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Abstract

Background: In the last decades the replacement of fetal bovine serum (FBS) with human Platelet Lysate (hPL) for ATMPs
expansion has been for a long time investigated to overcome FBS-related issues. Despite several studies confirming hPL safe-
ty and efficacy in Mesenchymal Stromal Cell (MSC) expansion, there are still gaps in the knowledge of hPL as a supplement,
like the composition and release criteria. As growth factors are released after thrombocytes lysis during hPL production,
starting platelet concentration may affect hPL quality. This study aimed to investigate hPL starting platelet concentration ef-

fects on bone marrow-derived MSC (BM-MSC) ex-vivo expansion.

Methods: MSC were isolated from the bone marrow (BM) of 7 donors and cultured from passage 1 to 5 in 4 different condi-
tions: DMEM 10% FBS and DMEM 5% hPL varying starting platelet concentration. Particularly hPL was produced by in-
-hospital Transfusion Service, in three different starting platelet concentrations (sSPLTC): high (4x10° PLTS/ml), medium
(2x10° PLTS/ml) and low (1x10° PLTS/ml). The study focused on the analysis of parameters that are mostly affected by hPL

such as cell proliferation, immunophenotype, telomeric length, differentiation and senescence.

Results: Evaluation of proliferation indexes (PDT and PD) underlined dose-dependent effects of sSPLTC, also confirmed by

flow cytometry cell cycle analysis. Immunophenotype seems not to be affected by sPLTC. Differences were instead detected
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by adhesion molecules markers CD10, CD106, CD166, and CD146 expression, as their expression showed a dose-depen-
dent downregulation, based on the sPLTC. Differentiation potential seems to be unaffected by different sSPLTC as all cell
batches differentiated into osteoblasts, adipocytes and chondrocytes. On the contrary senescence and relative telomeric
length RTL (detected by SA-B-GAL activity and PNA-FITC flow cytometry) are strongly affected by sPLTC, in a dose-de-

pendent manner. Particularly high sPLTC results in cell senescence associated with decreased RTL.

Conclusions: our data showed that sPLTC affects some BM MSCs properties, underlying its importance during hPL prepa-
ration. According to this study, we suggest a medium sPLTC for hPL preparation, as the best compromise between the in-

crease in proliferation index and effects on senescence.

Keywords: Mesenchymal Stromal Cell; Human Platelet Lysate; Advanced Therapy Medicinal Product, Good Manufactur-

ing Practices; Clinical Grade expansion
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Background

Mesenchymal stromal cells (MSCs) are self-renew-
ing, multipotent progenitor cells with unique biologic prop-
erties that make them ideal candidates for cellular therapies.
In addition to their ease of isolation and ex vivo expansion,
MSCs possess peculiar characteristics that make them attrac-
tive for the treatment of various diseases [1]. First, MSCs
can differentiate across various lineages beyond the conven-
tional mesodermal lineages: thanks to this multipotency,
MSCs found applications in regenerative medicine and tis-

sue engineering [2].

Several studies have indicated that MSCs can pro-
vide therapeutic benefits through the secretion of soluble
factors to induce an immunomodulatory environment [3],
finding application in immunomodulation therapies [4-6],
including the use of MSCs for COVID-19 pandemic disease
[7.8].

Moreover, MSCs can migrate to sites of injury and
tumour microenvironments: this unique tropism has al-
lowed MSCs to serve as delivery vehicles for targeted thera-
py [9,10]. According to the definition given by the ISCT
[11,12], MSCs are plastic-adherent when maintained in vit-
ro and must be able to differentiate into osteoblasts, adipo-
cytes and chondroblasts following standard cell culture dif-
ferentiating conditions. In addition, 295% of the MSC popu-
lation must express CD73, CD90 and CD105 and must lack
expression of hematopoietic markers such as CD14, CD34,
CD45 and HLA-DR [13]. Due to the low content of primary
MSC in the bone marrow (0. 001-0.01% of total nucleated
cells [14] significant ex vivo cell amplification before a clini-
cal application is required to obtain therapeutic doses of
1-5 million cells/kg body weight [15,16]. The growing inter-
est in the development of therapies based on MSCs is also
evidenced by the presence of more than 150 clinical trials at
www.clinicaltrials.gov (search term ‘Mesenchymal Stromal
Cells’ accessed on 15 March 2023) This data is supported by
the safety and feasibility of MSC-based therapies as no par-
ticular adverse effects and infusional toxicity have been ob-
served [17]. To date, MSCs are considered advanced thera-
py medicinal products (ATMPs) by the European
Medicines Agency (EMA) according to regulation No. [EC]
1394/2007 of the European Commission and must be pro-
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duced in compliance with Good Manufacturing Practices
(GMP) [18]. To address all these normative issues, overcom-
ing the use of xenogeneic additives such as fetal bovine
serum (FBS) in the clinical context is mandatory to avoid
many risks, such as prion and viral transmission or adverse
immunological reactions against xenogeneic components.
Although in use for more than 50 years for culturing cells,
FBS for clinical use presents many disadvantages coming
from different points of view. For example, the FBS has nev-
er been fully characterized since serum in general is an il-
l-defined mixture of components in culture media, with
qualitative and quantitative, geographical and seasonal
batch-to-batch variations. Then the biosafety aspects since
FBS may contain adverse factors, like endotoxin, mycoplas-
ma, viral contaminants or prion proteins. Finally both ethi-
cal perspectives in terms of animal protection arguments re-
garding the harvest and collection of FBS from bovine fetus-
es and terms of recent concerns about the global supply ver-
sus demand of FBS [19].

