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Abstract

Background: Standardized animal-free components are required for manufacturing cell-based medicinal products.
Human platelet concentrates are sources of growth factors for cell expansion but such products are characterized by
undesired variability. Pooling together single-donor products improves consistency, but the minimal pool sample size
was never determined.

Methods: Supernatant rich in growth factors (SRGF) derived from n = 44 single-donor platelet-apheresis was
obtained by CaCl, addition. n = 10 growth factor concentrations were measured. The data matrix was analyzed by a
novel statistical algorithm programmed to create 500 groups of random data from single-donor SRGF and to repeat
this task increasing group statistical sample size from n = 2 to n = 20. Thereafter, in created groups (n = 9500), the
software calculated means for each growth factor and, matching groups with the same sample size, the software
retrieved the percent coefficient of variation (CV) between calculated means. A 20% CV was defined as threshold. For
validation, we assessed the CV of concentrations measured in n = 10 pools manufactured according to algorithm
results. Finally, we compared growth rate and differentiation potential of adipose-derived stromal/stem cells (ASC)
expanded by separate SRGF pools.

Results: Growth factor concentrations in single-donor SRGF were characterized by high variability (mean (pg/ml)-
CV); VEGF: 950-81.4; FGF-b: 27-74.6; PDGF-AA: 7883-28.8; PDGF-AB: 107834-32.5; PDGF-BB: 11142-48.4; Endostatin:
305034-16.2; Angiostatin: 197284-32.9; TGF-31: 68382-53.7; IGF-I: 70876-38.3; EGF: 2411-30.2). In silico performed
analysis suggested that pooling n = 16 single-donor SRGF reduced CV below 20%. Concentrations measured in 10
pools of n = 16 single SRGF were not different from mean values measured in single SRGF, but the CV was reduced to
or below the threshold. Separate SRGF pools failed to differently affect ASC growth rate (slope pool A = 0.6; R? = 0.99;
slope pool B = 0.7; R? 0.99) or differentiation potential.

Discussion: Results deriving from our algorithm and from validation utilizing real SRGF pools demonstrated that
pooling n = 16 single-donor SRGF products can ameliorate variability of final growth factor concentrations. Different
pools of n = 16 single donor SRGF displayed consitent capability to modulate growth and differentiation potential of
expanded ASC. Increasing the pool size should not further improve product composition.
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Background

Ex vivo cell expansion is often required to obtain
advanced therapy medicinal products (ATMPs) for clini-
cal use. As stated in the European Regulation 1394/2007,
ATMPs must be obtained in compliance with good
manufacturing practice (GMP) guidelines [1]. Employ-
ment of validated and standardized animal and xeno-free
compounds for cell manufacturing process is crucially
important to preserve clinical safety of the final prod-
uct [2]. Fetal bovine serum is the most common source
of growth factors, and it is routinely used in research
protocols as culture medium additive to promote cell
expansion. Nevertheless, fetal bovine serum contains
xeno-carbohydrates and xeno-proteins potentially lead-
ing to undesired clinical effects upon ATMPs adminis-
tration to patients [3-6]. Replacement of fetal bovine
serum use is strongly recommended throughout Europe
and United States [7, 8] for cell product manufacturing
under GMP guidelines. Human platelet concentrates rep-
resent a suitable, abundant and cost effective alternative
source of growth factors. In previous publications human
growth factors, derived by application of repeated freeze
and thaw cycles to platelet concentrates, were utilized to
expand cells in vitro [9-14]. We previously published a
method to obtain a supernatant rich in growth factors
(SRGF) derived from platelet-apheresis concentrates by
endogenous thrombin activation and subsequent trigger-
ing of coagulation cascade [15]. Nevertheless, final con-
centrations of growth factors obtained from single donor
platelet concentrates are highly variable due to donor
inter-individual differences [16, 17]. To comply with
GMP guidelines [1], separate batches of medium addi-
tives must be characterized by consistent concentrations
of growth factors in order to consistently promote ex vivo
cell expansion. Pooling together several single donor
preparations can minimize the final product variability
[13, 14]; otherwise, the lowest number of single donor
SRGF, needed for production of pool products charac-
terized by sufficient consistency between batches, would
still need to be assessed.

