and reduces the need 
for freezer storage, while maintaining sterility for any closed system applications in MSC 
manufacturing and MSC-based therapy. 

Pellethane Tubing

PVC Tubing 

Fill Port

B
A

C

Figure 1. PRIME-XV MSC XSFM Dual Component 
Kit with Phenol Red setup. The 500x PRIME-XV 
MSC XSFM Supplement is provided in a 10 mL 
(A) bag to minimize freezer storage volume while 
protecting the  formulation’s temperature-sensitive 
components. The basal media bag (B) is stored at 
2–8°C and must be brought to room temperature 
prior to infusing into the bioreactor. The supplement 
and basal bag may be aseptically welded to create 
the complete medium shortly before initiating the 
experiment. Connect the pellethane tubing (B) to 
hollow fiber bioreactor system that uses compatible 
pellethane tubing (C). For additional bioreactor 
connection option use the the PVC.

(B) BASAL MEDIA BAG
(C) HOLLOW FIBER  

BIOREACTOR

• 5 L basal media

• Stored at 2-8°C

• One PVC and two  
pellethane lines for  
flexible connections

Or another bioreactor with 
compatible pellethane tubing
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Figure 4. ADMSCs maintain their stem cell 
phenotype at day 7 post-expansion in  
PRIME-XV MSC XSFM Dual Component Kit 
with Phenol Red. The expression of negative 
markers CD34 and CD45 remained well below 
2% over the course of the culture. The expression 
of the positive markers CD73, CD90, and CD105 
ranged from 94–100%, indicating the maintenance 
of MSC differentiation potential over the course of 
the culture, similar to the complete medium. Results 
are representative of three donors. All measurements 
were taken in triplicate.
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The application of human mesenchymal stem cells (hMSCs) as therapeutic products necessitates a reproducible
manufacturing process that minimizes cell stress with reduced cell handling, while maximizing differentiation
potential with robust cell growth in scalable systems.
FUJIFILM’s rational design approach to media development produced a xeno- and serum-free medium (XSFM)
with strong performance in static culture systems. Recently, the medium format has been adapted for large-scale
closed culture systems: the dual component bag keeps the critical, temperature-sensitive components frozen
until ready to use, while the 5L bag of basal media is packaged in a convenient suitcase format for refrigerated
storage. Lines of pellethane tubing on both bags allow for easy connection by aseptic welding. The tubing is
compatible with the Terumo BCT Quantum and Quantum Flex, as well as the TSCD-Q sterile tube welder;
however, the additional included PVC line may facilitate compatibility with other closed systems.
PRIME-XV MSC Expansion XSFM Dual Bag format provides a powerful and versatile tool for consistent,
reproducible hMSC manufacturing and downstream processing.
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METHODSINTRODUCTION

SUMMARY
The new 5L dual bag format of PRIME-XV MSC Expansion XSFM is fully compatible with the Quantum bioreactor, supports a
yield of over 200x106 total MSCs from an initial seed of 25x106 cells in seven days of expansion, and helps maintain stemness of
hADMSCs post-expansion.
The dual bag component format enhances product stability and reduces the need for freezer storage, while maintaining sterility
for any closed system applications in MSC manufacturing and MSC-based therapy.

FIGURE 3. The kinetics of lactate generation and glucose
consumption are comparable between the dual component and
complete media 5L bags. Glucose and lactate concentrations shown
over the course of expansion of one donor. The slopes of the glucose
consumption and lactate production lines were similar between the
two conditions, with the complete bag lagging slightly behind in both.
This is consistent with the average fold expansion data presented in
Figure 2, as well as with the other two donors. All measurements were
taken in duplicate.

Cell source: All data presented were generated using commercially available human adipose-derived MSCs
(hADMSCs) at passage 3 or below.

Quantum Bioreactor: hADMSCs between passage
zero and two were initially expanded in flasks to a
seeding amount of 14-25x106 cells per bioreactor. RUO
bioreactors were coated with 5 mg/unit of human
fibronectin, and the seeded ADMSCs were expanded
for seven days following an MSC expansion protocol
provided by Terumo BCT.