Preliminary studies indicate that, in the last de-
cades, the replacement of fetal bovine serum (FBS) with hu-
man Platelet lysate (hPL) is safe and efficient for MSC ex-
pansion. As a matter of fact, FBS has been studied for de-
cades as a source of molecules and growth factors support-
ing MSC culture, without affecting cells' main features such
as immunophenotype, immunomodulatory potential, and
differentiation potential instead reporting a higher efficien-
cy for MSC expansion [20-23]. While there are several exam-
ples in the literature of the use of platelet lysate for MSC
clinical expansion [24-28], the debate is still open on hPL
production, as it has been shown that several factors can in-
fluence hPL final quality, starting from the source of
platelets concentrates [29], donor variability and manufac-
turing process [30-32]. A critical factor to consider in hPL
production is the number of starting platelets since it affects
the concentration of the growth factors released in the hPL
such as transforming growth factor-beta (TGF-f), insulin--
like growth factor-1 (IGF-1), vascular endothelial growth
factor (VEGF), fibroblast growth factor (FGF), platelet-
derived growth factor (PDGF) and epidermal growth factor
(EGF) [33]. According with these considerations, our previ-
ous preliminary study on the different platelet concentra-
tions has shown some interesting data, laying the back-

ground for further investigation [34]. A systematic meta-a-
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nalysis on the use of hPL for MSC culture underlined the
benefits of using hPL instead of FBS but at the same time
emphasizes the extreme heterogeneity in production meth-
ods suggesting the need for standardization, as small varia-
tions in the qualitative and quantitative composition of
hPL, can determine major effects on cultured cells [35]. Re-
cently scientific organizations and national entities, such as
the AABB-ISCT Joint Working Group (American Associa-
tion of Blood Banks and the International Society for Cell
and Gene Therapy), the European Directorate for the Quali-
ty of Medicines & HealthCare of the Council of Europe
(EDQM), and the International Society of Blood Transfu-
sion (ISBT), have released criteria for the harmonization of
raw materials such as hPL, giving indications about quality
control and specifications for hPL production [36-41]. De-
spite these attempts, some aspects concerning platelet lysate
remain to be clarified. For example, the concentration of
specific growth factors as it is still not known which ones
are required for optimum expansion [42] and this aspect is
strictly connected to starting platelets concentration. Ac-
cording to guidelines [40], the minimum platelet content
should be > 2x10"'/unit but no further indications are pro-
vided, even if several studies reported that thrombocyte con-
centration is directly related to growth factor concentra-
tion/unit and may affect pro-proliferative effect [43,44].
The interesting study by Lange et al [44] underlined the im-
portance of platelet concentration in hPL as a concentration
below 1.5x10° PLT/pl significantly reduced the pro-prolifera-
tive effect. According to our experience [45], platelet con-
centrations must be in the range of 1.6 and 2.4 x10° PLT/pl
to ensure an acceptable MSC expansion and we found [45]
a moderate correlation between the number of platelets in
each hPL and MSC population doublings as Spearman’s
rank correlation coefficient at passage 1 was 0.7564, at pas-
sage 2 = 0.6543, and at passage 3 = 0.6764. This work aims
to investigate how the starting platelets concentration may
affect MSCs features.

Methods
hPL Production & Analysis

hPL Production

hPL was produced as previously described by our
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group [45]. Three hPL batches were prepared with different
starting platelet concentrations (sPLTC). In comparison to
our standardized protocol, where the platelet concentration
is between 1.5-2.4x10’ PLT/ml, for this study a high concen-
tration platelet lysate (high sPLTC= 4x10° PLT/ml) was pro-
duced following two dilutions with the same thawed fresh-
frozen AB group plasma to obtain a medium (2x10’ PLT /m-
1) and low (1x10° PLT /ml) sPLTC concentration.

hPL analysis

An aliquot of hPL was collected for biochemical
and growth factor analysis. Platelets were counted on Sys-
mex XN-1000™ Hematology Analyzer (Sysmex Europe
GmbH), determination of total protein was performed by bi-
uret-modified method on Dimension Vista® 1500 (Siemens
Healthcare Diagnostics) and fibrinogen concentration was
measured on Cobast 511° coagulation analyzer (Roche Diag-
nostics) with Clauss fibrinogen assay. Evaluation of concen-
trations levels of Platelet-Derived Growth Factor AB
(PDGEF-AB), Transforming Growth Factor  (TGF), Epi-
dermal growth factor (EGF), Vascular-Endothelial Growth
Factor (VEGF) and basic Fibroblast Growth Factor (bFGF)
was performed using an ELISA kit (Invitrogen ELISA kit
and Quantikine ELISA KIT Biotechne ), following manufac-

turer’s instructions.
BM-MSC Cultures and Analysis

BM-MSCs Production

Bone marrow mononuclear cells (BMNCs) were
harvested from the iliac crest of 7 donors (mean age = 18)
and equally split into 4 culture conditions at a seeding densi-
ty of 100x10° BMNC/cm” as follows:

1. CONTROL Dulbecco's Modified Eagle Medium
high glucose (D-MEM) (Invitrogen, Thermofisher) contain-
ing 10% of FBS (Bio West)

2. D-MEM containing 5% high sPLTC (4x10’
PLT/ml) hPL

3. D-MEM containing 5% medium sPLTC (2x10’
PLT/ml) hPL

4. D-MEM containing 5% low sPLTC (1x10’
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PLT/ml) hPL

After about 5 days, non-adherent cells were re-
moved by two washes with saline (Baxter) and the adherent
cells were refed every 3 days with the culture medium. Cells
were detached at 85% confluence by adding TrypLE™ Select
10X (Thermofisher Scientific), microscopically counted with
Biirker’s chamber and plated until passage 5 (p5) at 5.000
cells/cm’ in cell culture flasks (Corning ® Rectangular
Canted Neck Cell Culture Flask with Vent Cap).

