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Abstract

Background: Umbilical cord blood hematopoietic stem cells (UCB-HSCs) are an attractive source for
transplantation. The generation of megakaryocyte-committed cells could lead to shorten period of
thrombocytopenia after HSCs transplantation. Platelet lysate (PL) unlike fetal bovine serum (FBS) can prevent
immune problems as well as avert transmission of certain diseases to the recipient. In this study, the authors aimed
to assess the effect of PL on UCB CD34" cells expansion and megakaryocyte differentiation.

Materials and Methods: In this experimental study, PL prepared and the subsequent isolation of UCB CD34*
cells were done by magnetic cell sorting. The isolated cells were cultivated in Iscove’s Modified Dulbecco’s
medium (IMDM) supplemented with PL or FBS. Cell expansion was evaluated using Trypan blue. Furthermore,
Flow cytometry using monoclonal antibodies (CD41-FITC and CD42b-PE) and the expression of specific genes
including GATAL, GATA2, FLI1, NFE2, and RUNX1 via real-time PCR were performed to evaluate the
megakaryocyte differentiation.

Results: The results showed that PL insignificantly enhanced UCB CD34* cell expansion (32.83+ 8.47 fold in
FBS and 41.67+ 10.31 fold in PL containing media). Besides, flow cytometry results showed that expression of
CD41 was increased markedly (37.81+ 4.78 fold in FBS and 45.78 £ 7.37 in PL containing media, P-value <0.05)
but the elevation of CD42b (10.53 £ 2.13 and 13.20 + 2.06 in FBS and PL containing media, respectively) was
not significant (P-value = 0.051). The results of real-time PCR demonstrated a notable increase in GATA binding
protein 1 (1.58, P-value <0.01), GATA binding protein 2 (2.45, P-value <0.001), RUNX family transcription
factor 1 (1.60, P-value <0.01), Fli-1 proto-oncogene (1.87, P-value <0.001) in PL supplemented media, however,
the increase of Nuclear Factor-Erythroid 2 gene expression was not significant in PL supplemented media (P-
value = 0.11).

Conclusion: PL improved UCB CD34" cells expansion and megakaryocyte differentiation compared to FBS.
Keywords: Cord Blood Stem Cell Transplantation, Hematopoietic Stem Cells, Megakaryocyte Progenitor Cells,
Platelet-Derived Growth Factor

Introduction HSCs can be separated from various
Hematopoietic stem cells (HSCs) are a sources such as BM or mobilized peripheral
small population of nucleated cells that blood (MPB) progenitor cells and umbilical
have the potential to differentiate into cord blood (UCB) for the treatment of
mature cells of all hematopoietic lineages hematologic disorders (3, 4). Among
and self-renewal capacity for maintenance different sources of HSCs, UCB is an
of HSC pool in bone marrow (BM) (1, 2). attractive source for transplantation due to