Methods

SRGF production

Single donor SRGF was obtained as described in our
previous publication [15]. Briefly, a platelet rich plasma
(PRP) obtained from single donor platelet apheresis prod-
uct was added with CaCl, (Monico, Venice, Italy) at the
final concentration of 0.04 M and incubated at 40 °C for
approximately 60 min. Supernatant was separated from
clot by centrifugation at 1600x g for 15 min at room tem-
perature. Aliquots were stored at —80 °C until analysis.
Each single donor SRGF was labeled by a progressively
growing identification code (from 1 to 44). Selection of
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the 44 blood donors was performed according to the
Italian Laws and to the guidelines issued by the “Centro
Nazionale Sangue” (Italian Ministry of Health). The mean
donor age was 47 years (range from 23 to 58 years). None
of the selected donors were taking drugs that could have
potentially interfered with platelet function for at least
2 weeks before donation. Circulating platelet count of
selected donors was >180,000 platelets/pl.

Concentration measurements

Concentrations of vascular endothelial growth factor
(VEGF), epidermal growth factor (EGF), platelet derived
growth factor-AA, -AB, -BB (PDGF-AA, AB, -BB), trans-
forming growth factor-p1 (TGF-B1), fibroblast growth
factor basic (FGF-basic), insulin like growth factor-I
(IGF-I) were measured utilizing Quantikine ELISA kits
(R&D Systems, Minneapolis, MN, US). Concentrations
of Endostatin (ES), Angiostatin (AS) were measured by
RayBio ELISA kit (Raybiotech, Norcross, GA, US). Con-
centrations of growth factors were measured in 44 SRGF
obtained from different single donors. Concentrations
were also measured in small scale pool product batches
(n = 10, from A to J). Each pool batch was created—
according to algorithm derived results—mixing together
16/44 aliquots of randomly chosen single donor SRGF.
To create SRGF pool batches C-J, 500 pl of each sin-
gle-donor SRGF were utilized in a final volume of 8 ml.
Since higher final volumes of SRGF pools A and B were
required to perform cell proliferation assays, 2 ml of each
single donor SRGF were mixed together in a final volume
of 32 ml.

Mathematical algorithm for pool size estimation

In order to mathematically predict the optimal pool size
that reduces the variability of growth factors concentra-
tions within an acceptable value, we designed a de novo
statistical algorithm to simulate the creation of a pool
using different number of specimens. The algorithm was
developed using the R-software, an open source statis-
tical software [18]. Single values of VEGF, FGF-basic,
PDGEF-AA, -AB, -BB, ES, AS, TGF-p1, IGF-I, EGF meas-
ured in 44 different specimens from single donors, were
utilized as input data. For each SRGF product, the pro-
cedure randomly extracted 500 statistical samples of a
defined sample size from the pool of 44 specimens using
a bootstrap re-sampling method [19]. For each statistical
sample the mean value of the SRGF product was firstly
calculated and kept as the SGRF product concentration
for the pool; then, mean value, standard deviation and
percent coefficient of variation (CV) of concentrations
were calculated over the 500 statistical samples. This
operation was repeated for increasing sample sizes, start-
ing from n = 2 to n = 20. Data were plotted as software
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output (Fig. 2). In order to choose the appropriate pool
size, the CV threshold (20%; solid line in Fig. 2) was
defined across the lowest estimated CV value (at hori-
zontal asymptote) identified for the most variable growth
factor (VEGF).

Thrombin generation potential

To further improve characterization of SRGF compo-
sition, thrombin generation potential was assessed by
Thrombin Generation Assay kit (Technoclone GmbH;
Vienna, Austria) following manufacturer’s instruction.
Low recombinant tissue factor (LTF) or high recombi-
nant tissue factor (HTF) concentrations were added to
SRGF samples or PRP from apheresis product (as refer-
ence and positive control) immediately before the assay.
Thrombin activity kinetics were detected by monitoring
changes over time of fluorescence generated by a fluoro-
genic substrate. Data acquisition was performed utilizing
Infinite® F200 (Tecan; Ménnedorf, Switzerland) as fluo-
rescence reader. To determine non specific fluorescence
values, coagulation cascade was activated in independent
samples added with an excess (100 U/ml final concentra-
tion) of heparin (Epsoclar; Hospira S.rl., Naples, Italy).
Peak fluorescence values measured in heparin treated
samples were lower than 10% of related values measured
in PRP samples. Non specific fluorescence values were
subtracted from fluorescence values measured in samples
of PRP and of SRGF pool batches. Calculations of peak
thrombin concentrations were performed by means of
mathematical algorithms provided by the manufacturer.

