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Abstract

Background: We aimed to develop a single step method for the production of

human platelet lysate (hPL). The method must result in high hPL yields, be

closed system and avoid heparin use.

Study Design and Methods: The method aimed at using glass beads and cal-

cium. An optimal concentration of calcium and glass beads was determined

by serial dilution. This was translated to a novel method and compared to

known methods: freeze-thawing and high calcium. Quality outcome mea-

sures were transmittance, fibrinogen and growth factor content, and cell

doubling time.

Results: An optimal concentration of 5 mM Ca2+ and 0.2 g/ml glass beads

resulted in hPL with yields of 92% ± 1% (n = 50) independent of source

material (apheresis or buffy coat-derived). The transmittance was highest

(56% ± 9%) compared to known methods (<39%). The fibrinogen concen-

tration (7.0 ± 1.1 μg/ml) was well below the threshold, avoiding the need

for heparin. Growth factor content was similar across hPL production

methods. The cell doubling time of adipose derived stem cells was 25 ± 1 h

and not different across methods. Batch consistency was determined across

six batches of hPL (each n = 25 constituting concentrates) and was <11%

for all parameters including cell doubling time. Calcium precipitation

formed after 4 days of culturing stem cells in media with hPL prepared by

the high (15 mM) Ca2+ method, but not with hPL prepared by glass bead

method.

Discussion: The novel method transforms platelet concentrates to hPL with

little hands-on time. The method results in high yield, is closed system, with-

out heparin and non-inferior to published methods.
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1 | INTRODUCTION

Platelets carry many different (bio)molecules that serve
diverse purposes in human physiology. Besides factors
with known roles in hemostasis and coagulation also
cytokines, chemokines, and growth factors are found
within the platelet's confinements. These contribute to
inflammation and infection control, and support wound
healing.1 This implies that platelets and their cargo may
have applications in regenerative medicine.

In the 1970s and 1980s, human platelet lysate (hPL)
was indeed shown to support in vitro cell culture.2–5 This
concept was rediscovered in the early 2000s when hPL
was suggested as a xeno-free replacement for fetal bovine
serum (FBS).6,7 The latter has been standard as a supple-
ment in eukaryotic cell culture media for over 50 years of
tissue research.8 The advent of cells and tissues as direct
clinical application for treating disease in humans meant
that FBS faced increased regulatory scrutiny. Risks of
zoonotic infection, risks of patient immunization against
bovine antigens, and some ethical concerns9–11 have been
raised.

In the past decade, the European Medicines Agency
(EMA) has released guidelines to minimize the use of
FBS in cell therapy.12–14 A potential alternative therefore
is hPL, in particular for those cell types that divide slowly
or not at all without complex growth factor supple-
ments.15 Blood establishments manage the platelet inven-
tory for transfusion to the best of their abilities but
nonetheless still face losses to expiry between 0.1% and
24.5%.16 While no longer considered suited for transfu-
sion, these concentrates can serve for hPL preparation.
Despite the opportunity to reappraise this leftover donor
material, hPL has not replaced FBS. The latter is still
intensively used in cell culture research and clinical trials
of cellular therapy.17 The reasons for this have not been
mapped, but user's conservatism may play a role as well
as genuine concerns over compatibility in specific appli-
cations, concerns over (in)sufficient supply, price, and
hPL standardization.

A number of hPL production methods exist and
each has its particular up- and downside making it dif-
ficult to appoint a unified method suited to process all
platelet concentrates across countries and continents.
Repeated freeze-thawing or sonication for instance
does not remove fibrinogen, thus requiring the addi-
tion of heparin to basal media so to avoid fibrin forma-
tion during cell growth. Using (human) thrombin to
generate hPL solves this issue but comes at cost and
leaves behind a serine protease in the final product.18

Alternatively, hPL may be produced by raising ionized
calcium (Ca2+) concentrations in platelet concentrates,
resulting in similar growth factor levels as freeze-

thawing.19 This hPL will inevitably contain high Ca2+

concentrations which can sometimes interfere with cel-
lular biology.20 In addition, many blood establishments
prepare concentrates in platelet additive solutions
(PAS) that often contain millimolar concentrations of
phosphate anions. High Ca2+ will thus form insoluble
phosphate complexes leading to turbid salt precipita-
tions that are detrimental to cells. Finally and perhaps
foremost, the ideal hPL production method is easily
blended onto the blood establishment's production
chain at low cost without compromising high clinical
grade standards.