Evaluation of Cell Growth Kinetics

To evaluate the effects of different hPL on cellular
growth, cumulative population doubling ¢PD and popula-
tion doubling time PDT were calculated at each passage

(from pl to p5) using these equations:
e cPD=[log(n)-log(n0)]/log2

e PDT=time of culture (days)x[log(n)-
log(n0)]/log2

where “n” is the number of cells detached and
“n0” is the number of cells seeded. All counts were per-
formed in triplicate. Cell cultures under different conditions
were also observed with an inverted microscope at each pas-
sage (from pl to p5) starting from the early time of culture
(48 hours after seeding). A proliferation assay was per-
formed by immunofluorescent staining with the incorpora-
tion of bromodeoxyuridine (BrdU) on BD FACS Canto 1.
Experiments were performed by using FITC BrdU Flow Kit
(BD Pharmingen™) at passage 2. Cells were labelled for 72
hours and then analyzed. An aliquot of unlabeled cells was
used as a negative control. Labelled and unlabeled cells were
detached with TrypLE™ Select 10X and then fixed and
permeabilized with BD Cytofix/Cytoperm Buffer following
the manufacturer's instructions. Thereafter, cells were treat-
ed with DNase (30 pg of DNase/10° cells provided by the
kit) to expose incorporated BrdU, incubated for 1 hour at
37°C washed 2 times and incubated for 15 minutes at room
temperature with diluted fluorescent FITC anti-BrdU anti-
body and 7-AAD solution (both provided by the kit) for to-
tal DNA staining. Cells were acquired on the flow cytome-

ter FACS Canto I (Becton Dickinson).

Immunophenotypic Analysis
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To assess the possible effects of different culture
conditions on the cell phenotype, a multiparameter flow cy-
tometry analysis was set up at passages pl to p5. Cells were
washed with Dulbecco’s Phosphate buffered saline (DPBS
Ix without Ca™"/Mg"", Euroclone) and incubated for 15 min-
utes at room temperature with the following monoclonal

antibodies cocktails:

e CD90 FITC (clone 5E10 cat.555595),
CD105 PE (clone 266 cat.560839), CD73 PE (clone
AD2 cat.550257), HLA-DR PE-Cy7(clone 1243
cat.335830), CD45 APC-Cy7(clone 2D1 cat.348815),
CD14 APC-Cy7(clone M®p9 cat.333951), CD19
APC(clone SJ25C1 cat.345791), CD34 APC(clone
8G12 cat.345804) (BD biosciences) as characterized
positive/negative surface MSC markers suggested by
ISCT [46].

e CDI10 FITC (clone HI10a cat.332775),
CD166 PE(clone 3A6 cat.559263), CD146 PE-
Cy7(clone P1HI12 cat. 562135), CD29 APC (clone
MARA4 cat. 559883), CD106 PE (clone 51-10C9 cat.
555647), CD44 PE-Cy7 (clone G44-26 cat. 560533)
and CD71 APC (clone M-A712 cat. 551374) (BD
biosciences) as adhesion markers mostly affected by
different concentrations of growth factors released
in hPL [47].

e isotype controls APC-Cy7 IGgl « (clone
MOPC-21 cat. 557873), PE-Cy7 IgG,a x (clone
G155-178 cat. 557907) APC-Cy7 Mouse IgG,bk
(clone 27-35 cat. 558061) APC IgG,k (clone X40 cat.
567155), PE-Cy7 Mouse IgG,x (clone MOPC-21 cat.
557872), PE IgG,k (clone MOPC-21 cat. 555749),
FITC Mouse IgGlk Isotype control BD (clone
MOPC-31C cat. 550616) (BD biosciences).

The 7-amino actinomycin D (7-AAD, BD bios-
ciences) was added to each tube to discriminate live/dead

cells.

After incubation, cells were washed, resuspended
in DPBS and acquired by flow cytometry on FACS Canto I
(Becton Dickinson) equipped with the DIVA software pro-

gram.
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Trilineage Differentiation Assays

MSCs at p5 were used for differentiation assays.
Undifferentiated MSCs, cultured under standard cell cul-

ture conditions, were used as controls (3x).
Osteogenic Induction

MSCs derived from FBS and hPL cultures were
washed with DPBS and plated at 3.000 MSC/cm®in 24 multi-
well flat bottom plates (Euro Clone) until 90% confluence.
Cell culture medium was replaced by osteogenic medium
(StemPro™ Adipogenesis Differentiation Kit Gibco ", Ther-
moFisher Scientific) exchanged every 2-3 days for 21 days.
Differentiation of MSCs to osteocytes was determined by
Alizarin Red staining of calcium matrix (Alizarin Red S, Sig-
ma-Aldrich) after cold 4% paraformaldehyde fixation (Diap-
ath S.p.A).