Flow cytometry: Cell samples were taken at Day 0 and
Day 7 of the Quantum culture, prepared in a 0.5% BSA +
PBS flow buffer solution, and analyzed using a standard
MSC marker panel. Analysis was performed on a BD
FACSymphony A3 using a 6-color panel for three positive
markers (CD73, CD90, and CD105), two negative
controls (CD34 and CD45), and an amine-reactive
viability dye.

FIGURE 1. PRIME-XV MSC Expansion XSFM Dual Bag
format. (A) The 500x frozen supplement is provided in
a 10mL bag to minimize freezer storage volume while
protecting the formulation’s temperature-sensitive
components. (B) The basal media bag is stored at 2-8°C
and must be brought to room temperature prior to
infusing into the bioreactor to avoid bubble formation.
The supplement and basal bag may be aseptically
welded (C) to create the complete medium shortly
before initiating the experiment, and (D) the
pellethane tubing of the basal bag is compatible with
the Quantum bioreactor cell expansion set (E) or any
other system that uses compatible tubing. (F) The PVC
line attached to the basal bag allows for additional
bioreactor options.

Supplement bag
• 10 mL supplement
• Stored at -20°C
• Thaw and mix with

base simultaneously

Basal media bag
• 5 liters basal media
• Stored at 2-8°C
• Bring to room

temperature 24 hr
prior to experiment

• One PVC and two
pellethane lines for
flexible connections

Quantum Hollow 
Fiber Bioreactor
Or another bioreactor 
with compatible 
pellethane tubing

(A) (B)

(C)

(D)

(E) (F)

FIGURE 2. PRIME-XV MSC Expansion XSFM
Dual Bag performs similarly or better than
PRIME-XV Complete MSC XSFM in 5L
frozen bags. Results from three different
donors demonstrate some donor-to-donor
variability in fold expansion of hADMSCs.
Viability is consistently maintained at or
above 90% over the course of the 7-day
expansion. The discrepancy in the average
performance between the dual bag and
complete conditions may be explained by
differences in initial storage temperature.
Due to the large volume (5L) of frozen media
in the complete XSFM, it had to be thawed
in the refrigerator for over 48 hours to
completely thaw, whereas the temperature-
sensitive components of the dual
component bag were thawed less than an
hour before the initiation of the expansion,
and thus had less time to degrade.

FIGURE 4. hADMSCs maintain their stem cell phenotype at day 7
post-expansion in the Terumo Quantum bioreactor and PRIME-
XV MSC Expansion XSFM. The expression of negative markers
CD34 and CD45 remained well below 2% over the course of the
culture. The expression of the positive markers CD73, CD90, and
CD105 ranged from 94-100%, indicating the maintenance of MSC
differentiation potential over the course of the culture. Results are
representative of three donors. All measurements were taken in
triplicate.

Figure 3. The kinetics of glucose consumption 
and lactate generation are comparable between 
the PRIME-XV MSC XSFM Dual Component 
Kit with Phenol Red (Dual Component Kit) and 
PRIME-XS MSC Expansion XSFM (Complete 
Medium). Glucose and lactate concentrations 
shown over the course of expansion of one donor. 
The slopes of the glucose  consumption and lactate 
production lines were similar between the two 
conditions, with the complete bag lagging slightly 
behind in both. This is consistent with the average 
fold expansion data presented in Figure 2, as well as 
with the other two donors. All measurements were 
taken in duplicate.