superior proliferative capacity, low risk for
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transmission of pathogenic agents, low
incidence of graft versus host disease
(GVHD), relative availability, and ease of
isolation (5). HSCs number in a single cord
blood (CB) wunit is acceptable for
hematopoietic reconstruction in children.
However, UCB-HSCs have some
disadvantages, for instance, the HSCs
number in a single CB unit is insufficient
for an adult patient so this can lead to a
delayed or failed reconstruction of the
hematopoietic system (5, 6). UCB-HSCs
are immature, therefore, more cell divisions
are  needed Dbefore differentiation.
Following UCB transplantation, it could
delay platelet recoveries (6). Allogenic
platelet transplantation after HSCs
transplantation has some disadvantages
including bacteremia, alloimmunization,
high-cost, and febrile reactions. Using
megakaryocyte progenitor along with the
immature hematopoietic stem/progenitor
cells (HSPCs) during the first few months
after transplantation can support short-term
platelet production (7, 8). Cultivation of
HSCs and generation of megakaryocyte-
committed cells could lead to rapid cell
reconstitution and shorten the period of
thrombocytopenia after HSCs
transplantation (6, 7). Differentiation of
cells toward the megakaryocyte-platelet
linage requires the expression of specific
glycoproteins such as CD41 (glycoprotein
I1b), CD42b (glycoprotein Ib), and CD61
(glycoprotein ~ 1lla)  (9-12).  These
glycoproteins are involved in platelet
aggregation/function and facilitate the
identification and isolation of
megakaryocyte cells (13). Cell culture is
required for cell proliferation in vitro. Some
mediums are serum-free which have some
disadvantages including high cost and need
a protein/growth factor supplement, and
some others, need supplementation with
animal or human serum (14, 15). In cell
culture, fetal bovine serum (FBS)
supplement has been considered as the gold
standard media, however, clinical use of
FBS has some limitations including
transmission possibility of pathogens,
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zoonotic contamination (especially prions,
bovine diarrhea virus, mycoplasma,
creutzfeldt Jacob virus, viruses, and
parvovirus), high cost, xenogeneic immune
reactions, antibodies production against
non-native proteins, inflammation,
production of non-homologous immune
response (which leads to the transplant
rejection), batch-to-batch variation, fetus
scarification during sample collection, and
ethical issues regarding the animal welfare
(15-19). Due to the drawbacks of serum-
free culture medium as well as animal
serum, it is imperative to search for an
alternative  human  resource.  These
alternatives are autologous and allogeneic
serum albumin, human serum, umbilical
cord blood serum, plasma derivative
material, platelet derivatives, and acellular
Wharton’s  jelly (15, 20). A high
concentration of growth factors available in
platelet lysate (PL) makes it a proper
replacement for animal serum in cell
culture (21). PL granules, specially a-
granules, release various cytokines and
growth factors including chemokine ligand
2(C-XCL2), CXCL4 (PF4), CXCL10,
CXCL12 (SDF-1), CXCL1, CXCLs3,
CXCLS5, granulocyte-macrophage colony-
stimulating factor (GM-CSF), granulocyte-
colony stimulating factor (G-CSF),
connective tissue growth factor (CTGF),
hepatocyte growth factor (HGF), platelet-
derived growth factor (PDGF), epidermal
growth factor (EGF), insulin-like growth
factor-1 (IGF-I), and basic fibroblast-
derived growth factor (b-FGF). Compared
to FBS, the promotion of proliferation and
differentiation of cells observed in PL may
be due to the abundance of growth factors
and cytokines with synergic effect (21-24).
In the current study, the effect of PL as a
substitute for PBS on the HSCs culture and
megakaryocyte differentiation has been
investigated.

Materials and Methods

PL procurement

In this experimental study, PL preparation
was performed via freeze/thaw protocol
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from platelet bags obtained from the Iranian
Blood Transfusion Organization. Briefly,
10 bags of platelet (isolated from peripheral
blood) were collected, and PL was prepared
by freeze/thaw protocol. The pooled
platelet bags were frozen at -80°C/24 hour
and subsequently thawed three times at 37
°C to release PDGFs available in platelets.
Then, bags were centrifuged at 4000 g/15
min at 4 °C, and to isolate leukocytes along
with platelet fragments, the supernatant was
filtered by 0.2um filter. For future use, PL
was stored at -80°C (25).

UCB CD34" cell selection

After receiving informed consent, CB
samples were obtained from Al-Zahra
hospital (Tabriz, Iran) in a heparinized
syringe from full-term deliveries. Research
grade Ficoll-Paque (Bahar Afshan, Iran)
was used for separating mononucleated
cells (MNCs) within 8 hours after delivery.
Then, immuno-magnetic microbead and
MiniMACS columns (Miltenyi Biotech,
USA) were used for the positive selection
of CD34" cells with a purity above 95%.
Finally, cells were counted and cell
viability was assessed (cells viability>95%)
by Trypan Blue 0.4% solution (Sigma,
USA).

UCB CD34" cell culture

To determine the PL effects on
megakaryocyte differentiation and
expansion of UCB CD34" cells, UCB
CD34* cells were cultured as described
earlier with minor modifications (26).
Briefly, purified UCB CD34" cells cultured
in Iscove’s Modified Dulbecco’s medium
(IMDM, Gibco, USA) supplemented with
10% FBS (FBS-IMDM) or PL (PL-
IMDM), 20 ng/ml thrombopoietin (TPO),
50 ng/ml stem cell factor (SCF), 20ng/mi
Interleukin (IL)-6 and 5ng/ml IL-3 in 6-
wells plates. The cells were incubated in
5% CO> humidified air at 37 °C for 8 days
and the culture medium was exchanged on
day 4.
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Cell expansion assay

