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ABSTRACT

Background: Fetal Bovine Serum (FBS) is the most common growth factor used in cell culture. However, demands 
for xeno-free cell culture supplements for clinical use that comply with good manufacturing practice standards are 
increasing as cellular therapies expand. Human serum has been proposed as an alternative to FBS. Due to limited 
availability of donors and effective use of medical resources, we attempted to produce serum from expired Fresh 
Frozen Plasma (FFP) and Cryosupernatant (CS) and tested them as FBS substitutes.

Results: We found that 1-hour incubation of FFP or CS with a physiological level of thrombin and alcium Chloride 
(CaCl

2
) depleted virtually all fibrinogen. Comparative proliferation studies with FBS and human Platelet Lysates 

(hPLs) showed that compared with FBS, FFP-serum exhibited similar or greater proliferative effects on 8 human cell 
lines: Bone Marrow-Derived Mesenchymal Stromal Cells (BMSC), Adipose Tissue-Derived Mesenchymal Stromal 
Cells (ADSC), HeLa, 293T, MG-63, HL-60, K562, and Meg-A2 except for Saos-2 cells, whereas CS-serum exhibited 
weaker proliferative effects on BMSC, ADSC and Saos-2 cells. hPL promoted the growth of BMSC and ADSC cells 
more vigorously than FFP- and CS-serum.

Conclusions: FFP-and CS-serum can be produced with thrombin and CaCl
2 rapidly and in a blood product–sparing 

manner and function as potent alternatives to FBS for culturing human cells.

Keywords: Xeno-free cell culture supplements; Blood product–sparing; Expired fresh frozen plasma; Cryosupernatant

INTRODUCTION

Cellular pluripotent stem cells for regenerative medicine, chimeric 
antigen receptor T cells for cancer immunotherapy therapies have 
emerged as new modalities for treating severe diseases lacking effective 
therapies, such as the use of induced, and Mesenchymal Stromal Cells 
(MSCs) for anti-inflammation therapy [1]. Ex vivo expansion of cells 
facilitates their clinical application due to the pooling of a sufficient 
number of cells of the same quality. Fetal Bovine Serum (FBS) is the 
most commonly used growth factor for cell culture. However, animal 
serum can contain various blood-borne pathogens such as viruses and 
prions, and these contaminants must be avoided in the production 
of cellular and tissue-based products [2,3]. Additionally, induction of 
an immune response has been reported in patients receiving MSCs 
cultured with FBS [4,5]. Thus, demands for xeno-free cell culture 

supplements for clinical use that comply with Good Manufacturing 
Practice (GMP) standards are increasing [6].

To date, human Platelets Lysate (hPL) and human serum have been 
proposed as alternatives to FBS [7]. hPL reportedly promotes ex vivo 
expansion of MSCs, and human MSCs (hMSCs) cultured with hPL 
have been used safely in clinical settings [8-10]. The ability of hPL 
obtained from expired platelet units to promote the expansion of 
hMSCs was evaluated due to the limited availability of donors and 
as a means of ensuring the effective use of medical resources and data 
indicate that hPL supports the growth and osteogenic differentiation 
of MSCs [11]. However, the ability of hPL to support the growth of 
other cell types has yet to be established, although several studies have 
reported the usefulness of human serum [7,12-14].

Currently, GMP-grade human serum can only be procured from a 

15-May-2023, 
QC No. 



2

Ishiyama K, et al. 

J Blood Disord Transfus, Vol.14 Iss.5. No:1000562

control for CaCl
2
. The mixture was incubated at 37˚C for 60 min and 

then centrifuged (3,000 rpm 10 min). The fibrinogen content in the 
supernatant was measured using an automated coagulation analyzer: 
CP3000TM (Sekisui Medical, Co. Inc., Tokyo, Japan). In another 
setting, 25 mL of FFP was mixed with thrombin at various final 
concentrations (0.16–5.0 U/mL) with/without CaCl

2
 (12.5 mM final 

concentration) in a 50-mL conical tube. The mixture was incubated 
at room temperature for 60 min and then photographed. The conical 
tubes were centrifuged (3,000 rpm 10 min) to remove fibrin clots. The 
supernatants were incubated at 4˚C for 24 h to monitor for formation 
of additional fibrin clots.