G
lu

co
se

 (g
/L

)

Day
 0

Day
 1

Day
 2

Day
 3

Day
 4

Day
 5

Day
 6

Day
 7

Lactate (m
m

o
/L)

1.4

1.2

1.0

0.8

0.6

6

5

4

3

2

1

0

Dual Component Kit Lactate

Dual Component Kit Glucose

Complete Medium Lactate

Complete Medium Glucose

Figure 2. PRIME-XV MSC XSFM Dual Component 
Kit with Phenol Red performs similarly or better 
than the thawed PRIME-XV MSC Expansion XSFM 
(Complete Medium). Results from three different 
donors demonstrate some donor-to-donor 
variability in fold expansion of ADMSCs. Viability 
is consistently maintained at or above 90% over the 
course of the 7-day expansion. The discrepancy 
in the average performance between the dual bag 
and complete conditions may be explained by 
differences in initial storage temperature. Due to the 
large volume (5 L) of frozen media in the complete 
PRIME-XV MSC Expansion XSFM, it had to be 
thawed in the refrigerator for over 48 hours to 
completely thaw, whereas the temperature-sensitive 
components of the dual component bag were 
thawed less than an hour before the initiation of the 
expansion, and thus had less time to degrade.
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The application of human mesenchymal stem cells (hMSCs) as therapeutic products necessitates a reproducible
manufacturing process that minimizes cell stress with reduced cell handling, while maximizing differentiation
potential with robust cell growth in scalable systems.
FUJIFILM’s rational design approach to media development produced a xeno- and serum-free medium (XSFM)
with strong performance in static culture systems. Recently, the medium format has been adapted for large-scale
closed culture systems: the dual component bag keeps the critical, temperature-sensitive components frozen
until ready to use, while the 5L bag of basal media is packaged in a convenient suitcase format for refrigerated
storage. Lines of pellethane tubing on both bags allow for easy connection by aseptic welding. The tubing is
compatible with the Terumo BCT Quantum and Quantum Flex, as well as the TSCD-Q sterile tube welder;
however, the additional included PVC line may facilitate compatibility with other closed systems.
PRIME-XV MSC Expansion XSFM Dual Bag format provides a powerful and versatile tool for consistent,
reproducible hMSC manufacturing and downstream processing.
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The new 5L dual bag format of PRIME-XV MSC Expansion XSFM is fully compatible with the Quantum bioreactor, supports a
yield of over 200x106 total MSCs from an initial seed of 25x106 cells in seven days of expansion, and helps maintain stemness of
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The dual bag component format enhances product stability and reduces the need for freezer storage, while maintaining sterility
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FIGURE 3. The kinetics of lactate generation and glucose
consumption are comparable between the dual component and
complete media 5L bags. Glucose and lactate concentrations shown
over the course of expansion of one donor. The slopes of the glucose
consumption and lactate production lines were similar between the
two conditions, with the complete bag lagging slightly behind in both.
This is consistent with the average fold expansion data presented in
Figure 2, as well as with the other two donors. All measurements were
taken in duplicate.

Cell source: All data presented were generated using commercially available human adipose-derived MSCs
(hADMSCs) at passage 3 or below.

Quantum Bioreactor: hADMSCs between passage
zero and two were initially expanded in flasks to a
seeding amount of 14-25x106 cells per bioreactor. RUO
bioreactors were coated with 5 mg/unit of human
fibronectin, and the seeded ADMSCs were expanded
for seven days following an MSC expansion protocol
provided by Terumo BCT.

Flow cytometry: Cell samples were taken at Day 0 and
Day 7 of the Quantum culture, prepared in a 0.5% BSA +
PBS flow buffer solution, and analyzed using a standard
MSC marker panel. Analysis was performed on a BD
FACSymphony A3 using a 6-color panel for three positive
markers (CD73, CD90, and CD105), two negative
controls (CD34 and CD45), and an amine-reactive
viability dye.

