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Abstract
Platelets contain abundant growth factors and cytokines that have a positive influ-

ence on the migration and proliferation of different cell types by modulating its

physiopathological processes. As it is known that human umbilical cord blood

platelet lysate (UCB-PL) contains a supraphysiological concentration of growth

factors, in the present study, we investigated its effectiveness in wound-healing

processes. Human UCB-PL was obtained by the freeze/thaw of platelet concentrate

(1.1 × 109 platelets/L), and its effect was evaluated on human or mouse endothelial

cells, monocytes, fibroblasts, and keratinocytes in different concentrations. Human

UCB-PL was observed to have high levels of pro-angiogenic growth factor than

peripheral blood platelet-rich plasma. Among the cell lines, different concentrations

of human UCB-PL were necessary to influence their viability and proliferation. For

L929 cells, 5% of total volume was necessary, while for human umbilical vein

endothelial cell, it was 10%. Cell migration on monocytes was increased with

respect to the positive control, and scratch closure on keratinocytes was increased

with respect to serum-free medium with only 10% of human UCB-PL. We con-

cluded that the human UCB-PL may be useful to produce a large amount of stan-

dard platelet concentrates sufficient for several clinical-scale expansions avoiding

inter-individual variability, which can also be used as a functional tool for clinical

regenerative application for wound healing.
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1 | INTRODUCTION

The wound-healing and tissue regeneration processes occur
in four steps: clotting, inflammation, cell proliferation and
repair of the matrix, and epithelialisation and remodelling of
the cicatricial tissue.1 These steps are dynamic and complex
cascade integrations, which depend on coordinated functions
of inflammatory cells, endothelial cells, fibroblasts, and

keratinocytes. They are led by multiple cytokines and
growth factors, such as platelet-derived growth factor
(PDGF), transforming growth factor (TGF), and vascular
endothelial growth factors (VEGF).2,3 Naturally released by
platelets, growth factors promote cell recruitment, tissue
regeneration, matrix remodelling,4 angiogenesis, and blood
vessel maturation.5 Platelets come from megakaryocytes and
have a dense cytoplasmic granulation. One part of the
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granule stores growth factors, while the other part carries the
bioactive factors for the tissue recovery process, such as
serotonin, dopamine, histamine, adenosine, and calcium.6

In the last few decades, the platelet has been widely studied,
and it was demonstrated that it has a great potential to deliver a
high concentration of growth factors and chemo/cytokines in a
concentrated volume of plasma. As a result, different fields of
medicine, aiming to augment the repair of tissues with low
healing ability, have been applying platelet-rich plasma
(PRP),7,8 a preparation of autologous plasma enriched with
a platelet concentration above that normally contained in
whole blood.9 Its use speeds up the vascularisation of grafts,
reduces post-surgery morbidity, improves the regeneration of
different tissues, and reduces the formation of a scar as it
accelerates the maturity and regeneration of the epithelium of
wound.10 However, its actual clinical application is restricted
to platelet gels obtained from autologous peripheral blood.
This demonstrates a significant and practical limitation such
as the need for repeated blood collections for multiple plate-
lets which might be difficult or clinically inappropriate for
some different categories of patients (eg, elderly hypo-mobile
patients, neonates, and children).11

Therefore, any other options to minimise variability and
produce a large amount of standard PRP sufficient for
clinical-scale use are necessary. Among the current proposal
alternatives, the most promising for autologous PRP from
peripheral blood (PB-PL) appears to be the use of human
umbilical cord blood PRP. It has already been demonstrated
that the umbilical cord blood platelet lysate (UCB-PL) has
great potential for research and therapeutic purposes,12 other
than containing increased levels of growth factors, such as
epidermal growth factor (EGF), VEGF, fibroblast growth fac-
tor, insulin-like growth factor-1, and interleukins and inter-
ferons.13 Besides, UCB-PL also contains serum albumin,
transferrin and fibronectin, mineral, ghrelin, adiponectin, vita-
mins A and E, and several essential fatty acids.14,15 It has
recently been shown that UCB-PL has a similar effectiveness
to PB PRP in promoting cell growth and differentiation, more
specifically on dermal fibroblast, which makes it an interest-
ing alternative to the tissue-engineering applications.16,17

Based on these statements, we observed the effect of dif-
ferent concentrations of human UCB-PL on endothelial cells,
monocytes, fibroblasts, and keratinocytes culture. Therefore,
we obtained the UCB-PL following the procedure established
by Rebulla et al12 and demonstrated its effect on the viability,
proliferation, and migration of two important cell lines applied
in wound-healing research: human umbilical vein endothe-
lial cells (HUVECs) and mouse fibroblasts (L929). Our
results showed that UCB-PL might be useful to produce a
large amount of standard platelet lysate sufficient for sev-
eral clinical-scale expansions as it increased cell viability
and proliferation when compared with a basal medium in a

concentration-dependent response. However, it was also ver-
ified that, in high concentrations, UCB-PL could have an
inhibitor effect on cell viability and proliferation.