Adipogenic Induction

MSCs derived from FBS and hPL cultures were
washed with DPBS and plated at 3.000 MSC/cm”in 24 multi-
well flat bottom plates (Euro Clone) with adipogenic medi-
um StemPro™ (Adipogenesis Differentiation Kit Gibco™, Ther-
moFisher) following the manufacturer’s instructions. The
medium was changed every 3 days and plates were observed
under an inverted microscope for the development of lipid
droplets (Nikon Eclipse TS100). Adipogenic differentiation
was confirmed by Oil Red staining (Oil Red O; Sigma-Al-
drich) after 15 days of culture in the differentiation medi-
um. Cultures were fixed with 4% formaldehyde solution for
15 min over ice and rinsed with 60% isopropanol. For the
identification of lipid droplets an Oil Red O working solu-
tion in 60% isopropanol was added to the cultures for 20

min at room temperature.
Chondrogenic Induction

MSCs were washed with DPBS and plated at
16.000 MSC/yl in 24 multiwell flat bottom plates (Euro
Clone) for setting up the micro-mass. After 3 hours of 37°C
incubation, a specific chondrogenic medium (StemPro™
Chondrogenesis Differentiation Kit, Gibco"", ThermoFisher
Scientific) was added and changed every 2-3 days for 15

days. Chondrogenic differentiation was confirmed by Al-
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cian Blue staining of glycosaminoglycans (Alcian Blue 8GX,
Sigma-Aldrich) after over-ice 4% paraformaldehyde fixa-

tion, following the manufacturer’s instructions.
Evaluation of Senescence

Another parameter that has been studied is the as-
sessment of senescence as a phenomenon that can occur in
cultured cells and lead to changes that make them ineffec-
tive for clinical use [48,49]. As previously analyzed in our
last study [45], human platelet lysate does not seem to have
these effects, but it is still interesting to investigate how and
eventually if different platelet concentrations can induce ear-

ly senescence phenomena.

Cells were morphologically evaluated under a 10X
microscope (Nikon Eclipse TS100) to assess changes in size
and morphology. Cell senescence was further investigated
at passage 5 using two different methods: expression of be-
ta-galactosidase activity (SA-P-Gal,) and detection of
telomere length [50] in flow cytometry.

Evaluation of Senescence with Colourimetric
Method

The senescence detection kit I (Promokine) was
used, following the manufacturer’s instructions. Senescent
cells display an increase in cell size and expression of the
biochemical marker B galactosidase activity. After the remo-
val of the culture medium and DPBS washing, cells were
fixed for 15 minutes with a solution provided by the kit at
room temperature. After paraformaldehyde fixation, cells
were washed with DPBS (2x) and then fixed in a solution
containing X-Gal. Cultures were incubated overnight at
37°C and observed under an optical microscope (Nikon
Eclipse TS100) for the development of blue colour. To calcu-
late the senescence index (SI), at least 100 cells were count-
ed in triplicate. The result is expressed as the percentage of
senescent cells as follows: SI=[(a)x100]/(a+b) where (a) is
the average number of senescent cells and (b) the average

number of non-senescent cells.
Evaluation of Senescence with Flow Cytometry

For the evaluation of senescence with flow cytome-
try, the Telomere PNA Kit/FITC for Flow Cytometry (Dako

Cytomation Denmark) was used. Evaluation of senescence

J Stem Cell Rep 2023 | Vol 5: 103



with relative telomere length (RTL) in flow cytometry is a
method used to measure both the replicative history and se-
nescence status of cells by determining the length of telom-
eres. A human erythromyeloblastoid leukaemia cell line
(K562, provided by Laboratory of Cellular Manipulation,
Hospital of Modena and Reggio Emilia, Italy) with known
telomere length and DNA index was used as control. Brief-
ly, MSCs at passage 5 were detached as previously described
under section 3.1 and mixed in equal numbers with K562
cells. The cell suspension was exposed to DNA denaturation
for 10 minutes at 82 °C in a microcentrifuge tube in pres-

ence of a hybridization solution without a probe or in pres-

RTL =

(mean F Llexp cers with PN A) — (mean F Llexy cetrs without PN A)

ence of a fluorescein-conjugated PNA telomere probe.
Overnight hybridization was done at room temperature in
the dark followed by two 10-minute post-hybridization
washes at 40 °C with a Wash Solution provided by the kit.
Before flow cytometry analysis, an incubation with Propidi-
um iodide (Propidium Iodide Staining Solution, BD Bios-
ciences) was performed. Cells were analyzed by flow cytome-
try on a FACS Canto I. The RTL value is calculated as the ra-
tio between the telomere signal of each sample and the con-
trol cell (K562 cell line) with correction for the DNA index
of Gy/, cells by the following formula:

x 100

(mean F L1 pjcens with PN A) — (mean F L1 q4pjcerrs without PN A)

Statistical Analysis

Statistical analysis was performed with STAT-
PLUS LE 7.6.5 software (AnalystSoft). Data are reported as
meant SD. Statistical differences were calculated with Anal-
ysis of Variance (ANOVA test) and T-test for paired data.

Differences were considered significant at P-values<0.05.

Results

Effects of different starting platelets concentration

lysates on MSCs: Morphology and Proliferation

BM-MSC showed the characteristic fibroblast-like
appearance, but those expanded in the presence of PL ap-
peared smaller compared to those grown in FBS which are

more spindle-shaped, elongated and showed denser cell

bodies and cuboidal aspect. This characteristic is mainly ob-
served in cells grown in DMEM with 5% high sPLTC
platelet lysate (figure 1).

Figure 1: Representative microscope image of cells grown under four different conditions (magnification 10X). Cells grown in platelet lysate

are smaller and elongated compared to cells grown in FBS. The effect is more pronounced for the high concentration hPL condition [high

SPLTC (4x10° PLT/ml)]. FBS= Fetal Bovine Serum, hPL (PLTC = human platelet lysate starting platelets concentration.
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In flow cytometry analysis of physical parameters pared to MSCs grown in FBS. This data is further con-
has confirmed morphological observation as MSCs grown firmed by statistical analysis, performed with ANOVA test
in platelet lysate, especially at high sPLTC concentration, and t-test for paired data (FBS vs high sPLTC concentration
are smaller, less complex and more homogeneous com- platelet lysate), as shown in chart 1.