FIGURE 1. PRIME-XV MSC Expansion XSFM Dual Bag
format. (A) The 500x frozen supplement is provided in
a 10mL bag to minimize freezer storage volume while
protecting the formulation’s temperature-sensitive
components. (B) The basal media bag is stored at 2-8°C
and must be brought to room temperature prior to
infusing into the bioreactor to avoid bubble formation.
The supplement and basal bag may be aseptically
welded (C) to create the complete medium shortly
before initiating the experiment, and (D) the
pellethane tubing of the basal bag is compatible with
the Quantum bioreactor cell expansion set (E) or any
other system that uses compatible tubing. (F) The PVC
line attached to the basal bag allows for additional
bioreactor options.
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• 10 mL supplement
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base simultaneously
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prior to experiment
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FIGURE 2. PRIME-XV MSC Expansion XSFM
Dual Bag performs similarly or better than
PRIME-XV Complete MSC XSFM in 5L
frozen bags. Results from three different
donors demonstrate some donor-to-donor
variability in fold expansion of hADMSCs.
Viability is consistently maintained at or
above 90% over the course of the 7-day
expansion. The discrepancy in the average
performance between the dual bag and
complete conditions may be explained by
differences in initial storage temperature.
Due to the large volume (5L) of frozen media
in the complete XSFM, it had to be thawed
in the refrigerator for over 48 hours to
completely thaw, whereas the temperature-
sensitive components of the dual
component bag were thawed less than an
hour before the initiation of the expansion,
and thus had less time to degrade.

FIGURE 4. hADMSCs maintain their stem cell phenotype at day 7
post-expansion in the Terumo Quantum bioreactor and PRIME-
XV MSC Expansion XSFM. The expression of negative markers
CD34 and CD45 remained well below 2% over the course of the
culture. The expression of the positive markers CD73, CD90, and
CD105 ranged from 94-100%, indicating the maintenance of MSC
differentiation potential over the course of the culture. Results are
representative of three donors. All measurements were taken in
triplicate.
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INTRODUCTION

Using human mesenchymal stromal/stem cells (hMSCs) as therapeutic products requires 
a reproducible manufacturing process that minimizes cell stress with reduced cell 
handling, while maximizing differentiation potential with robust cell growth in scalable 
systems. The rational design approach to media development, employed by FUJIFILM 
Irvine Scientific, produced a xeno- and serum-free medium (XSFM) with a strong 
performance in static culture systems. 

Recently, the medium format has been adapted for large-scale closed culture systems. 
The new dual component format consists of two bags, a smaller supplement bag that 
keeps the critical, temperature sensitive components frozen until ready to use, and a larger 
5 L basal media bag that is packaged in a convenient suitcase format for refrigerated 
storage. Lines of pellethane tubing on both bags allow for easy connection by aseptic 
welding. The tubing is compatible with the Terumo BCT Quantum and Quantum Flex, as 
well as the TSCD-Q sterile tubing welder; however, the additional included PVC line may 
facilitate compatibility with other closed systems. PRIME-XV MSC XSFM Dual Component 
Kit with Phenol Red provides a powerful and versatile tool for consistent, reproducible 
hMSC manufacturing and downstream processing.

METHODS

Cell source: All data presented were generated using commercially-available human 
adipose-derived MSCs (ADMSCs) at passage 3 or below. 

Flow cytometry: Cell samples were taken at day 0 and day 7 of the Quantum culture, 
prepared in a 0.5% BSA + PBS flow buffer solution, and analyzed using a standard MSC 
marker panel. Analysis was performed on a BD FACSymphony A3 using a 6-color panel for 
three positive markers (CD73, CD90, and CD105), two negative controls (CD34 and CD45), 
and an amine-reactive viability dye.

Quantum bioreactor: ADMSCs between passage zero and two were initially expanded 
in flasks to a seeding amount of 14–25x106 cells per bioreactor. RUO bioreactors were 
coated with 5 mg/unit of human fibronectin, and the seeded ADMSCs were expanded for 
seven days following an MSC expansion protocol provided by Terumo BCT.