Production of human serum from expired FFP or CS

Based on our findings described below, 500 µL of 1 M CaCl
2
 and 100 

µL of 1 U/mL thrombin were added to each 40 mL of FFP or CS 
thawed at 37˚C, and the mixture was incubated for 1 h at 37˚C. After 
fibrin clots were removed by centrifugation (3,000 rpm 5 min), the 
pH and fibrinogen, sodium, potassium, chlorine, and calcium content 
were measured using automatic analyzers: RAPIDPoint500® (Siemens 
Healthcare, Erlangen, Germany), CP3000® and LABOSPECT® 
(Hitachi High-Technologies Co. Inc., Tokyo, Japan). Serum produced 
from expired FFP (hereafter denoted FFP-serum) and serum produced 
from CS (hereafter denoted CS-serum) was stored at -30˚C until use.

In vitro cell proliferation studies with CaCl2 or thrombin

The effects of CaCl
2
 and thrombin on the proliferation of ADSCs 

and 7F2 cells were assessed as described previously [23]. Both cell 
types (2,000 cells in 180 µL of medium/well) were cultured with 
various concentrations of CaCl

2
 (final concentration 6.25-200 mM) 

or thrombin (final concentration 0.036–36.0 U/mL) for 72 h  or 
48 h, respectively. After the designated incubation times, 10 µL 
of WST-1 reagent was added to each well, and the absorbance at 
450 nm was measured 3 h later. The percent increase in cell growth 
was calculated by dividing the OD value of the cell cultures grown in 
the presence of each additive by the OD value in the absence of the 
additive and multiplying by 100. Data shown reflect the mean (± SD) 
of seven determinations and are representative of three independent 
experiments.

In vitro cell proliferation studies with FBS, hPL, FFP-
serum, and CS-serum

We cultured six types of adherent cells (BMSCs, ADSCs, HeLa, 293T, 
MG-63, Saos-2) and three types of mouse adherent cells (7F2, MS-5, 
S-17) with αMEM containing 10% FBS, hPL, FFP-serum, or CS-serum in a 
96-well plate (1,000 cells/well). Similarly, we cultured three types of human 
floating cells (HL-60, K562, Meg-A2) with RPMI containing 10% FBS, 
hPL, FFP-serum, or CS-serum in a 96-well plate (2,000 cells/well). After a 
96-h incubation, cell proliferation was examined by a colorimetric assay as 
described above. The percentage of cell growth was calculated by dividing 
the OD value of cell cultures grown in the presence of each additive by the 
OD value in the presence of FBS and multiplying by 100. Data shown 
reflect the mean (± SD) of seven determinations and are representative of 
three independent experiments.

RESULTS 

Both CaCl2 and thrombin are required to remove fibrinogen 
from FFP

Because FFP is anticoagulated with CPD, which chelates calcium ions, 

few companies, such as Lonza (Morristown, NJ, USA). Fresh Frozen 
Plasma (FFP), which is available from local blood banks, consists of 
serum and coagulation factors. These coagulation factors (mainly 
fibrinogen) can cause culture medium to gel, however, which inhibits 
the growth of cells. Thus, fibrinogen-depleted FFP (serum) represents 
a potential alternative source of human serum. This possibility led us 
to test whether fibrinogen-depleted plasma is a suitable substitute for 
FBS. From the perspective of reducing the wasting of blood products, 
we focused on expired FFP and cryosupernatant (CS). CS is a fraction 
of plasma that is usually discarded after the cryoprecipitate has been 
removed [15].

Here, we report a simple and rapid method to remove fibrinogen from 
plasma. We also demonstrate that serum obtained from expired FFP 
or CS can be used for cell culture without compromising the growth 
of most of human cell types.

MATERIAL AND METHODS

Cells and reagents

Roswell Park Memorial Institute (RPMI) 1640, heat-inactivated FBS, 
and α-Minimal Essential Medium (αMEM) were purchased from 
Gibco (BRL) Biomanufacturing readiness levels (Carlsbad, CA, 
USA). Calcium chloride (CaCl

2
) and thrombin were obtained from 

Wako Chemicals Ltd. (Osaka, Japan) and Japan Blood Products 
Organization (Tokyo, Japan), respectively. FFP anticoagulated with 
Citrate-Phosphate-Dextrose (CPD) was purchased from a Japanese 
Red Cross blood center. In this study, we used expired FFP that was to 
be discarded for clinical reasons.