In this paper, we propose a one-step method that
exploits the catalytic effect of glass on coagulation allow-
ing to significantly lower Ca2+ levels required to obtain
full platelet activation. Our method overcomes the prob-
lems described above and is compatible with closed sys-
tem manufacturing. It does not require centrifugation
nor filtration and can easily be implemented in a blood
establishment's routine, thereby contributing to standard-
ization and reduce intra- but also inter-manufacturer
variability.

2 | MATERIALS AND METHODS

2.1 | Platelet concentrate preparation

Platelet concentrates (PC) were prepared by apheresis or
by the buffy coat method as described.21,22 The buffy coat
method manually pools six ABO blood group matched
buffy coats. This pool was supplemented with 280 ml of
a platelet additive solution, PAS-E (Macopharma, Mou-
vaux, France). This bag was centrifuged at 542 g for
450 s at 22°C. The buoyant platelet suspension was
taken off by automated separation (Macopress Smart,
Macopharma) while passing over a WBC reduction fil-
ter. The entire process of pooling, centrifugation, and
leukoreduction was performed with a CompoStop set
(Fresenius Kabi, Bad Homburg, Germany). All PC were
treated with the amotosalen and ultraviolet light patho-
gen inactivation method (Cerus Corporation, Concord,
CA). The PC were stored in a temperature controlled
environment (22°C) with continuous agitation. All
donations were from voluntary non-remunerated
donors who gave informed consent for all experiments
performed on the use of the donation or of fractions of
the donation for scientific research purposes. Experi-
ments adhered to legislation and were within the goals
and activities of the issuing biobank (BB190034) that
were approved by an Institutional Review Board
(UZ/KU Leuven, ethical committee with approval code
S62549).
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2.2 | Preparation of hPL

For determination of the optimal glass bead content
and Ca2+ concentration, paired experiments were per-
formed in conical 50 ml tubes (Greiner Bio-One,
Kremsmünster, Austria). Based on these results, hPL
was next prepared in prototype bags using PC between
6 and 10 days post donation. The individual PC were
transferred to a single bag containing 0.2 g/ml auto-
claved glass beads of 3 mm in diameter (Sigmund Lind-
ner, Warmensteinach, Germany) and 1% (vol/vol) of a
sterile calcium chloride solution in water (Bio-world,
Dublin, OH) reaching a final average concentration of
5 mM Ca2+, assuming a mean PC volume of 350 ml.
An overview of this single-step method is shown in
Figure S1. After mixing PC were rested for 3 h at 22°C
to complete coagulation and retraction. Time to onset
of retraction was the time lapsed from PC transfer to
the bag until the coagulum visually detached from the
bag's periphery. After retraction, the bags were stored
at �80°C for at least 24 h. Thawing was at 22°C for 16 h
after which the hPL was separated from the coagulum
by welding and transferring to an empty transfusion
bag. For paired experiments, PC were pooled and split
and subsequently used to produce hPL according to
either the above mentioned single-step method or one
of the following two methods: (1) hPL produced with
the freeze-thaw method was performed as
described.7,23–28 Briefly, a PC was frozen and thawed
three times at �80°C for at least 24 h and 22°C for 16 h.
The resulting product was centrifuged at 4500 g for
10 min to remove cell debris. (2) hPL produced with the
high calcium method was performed by transferring the
PC to a single bag containing a concentrated, sterile cal-
cium chloride solution in water reaching a final 15 mM
Ca2+ after transfer. For comparison of batches, 25 indi-
vidual hPL products were pooled per batch regardless of
blood type but with distinction of source product (aphe-
resis or buffy coat-derived).