® hPL [sPLTC high] ®hPL [sPLTC medium] ~ hPL [sPLTC low] ® FBS

*

140000
120000

|
|
T Il
100000 &

80000 i — TR
60000
40000
20000

0

SSC FSC

Chart 1: The chart shows the MFI (Mean Fluorescence Intensity) of the physical parameters FSC and SSC under 4 different culture condi-

Mean Fluorescence Intensity

tions. Statistical analysis was conducted using ANOVA (Analysis of Variance) and significance was found for the FSC parameter with *p <
0.05 (=0.001). Additionally, a paired t-test was performed between the FBS and the high sPLTC platelet lysate condition, and significance was
also found for the SSC parameter (significance with ** p < 0.05 = 0.001). Data are represented as mean +SD (n=420)

Cells grown in high sPLTC concentration hPL, show a greater proliferative boost after 72 hours of culture

as reported in figure 2.

FBS hPL [sPLTC low]

Figure 2: Representative microscope (4X) image of cells grown under 4 different conditions and observed after 72 hours of culture at passage
2. Cells grown in high sPLTC concentration hPL have a higher proliferative boost than other culture conditions. FBS= Fetal Bovine Serum,

hPL ;PLTC = human platelet lysate starting platelets concentration.
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This data is further confirmed by flow cytometry other culture conditions. The data is statistically significant
analysis of the cell cycle with BrdU. As shown in chart n 2, with p= 0.0002 calculated with one way ANOVA test at pas-
the cells cultured in high and medium sPLTC concentration sage 2 ( cells have been analyzed after 72 hours from BrdU
hPL show an increase in the proliferative phase than in labelling).

® hPL [sPLTC high] ® hPL [sPLTC medium]
hPL [sPLTC low] = FBS
100
90
*
= 80 -
g [
- 70
=}
E 60 527
— 50
o
£ 40
30
20
10 -
0

Chart 2: The chart presents the percentage of BrdU-positive cells (S-phase cells in active proliferation), after 72 hours of culture at passage 2.
Data are represented as mean +SD with n= 84. Statistical analysis was performed with one way ANOVA test (significance with * p < 0.05,

p=0.0002). FBS= Fetal Bovine Serum, hPL sPLTC = human platelet lysate starting platelets concentration.

The analysis of PD and PDT also supported this ly higher PD. The data is marked in the early stages of cell
data. It has been observed that cells grown in platelet lysate culture (p2-p3), as confirmed by morphology and flow cyto-
at high and medium sPLTC concentrations have significant- metric analysis of the cell cycle (chart n 3).

—=-hPL [SPLTC high] -=hPL [sPLTC medium] hPL [sPLTC low] -=FBS

Population Doublings

pl p2 p3 p 4 p5

Chart 3: The chart represents the population doubling (PD) of MSCs grown in DMEM 5% platelet lysate at three different starting platelets
concentration (high, medium, low) and MSCs grown in DMEM 10% FBS. Cells grown in platelet lysate, especially at high and medium start-
ing platelets concentration, had a significantly higher proliferative potential, particularly at early passages. Cells cultured in FBS and low
sPLTC lysate, follow a similar trend along the different culture passages. Data are represented as mean +SD with n=420. Statistical analysis
was performed with one way ANOVA test (significance with * p < 0.05, p=0.00001). FBS= Fetal Bovine Serum, hPL sSPLTC = human platelet

lysate starting platelets concentration.
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The PDT analysis confirmed these results. As
shown in chart n 4, cells grown in FBS and low sPLTC hPL

have a longer PDT compared to cells grown in medium

10

sPLTC and high sPLTC platelet lysate. The effect has a pro-
gressive trend over time up to passage 5, showing a double
PDT for cells grown in FBS and low sPLTC hPL.

16
2 1 ~-hPL [sPLTC high] -=hPL [sPLTC medium] - hPL [sPLTC low] -=FBS
>
]
E 12,75
% 12 1 11,57
B
4 8
=]
(=]
= 6
=
T
5 4
f="
£ 2
0

pl p2

p3 p4 p5

Chart 4: The chart represents the population doubling time (PDT) of MSCs grown in DMEM 5% platelet lysate at the three different platelets
concentration and MSCs grown in DMEM 10% FBS. Cells grown in sPLTC and high sPLTC platelet lysate, from p1 to p5, take half time to

double their population compared to cells grown in FBS and low sPLTC PL. This trend is most visible at early culture passages where cells

grown in FBS take five times longer than cells grown in high sPLTC platelet lysate to double their population. Data are reported as mean +SD

n=420. Statistical analysis was performed with one way ANOVA test (significance with *p < 0.05, p=0.00001). FBS= Fetal Bovine Serum, hPL

sPLTC = human platelet lysate starting platelets concentration.