2 | MATERIALS AND METHODS

2.1 | Ethics statement

The Italian Cord Blood Network has a programme to collect
whole blood and prepare donor-derived platelet concentrate
and is a structure that has been accredited by the Regional
Health Authority. Approval from an institutional review
board or ethics committee was thus not necessary. However,
written informed consent was obtained from all the parents,
and they were informed that the cord blood units not eligi-
ble for unrelated transplantation were used for research.

2.2 | Human CB PRP preparation

The CB units were collected in plastic bags (JMS) containing
30 mL of citrate-phosphate-dextrose-adenine-1 anticoagulant
according to locally validated standard operation procedures.
The units were processed for the preparation of PRP within
48 hours of collection. Only CB units with total nucleated
cells <1.5 × 109 and platelets >200 × 106 were enrolled in
this study to obtain a target mean platelet concentration of
1 × 109/L, range 0.8 to 1.2 × 109/L (according with the plate-
let concentration defined by the Italian Society of Transfusion

Key Messages
• the wound healing and tissue regeneration pro-

cesses usually result in scar tissue, which change
the skin's essential functions and can moreover
result in devastating psychological consequences,
reducing the quality of the individual's life

• the aim of our study was to verify if human cord
blood (CB) platelets lysate (PL) can improve cell
viability and migration on wound-healing assay,
and to do that, we tested different concentrations
of the lysate in human and murine cell lines cul-
ture and compared its viability, proliferation, and
migration rates

• we demonstrated that, because of the high levels
of pro-angiogenic growth factor present in human
umbilical CB-PL, it could improve the viability
and proliferation of these cells

• we believe that UCB platelets can become a func-
tional tool for clinical regenerative application for
wound-healing process
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Medicine for platelet gel obtained from adult blood), and tar-
get mean volume of 10 mL, range 5 to 15 mL.

The PRP was prepared with an initial soft spin centrifuga-
tion of CB at 213g for 15 minutes, followed by the transfer of
PRP into a secondary bag. A second spin centrifugation of
the PRP at 2200g for 15 minutes was performed to pellet the
platelet. Then, we removed the supernatant platelet-poor
plasma in excess to adjust the platelet concentration to target
value minimum (0.8 × 109/L) and maximum (1.2 × 109/L).
Sterility testing performed at the end of the process was nega-
tive in all CB platelet concentrate (CBPC). The CBPC units
were finally cryopreserved in a −80�C mechanical freezer. A
10 mL plastic bag was used to ensure appropriate storage and
transport conditions.

2.3 | Pro-angiogenic growth factor
quantification in UCB-PL

The levels of platelet-derived growth factor-AB (PDGF-
AB), TGF-β1, and VEGF were assessed in PRP samples
using enzyme-linked immunosorbent assays for these factors
(Quantikine, R&D Systems, Inc., Minneapolis, Minnesota)
according to manufacturer's instructions. Samples for TGF-
β1 analysis were acid activated with 1 N HCl. Growth factor
concentrations were measured in triplicate in three different
samples.

2.4 | Cell culture conditions

PRP biological effect on cell viability, proliferation, migra-
tion, and inflammatory response was performed using four
different human cell types involved in the different phases of
wound healing: monocytes, endothelial cells, fibroblasts,
and keratinocytes. THP-1 (human acute monocytic leukae-
mia cell line, ICLC HTL97014) was maintained at a cell
density of 2 to 9 × 105 cells/mL in RPMI 1640 sup-
plemented with 10% fetal bovine serum (FBS), 2 mM L-
Glutamine, 100 μg/mL streptomycin, and 100 U/mL penicil-
lin. Each experiment was performed on cells that demon-
strated viability rates >95% after staining with Trypan blue
dye for dead cell exclusion. HUVECs were obtained by
treatment with 0.1% collagenase type II (Worthington Bio-
chemical Corporation, Lakewood, New Jersey) and 0.5%
albumin solution to allow endothelial cell detachment from
the vessel wall.18 Isolated cells were cultured in Medium
199, supplemented with 20% FBS, 2 mM L-
Glutamine,100 μg/mL streptomycin, 100 U/mL penicillin,
100 μg/mL heparin from porcine intestinal mucosa, and
50 μg/mL EGF. Experiments were performed at passage
3 to 4.