Cell cultures

To verify the consistency of different SRGF pools as addi-
tives in cell culture medium we compared the impact
of both SRGF pool batch A and SRGF pool batch B on
growth rate of adipose tissue-derived stromal cells (ASC)
[20]. ASC were derived from stromal vascular frac-
tion obtained by collagenase digestion of adipose tissue
aliquots taken by liposuction from n = 2 female breast
cancer patients (age: 52 and 54 years) that underwent
mammary reconstruction by lipotransfer. The proto-
col was approved by the Ethics Committee of the CRO
Aviano National Cancer Institute (Protocol Number:
CRO-2016-30) and it complied with the Declaration of
Helsinki (2004).

After digestion of washed lipoaspirate by collagenase
(NB 6 good manufacturing practice grade, SERVA Elec-
trophoresis GmbH, Heidelberg, Germany—0.15 U/ml
final concentration), cell suspension was centrifuged
(400x g for 10 min at +4 °C) and washed with a solution
composed by 10% human albumine (Albital, Kedrion,
Italy) 10% Acid Citrate Dextrose Solution-A (ACD-A;
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Haemonetics Corporation, Braintree, MA; USA), 2 U/
ml heparin (Epsodilave, HOSPIRA ITALIA S.rl., Napoli;
Italy) in Ringer Lactate solution (Fresenius Kabi Italia,
VR, Italy). Nucleated cells were seeded on vented tissue
culture treated flasks (Falcon®-Corning NY; USA) at the
density of 50,000 viable cells/cm? in Minimum Essen-
tial Medium Eagle-Alpha Modification (Alpha-MEM,
Lonza; Basel, Switzerland) added with 100 IU/ml of Peni-
cillin and 100 pg/ml of Streptomycin (Sigma, St. Louis,
MO; USA) and with 5% (vol/vol) SRGF pool—batch A
or SRGF pool—batch B. Seeded cells were allowed to
adhere for 24 h, then non-adherent cells were removed
and fresh medium was added after a single wash with
phosphate buffered saline (PBS) solution (Sigma).
Growth of attached cells (P0) was daily monitored by
phase contrast microscopy (Olympus CKX41, Olym-
pus Italia Srl, Milano; Italy). Upon 80-90% confluence,
cells were detached by trypsin (TrypLe Select 10x, Life
Technologies, Carlsbad, CA, US). In order to perform
cell proliferation assay in the same time period, washed
cells were cryopreserved by resuspension in SRGF pool—
batch A or SRGF pool—batch B added with 10% dime-
thyl sulfoxide (CryoSure-DMSO, Li StarFish, Milano,
Italy). Cells were frozen in two steps: a transient freez-
ing (overnight) at —80 °C in a container designed to
allow a temperature decrease of —1 °C/min, (Mr Frosty,
Thermo Scientific, Waltham, MA; USA) followed by
final storage in liquid nitrogen vapor phase. After thaw-
ing, resuspended cells were seeded at passage 1 (P1)
at the density of 1000-2000 cells/cm?. Each additional
cell passage was performed in the same seeding condi-
tions and population doublings (PD) were calculated as
follows: PD at P; = 3.32 x (log n2; — log nl,); where nl;
is the number of seeded cells and n2; is the number of
harvested cells at selected passage (P;). Cumulative PD
(cPD) was calculated as follows: ¢cPD = PD at P;,_; 4+ PD
at P,. Population doubling time was calculated as follows:
PDT, = (tP, — tP, ,) x 24/PD; (tP, — tP, ,) x 24 is the
time interval (hours) between consecutive cell passages.