Effects of different starting platelets concentration

lysates on MSCs immunophenotype

The MSCs were analyzed at all culture passages,
from p1 to p5, under 4 different culture conditions to verify
the possible effects of different platelet concentrations on
the cells' immunophenotype. All MSCs complied with the
ISCT criteria [46]. As shown in Table 1, no significant differ-
ences were found regarding the expression of CD90, CD73,
CD105, CD29, CD71, and CD44. Significant differences
(p<0.05) were found for CD10, CD106, CD166, and CD146

JScholar Publishers

markers, (Figure 5). The percentage of expression of these
markers shows a dose-dependent trend, based on the con-
centration of platelets used for the preparation of the lysate.
The medium sPLTC and high sPLTC platelet lysate condi-
tions show a roughly halved percentage of these markers
compared to low sPLTC platelet lysate and FBS conditions,
which however exhibit similar behaviour as already found
for other analyzed parameters. Regarding, instead, the typi-
cally negative MSC markers such as CD45, CD34, and
CD14, no increase in the percentage of expression in all the

conditions analysed was detected (data not shown).
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Table 1: The table shows the percentage of cells expressing a specific marker. Data are presented as mean +SD n=420 (calculated from p1 to
p5). Statistical analysis was performed with one way ANOVA test (significance with p < 0.05) p >0.05 absence of statistical significance. FBS=
Fetal Bovine Serum, hPL (PLTC = human platelet lysate starting platelets concentration.

hPL [high sPLTC] hPL [medium sPLTC] hPL [low sPLTC] FBS
CD90% 93,58+9,46 93,1849,26 94,0749,57 94,5549,76
CD73% 97,19+3,28 98,09+3,11 98,18+2,70 98,81+1,24
CD105% 97,67+2,49 96,72+2,46 97,46+2,23 98,99+1,00
CD29% 98,39+1,52 99,00+1,10 98,92+1,46 99,63+0,47
CD71% 83,19+13,73 83,38 £ 19,99 92,74+7,70 92,25+6,15
CD44% 97,70£2,90 98,35%1,36 97,25%2,96 98,12+2,20

B hPL [sPLTC high] ®hPL [sPLTC medium]  hPL [sPLTC low] = FBS

alalalil

CD166 CD10 CD106 CD146

Chart 5: The chart shows the percentage of cells expressing the CD10, CD 106, CD 166 and CD146 markers in the 4 different culture condi-
tions. Statistical analysis was performed with one way ANOV A test, and significance was found for all the analyzed parameters. Significance
of the test with p < 0,05 (*p CD166 =0,004, **p CD10 =0,036, ***p CD106 = 0,001,****p CD146 =0,0024). Data are presented as mean +SD
n=420 (calculated from p1 to p5), FBS= Fetal Bovine Serum, hPL sPLTC = human platelet lysate starting platelets concentration.

% of positive cells

Effects of different starting platelets concentration found between the four conditions and all MSCs differenti-
lysates on trilineage differentiation ate in all mesodermal lineages (representative cases are re-
ported).

As shown in images 3 to 5 no differences were

JScholar Publishers J Stem Cell Rep 2023 | Vol 5: 103
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hPL [sPLTC high]
i, o " ",.!f"

o *

Figure 3: Representative case of MSC chondrogenic differentiation at p5 in 4 different culture conditions. Alcian blue staining shows
hyaluronic acid for chondrocytes, after 15 days of induction. n= 84 FBS= Fetal Bovine Serum, hPL sPLTC = human platelet lysate starting

platelets concentration

Figure 4: Representative case of MSC adipogenic differentiation at p5 in 4 different culture conditions. Oil Red O shows intracytoplasmatic
vacuoles, after 15 days of adipogenic induction. n= 84 FBS= Fetal Bovine Serum, hPL sPLTC = human platelet lysate starting platelets concen-

tration
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hPL [sPLTC low]

hPL [SPLTc medium] hPL [sPLTC highl

Figure 5: Representative case of MSC osteogenic differentiation at p5 in 4 different culture conditions. Alizarin Red S staining shows the pres-
ence of calcium matrix in osteoblasts, after 21 days of osteogenic induction. n= 84 FBS= Fetal Bovine Serum, hPL sPLTC = human platelet

lysate starting platelets concentration.

Effects of different starting platelets concentration ure 6 (representative case) and in chart n 6, which shows
lysates on senescence the senescence index. This data correlates further with the
RTL. As shown in chart 7, in high sPLTC hPL condition

The high sPLTC hPL condition is associated with RTL is significantly lower than in other culture conditions.

a significant increase of the senescent cells as shown in fig-

hPL [sPLTC low] |

4

hPL [sPLTC medium] =

fid

S

Figure 6: Representative case of histochemical detection of Senescence-associated marker p-galactosidase on MSC at passage 5, in 4 different

culture conditions. n= 84 FBS= Fetal Bovine Serum, hPL sPLTC = human platelet lysate starting platelets concentration.
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mhPL [sPLTC high] ®hPL [sPLTC medium] ~ hPL [sPLTC low] = FBS

100
90

80

70 62,5

Senescence Index %

10,3 4o
[

Chart 6: The chart shows the senescence index of MSC in the 4 different culture conditions at p5. The high sPLTC hPL condition shows a sig-

nificant increase in senescent cells (one way ANOVA test with n= 84 and *p= 0.00001 Data are represented as mean +SD FBS= Fetal Bovine

Serum, hPL sPLTC = human platelet lysate starting platelets concentration.

® hPL [sPLTC high] ®hPL [sPLTC medium] ~ hPL [sPLTC low] ® FBS

70

60

52,6 554

50

40

30

20

Relative Telomere Lenght (RTL)

10 -

0 |

40,6

Chart 7: The chart shows the relative telomere length (RTL) of MSCs in the 4 different culture conditions at p5. The high sPLTC hPL condi-
tion shows a significant reduction of RTL (one way ANOVA test with n= 84 and *p= 0.00002 Data are represented as mean +SD FBS= Fetal

Bovine Serum, hPL (PLTC = human platelet lysate starting platelets concentration.