The L929 mouse fibroblast cell line (ICLCATL95001)
was obtained from connective tissue of C3H. The L929

mouse fibroblast cell line(ICLCATL95001) was obtained
from European Collection of Authenticated Cell Cultures
(ECACC), and human keratinocytes HaCat (BS CL 168)
were cultured in RPMI 1640 supplemented with 10% FBS,
2 mM L-Glutamine, 100 μg/mL streptomycin, and 100 U/
mL penicillin. The medium was routinely changed every
3 days, and at confluence, cells were sub-cultured (split
ratio 1:3) by trypsinisation (0.5% trypsin/0.02% ethyl-
endiaminetetracetic acid). The culture media described for
each cell type were defined as complete media. Experi-
ments on PL effects were performed in the absence of
serum and EGF. All the cell cultures were incubated at
37�C in a humidified atmosphere with 5% CO2 culture
media; reagents and serum were purchased from Sigma-
Aldrich (Saint Louis, Missouri).

2.5 | The effect of UCB-PL on cell viability

The quick and easy method of tetrazolium-based colorimetric
assay with MTT [3-(4,5 dimethylthiazol-2-yl)-2,5-diphenyl
tetrazolium bromide] is used to assess cell viability as a func-
tion of redox potential. Actively respiring cells through the
succinate dehydrogenase system of the mitochondrial respira-
tory chain can reduce the water-soluble MTT to an insoluble
purple formazan. The formazan is then solubilised, and its
concentration is determined by optical density (OD). Briefly,
HUVECs (8 × 103 cells/well) were seeded on pre-gelatinised
96-well plates, and L929 (4 × 103cells/well) were seeded on
96-well plates. After 24 hours of incubation, when cell growth
was in the logarithmic phase, the medium was carefully
decanted and replaced with 200 μL/well of serum-free
medium containing 1%, 3%, 5%, 10%, or 20% (v/v) of
PL. Complete medium was used as a reference. Cells were
allowed to grow for another 72 hours at 37�C; after this,
20 μL of an MTT phosphate-buffered solution (0.5 mg/mL)
was added to each well, and cultures were incubated at
37�C for 4 hours. The supernatant was removed from the
wells by slow aspiration and replaced with
Dimethylsulfoxide (100 μL per plate) to solubilise the MTT
tetrazolium dye. At the end of incubation time, the OD was
measured at a wavelength of 550 nm using a microplate
reader (Spectrafluor Plus; TECAN Austria GmbH, Grödig,
Austria). The percentage of cell viability was calculated vs
the complete medium (assumed as 100%).

2.6 | The effect of UCB-PL on cell
proliferation

BrdU is incorporated instead of thymidine into the DNA of
new synthesis, so BrdU incorporation is a suitable method
for the quantitative measurement of cell proliferation.
Briefly, HUVECs (8 × 103 cells/well) were seeded on pre-
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gelatinised 96-well plates, and L929 (4 × 103 cells/well)
were seeded on 96-well plates. After that, when cell growth
was in the logarithmic phase, the medium was carefully
decanted and replaced with 200 μL/well of medium con-
taining PL (1%, 3%, 5%, 10%, or 20%). Complete medium
was used as a reference. After 48 hours of PRP incubation,
cell proliferation was assessed by BrdU assay (Roche Diag-
nostics, Mannheim, Germany). The BrdU reagent was added
to each well, and after 4 hours of incubation, the assay was
performed following the procedure prescription. The OD
was measured at a wavelength of 450 nm using the micro-
plate reader. The percentage of cell proliferation was calcu-
lated vs the complete medium (assumed as 100%).

2.7 | The effect of UCB-PL on monocyte
chemotaxis

Monocyte chemotaxis was measured using a 24-Transwell
plate with 5.0 μm pore polycarbonate membrane insert
(Corning Costar, Cambridge, Massachusetts). THP-1 cells
were resuspended at 1 × 105 cells/mL, and 200 μL of cell
suspension was transferred to the upper chamber of each
transwell. The lower chamber was filled with 400 μL of
medium containing PL at different concentrations (1%, 5%,
or 10%). THP-1 cells were allowed to transmigrate for
2 hours in a humidified atmosphere with 5% CO2. Cells
migrated through the polycarbonate filter pores in response
to chemoattractant stimuli and were then counted by the
Bürker chamber under light microscopy.