2.3 | Biophysical and biochemical assays

Transmittance was calculated using the formula
T = 10(2-A680nm), where T is transmittance and A680nm the
absorbance of undiluted hPL measured at a wavelength
of 680 nm in a spectrophotometer (NanoDrop OneC,
Thermo Fisher Scientific, Waltham, MA). The system
was calibrated using 0.2 μm filtered distilled water as a
blank. Yield of hPL was the fraction of (hPL) volume
retrieved from the original PC volume, given as percent.
Concentrations of Ca2+ were measured in a point-of-care
blood gas analyzer (RAPIDPoint 500, Siemens, Munich,

Germany). pH was determined by glass electrode
(pH1000L, VWR, Radnor, PA). Phosphate concentration
was determined with a colorimetric assay kit following the
manufacturer's instructions (Abcam, Cambridge, UK).

2.4 | Growth factor concentration

Concentrations of Epidermal Growth Factor (EGF),
Fibroblast Growth Factor (FGF), Insulin-like Growth
Factor (IGF)-I, Platelet-Derived Growth Factor
(PDGF)-AB, Transforming Growth Factor Beta 1 (TGF-
ß1), and Vascular Endothelial Growth Factor (VEGF)
were measured using a quantitative sandwich-type
Enzyme-Linked Immuno Sorbent Assay (ELISA) kit
(R&D Systems, Minneapolis, MN) according to the kit's
manual. In brief, samples were serially diluted in cali-
brator diluent and added to a 96-well microtiter plate
coated with antibodies specific for the antigens listed.
For IGF-I analysis, samples were first diluted in an
acidic dissociation solution and a blue dyed buffer. For
TGF-ß1 analysis, the sample was first activated by addi-
tion of 1.0 M HCl and neutralized with 1.2 M NaOH and
0.5 M 4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid
(HEPES). Detection was with a polyclonal anti-human
antibody specific for the antigens listed and conjugated
with horseradish peroxidase. Chromogenic substrate
was tetramethylbenzidine. Resulting optical densities
at 450 nm were measured using a multiwell plate
reader (Infinite F200 Pro).

2.5 | Fibrinogen and total protein

Fibrinogen was quantified using ELISA (Molecular Inno-
vations, Novi, MI) according to the provider's instruc-
tions. Samples were added to the pre-coated 96-well
microtiter plate and incubated at 22°C for 30 min on a
horizontal orbital microplate shaker. Polyclonal anti-
human fibrinogen primary biotinylated antibody was
added and incubated at 22°C for 30 min. Detection of
bound antibody was with horseradish peroxidase-
conjugated streptavidin. Detection was as described for
the growth factors ELISA's. Total protein in samples was
determined with a colorimetric bicinchoninic acid assay
(Thermo Fisher Scientific) according to the kit's manual.

2.6 | Cell expansion and detection
of calcium complex precipitation

Complete culture media were prepared by supplementa-
tion of 1% (vol/vol) penicillin–streptomycin (100 U/ml,
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Thermo Fisher Scientific) and 10% (vol/vol) hPL or Fetal
Bovine Serum (FBS, Thermo Fisher Scientific) to DMEM
(Thermo Fisher Scientific, reference 11885084) low in
glucose, with pyruvate. Culture media containing hPL
obtained from freeze-thawing PCs was supplemented
with heparin (2 U/ml final, Zen-Bio, Durham, NC). Prior
to use all complete media preparations were filtered by
vacuum filtertop 0.2 μm flasks (Rapid-Flow, Thermo
Fisher Scientific). Human adipose derived mesenchy-
mal stem cells (hADSCs, Lonza, Basel, Switzerland)
were thawed at 37°C and washed with culture medium
using centrifugation at 300 g for 5 min. Efficacy was
tested in three different clones. Cells were cultured in
flasks (Greiner Bio-One) at 37°C and 5% partial CO2

pressure. Culture medium was changed every 2–3 days
until the cells reached 80%–90% confluence at
which point the cultures were split using trypsin-
ethylenediaminetetraacetic acid (EDTA, Thermo
Fisher Scientific). Calcium complex precipitation was
identified using Alizarin Red S staining. Medium was
removed from the culture flasks and 2% (wt/vol) Aliza-
rin Red S (Sigma-Aldrich) staining solution in dH2O
was added. After a brief incubation of 10 min at room
temperature, the Alizarin Red S staining solution was
discarded and the flask was thoroughly washed with
distilled water.