Human adipose tissue–derived MSCs (ADSCs) were established 
from healthy volunteers who provided informed consent as described 
elsewhere [16]. The mouse bone marrow–derived stromal cell lines 
MS-5 and S-17 were gifts from Dr A. C. Berardi (Ospedale Bambin 
Gesu, Rome, Italy) and Dr K. Dorshkind (UCLA, Riverside, CA) 
[17,18]. Stromal cell lines were maintained in αMEM containing 10% 
FBS (Invitrogen, Carlsbad, CA). The human embryonic kidney cell 
line 293T, the human cervical cancer cell line HeLa, and the mouse 
osteoblast cell line 7F2 were obtained from the American Type 
Culture Collection (ATCC; Rockville, MD, USA). The profiles of the 
promyelocytic leukemia cell line HL-60, the human megakaryocytic 
leukemia cell line MEG-A2, and the chronic myeloid leukemia cell 
line K562 are described elsewhere [19-21]. The human osteoblast cell 
lines MG-63 and Saos-2 were purchased from the ATCC (Manassas, 
VA, USA) [17,18].

Preparation of hPL

hPL was generated from expired common platelet units as described 
elsewhere [22]. Platelet units were aliquoted into 50-mL sterilized tubes 
and stored at -30˚C until use. After thawing at 37°C, cell fragments 
were removed by centrifugation (2,500 rpm 10 min). The supernatant 
was then collected and supplemented with heparin sodium (final 
concentration 12.5 U/mL; AY Pharma Co. Inc., Tokyo, Japan).

Effect of CaCl2 and thrombin on fibrin clot formation in 
FFP

Because FFP is anticoagulated with CPD, a chelator of calcium 
ions necessary for fibrin clot formation, we neutralized CPD by the 
addition of CaCl

2
. After thawing at 37˚C, 225 µL of FFP was mixed 

with 25 µL of CaCl
2
 at various final concentrations (6.25-100 mM). 

TC buffer (Sysmex Co. Inc., Hyogo, Japan) was used as a relevant 
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we initially attempted to neutralize CPD by adding CaCl
2
 (Figure 

1). (A) Fibrinogen content in FFP was measured after exposure to 
CaCl

2
 at varying final concentrations (6.25–100 mM) or control 

(PBS) for 60 min at 37°C. Data shown reflect the mean (± SD) of 
triplicate determinations and are representative of three independent 
experiments.

(B) and (C) Effects of calcium chloride and thrombin on proliferation 
of adipose-derived mesenchymal stromal cells and 7F2 mouse 
osteoblastic cells evaluated using a colorimetric assay. Adipose-derived 
mesenchymal stromal cells (2,000 cells in 180 µL of medium/well) were 
cultured with various concentrations of CaCl

2
 (final concentration 

6.25–200 mM) or thrombin (final concentration 0.036–36.0 U/
mL) for 72 or 48 h, respectively. After designated incubation times, 
10 µL of WST-1 reagent was added to each well, and the absorbance 
at 450 nm was measured 3 h later. The percent increase in ADSC 
growth was calculated by dividing the OD value of cell cultures grown 
in the presence of each additive by the OD value in the absence of the 
additive and multiplying by 100. Data shown reflect the mean (± SD) 
of seven determinations and are representative of three independent 
experiments. 

(D) Effects of thrombin alone or thrombin plus CaCl
2
 on fibrin 

clot formation were evaluated by the external appearance of FFP. 
Various concentrations of thrombin (final concentration 0–5.0 U/
mL) without/with CaCl2 (final concentration 12.5 mM) were added 
to FFP, and the mixtures were incubated at 37°C. After 1-hour 
incubation, fibrin clots were photographed (top row) and then 
removed by centrifugation. The supernatants were incubated for an 
additional 24 hours at 4°C, and then images were captured (bottom 
row). Finally, the fibrinogen content in the mixtures was measured 
using an automatic device after centrifugation.

However, CaCl
2
 alone induced slight fibrin clot formation in FFP 

at a concentration of 100 mM (Figure 1A), and CaCl
2
 perturbed 

the proliferation of human ADSCs and mouse 7F2 cells in a 
dose-dependent manner, which became significant at 100 mM in 
ADSCs and 25 mM in 7F2 cells (Figure 1B). Thus, we concluded 
that physiological concentrations of calcium ions were too low to 
induce fibrin clot formation thoroughly. We then evaluated whether 
thrombin affected the proliferation of ADSCs and 7F2 cells and 
found that thrombin alone did not affect the proliferation of ADSCs 
and 7F2 cells (Figure 1C). Based on these findings, we treated FFP 
with various final concentrations of thrombin (0–5.0 U/mL) with/
without CaCl2 (final concentration 12.5 mM). As shown in (Figure 
1D), thrombin alone induced fibrin clot formation (upper left panel), 
but not thoroughly, as new fibrin clots appeared during an additional 
24-h incubation, except at a thrombin dose of 5.0 U/mL (lower left 
panel). When treated with both thrombin and CaCl2, fibrinogen 
was transformed into fibrin clots quickly and thoroughly (upper right 
panel). After an additional 24 h of incubation, no further fibrin clots 
were observed (lower right panel).