2.8 | The effect of UCB-PL on cell migration

PL effect on wound healing-associated migration was
assessed by using scratch-wounded keratinocyte monolayer
models (scratch closure assay).19 HaCat were seeded into
24-well plates at a density of 20 × 104, cultured to conflu-
ence, and scratched by scraping with a 10 μL pipette tip.
Following phosphate buffered saline washes, cultures were
re-fed with 500 μL/well of PL diluted at different concentra-
tions (1%, 5%, and 10%) in a serum-free culture medium.
Control wells received a serum-free medium or complete
culture medium. At 10, 20, and 30 hours after scratching,
digital images of cells were captured by a phase-contrast
microscope (Axiovert 25, Zeiss, Milan, Italy; O.M. 50X)
equipped with a digital camera (EOS 1000D, Canon, Milan,
Italy). Scratch closure was qualitatively analysed at each
time point with respect to time 0.

2.9 | Statistical analysis

All the experiments were performed at least in triplicate.
Data have been presented as mean ± SD. The data were

analysed by StatViewTM 5.0 software (SAS Institute, Cary,
North Carolina). The means were statistically compared
using the independent Student's t test. Values of p < .05
were considered statistically significant.

3 | RESULTS

3.1 | UCB-PL has high concentrations of pro-
angiogenic growth factor

Mean content of the measured PDGF-AB, TGF-β1, and
VEGF doses on UCB-PL were 65 ± 7.1 ng/mL (C.I 58.7–-
72.8 ng/mL), 545 ± 66 ng/mL (C.I 479–611 ng/mL), and
3.5 ± 1.4 ng/mL (C.I 2.1–4.9), respectively. Our results
highlighted that UCB-PL contains a high amount of growth
factors with respect to those from PB-PL (40, 64, and
0.7 ng/mL) according to the literature.20

3.2 | UCB-PL influences the cell viability and
proliferation

The addition of UCB-PL in low concentrations, such as 1%,
3%, and 5% of total medium volume, was found to increase
cell viability and proliferation regarding control conditions
(basal medium and complete medium without PL). On the
other hand, UCB-PL had inhibited the cell viability and pro-
liferation of L929 and HUVEC cell culture when added in
concentrations of 10% and 20%, respectively (Figure 1).

3.3 | UCB-PL increases the monocyte
chemotaxis

The UCB-PL effect on cell migration rate was assessed by a
chemotaxis assay, using complete culture medium as the
positive control (Figure 2); 1% and 5% UCB-PL induced a
significant increase (p < .05) in migrating cell numbers with
respect to serum-free conditions, and 10% UCB-PL pro-
duced a significant increase (p < .05) when compared with
serum-free conditions and a complete culture medium
(24 000 and 32 400 cells, respectively, vs 2000, p < .05).

3.4 | UCB-PL plays a positive role on HaCat
cell migration

The addition of UCB-PL on the medium culture was able to
prompt cell migration on the scratch test using HaCat cells.
As observed in Figure 3, the best concentration of UCB-PL
was 5%. Although the samples that were treated with 1%
and 3% of UCB-PL showed no difference to the control, the
cells treated with 5% of UCB-PL for 24 and 48 hours
showed a higher scratch closure rate.
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4 | DISCUSSION

In this paper, we have demonstrated the effect of different
concentrations of umbilical cord blood platelets on viability,
proliferation, and cell migration in different human and
murine cell lines. Our aim was to define the best concentra-
tion that, in future, could be applied in protocols to improve
the wound-healing process.

In adult mammals, wound healing usually results in scar
tissue that can change the skin's essential functions and may
have devastating cosmetic and psychological consequences,
reducing the quality of an individual's life.20 In some patho-
logical conditions, such as diabetic skin ulcerations, poor
vascular flow can cause the failure of the injured skin
reepithelialisation, which will not permit proper wound
healing, causing an aggravated scenario with painful
lesions.21 Thus, because of the ability of platelets to stimu-
late the production of growth factors and cytokines that max-
imise the healing process at the cellular level, there is an
increasing interest in the clinical application of PRP to stim-
ulate the cell recruitment, differentiation, and communica-
tion.22 However, the current clinical trials usually apply
platelet concentrates obtained from adult blood to repair top-
ical skin ulcers,23,24 a protocol that demonstrates significant
practical limitations. Given this, the investigation into new