2.7 | Cell count and cell doubling time

After expansion, hADSCs were diluted in trypan blue
(0.16% (wt/vol), Carl Roth, Karlsruhe, Germany) and
counted using a Malassez counting chamber (Brand,
Wertheim, Germany). The cells were seeded at 3000
cells/cm2 in culture flasks and placed in culture condi-
tions. Medium was changed after 24 h. After a total incu-
bation of 96 h, all cells were trypsinized and counted.
Cell doubling time (CDT) was calculated according to fol-
lowing formula where t is the time from seeding to
detachment in hours, N0 is the amount of cells at seeding,
and N1 is the amount of cells after 96 h expan-
sion: CDT¼ t � log 2ð Þ

log N1ð Þ� log N0ð Þ
h i

.29

2.8 | Statistical analysis

All statistical analyses were performed using Prism Ver-
sion 9.4.1 (GraphPad Software Inc.). A repeated measures
one-way ANOVA for comparison of hPL production
methods was used. A Sidak's correction for multiple com-
parison was included. Null hypotheses were rejected
when p < .05.

3 | RESULTS

3.1 | Optimal Ca2+ and glass bead
content for high hPL yield

To determine the optimal combination of Ca2+ and glass
content, serial dilutions of both constituents were pre-
pared in conical test tubes before adding platelet concen-
trate (Figure S2). As a primary outcome measure the
moment of clot retraction was determined (Figure 1A).
At 15 mM Ca2+ platelet suspensions fully retracted
within 90 min independent of glass beads. Glass beads
alone or the addition of 4 mM or 5 mM Ca2+ alone could
not initiate coagulation or retraction within 5 h of obser-
vation. The combination of both glass and these low
Ca2+ concentrations however always caused coagulation
and retraction within that time frame. This catalytic
effect was furthermore dose dependent because more
glass beads caused faster clot retraction. The combination
of any glass quantity and 5 mM Ca2+ was always more
efficient than any glass quantity and 4 mM Ca2+. Subse-
quently, hPL yield was highest when glass was combined
with 5 mM Ca2+ compared to with 4 mM Ca2+

(Figure 1B).

3.2 | Comparison of three hPL
production methods

The optimal experimental conditions of 5 mM Ca2+ and
0.2 g/ml of glass were next investigated in bags, so to rec-
reate blood banking operations (Figure 2A and Video S1).
Individual platelet concentrates of either apheresis or
buffy coat origin all coagulated and retracted within
120 min (n = 50). The hPL yield was 92% ± 1% indepen-
dent of apheresis or buffy coat origin (Figure 2B). The
time lapse video depicts the dynamic process of coagula-
tion, platelet activation, and clot retraction in and around
the glass fraction.

We hypothesized that the glass beads act as a scaffold
for retaining particulate debris. To test this, we compared
light transmittance of hPL prepared by three different
methods: (i) repeated freeze-thawing, (ii) 15 mM Ca2+

without glass, or (iii) the low calcium method of 5 mM
Ca2+ and 0.2 g/ml glass. Light transmittance was twofold
higher (56% ± 9%) in hPL prepared by Ca2+ with glass
compared to Ca2+ without glass (27% ± 7%, n = 4)
(Figure 3A). These data show minimal turbidity when
0.2 g/ml glass is combined with 5 mM Ca2+. In addition,
rest fibrinogen was <10 μg/ml in hPL prepared by either
Ca2+-based method while the freeze-thaw method
retained high fibrinogen concentrations >3 mg/ml
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(Figure 3B). As a marker for degranulation, PDGF-AB
concentration was determined by ELISA and was not dif-
ferent between preparations (Figure 3C). Assuming that
PDGF-AB release is maximal using freeze-thawing, this
method can be used as a reference, indicating that
PDGF-AB recovery in hPL prepared by 15 mM Ca2+

without glass is 93% and in hPL prepared by 5 mM Ca2+

with 0.2 g/ml glass is 100%. The cell doubling time of
hADSC was not different between the hPL preparations
at 10% (vol/vol) in DMEM (Figure 3D). For this experi-
ment a single clone of primary hADSC was used.