To evaluate the UCB CD34" cells
expansion, the culture was collected and the
cells counted using the Trypan Blue (Gibco,
USA) on day 8. To determine expansion
fold, counted viable cells on day 8 were
divided by the cells seeded on the first day.
2.5 Immunophenotypic marker analysis
Megakaryocyte lineage markers were
evaluated by the flow cytometry
(FACSCalibur, Becton Dickinson, US) on
day 8 in both culture conditions. Cells were
incubated with monoclonal antibodies
including CD41-FITC, and CD42b-PE
(both from Beckman Coulter, France) for
20 minutes at room temperature. BD
FACSCalibur  flow cytometer (BD
Biosciences, USA) was used to conduct
immunophenotyping and the subsequent
analysis was carried out by FlowJo v10
(Tree Star Inc., USA).

Quantitative RT-PCR (QRT-PCR)

The result of PL on megakaryocyte
differentiation was evaluated by assessing
the expression of specific genes including
GATA1l, GATA2, FLI1, NFE2, and
RUNX1 by real-time PCR. For this
purpose, on day 7, total RNA was isolated
by RNA isolation kit (Yekta Tajhiz Azma,
Iran), and cDNA synthesis was performed
using cDNA Synthesis Kit (Takarabio,
japan). For GATAL, GATA2, FLI1, NFE2,
and RUNX1 genes, qPCR samples were
incubated at 95°C for 10 min (pre-
incubation) then exposed to denaturation
for 40 cycles at 95°C for 5 sec, annealing
for 10 sec at 60°C, and extension for 10 sec
at 72°C. The specificity of each PCR
product was checked by melting curve
analysis. PCR efficiency and exponential
amplification were assessed by LightCycler
software and determined by respective
standard curve slopes. To normalize the
data, the expression of GAPDH was
assessed. Relative gene expression was
determined using the following equation:
Relative gene expression = 2-44¢t

On day 7, UCB CD34" cells cultured in
IMDM supplemented with 10% FBS were
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the control group and UCB CD34" cells
cultivated in PL-IMDM were the sample
groups. Gene-specific primers (Sinaclon,
Iran) are shown in Table I.

Ethical Consideration

Ethics approval was awarded by the Tabriz
University of Medical Sciences Ethics
Committee (Ethics No.
IR.TBZMED.REC.1396.1282).

Statistical analysis

GraphPad Prism v8.0.2 scientific software
was used to analyze and process the data.
Variables were expressed as mean =
standard deviation, and P-value< 0.05 was
considered significant.

Results

PL increased UCB CD34* cells expansion
To investigate the UCB CD34" cells
expansion, on day 8, cells counted and the
expansion fold was plotted (Figure 1). The
mean fold increase (FI) of UCB CD34"
cells cultivated in two separate mediums
containing PL and FBS was 41.67+ 10.31
and 32.83x 8.47 fold, respectively.
However, the difference of observed fold
increase between the groups was not
statistically meaningful.

PL enhanced
differentiation

The megakaryocyte lineage marker was
evaluated by flow cytometry on day 8

megakaryocyte
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(Figure 2). Figure 2 shows the
immunophenotyping  results of cells
cultivated in two separate medium
containing PL and FBS; Figure 2A
demonstrates CD41 and CD42b expression
in HSCs at day 0, Figure 2B shows CD41
and CD42b expression in cells cultivated in
FBS-IMDM at day 8, and figure 2C
illustrates CD41 and CD42b expression in
cells cultivated in PL-IMDM at day 8. The
immunophenotypic result showed that in
comparison with FBS-IMDM,
megakaryocyte lineage markers including
CDA41 and CD42b were elevated in cells
cultured in PL-IMDM (Figure 3). The
increase of CD41 marker was statistically
significant (P-value<0.05), however, the
increase of CD42b was not significant
among cells cultured in the PL-IMDM.
Altogether, CD41 and CD42b expression
increased in megakaryocyte maturation.
Table Il shows the percent of cell surface
markers expression in both cultured media.

PL enhanced megakaryocyte gene
expression

The effect of PL on megakaryocyte gene
expression including GATA1, GATAZ2,
FLI1, NFE2, and RUNX1 was evaluated
(Figure 4). gPCR results revealed that
GATAL, GATAZ2, FLI1, and RUNX1 gene
expression of PL-IMDM cultured cells
significantly enhanced compared to FBS-
IMDM (P<0.05). The elevated expression
level of NFE2 was not statistically notable
in PL-IMDM cultured cells.
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Table I: The primer sequences used in real-time PCR.