ASC differentiation potential assay

At P3-P4, part of ASC expanded in complete Alpha-
MEM medium added with 5% (vol/vol) SRGF—batch A
or SRGF—batch B were detached by trypsinization. Cells
were seeded at 10,000 cells/cm? and after complete adhe-
sion (24 h) adipogenic, chondrogenic and osteogenic
differentiation was induced utilizing StemMACS Adipo-
Diff, ChondroDiff and OsteoDiff media (Miltenyi Biotec
GmbH, Bergisch Gladbach; Germany). After 21 days,
differentiated osteocytes, adipocytes and chondrocytes
were stained by Alizarin Red, Oil Red-O and Safranin-O
(Sigma), respectively.
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Fig. 1 Squared box plot represents the distribution of platelet concentration (Conc.) values measured in single donor (SD) PRP, obtained from
platelet apheresis product. The figure depicts distribution of growth factor concentration values measured in n = 44 SD SRGF specimens (left box
plots). Middle box plots show the distribution of mean values calculated in algorithm-created (Alg.) groups (n = 500) of single donor SRGF concentra-
tion data (n = 16, in each group). Right box plots display distribution of growth factor concentrations measured in n = 10 real pools (Batch) each
composed of n = 16 single donor SRGF specimens. Mean or grand mean values as well as coefficient of variation [CV (%)] are reported below each

box plot. NS not significantly different vs Alg. and SD; ANOVA for independent samples
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Statistics

Significance of difference between means was tested by
ANOVA for independent samples test (Fig. 1). Linearity
of growth curves was tested calculating R* as measure of
goodness of fit of linear regression.

Results

In this work, we assessed concentrations of selected
growth factors in n = 44 SRGF specimens derived from
aphaeretic PRP products taken from single donors (61%
males and 39% females). Distribution of platelet concen-
trations in PRP products (squared box plot) as well as
distribution of concentrations measured in single donor
SRGF specimens (left box plots) are reported in Fig. 1.
Below box plots on the left, mean growth factor concen-
trations together with CV values are reported. VEGF and
FGE-b were characterized by the highest variability. We
have applied our statistical algorithm to analyze the data
matrix of growth factor concentrations measured in sin-
gle donor SRGF. The algorithm was programmed to create
in silico 500 groups of random data (single donor SRGF)
and to repeat this operation increasing group statistical
sample size step by step from n = 2 to n = 20. Thereaf-
ter, in created groups (n = 9500), the software calculated
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means for each growth factor. Finally, after matching
groups characterized by the same statistical sample size,
the software retrieved the CV between calculated means
for each growth factor. Calculated CV values in relation
with statistical group sample size are displayed in Fig. 2.
In order to define a threshold, we estimated asymptotic
CV values for all growth factors (VEGF: 19%, FGE-b:
13%, PDGF-AA: 6%, PDGF-AB: 5%, PDGF-BB: 7%, ES:
5%, AS: 7%, TGF-B1: 6%, IGF-1: 8% and EGF: 4%). For
such reasons, we arbitrarily applied 20% as CV thresh-
old to analyze all the growth factors (solid line in Fig. 2).
When considering groups with a statistical sample size
of n = 16, the CV between algorithm-calculated means
of VEGF concentrations was below the 20% threshold.
Considering all the other analyzed growth factors, the CV
between mean concentration values calculated in groups
of n = 16 statistical samples was far lower than 20%. Dis-
tribution of algorithm-calculated mean concentrations in
groups characterized by a statistical sample size of n = 16
are reported in Fig. 1 (middle box plots). Grand mean of
obtained means as well as CV values are reported below
each middle box plots. For each growth factor, CV was
strongly reduced when compared to single donor SRGFE.
To validate results obtained by mathematical algorithm,
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Fig. 2 Graphical representation of output results obtained by calculations performed by the statistical algorithm. The algorithm was programmed
to create 500 statistical groups of random data from single donor SRGF and to repeat this operation by increasing the group statistical sample size
step by step from n = 2 to n = 20. Thereafter, in created groups (n = 9500), the software calculated means for each growth factor and, match-
ing groups characterized by the same sample size, the software retrieved the percent coefficient of variation [CV (%)] between calculated means.
Calculated CV values in relation with statistical group size (n) were displayed in dot plots on Y-axis and X-axis, respectively. Solid line represents the
selected CV threshold value and the dotted line represents the group statistical sample size (n = 16) required to maintain CV below the threshold for
all analyzed growth factors
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Table 1 Composition of manufactured supernatant rich in growth factors pool batches. Identification matrix of single
donor supernatant rich in growth factors (n = 44) utilized used to create the n = 10 supernatant rich in growth factors
pool batches (from A to J, see “Methods"”). To produce SRGF pools batches A and B, 2 ml of single donor SRGF specimens
were mixed together. Otherwise, to create SRGF pool batches C-J, only 500 pl of each single donor SRGF specimens were