FIGURE 1 Umbilical cord blood
platelet lysate (UCB-PL) effect on viability
and proliferation of L929 cells and human
umbilical vein endothelial cells
(HUVECs). Viability (A and C) and
proliferation (B and D) were assessed by
MTT assay and BrdU incorporation assay,
respectively, following 72 and 48 hours of
incubation with different UCB-PL
concentrations (1%, 3%, 5%, 10%, and
20%). The percentage of cell viability and
proliferation were calculated vs the
complete medium (assumed as 100%).
Data are means ± SD of values obtained
from three independent experiments with
four replicates each. *p < .05 vs both
serum-free medium and PL 10%; Δp < .05
vs both serum-free medium and PL 10%;
§p < .05 vs serum-free medium, PL 1%
and PL 20%; �p < .05% vs serum-free
medium, PL 1%, PL 20%

FIGURE 2 The chemotactic effect of umbilical cord blood
platelet lysate (PL) on THP-1 cell line was assessed following 2 hours
of cell migration towards different PL concentrations (5%, 10%, and
20%). Positive and negative controls are represented by complete
culture medium and serum-free medium, respectively. Data (n = 3) are
means ± SD of four replicates. §p < .05 vs both serum-free medium;
*p < .05 vs serum-free medium, 1% PL, 5% PL, and complete culture
medium
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protocols to obtain PRP in a safe and sufficient quantity is
required.

Umbilical CB stored in blood banks cannot always be
used for haematopoietic stem cell transplantation as up to
80% of stem cells are lower than the cut-off required for
such application,25 being potentially available for a non-
transfusion application as a source of growth factor from
platelets. Because of the high concentrations of growth fac-
tors and cytokines obtained from CB platelet lysates, there
appears to be potential for future clinical applications; how-
ever, there is still no consensus about the optimal concentra-
tions of UCB-PL that permit clinical application in human
trials with no toxic effects. By following the present proto-
col, we have obtained PL with high concentrations of growth
factors, especially TGF-β1 and VEGF. Our results have
demonstrated, however, that each cell line responds to

different doses of UCB-PL. The murine cell line L929, for
example, was responsive with the addition of only 3% of
UCB-PL in total medium volume. HaCat, instead, needed
5%, while HUVEC and THP-1 required at least 10% of
UCB-PL. Cell lines have also demonstrated to be more or
less sensible to induced apoptosis by increasing doses of
UCB-PL. For L929 cells 10% of UCB-PL wereenough to
cause toxic effects while for HUVEC it was necessarya con-
centration of 20% to achieve toxicity levels.

PDGF, TGF-β1, and VEGF are fundamental growth fac-
tors for a proper wound-healing process as they play essential
roles in many processes, such as the proliferation and migra-
tion of various cell types, endothelial cell stimulation, angio-
genesis, and chemotaxis of fibroblasts and inflammatory
cells.26 The toxic effect that we observed likely correlates
with the high concentrations of TGF-β1, which control the

FIGURE 3 Phase-contrast micrographs of scratch test; effect of different concentrations of UCB-PL on HaCat cells migration. The scratch
wounds closure was evaluated after 10, 20, and 30 hours of exposure to culture medium added to 10% of FBS and 1%, 5%, and 10% of UCB-PL.
All data are representative of three independent experiments with n = 3 by group and are means ± SD
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cell growth, cell differentiation, cell proliferation, and apopto-
sis because of its function as a tumour suppressor.27,28 It is
worth noting that this process of programmed cell death
orchestrated by TGF-β1 is fundamental in reducing the excess
cell numbers for a successful wound-healing process.29

In conclusion, the data suggest that it is possible to use
UCB-PL in wound regenerative applications. In particular,
we defined the optimal concentration of UCB-PL that could
be applied in protocols to improve the wound-healing pro-
cess. Therefore, our group has been evaluating if the addi-
tion of UCB-PL, as a source of growth factors, could
improve cell viability and proliferation in skin tissue-
engineered substitutes fabricated by 3D bioprinting in order
to induce a more rapid tissue maturing.

Although autologous platelets provide safe supplements
to treat diseases, the amount of autologous PL is limited and
affected by inter-individual variability. UCB-PL may be use-
ful to produce a large amount of standard PL sufficient for
several clinical-scale expansions. The data suggest the possi-
bility of using UCB-PL as a tool for clinical regenerative
application for wound healing.
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