RUNX1 Fo: CCGGGAGCTTGTCCTTTTCC 174
Re: GTGCTGTGTCTTCCTCCTGC
NFE2 Fo: GATCCTCGTCCAGCAGTGTC 109
Re: TGGCTCTAGAAACCTGTGGTG
FLI1 Fo: CAGGAAGTGGAATTGAGGCTCT 153
Re: GTGGGAGGGGGTTGATCTTG
GATA1l Fo: CACGACACTGTGGCGGAGAAAT 140
Re: TTCCAGATGCCTTGCGGTTTCG
GATA2 Fo: CTGTTCAGAAGGCCGGGAG 149
Re: TTCGCTTGGGCTTGATGAGT
GAPDH Fo: ACCCATCACCATCTTCCAGGAG 159
Re: GAAGGGGCGGAGATGATGAC

Table 1I: Expression of megakaryocyte surface markers at day 8 in PL-IMDM or FBS-IMDM cultured

cells
CD41* 37.81+ 4.78 45.78 +7.37
CD42b* 10.53 £ 2.13 13.20 + 2.06
CD41*/CD42b* 9.54 + 2.06 12.10 + 2.04

IMDM: Iscove’s modified Dulbecco’s medium; FBS: fetal bovine serum; PL: platelet lysate; Data are presented as mean +
standard deviation. Data are obtained from six independent experiments.
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Figure 1. Fold increase in cells cultured in PL-IMDM and FBS-IMDM. HSCs cultivated in PL-IMDM
or FBS-IMDM and harvested at day 8 and counted. The study performed in six independent
experiments and data are presented as mean + standard deviation. PL: platelet lysate; FBS: fetal bovine
serum; IMDM: Iscove’s modified Dulbecco’s medium; HSCs: hematopoietic stem cells.
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Figure 2. Immunophenotyping results of cells cultured in PL-IMDM or FBS IMDM. A. CD41 and
CD42b expressions in HSCs at day 0 B. CD41 and CD42b expressions in cells cultured in FBS-IMDM
at day 8. C. CD41 and CD42b expressions in cells cultured in PL-IMDM at day 8. PL.: platelet lysate;
FBS: fetal bovine serum; IMDM: Iscove’s modified Dulbecco’s medium; HSCs: hematopoietic stem
cells.
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Figure 3. The analysis of flow cytometry on megakaryocyte cluster of differentiation (CD) receptors
percentage in PL-IMDM or FBS-IMDM cultured cells. Data are presented as mean + standard deviation
(*P-value<0.05). PL: platelet lysate; FBS: fetal bovine serum; IMDM: Iscove’s modified Dulbecco’s
medium.

Iran J Ped Hematol Oncol. 2021, Vol 11, No 3, 172-182 177


http://dx.doi.org/10.18502/ijpho.v11i3.6563
https://ijpho.ssu.ac.ir/article-1-599-en.html

[ Downloaded from ijpho.ssu.ac.ir on 2026-06-30 ]

[ DOI: 10.18502/ijpho.v11i3.6563 |

The Effect of Platelet Lysate on Expansion and Differentiation Megakaryocyte Progenitor Cells from Cord
Blood CD34" enriched Cells

GATA-1

N
2
1

ES
]

8 E 5
7] ‘®
w 2.04
g 9 3
o o
X 1.5 X5
@ @ 2+
2104 mn 2
2 2
© 054 o 19
30 T
<] °
* 0.0- L
FBS PL
RUNX1
2.5 i 2.0
s 2, 5
7] ‘B
w 2.0+
s 3 1.5
~ ~
o o
o 15 X
@ o 1.0+
2 1.0+ 2
£ 2
O ol S 0.5+
.9 T
o ©°
* 0.0 & 0
FBS PL

GATA-2

"

e

1

__ FL1
S wns
FBS :

NFE2

FBS

PL

Fold Change Expression

PL

Figure 4. Levels of gene expression on megakaryocytes. Cells were collected after 8 days from
PL- or FBS-IMDM. The study consisted of six independent experiments and data are presented
as mean + standard deviation (**P<0.01, ****P<0.0001).