(A) SUPPLEMENT BAG

• 10 mL supplement

• Stored at -20°C
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RESULTS

The new PRIME-XV MSC XSFM Dual Component Kit with Phenol Red is fully compatible 
with hollow fiber bioreactors and supports 200x106 total MSCs from and initial seed of 
25x106 cells in seven days of expansion, and helps maintain stemness of ADMSCs post-
expansion. The dual component kit also enhances product stability and reduces the need 
for freezer storage, while maintaining sterility for any closed system applications in MSC 
manufacturing and MSC-based therapy. 
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Figure 1. PRIME-XV MSC XSFM Dual Component 
Kit with Phenol Red setup. The 500x PRIME-XV 
MSC XSFM Supplement is provided in a 10 mL 
(A) bag to minimize freezer storage volume while 
protecting the  formulation’s temperature-sensitive 
components. The basal media bag (B) is stored at 
2–8°C and must be brought to room temperature 
prior to infusing into the bioreactor. The supplement 
and basal bag may be aseptically welded to create 
the complete medium shortly before initiating the 
experiment. Connect the pellethane tubing (B) to 
hollow fiber bioreactor system that uses compatible 
pellethane tubing (C). For additional bioreactor 
connection option use the the PVC.

(B) BASAL MEDIA BAG
(C) HOLLOW FIBER  

BIOREACTOR

• 5 L basal media

• Stored at 2-8°C

• One PVC and two  
pellethane lines for  
flexible connections

Or another bioreactor with 
compatible pellethane tubing
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Figure 4. ADMSCs maintain their stem cell 
phenotype at day 7 post-expansion in  
PRIME-XV MSC XSFM Dual Component Kit 
with Phenol Red. The expression of negative 
markers CD34 and CD45 remained well below 
2% over the course of the culture. The expression 
of the positive markers CD73, CD90, and CD105 
ranged from 94–100%, indicating the maintenance 
of MSC differentiation potential over the course of 
the culture, similar to the complete medium. Results 
are representative of three donors. All measurements 
were taken in triplicate.
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The application of human mesenchymal stem cells (hMSCs) as therapeutic products necessitates a reproducible
manufacturing process that minimizes cell stress with reduced cell handling, while maximizing differentiation
potential with robust cell growth in scalable systems.
FUJIFILM’s rational design approach to media development produced a xeno- and serum-free medium (XSFM)
with strong performance in static culture systems. Recently, the medium format has been adapted for large-scale
closed culture systems: the dual component bag keeps the critical, temperature-sensitive components frozen
until ready to use, while the 5L bag of basal media is packaged in a convenient suitcase format for refrigerated
storage. Lines of pellethane tubing on both bags allow for easy connection by aseptic welding. The tubing is
compatible with the Terumo BCT Quantum and Quantum Flex, as well as the TSCD-Q sterile tube welder;
however, the additional included PVC line may facilitate compatibility with other closed systems.
PRIME-XV MSC Expansion XSFM Dual Bag format provides a powerful and versatile tool for consistent,
reproducible hMSC manufacturing and downstream processing.
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METHODSINTRODUCTION

SUMMARY
The new 5L dual bag format of PRIME-XV MSC Expansion XSFM is fully compatible with the Quantum bioreactor, supports a
yield of over 200x106 total MSCs from an initial seed of 25x106 cells in seven days of expansion, and helps maintain stemness of
hADMSCs post-expansion.
The dual bag component format enhances product stability and reduces the need for freezer storage, while maintaining sterility
for any closed system applications in MSC manufacturing and MSC-based therapy.

FIGURE 3. The kinetics of lactate generation and glucose
consumption are comparable between the dual component and
complete media 5L bags. Glucose and lactate concentrations shown
over the course of expansion of one donor. The slopes of the glucose
consumption and lactate production lines were similar between the
two conditions, with the complete bag lagging slightly behind in both.
This is consistent with the average fold expansion data presented in
Figure 2, as well as with the other two donors. All measurements were
taken in duplicate.

Cell source: All data presented were generated using commercially available human adipose-derived MSCs
(hADMSCs) at passage 3 or below.

Quantum Bioreactor: hADMSCs between passage
zero and two were initially expanded in flasks to a
seeding amount of 14-25x106 cells per bioreactor. RUO
bioreactors were coated with 5 mg/unit of human
fibronectin, and the seeded ADMSCs were expanded
for seven days following an MSC expansion protocol
provided by Terumo BCT.