utilized

Batch A Batch B Batch C Batch D Batch E Batch F Batch G Batch H Batch | Batch J
1 3 1 2 1 1 2 2 2 4
8 9 6 4 2 5 3 3 3 5
1 14 8 6 4 7 7 8 4 6
13 15 10 7 7 Il 10 9 5 8
14 16 13 Il 8 12 I 13 9 9
15 18 20 16 10 15 12 14 12 16
16 20 21 21 27 18 19 16 15 17
17 24 22 22 28 22 20 17 19 19
21 25 25 23 30 26 21 19 23 23
25 26 27 24 31 27 23 20 34 27
29 27 30 26 36 29 24 22 35 29
33 28 31 31 38 32 29 28 36 32
34 33 32 33 39 35 30 30 37 33
38 36 34 36 40 39 31 32 40 37
43 40 35 42 43 42 41 37 41 39
44 41 39 43 44 43 43 44 44 42

we prepared n = 10 pool product batches mixing
together n = 16 randomly selected single donor SRGF
product specimens. Table 1 lists the identification codes
(from 1 to 44) of SRGF products actually mixed together
to create the 10 different test pools (from A to J). More-
over, to demonstrate random SRGF selection for batch
manufacturing, distribution of inclusion frequency of
single donor SRGF specimens within produced batches
was enclosed in Additional file 1: Figure S1. Data distri-
bution was close to a normal Gaussian curve centered
on the expected mean value of 3.64 times. Distribution
of growth factor concentrations measured in pool prod-
uct batches are reported in Fig. 1 (right box plots). Means
of measured growth factor concentrations as well as CV
values are reported below each right box plots: CV values
were equal to or below the defined threshold. For each
analyzed growth factor, no significant differences were
demonstrated comparing mean concentration measured
in single donor SRGF specimens with the grand mean
of mean concentrations calculated in algorithm-created
groups of data or with mean of measured concentrations
in SRGF pool batches. Single donor concentration val-
ues measured by immunoenzyme assay were a posteriori
grouped, considering exactly the composition of the real
pool batches randomly created for approach validation
(Table 1): means were calculated for each growth factor.
These calculated means were not statistically different
from related values measured in real pools by immunoen-
zyme assay (data not shown).

To further characterize SRGF products, we assayed
residual thrombin availability in SRGF pool batches.
Thrombin concentrations were measured also in
freshly obtained PRP samples (as control). As shown in
Fig. 3, thrombin availability in SRGF pools was almost
undetectable.

To directly validate consistency between manufac-
tured SRGF pool batches in terms of ability to stimulate
cell growth, we expanded ASC derived from 2 different
donors both in presence of SRGF pool—batch A or B. As
shown in Fig. 4a, expansion period (from passage 1 to
passage 7) lasted for 55 days and PD increases were linear
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Fig. 3 Concentrations of generated thrombin when low recom-
binant tissue factor (LTF) or high recombinant tissue factor (HTF)
amounts were added to samples of platelet rich plasma (PRP) from
platelet apheresis product (as control) or to samples of SRGF pool
batches comprising n = 16 single donor specimens. Thrombin avail-
ability in SRGF was demonstrated to be undetectable
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Fig. 4 a Cumulative population doublings of ASC expanded by cell
culture media containing 5% (vol/vol) SRGF pool—batch A or SRGF
pool—batch B. ASC were derived from n = 2 separate patients and
were both expanded taking advantage of each different culture
medium. No statistical differences were observed. Data of each
curve are presented as means of cPD characterizing ASC from both
patients. Error bars represents SD. Dots in the graph represent cell pas-
sages. b Images of induced (Stimulated) and non induced (Unstimu-
lated) differentiation into adipogenic (Ad), chondrogenic (Ch) and
osteogenic (Os) lineages of ASC expanded in presence of 5% (vol/vol)
SRGF pool—batch A or SRGF pool—batch B. Differentiated cells were
stained by Oil Red-O, Safranin-O and Alizarin Red, respectively