Characterization of FFP and CS- serum

We produced serum from FFP or CS with thrombin and CaCl2 
and characterized the samples by measuring the pH and fibrinogen, 
sodium, potassium, chlorine, and calcium content. As shown in Table 
1, no fibrinogen was detected in the FFP-serum or CS-serum (detection 
sensitivity 50 mg/mL). There were minimal differences in the contents 
of sodium ions, potassium ions, and chlorine ions, but not calcium 
ions, between the intact FFP and corresponding serum or intact CS 
and corresponding serum (Table 1).
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Figure 1: Effect of calcium chloride and thrombin on fibrin clot formation in Fresh Frozen Plasma (FFP) and the proliferation of adipose-derived 
mesenchymal stromal cells and mouse osteoblastic cells. (A) Fibrinogen content in FFP, (B) Effects of calcium chloride on proliferation of adipose-
derived mesenchymal stromal cells, (C) Effects of thrombin on proliferation of 7F2 mouse osteoblastic cells, and (D) Effects of thrombin alone or 
thrombin plus CaCl2 on fibrin clot. Note: ( ) Adipose Tissue-Derived Mesenchymal Stromal Cells (ADSC), ( ) 7F2

Table 1: Fibrinogen and electrolyte profiles of serum derived FFP and CS.

PH Fibrinogen (mg/dL) Sodium (mEq/L) Potassium (mEq/L) Chloride (mEq/L) Calcium (mmol/L)

FFP 7.465 ± 0.042 263.0 ± 43.2 170.8 ± 3.6 3.16 ± 0.05 78.0 ± 1.6 1.91 ± 0.02

FFP-serum 7.468 ± 0.029 N.D 174.7 ± 1.5 3.22 ± 0.08 113.0 ± 2.1 15.9 ± 0.56

CS 7.404 ± 0.048 90.3 ± 10.6 158.8 ± 3.0 3.11 ± 0.10 82.6 ± 3.3 1.96 ± 0.04

CS-serum 7.398 ± 0.044 N.D 159.6 ± 3.1 3.13 ± 0.10 110.0 ± 3.7 13.4 ± 0.31

Note: FFP-Fresh Frozen Plasma, CS-Cryosupernatant, N.D-Not Detected

FFP and CS-serum support the proliferation of human 
cells

We compared the proliferation of six lines of human adherent cells, 
three lines of human floating cells, and three lines of murine adherent 
cells cultured with FBS, hPL, FFP-serum, or CS-serum (Figure 2). 
After the designated incubation times, 10 µL of WST-1 reagent was 
added to each well, and then the absorbance at 450 nm was measured. 
The percent increase in cell growth was calculated by dividing the 
OD value of cell cultures grown in the presence of hPL, FFP, or CS 
by the OD value in the presence of FBS and multiplying by 100. 
Data shown reflect the mean (± SD) of four determinations and are 
representative of three independent experiments. BMSC- Human 
Bone Marrow-Derived Stromal Cell; ADSC- Human Adipose Tissue-
Derived Stromal Cell; HeLa- Human Cell Line Derived From Cervical 
Cancer; 293T, human cell line derived from embryonic kidney; MG63 
and Saos-2, human cell lines derived from osteosarcoma; HL-60, 
human promyelocytic leukemia cell line; K562, human multipotential 
leukemia cell line; Meg-A2, human megaloblastic leukemia cell line; 
7F2, mouse osteoblastic cell line; MS-5 and S-17, mouse stromal cell lines.

FFP-serum exhibited a similar or stronger proliferative effect compared 
with FBS in all human cells except Saos-2, whereas CS-serum exhibited 
a weaker proliferative effect in BMSCs, ADSCs, and Saos-2 cells 
(Figure 2A,2B). hPL promoted the growth of BMSCs and ADSCs 
more vigorously than FFP- and CS-serum (Figure 2A). Neither FFP-
serum nor CS-serum exhibited a proliferative effect in mouse cells 
(Figure 2C).