Flow cytometry: Cell samples were taken at Day 0 and
Day 7 of the Quantum culture, prepared in a 0.5% BSA +
PBS flow buffer solution, and analyzed using a standard
MSC marker panel. Analysis was performed on a BD
FACSymphony A3 using a 6-color panel for three positive
markers (CD73, CD90, and CD105), two negative
controls (CD34 and CD45), and an amine-reactive
viability dye.

FIGURE 1. PRIME-XV MSC Expansion XSFM Dual Bag
format. (A) The 500x frozen supplement is provided in
a 10mL bag to minimize freezer storage volume while
protecting the formulation’s temperature-sensitive
components. (B) The basal media bag is stored at 2-8°C
and must be brought to room temperature prior to
infusing into the bioreactor to avoid bubble formation.
The supplement and basal bag may be aseptically
welded (C) to create the complete medium shortly
before initiating the experiment, and (D) the
pellethane tubing of the basal bag is compatible with
the Quantum bioreactor cell expansion set (E) or any
other system that uses compatible tubing. (F) The PVC
line attached to the basal bag allows for additional
bioreactor options.

Supplement bag
• 10 mL supplement
• Stored at -20°C
• Thaw and mix with

base simultaneously

Basal media bag
• 5 liters basal media
• Stored at 2-8°C
• Bring to room

temperature 24 hr
prior to experiment

• One PVC and two
pellethane lines for
flexible connections

Quantum Hollow 
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Or another bioreactor 
with compatible 
pellethane tubing
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FIGURE 2. PRIME-XV MSC Expansion XSFM
Dual Bag performs similarly or better than
PRIME-XV Complete MSC XSFM in 5L
frozen bags. Results from three different
donors demonstrate some donor-to-donor
variability in fold expansion of hADMSCs.
Viability is consistently maintained at or
above 90% over the course of the 7-day
expansion. The discrepancy in the average
performance between the dual bag and
complete conditions may be explained by
differences in initial storage temperature.
Due to the large volume (5L) of frozen media
in the complete XSFM, it had to be thawed
in the refrigerator for over 48 hours to
completely thaw, whereas the temperature-
sensitive components of the dual
component bag were thawed less than an
hour before the initiation of the expansion,
and thus had less time to degrade.

FIGURE 4. hADMSCs maintain their stem cell phenotype at day 7
post-expansion in the Terumo Quantum bioreactor and PRIME-
XV MSC Expansion XSFM. The expression of negative markers
CD34 and CD45 remained well below 2% over the course of the
culture. The expression of the positive markers CD73, CD90, and
CD105 ranged from 94-100%, indicating the maintenance of MSC
differentiation potential over the course of the culture. Results are
representative of three donors. All measurements were taken in
triplicate.

Figure 3. The kinetics of glucose consumption 
and lactate generation are comparable between 
the PRIME-XV MSC XSFM Dual Component 
Kit with Phenol Red (Dual Component Kit) and 
PRIME-XS MSC Expansion XSFM (Complete 
Medium). Glucose and lactate concentrations 
shown over the course of expansion of one donor. 
The slopes of the glucose  consumption and lactate 
production lines were similar between the two 
conditions, with the complete bag lagging slightly 
behind in both. This is consistent with the average 
fold expansion data presented in Figure 2, as well as 
with the other two donors. All measurements were 
taken in duplicate.
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Figure 2. PRIME-XV MSC XSFM Dual Component 
Kit with Phenol Red performs similarly or better 
than the thawed PRIME-XV MSC Expansion XSFM 
(Complete Medium). Results from three different 
donors demonstrate some donor-to-donor 
variability in fold expansion of ADMSCs. Viability 
is consistently maintained at or above 90% over the 
course of the 7-day expansion. The discrepancy 
in the average performance between the dual bag 
and complete conditions may be explained by 
differences in initial storage temperature. Due to the 
large volume (5 L) of frozen media in the complete 
PRIME-XV MSC Expansion XSFM, it had to be 
thawed in the refrigerator for over 48 hours to 
completely thaw, whereas the temperature-sensitive 
components of the dual component bag were 
thawed less than an hour before the initiation of the 
expansion, and thus had less time to degrade.