3.3 | Calcium complex precipitation
in complete medium and its influence on
cell culture

In a paired experiment, hADSCs were split and cultured
in DMEM supplemented with 10% (vol/vol) hPL

prepared by repeated freeze-thawing, by addition of
15 mM Ca2+ without glass or by addition of 5 mM Ca2+

with 0.2 g/ml glass. Supplementation with FBS was used
as control condition (Figure 4). Qualitative analysis by
bright field microscopy showed particulate precipitates
on day 4 in cultures prepared with hPL by 15 mM Ca2+

without glass. Filtration (0.2 μm) of media could not pre-
vent calcium complex precipitate formation. Although
cells were present in conditions with precipitate these
could not be harvested using trypsin. Alizarin Red S
staining was performed to identify the precipitate as cal-
cium deposits. Furthermore, precipitates were easily dis-
solved within seconds upon incubation with EDTA
50 mM (pH 7.4) suggesting involvement of Ca2+ cations
(Figure S3). In addition, we studied cell doubling time of
three different hADSC clones in hPL prepared from the
same source product but by different preparation
methods (Figure 5). We found that some clones expanded
slower in medium containing hPL prepared by addition

FIGURE 1 Optimal CaCl2 concentration and glass contents for coagulum retraction. (A) the time (minutes, min) lapsed from addition

of CaCl2 and glass until the start of coagulum retraction was determined. Onset of retraction was confirmed or refuted by visual inspection

every 5 min for a maximum follow-up of 5 h. (B) the resulting hPL was harvested and the yield (%) was calculated by dividing the volume of

harvested hPL by the original PC volume. Data in both panels are shown as mean with SD (n = 5). Gray shading of bars in both panels

corresponds to glass content, given in the legend as inset.

FIGURE 2 Visual

representation of retraction and

yielded hPL. (A) Selected

timeframes of the

supplementary video

representing a PC treated with

the glass bead method before

(top) and after (bottom) clot

retraction. (B) hPL yield (%) was

determined by dividing the

volume of harvested hPL by the

original PC volume of either

buffy coat-derived PC or

apheresis PC. Data are shown as

mean with SD (n = 50).
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FIGURE 3 Physical and

biochemical properties of hPL

per method. The freeze-thawing

(black bars) and high calcium

(15 mM Ca2+ without glass,

white bars) methods were

compared with the 5 mM Ca2+

with glass method (shaded bars)

for (A) transmittance,

(B) fibrinogen concentration,

(C) PDGF-AB concentration,

and (D) hADSC doubling time

(h). Data are shown as mean

with SD (n = 4), *p < .05

and **p < .01.

FIGURE 4 Calcium complexes precipitate during hADSC culture. Representative pictures of hADSCs culture in DMEM with 10%

(vol/vol) hPL prepared by three different methods are shown. Top row depicts the cells after 4 days of adherent culture but before Alizarin

Red S staining. The bottom row depicts the same flasks but after alizarin red S staining. Data were retrieved by bright field microscopy on

day 4 post seeding at 50x total magnification. Scale bar = 500 μm.
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of 15 mM Ca2+ without glass compared to the other two
hPL production methods.

Chemical analysis demonstrated a fourfold higher
(p < .0001) calcium concentration in hPL prepared by
15 mM Ca2+ without glass compared to hPL prepared by
5 mM Ca2+ with 0.2 g/ml glass (Figure 6A). In addition,
significantly lower pH (p < .01) was found in hPL by
15 mM Ca2+ without glass compared to hPL by 5 mM
Ca2+ and 0.2 g/ml glass (Figure 6B). Phosphate levels
were around 20 mM in both hPL preparations and not
significantly different (Figure 6C).

3.4 | Growth factor content and batch
variation

Three independent batches of pooled hPL were prepared
next. Hereto, 25 individual hPL products were mixed.
One batch was derived from buffy coat PC and two from
apheresis PC, the former consisting of 150 donors and
the latter two of 25 donors. Growth factor content in
every batch is presented in Table 1. To determine batch
consistency on general quality outcome measures, six
additional batches of pooled hPL were prepared
(Table 2). Three batches were derived from buffy coat
PC and three from apheresis PC. The coefficient of vari-
ation was always below 11% for the parameters tested:
volume yield, calcium levels, transmittance, pH, fibrino-
gen concentration, total protein concentration,
PDGF-AB concentration, and cell doubling time and this
was independent of the nature of the source product.