and constant through the whole experimental period (R?
linearity test for both SRGF pool—batch A and batch
B = 0.99). No significant slope differences (slope SRGF
pool—batch A = 0.6; slope SRGF pool—batch B = 0.7;
p = 0.89) was demonstrated when comparing growth
curves. Mean PDT of ASC expanded in presence of SRGF
pool—batches A and B were 34.2 4+ 4.8 and 39.1 = 5.5 h,
respectively.

As displayed in Fig. 4b, ASC expanded in presence of
both SRGF pool—batch A and B efficiently differentiated
into adipogenic (Ad), chondrogenic (Ch) and osteogenic
(Os) lineages upon appropriate stimulation in cell culture.
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Discussion

Fetal bovine serum is the most commonly used source of
growth factor to promote cell growth in culture. When
cell products are intended for utilization as an ATMP,
GMP guidelines must be fulfilled [2, 21]. Beside environ-
mental safety requirements, characteristics of consuma-
bles and additives utilized for cell expansion are regulated
by GMP guidelines [1]. All products employed within the
cell expansion process must be of non-animal origin and
different product batches must be sufficiently standard-
ized in order to allow the achievement of safe cell prod-
ucts with consistent yield and quality. In previous works,
we described the production protocol and growth fac-
tor content of our human platelet derived SRGF prod-
uct [15], and we demonstrated that SRGF can improve
stem cell growth rate in culture [22]. Thus, we consid-
ered SRGF as a promising choice as GMP compliant
cell culture additive. Nevertheless, inter-individual vari-
ability in growth factor concentrations was demonstrated
when considering growth factor mixtures obtained from
platelet single donors [15]. Overcoming this drawback
is a requirement for a safe and acceptable SRGF utiliza-
tion in GMP production processes. Pooling together
different SRGF single donor products can significantly
improve consistency of growth factor concentrations in
final product batches. Little is known about the adequate
number of single donor SRGF to be pooled together in
order to obtain consistent final products characterized by
the lowest possible variability. Direct growth factor con-
centration testing in pools of single donor SRGF products
with different pool size would be excessively expensive
and time consuming. Thus, we assayed selected growth
factor concentrations in n = 44 single donor SRGF speci-
mens. Thereafter, to predict an adequate pool statistical
sample size utmost reducing variability between final
product batches, we applied a customized statistical algo-
rithm to the data matrix of single donor concentrations.
The statistical algorithm was based on the assumption
that a calculated mean of single donor SRGF concentra-
tion values (separately measured) could closely represent
the real concentration value in a pool comprising equal
volumes of the same SRGF specimens. Our algorithm
simulated in silico the production of several SRGF pools
characterized by growing sample sizes and, in turn, esti-
mated the CV of putatively obtained final concentrations
(means). We conclude that pooling together equal vol-
umes of n = 16 single donor SRGF products can mini-
mize the variability of growth factor content in obtained
pools. This limiting pool size value was determined by
the analysis of the most variable growth factor in our
results, i.e. VEGE. The small number (n = 44) of analyzed
single donor products was due to technical and practical
reasons; in the analysis performed by the algorithm, this
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limited number probably determined repeated selection
of the same single donor data, especially when consider-
ing higher sample size groups. Thereafter, we attempted
to validate our in silico obtained results directly analyzing
growth factor concentrations in SRGF pool batches, each
comprising equal volumes of n = 16 single donor SRGF
specimens. Again, limited availability of different single
donor SRGF prompted us to validate our approach con-
sidering the same samples used to obtain the data matrix
analyzed by the statistical algorithm. Growth factor con-
centrations, calculated by the algorithm averaging groups
of concentration values measured in single donor SRGF
products, were not significantly different from actual
values measured in real pool batches. This evidence con-
firms that theoretical assumptions characterizing our sta-
tistical algorithm were acceptable. As evidenced by box
plots and considering CV changes, a strong and effective
improvement of final product quality was demonstrated