RESULTS

FUJIFILM Irvine Scientific, its logo, and (any trade mark products used in the project) are registered trademarks of FUJIFILM Irvine Scientific, Inc. 
in various jurisdictions.  All other trademarks are the property of their respective owners. ©2022 FUJIFILM Irvine Scientific. P/N 012788Rev.00

The application of human mesenchymal stem cells (hMSCs) as therapeutic products necessitates a reproducible
manufacturing process that minimizes cell stress with reduced cell handling, while maximizing differentiation
potential with robust cell growth in scalable systems.
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until ready to use, while the 5L bag of basal media is packaged in a convenient suitcase format for refrigerated
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FIGURE 3. The kinetics of lactate generation and glucose
consumption are comparable between the dual component and
complete media 5L bags. Glucose and lactate concentrations shown
over the course of expansion of one donor. The slopes of the glucose
consumption and lactate production lines were similar between the
two conditions, with the complete bag lagging slightly behind in both.
This is consistent with the average fold expansion data presented in
Figure 2, as well as with the other two donors. All measurements were
taken in duplicate.

Cell source: All data presented were generated using commercially available human adipose-derived MSCs
(hADMSCs) at passage 3 or below.

Quantum Bioreactor: hADMSCs between passage
zero and two were initially expanded in flasks to a
seeding amount of 14-25x106 cells per bioreactor. RUO
bioreactors were coated with 5 mg/unit of human
fibronectin, and the seeded ADMSCs were expanded
for seven days following an MSC expansion protocol
provided by Terumo BCT.

Flow cytometry: Cell samples were taken at Day 0 and
Day 7 of the Quantum culture, prepared in a 0.5% BSA +
PBS flow buffer solution, and analyzed using a standard
MSC marker panel. Analysis was performed on a BD
FACSymphony A3 using a 6-color panel for three positive
markers (CD73, CD90, and CD105), two negative
controls (CD34 and CD45), and an amine-reactive
viability dye.

FIGURE 1. PRIME-XV MSC Expansion XSFM Dual Bag
format. (A) The 500x frozen supplement is provided in
a 10mL bag to minimize freezer storage volume while
protecting the formulation’s temperature-sensitive
components. (B) The basal media bag is stored at 2-8°C
and must be brought to room temperature prior to
infusing into the bioreactor to avoid bubble formation.
The supplement and basal bag may be aseptically
welded (C) to create the complete medium shortly
before initiating the experiment, and (D) the
pellethane tubing of the basal bag is compatible with
the Quantum bioreactor cell expansion set (E) or any
other system that uses compatible tubing. (F) The PVC
line attached to the basal bag allows for additional
bioreactor options.
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FIGURE 2. PRIME-XV MSC Expansion XSFM
Dual Bag performs similarly or better than
PRIME-XV Complete MSC XSFM in 5L
frozen bags. Results from three different
donors demonstrate some donor-to-donor
variability in fold expansion of hADMSCs.
Viability is consistently maintained at or
above 90% over the course of the 7-day
expansion. The discrepancy in the average
performance between the dual bag and
complete conditions may be explained by
differences in initial storage temperature.
Due to the large volume (5L) of frozen media
in the complete XSFM, it had to be thawed
in the refrigerator for over 48 hours to
completely thaw, whereas the temperature-
sensitive components of the dual
component bag were thawed less than an
hour before the initiation of the expansion,
and thus had less time to degrade.

FIGURE 4. hADMSCs maintain their stem cell phenotype at day 7
post-expansion in the Terumo Quantum bioreactor and PRIME-
XV MSC Expansion XSFM. The expression of negative markers
CD34 and CD45 remained well below 2% over the course of the
culture. The expression of the positive markers CD73, CD90, and
CD105 ranged from 94-100%, indicating the maintenance of MSC
differentiation potential over the course of the culture. Results are
representative of three donors. All measurements were taken in
triplicate.
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