Biochemical characterization of hPL

All platelet lysate aliquots used in this study were
biochemically characterized. The results are shown in table

n 2 where the concentration of the dosed growth factors

JScholar Publishers

PDGF-AB, TGFp, EGF, VEGF and bFGF is proportional to
the number of platelets used for the hPL preparation. How-
ever, for the plasma component (total protein and fibrino-

gen), no significant differences were found.
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Table 2: The table shows the biochemical characterization of different hPL. Data are presented as mean +SD n=9. Statistical analysis per-
formed with one-way ANOVA test (significance with p < 0.05) PDGF-AB p=0.0001, TGFp p= 0.0005, EGF p=0.0003, VGF p=0.0009, bFGF

p=0.0011. Total protein and fibrinogen p >0.05 absence of statistical significance.

hPL [high SPLTC hPL [medium sPLTC] hPL [low sPLTC]

[PLT] x10°/ml 3.9+0.4 1.9 +0.1 1.03+0.2

Fibrinogen mg/dl 214.3+14.2 239 +46 230.3£4.9
Total Protein g/dl 52+ 1.4 5.9+ 0.5 5.3%0.7

PDGF-AB ng/ml 283+ 7 174.5 £15 32.6£6.36

TGF B ng/ml 450+ 26.5 280.83 1.4 160.92+6.6
EGF ng/ml 7.9+ 0.8 293+ 04 1.62+0.3
VEGF ng/ml 30.8£ 6.9 11.8+ 5.1 4.95%0.2
bFGF ng/ml 4.3+ 0.6 1.56% 0.7 0.87+0.1

Discussion vation from our previous study [45] as a moderate correla-

Mesenchymal stromal cells are spindle-shaped
plastic-adherent cells isolated from different tissue with mul-
tipotent differentiation capacity in vitro. Because of their bi-
ological characteristics, these cells currently represent the
most frequently used cell type in advanced therapies with
different purposes [1,2,4,5,51]. Overall, MSCs have shown
promise as a cell therapy product, and numerous clinical
trials are currently underway to investigate their safety and
efficacy in a variety of conditions [17]. Since MSCs belong
to the ATMPs category, they must be produced in com-
pliance with GMP and all animal-derived culture supple-
ments, such as FBS, should not be used for clinical grade ex-
pansion [52,18]. For decades, Hpl has been considered an
excellent substitute for FBS for ATMPs expansion but de-
spite extensive scientific evidence in terms of safety and effi-
cacy [24-26,29,20], its production has not yet reached stan-
dardization. The recently introduced guidelines [36-41] rep-
resent a strong attempt to standardize and harmonize its

production, but some aspects remain to be clarified.

In particular, the starting platelets concentration
used for the hPL production is still a matter of discussion.
The suggested minimum concentration is 2x10''/unit [40]
but no further indications are provided, despite the evi-
dence in the literature that platelet number affects the con-
centration of released growth factors and therefore efficacy

in supporting cell expansion [31,33] According to an obser-
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tion between the population doublings, and the number of
platelets used was observed, this study aims to investigate if
the starting platelet concentration used for hPL production,
may affect some expanded MSC features. Based on obtained
data it can be stated that the cell growth and the cell growth
kinetics are affected by hPL starting platelets concentration.
MSC:s cultured in medium sPLTC and high sPLTC platelet
lysate, show significantly higher PD than FBS and low
sPLTC conditions. This data is also reflected in tandem
with a halving of the PDT. The increased proliferative boost
given by lysates with higher levels of platelets is particularly
evident in the early stages of culture (p1-p2), as underlined
by both microscopic and cell cycle analysis. An increase in
cell proliferation can be observed after 72 hours of culture
as well as at passage 2, just after 72 hours of culture, the per-
centage of cells in the S phase is significantly higher for
MSCs cultured in medium sPLTC and high sPLTC platelet
lysate than other conditions. The platelet lysate and the con-
centration of platelets used for its production, do not affect
the expression of the classic ISCT surface markers CD105,
CD90 and CD73. At the same time, typically negative mark-
ers such as CD45, CD34 and CD14 do not undergo any
change in the percentage expression that remains below 2%
of positivity, according to the ISCT criteria. This data fur-
ther demonstrates how the use of platelet lysate represents a
valid alternative to FBS for the GMP culture grade of mes-
enchymal stromal cells. Platelet lysate at any strating

platelets concentration, does not alter the expression of
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markers that typically belong to the hematopoietic line and
that allow to define the purity and quality of the MSC for

clinical use [53].

Interestingly, the percentage of expression of
CD166 (activated leukocyte cell adhesion molecule AL-
CAM), CD10 also known as neprilysin, CD106 (Vascular
Cell Adhesion Molecule-1 VCAM-1) and CD146 (melano-
ma cell adhesion molecule MCAM) was significantly re-
duced in MCS grown in the presence of medium sPLTC
and high sPLTC platelet lysate, in a dose-dependent mann-
er. The CD166, a type-I transmembrane protein, belonging
to the immunoglobulin superfamily, is described as an MSC
marker expressed at higher levels in both Bone Marrow de-
rived MSCs and Umbilical Cord MSCs [54]. Although its
role in MSCs seems to be undetermined [55], cells express-
ing CD166 on their membrane are reported to have
favourable chondrogenic differentiation capacity [56]. In
our case, despite the different expression of CD166 no signi-
ficative differences were found according to chondrogenic

differentiation potential between the culture conditions.

Likewise, CD10 expression exhibits similar be-
haviour. This marker can be found on BM-MSC [57], but
its expression seems to be unrelated to any particular MSC
features. Moreover, the presence of CD10 on the MSC sur-
face is still an object of discussion as described as positive in
some papers and negative in other ones [58,59]. Even if the
CD10 is downregulated in a dose-dependent manner ac-
cording to the number of platelets used for the hPL prepara-

tion, seems not to modify the MSC features.