4 | DISCUSSION

Cell and tissue culture is a pivotal laboratory practice for
both basic and applied (clinical) research. For many cell
types, chemically defined media have been developed
avoiding the need for undefined crude proteinaceous
growth factor additives like FBS. However, some cell
types cannot yet cost-effectively expand without it. One
important example is the mesenchymal stem cell family
that is a primary source for many promising cell thera-
pies under investigation worldwide.30

Excess PC are currently discarded as medical waste in
blood institutions worldwide16,31 despite being a precious
source of human derived growth factors to supplement
cell and tissue culture media. These products are an
opportunity for blood establishments and for their donors
to diversify product portfolio's and donate for medical
needs beyond transfusion respectively. Because PC are

FIGURE 5 Cell doubling time of three hADSC clones in hPL.

Three different hADSC clones were cultured with hPL prepared by

different methods but from the same platelet concentrate as

starting material. Cells were detached after 4 days of culture and

counted in a hemocytometer. Only viable cells were counted using

trypan blue staining. Individual data are shown and paired clones

are connected with dotted lines.

FIGURE 6 Comparison of two hPL methods by chemical composition. The high calcium (15 mM Ca2+ without glass, white bars)

method was compared with the 5 mM Ca2+ with glass method (shaded bars) for (A) final Ca2+ concentrations, (B) pH at 21°C, and

(C) phosphate concentrations. Data are shown as mean with SD (n = 4), **p < .01 and ****p < .0001.
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however not manufactured in a uniform manner across
blood establishments, hPL production would benefit
from a simple one-step procedure that can be emulated
on the blood component production systems of blood
institutions.32,33 With this in mind, we aimed to resolve
four critical factors targeting the development of a dispos-
able that allows quick and standardized production of
hPL; (1) safeguard closed system manufacturing,
(2) reduce hands-on time, (3) reduce hardware invest-
ments (e.g., filtration systems, pumps, centrifuges, addi-
tional freezers) and (4) avoid biomolecular additives
(e.g., heparin, thrombin).

Glass beads and CaCl2 solutions are stable and can
thus be (steam) sterilized inside a custom built container.
Equipped with compatible tubing a PC can be connected
using sterile welding. This allows transfer in a closed sys-
tem followed by platelet activation, coagulation, and

retraction over a maximal time course of 3 h without fur-
ther manipulation. The resulting product is then stored
at <�20°C until used for pooling.

The method furthermore does not require centrifuga-
tion or filtration steps. Such steps are expensive and
labor-intensive in addition to the requirements of certain
investment and overhead costs for centrifuges and
pumps. Centrifugation and filtration also unavoidably
cause lower yields as both techniques lead to dead vol-
umes. In addition, the single step closed bag system can
easily be implemented in the current blood banking rou-
tine because it is compatible with standard blood bank
operations.

The original method for releasing platelet content
and produce hPL is freeze-thawing.34 Although elegant
and compatible with closed system manufacturing, this
method does not remove fibrinogen leading to “gel

TABLE 1 Growth factor content in

three hPL batches prepared by pooling

of 25 individual hPL solutions prepared

by the 5 mM Ca2+ with glass bead

method

EGF FGF IGF-I PDGF-AB TGF-ß1 VEGF
(ng/ml) (ng/ml) (ng/ml) (ng/ml) (ng/ml) (ng/ml)

Batch 1 2.52 0.144 44.25 37.42 119.9 0.66

Batch 2 2.64 0.138 44.63 40.78 141.0 0.73

Batch 3 2.72 0.148 44.18 39.13 128.9 0.65

Mean 2.63 0.143 44.35 39.11 129.9 0.68

±SD 0.09 0.004 0.20 1.37 8.6 0.03

Note: The concentration of a selection of growth factors in the final hPL batch is presented. The bottom rows
present means with SD (n = 3).