for concentration values measured by immunoenzyme
assay in pool batches of n = 16 single SRGF products. In
particular, CV values of concentrations actually meas-
ured in the analyzed pool batches were all equal or below
the 20% threshold determined by our statistical algo-
rithm. Furthermore, we aimed to demonstrate consist-
ency of biological activity in cell culture of our SRGF pool
batches. Thus, we expanded ASC obtained from 2 differ-
ent patients in separate culture conditions, i.e. utilizing
SRGF pool—batch A and SRGF pool—batch B as growth
medium supplements. The impact of different SRGF
concentrations in cell culture medium was previously
described [22] and 5% (vol/vol) concentration was cho-
sen to standardize ASC expansion protocol. By analyzing
cell growth curve we demonstrated that, in both condi-
tions, PDN increased constantly throughout the study.
Moreover, we showed that growth rates of expanded ASC
in media containing different SRGF pool batches where
closely similar. In addition, we demonstrated that differ-
ent SRGF pool batches as medium additive failed to dif-
ferently affect adipogenic, osteogenic and chondrogenic
differentiation potential of expanded ASC. Thus, we can
conclude that medium additives, each obtained pooling
together at least n = 16 single donor SRGF specimens,
consistently modulated pivotal features of cultured ASC,
as proliferation rate and differentiation potency. The
graphic analysis obtained by the statistical algorithm
suggested that increasing to over n = 16 the number
of single donor SRGF in pools can reduce variability of
growth factor concentration between batches. Never-
theless, we are confident that such potential improve-
ment in the final product quality would not be relevant
in cell culture applications, at least in terms of biologi-
cal activity consistency between batches. Thus, we can
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suggest that utilization of medium supplements manu-
factured pooling together larger cohorts of single donor
SRGF specimens would not further improve consistency
of final product biological activity. In previous reports,
the optimal number of single donor platelet concen-
trates to be mixed together for standardization of the
final products was reported to be higher [14] or in line
[13] with our results. In this work, we suggest the limit-
ing number of single donor SRGF needed to manufacture
a standardized medium additive for academic applica-
tions, applying a predictive statistical analysis and in
turn validating results in biological samples and in cell
culture applications. Distributions of platelet apheresis
donor age (within 18-60 years, as regulated by Italian
laws and “Centro Nazionale Sangue” of the Italian Min-
istry of Health) and gender can exclude direct donor-
related influence on growth factor concentration in the
final SRGF pool product [23, 24]. In parallel, we showed
that our SRGF is substantially thrombin free, which con-
fers an additional added value to the product as stromal
cells express thrombin-specific receptors [25]. In addi-
tion, a previous work [26] has demonstrated that throm-
bin stimulates proliferation of fibroblasts. Cell expansion
by platelet lysates requires heparin addition to inhibit the
thrombin dependent coagulation cascade [9] and hepa-
rin can affect proliferation of stromal cells in culture [27,
28]. Consequently, as heparin was not used in our experi-
mental conditions, we can exclude the non-specific influ-
ence of both thrombin and heparin on observed ASC
proliferation.

Conclusions

We demonstrated that pooling together equal volumes
of n = 16 single donor SRGF specimens to obtain a
final product batch, can strongly decrease variability in
growth factor content. Consistency between pool prod-
uct batches was demonstrated with regard to: (a) concen-
trations of selected growth factors; (b) the potential to
stimulate ASC expansion in culture; and (c) the potential
to induce ASC differentiation into adipogenic, osteogenic
and chondrogenic lineages. Results obtained by our sta-
tistical approach suggested that increasing the pool size
of single donor SRGF product would not provide any fur-
ther improvement in terms of biological activity consist-
ency of final SRGF pool batches.

Additional file

Additional file 1: Figure S1. Graphical representation of the distribution
of single donor SRGF inclusion frequency (times) in randomly created

n =10 (from A to J) test batches. Data distribution is close to a normal
Gaussian curve centered on the expected mean value of 3.64 times.
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