Discussion

The current study investigated the effect of
PL on the CB CD34" cells expansion and
megakaryocyte progenitor’s
differentiation. Several studies substituted
PL for FBS in cell culture (4, 27-30). Cells
cultured in PL have been used for cell
therapy (31-33), and their results showed
that PL can be an appropriate alternative for
FBS in cell culture and cell therapy.
Although, in some studies, PL reduced the
immunomodulatory effect of MSCs (34),
which can be related to different
concentrations of chemokines and growth
factors in PL that may change cell
conditions. PL contains a different
concentration of chemokines and growth
factors, such as GM-CSF, CXCL12, TGF-
B, PDGF, IGF, HGF, FGF, EGF, and VEGF
in which HSCs have receptors for these
growth factors and may be a viable
substitution for FBS. These growth factors,
along with other cytokines such as TPO,
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SCF, FL, and EPO, can increase HSCs
proliferation and differentiation (35, 36).
Cytokine cocktail can affect HSCs
differentiation, for instance, TPO and FL
cytokines can induce multi-lineage
differentiation of HSCs. Besides, they are
suitable for HSCs self-renewal and survival
and reduce erythroid differentiation (37).
Several researches have also investigated
the HSCs differentiation into
megakaryocyte cells in vitro (38-42) and in
vivo (26, 43). In vivo results were in
contrast with in vitro results and showed
that the platelet recovery was not sufficient
in vivo. This can be related to the
hematopoietic microenvironment in the
mouse or human body.

CD41 and CD42b are considered as
megakaryocyte differentiation markers.
CDA41 is one of the megakaryocyte markers
which express in the early stage of
megakaryocyte differentiation and increase
in maturation. On the other hand, CD42b is
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more expressed in mature megakaryocytes
(7,11, 13).

Megakaryocyte differentiation is largely
coordinated by the temporal expression of
various transcription factors. GATA1l
promotes erythropoiesis, whereas GATA2
promotes megakaryopoiesis. Although,
ATAL is essential for megakaryopoiesis and
regulates the expression of CD41. RUNX1,
NFE2, and FLI1 transcription factors are
also  essential for  megakaryocyte
differentiation (4, 7, 44).

In the current study, higher expression
levels of CD41 and CD42b were observed
in PL-IMDM cultured cells compared to
FBS-IMDM. Besides, GATAl, GATAZ2,
FLI1, NFE2, and RUNX1 gene expressions
were enhanced in PL-IMDM cultured cells
than in FBS-IMDM. These results
convinced us to take for granted that PL can
enhance megakaryocyte differentiation.
RUNX1 represses the KLF1 (erythroid-
specific transcription factor), which causes
a shift in the increased ratio of FLI1
(megakaryocyte-specific) to KLF1. Also,
FLI1 regulates the expression of CD42b
and NFE2 required during the terminal
stage of megakaryocyte maturation (44),
thus more expression of these genes can be
related to  more  maturation  of
megakaryocyte. Likewise, we investigated
the expansion of HSCs in PL-IMDM and
FBS-IMDM. Our results indicated that PL
can enhance HSCs expansion, however,
this elevation was not statically significant.
Noroozi-Aghideh et.al (6) demonstrated
that platelet growth factors can induce
megakaryopoiesis, however, PL suppressed
the expansion of HSCs. Our expansion
assay results were not in accordance with
the described study. This discrepancy is
maybe due to the different method for PL
preparation and platelet source, therefore
different growth factors and chemokines
content which change the HSCs
environment. There were some limitations
in this study, such as not measuring the
other megakaryocyte lineage markers and
the ploidy of megakaryocyte cells, lack of

Iran J Ped Hematol Oncol. 2021, Vol 11, No 3, 172-182

performing  long-term  culture, and
evaluation of cultured cell function in vivo.

Conclusion

In this study, the effect of PL on UCB
CD34" cells expansion and differentiation
into  megakaryocyte  lineage  was
investigated. The findings demonstrated
that PL can improve UCB CD34" cells
expansion and  differentiation  into
megakaryocytes compared to FBS without
worrying about the transfection of
xenovirus and any ethical issues. However,
the use of PL in CD34" cells culture still
needs further investigation.

Funding

Conflict of intrests
The authors declare no conflict of interest.