Figure 2: EUsing by a colorimetric assay, we tested whether human 
platelet lysate (hPL), human serum originating from Fresh Frozen 
Plasma (FFP), or human serum originating from Cryosupernatant (CS) 
could function as a growth supplement for cell culture medium as a 
replacement for FBS. (A) Human adherent cells, (B) human floating 
cells, and (C) mouse adherent cells were cultured in medium containing 
20% FBS, hPL, FFP, or CS. Note: ( ) Fetal Bovine Serum (FBS),     
( ) Platelet Lysates (PL), ( ) Fresh Frozen Plasma (FFP), 
( ) Cryosupernatant (CS), Statistical significance: *P<0.05, 
**P<0.01
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DISCUSSION

Because FFP is anticoagulated with CPD, a chelator of calcium ions 
essential for blood clotting, we tried to neutralize CPD and activate the 
blood coagulation cascade by adding CaCl2 to the plasma. However, 
we found that CaCl2 alone did not induce fibrin clot formation even 
at supra-physiological concentrations (Figure 1A, 1B). It was reported 
that FV, FVII, and FVIII are the most labile factors in plasma and 
degrade over time [24, 25]. These data and our findings suggested that
addition of thrombin would be necessary to transform fibrinogen 
into fibrin directly and induce fibrin clot formation. As expected, 
thrombin alone induced fibrin clot formation thoroughly but required 
more than 24 h, whereas thrombin with CaCl2 at a physiological 
concentration required only 1 h to induce fibrin clot formation (Figure 
1D). Additionally, we did not observe any harmful effects of thrombin 
on human ADSCs or 7F2 cells (Figuire 1C), as it has been reported 
that antithrombin quickly inactivates thrombin in plasma [26]. Thus, 
we concluded that using both thrombin and CaCl2 would be a time-
saving and safe method to produce serum from FFP. Similarly, we 
successfully produced serum from CS by adding thrombin and CaCl2 
(data not shown).

We found that FFP- and CS-serum produced with thrombin and 
CaCl2 could be used as a growth supplement to replace FBS in 
culturing human adherent and floating cells, except Saos-2 cells. Both 
types of serum were particularly effective in comparison with FBS for 
culturing human floating cell lines: HL-60 (not with serum from CS), 
K562, and Meg-A2. hPL exhibited a superior proliferative effect on 
human BMSCs and ADSCs (Figure 2A), as reported previously [27]. 
However, FFP-and CS-serum only minimally supported the growth 
of murine cells (Figure 2C). This discrepant result could be related 
to the non-reactivity of some human cytokines, such as IL-3, against 
murine cells, even though the proportion of mouse genes with a 
single identifiable orthologue in the human genome is approximately 
80% [28,29]. These results and other evidence suggest that FFP and 
CS-serum represent potent alternatives to FBS for culturing human 
cells, particularly hematological cells. When large-scale MSC culture is 
necessary for clinical application, hPL should be used instead of FFP 
or CS-serum.

The response of MG-63 cells to hPL, FFP-serum, and CS-serum 
differed from that of Saos-2 cells (Figure 2A), even though both cell 
lines were originally established from osteoblastoma. FFP-serum and 
CS-serum contained an increased concentration of calcium ions 
(Table 1). However, calcium ions reportedly promote the proliferation 
of mouse osteoblasts, suggesting that increased calcium content should 
not perturb the proliferation of Saos-2 cells [30, 31]. Anti-A antibodies 
and Anti-B antibodies reportedly induced the lysis of certain cells via 
activation of complement [32, 33].

CONCLUSION

According to the ATCC website, Saos-2 cells express B antigen; 
however, it is unknown which antigen is expressed by MG63 cells, 
and this could be related to the difference in proliferation between 
Saos-2 and MG63 cells in medium containing hPL, FFP-serum, or 
CS-serum. Medium containing heat-inactivated serum is reportedly 
ideal for in vitro culture of osteosarcoma cells. Thus, FFP-serum and 
CS-serum should be heat-inactivated for culturing cells in bone repair 
applications using osteoblasts differentiated from MSCs.

Collectively, our data provide evidence that FFP-serum and CS-serum 
can be produced rapidly and in a blood product-sparing manner and 
used as potent alternatives to FBS for culturing human cells.
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