CD146 and CD106 BM-MSC surface markers are
associated with clonogenicity, differentiation and immuno-
modulatory proprieties [60] and their expression decreases
when MSC are differentiated into the osteogenic lineage, in-
dicating their relevance as markers of MSC potency [61,62].
Moreover, the expression of CD146 has also been reported
as associated with a higher immunomodulatory and secreto-
ry capacity, and thus therapeutic potency [63]. Our study
shows that the starting platelet content of hPL affects their
expression in a dose-dependent manner with progressive

downregulation.

No differences were found between the culture

conditions on the differentiation potential. Moreover,
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CD146 and CD106 are also associated with the MSC im-
munomodulatory potential. The CD106, a vascular adhe-
sion protein and member of the immunoglobulin superfami-
ly, binds to its target, the Integrin Subunit Alpha 4 (IT-
GA4), and recruits immune cells to the inflammatory site. It
also has a role in MSC-mediated immunosuppression as the
CD106 expression in MSCs can be induced by IFNy treat-
ment in presence of the pro-inflammatory cytokines tu-
mour necrosis factor-alpha (TNF-a) or Interleukin-1-beta
(IL-1p) [64]. The CD106 inhibition or gene knockout re-
duced MSC-induced immunosuppression in vitro and in vi-
vo, indicating that CD106-mediated cell-cell contact is es-
sential in immunoregulation by MSCs. This finding was sup-
ported in a study showing that CD106" placental chorionic
villi MSCs (CV-MSCs) better regulate helper T cells and
produce higher levels of cytokines than CD106- CV-MSCs
[65]. There are also reports indicating that the expression of
CD146 is associated with better immune regulation. Upon
inflammatory priming, CD146+ BM-MSCs had a greater se-
cretory capacity, elevated expression of anti-inflammatory
proteins, better immunosuppression of stimulated peripher-
al blood mononuclear cells (PBMCs) and T cells, and im-
proved induction of regulatory T cells in vitro than the nega-
tive subpopulation [66]. Other studies reported that CD146
expression is downregulated during MSC prolonged culture
and low expression levels are associated with in vitro and/or
in vivo senescence and impaired migratory capacity
[67-70]. These data are also confirmed in our study, where
MSC grown in the presence of high sPLTC platelet lysate
show greater signs of senescence. These phenomena are
probably linked to the strong proliferative boost that the
MSC grown in high sPLTC hPL receive, especially in the ear-
ly stages of the culture.

Biochemical characterization of platelet lysate con-
firmed that the concentration of PDGF-AB, TGFp, EGF,
VEGF and bFGF was proportional to the number of
platelets used for the hPL preparation. Interestingly, al-
though platelet lysate contains a plethora of growth factors
and cytokines, some growth factors appear to play a pivotal
role in cell proliferation, survival and maintenance of the
MSC differentiation/immunomodulation potential [71-73].
Transforming growth factor-beta (TGFp) is known to influ-
ence cells from the chondrogenic lineage in vivo, promoting

initial stages of mesenchymal condensation, prechondro-
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cyte proliferation, production of extracellular matrix and
cartilage-specific molecule deposition, while inhibiting ter-
minal differentiation [74]. When applied to MSCs in vitro
to study chondrocyte regeneration, cells show increased pro-
liferation and a bias towards the chondrogenic lineage [75].
Along with TGFf, PDGF-AB is the most powerful mito-
genic agent for stimulating MSC's growth [76] and the most
relevant growth factor in the human platelet lysate composi-
tion [77]. Many studies have deeply demonstrated its rele-
vance in promoting and supporting MSC growth
[44,78,79]. For example inhibition of PDGF-BB, bFGF and
TGF-p by neutralizing antibodies reduced cell proliferation
to a mean of 25% [71]. In our case the presence of a higher
PDGF-AB and TGFp concentration in high sPLTC platelet
lysate explains the increased proliferative boost given to
MSC in the early stages of culture, confirmed by prolifera-
tion index and cell cycle analysis. Moreover, even other
growth factors such as EGF, VEGF and bFGF play an impor-
tant role in supporting MSC proliferation, albeit in a lower
concentration. Fibroblast growth factors (FGFs) are a fami-
ly of growth factors involved in wound healing and angioge-
nesis. Among the various members of this family, FGF-2 or
basic fibroblast growth factor (b-FGF) has been used in
MSC-related studies showing increased rabbit, canine and
human MSC proliferation in vitro [80]. The vascular en-
dothelial growth factor increased MSC proliferation on its
own even if MSCs do not express the VEGF receptor. This
could imply that VEGF stimulates MSC proliferation by acti-
vation and downstream signalling of the platelet-derived
growth factor (PDGF) receptors [81]. Finally, even the EGF
enhances MSC self-renewal and expansion in vitro and has
been found to promote MSC paracrine activity and osteo-
genic induction [82]. Although all these factors have been
studied for a long time, the potential effects on the MSC's

different features are not well characterised yet.

This research’s strength lies in its thorough evalua-
tion of cell growth and cycle analyses, which shed light on
the complex relationship between sPLTC and MSC be-
havior. The main limitation of the study is represented by
the relatively young donor group (average age of 18 years).
Expanding the study to include older donors would un-
doubtedly represent an opportunity to enhance the clinical
relevance of the findings, providing a more comprehensive

understanding of how sPLTC may impact MSCs in patient

JScholar Publishers

17

populations that typically skew older. Overall we think that
this research lays the groundwork for further exploration
and potential applications in the field of regenerative

medicine.

Conclusions

In conclusion, we suggest a starting platelet con-
centration for hPL preparation with a mean of 1,5-2,5x10’
PLT/ml to guarantee efficient cell proliferation and avoid

an excessive cell boost that could trigger MSC senescence.
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