TABLE 2 Batch consistency in six independent hPL batches

Yield (%)
Transmittance
(%)

pH
(at 21°C)

Calcium
(mM)

Fibrinogen
(μg/ml)

Total protein
(g/L)

PDGF-AB
(ng/ml)

Cell doubling
time (h)

Buffy coat Batch 1 84.6 50.5 6.990 0.34 5.0 21.7 35.7 30.7

Batch 2 87.0 51.2 7.043 0.41 4.9 20.4 40.9 32.8

Batch 3 88.0 53.8 7.040 0.40 4.5 23.1 42.1 35.6

Mean 86.5 51.8 7.024 0.38 4.8 21.7 39.6 33.0

SD 1.4 1.4 0.024 0.03 0.2 1.1 2.8 2.0

CV (%) 1.6 2.8 0.3 8.1 4.2 5.0 7.0 6.1

Apheresis Batch 1 87.8 65.6 7.042 0.48 5.1 24.3 40.4 33.4

Batch 2 87.0 60.3 6.977 0.43 5.2 21.1 35.9 38.0

Batch 3 90.0 60.6 7.029 0.46 4.6 20.1 35.6 35.0

Mean 88.3 62.1 7.016 0.46 5.0 21.8 37.3 35.5

SD 1.3 2.5 0.028 0.02 0.3 1.8 2.2 1.9

CV (%) 1.4 4.0 0.4 4.5 5.4 8.1 5.9 5.3

All batches Mean 87.4 57.0 7.020 0.42 4.9 21.8 38.4 34.2

SD 1.6 5.5 0.027 0.05 0.3 1.5 2.8 2.3

CV (%) 1.8 9.7 0.4 10.7 5.2 6.7 7.2 6.8

Abbreviations: CV, coefficient of variation; SD, standard deviation.
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formation” when added to common basal media.35 Basal
media contain up to 1.8 mM of Ca2+ causing spontane-
ous coagulation of freeze-thaw hPL in culture flasks,
hence “gel formation”. In addition, current platelet con-
tainers (e.g., PL1240 polyvinylchloride) have not been
validated for repeated freeze-thawing. To our knowledge
this issue has not been specifically investigated, but the
risk for material tear and sterility breach during cold
processing exists and requires attention. In our proposed
method, the PC is first transferred to a new bag by ster-
ile welding. This cryocompatible bag contains an opti-
mized content of glass beads and Ca2+ ions. Glass beads
act as a catalyst for coagulation initiation, increasing the
rate of coagulation near its surface thereby also entrap-
ping both platelet debris and coagulum. Glass is an
established catalyst for coagulation and has been used
in experimental hPL production.36 In platelet suspen-
sions containing anticoagulant solution it was however
never optimized to maximally reduce the required Ca2+

concentration.
The latter is important, in particular when platelets

are kept in phosphate buffered conditions as in most con-
temporary platelet additive solutions.37 Calcium phos-
phates have poor solubility at 37°C and at neutral pH.38

Consequently, supplementation of hPL (prepared by high
Ca2+) to common basal media can lead to calcium com-
plex precipitation of insoluble particulate matter. This
phenomenon progresses gradually during cell culture
and is often mistakenly interpreted as bacterial contami-
nation. In addition, such precipitation precludes normal
microscopic assessment and prevents further manipula-
tion, such as cell harvesting. Using glass as a catalyst, the
threshold Ca2+ concentration for platelet activation and
component coagulation can thus be lowered so to reduce
or entirely prevent calcium complex precipitation with-
out compromising hPL yield.

This hPL was more translucent than hPL prepared by
other methods. It contained only trace fibrinogen, but high
concentrations of growth factors. Final Ca2+ concentration
and pH were at physiologic levels and this hPL remained
free of animal derived components, including heparin.
Moreover, the hPL was at least as effective for expansion
of hADSCs as hPL produced by other methods. Although
this study focused on hADSCs, many other sources of stro-
mal cells have already been shown to expand well in hPL
such as bone marrow-derived, corneal stroma-derived
cells, and periosteum-derived cells.29,39,40 Additionally,
other cells lines were previously demonstrated to benefit
from hPL.41–46 We anticipate that other cell types may
equally benefit from hPL produced by our method.

In conclusion, our method is easy, quick, and efficient
to produce high quality and highly standardized clinical
grade hPL. By using glass beads to lower Ca2+

concentrations for platelet activation and hPL production,
this method is also applicable to most PC worldwide with
or without additive solution, collected by cytapheresis or
from buffy coats, fresh or “expired”. This method is highly
suited for standardization across blood establishments.
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