References

1. Salati S, Lisignoli G, Manferdini C,
Pennucci V, Zini R, Bianchi E, et al. Co-
culture of hematopoietic stem/progenitor
cells with human osteblasts favours
mono/macrophage differentiation at the
expense of the erythroid lineage. PL0S
One2013;8(1):e53496-53499.

2. Boehm D, Murphy WG, Al-Rubeai
M. The potential of human peripheral blood
derived CD34+ cells for ex vivo red blood
cell production. J Biotechnol
2009;144(2):127-134.

3. Kita K, Lee JO, Finnerty CC,
Herndon DN. Cord blood-derived
hematopoietic ~ stem/progenitor  cells:
current  challenges in  engraftment,
infection, and ex vivo expansion. Stem
Cells Int 2011:276193-276199.

4. Zamani M, Yaghoubi Y, Naimi A,
Hassanzadeh A, Pourakbari R, Aghebati-
Maleki L, et al. Humanized Culture
Medium for Clinical-Grade Generation of
Erythroid Cells from Umbilical Cord Blood
CD34+ Cells. Adv Pharm Bull
2021;11(2):335-342.

5. Du Z,JinH, Cai H, Yang S, Tan W-
s. Hematopoietic repopulating ability of
CD34+ progenitor cells ex vivo expanded
with different cytokine combinations. Artif

179


http://dx.doi.org/10.18502/ijpho.v11i3.6563
https://ijpho.ssu.ac.ir/article-1-599-en.html

[ Downloaded from ijpho.ssu.ac.ir on 2026-06-30 ]

[ DOI: 10.18502/ijpho.v11i3.6563 |

The Effect of Platelet Lysate on Expansion and Differentiation Megakaryocyte Progenitor Cells from Cord
Blood CD34* enriched Cells

Cells Nanomed Biotechnol
2015;43(6):398-402.

6. Aghideh AN, Kheirandish M,
Abolghasemi H, Gharehbaghian A. Platelet
growth factors suppress ex vivo expansion
and enhance differentiation of umbilical
cord blood CD133+ stem cells to
megakaryocyte progenitor cells. Growth
Factors 2010;28(6);409-416.

7. Agmasheh S, Shamsasenjan K,
Khalaf Adeli E, Movassaghpourakbari A,
Akbarzadehlaleh P, Pashoutan Sarvar D, et
al. Effect of Mesenchymal Stem Cell-
derived Microvesicles on Megakaryocytic
Differentiation of CD34+ Hematopoietic
Stem  Cells. Adv  Pharm  Bull
2020;10(2);315-322.

8. Hatzimichael E, Tuthill M.
Hematopoietic stem cell transplantation.
Stem Cells Cloning 2010;3:105-117.

9. Noetzli Leila J, French Shauna L,
Machlus Kellie R. New Insights Into the
Differentiation of Megakaryocytes From
Hematopoietic Progenitors. Arterioscler
Thromb Vasc Biol 2019;39(7):1288-1300.
10. Tozawa K, Ono-Uruga Y, Yazawa
M, Mori T, Murata M, Okamoto S, et al.
Megakaryocytes and platelets from a novel
human adipose tissue—derived
mesenchymal stem cell line. Blood
2019;133(7):633-643.

11.  YenJH, Lin CY, Chuang CH, Chin
HK, Wu MJ, Chen PY. Nobiletin Promotes
Megakaryocytic Differentiation through
the MAPK/ERK-Dependent EGR1
Expression and Exerts Anti-Leukemic
Effects in Human Chronic Myeloid
Leukemia (CML) K562 Cells. Cells
2020;9(4):877-879.

12.  baghdadi v, Yari F, Rezaei N,
Rafiee MH. The surface markers and
survival rate of platelets during storage at
4°C: The influence of sodium octanoate.
Iran J Ped Hematol Oncol 2019;9(2):105-
116.

13.  Attatippaholkun N, Kosaisawe N,
U-Pratya Y, Supraditaporn P,
Lorthongpanich C, Pattanapanyasat K, et
al. Selective Tropism of Dengue Virus for

180

Human Glycoprotein Ib. Scientific Rep
2018;8(1):2688-26809.

14.  Cappellino LA, Kratje RB,
Etcheverrigaray M, Prieto CC. Strategy for
erythroid differentiation in ex vivo cultures:
Lentiviral genetic modification of human
hematopoietic stem cells with
erythropoietin gene. J Biosci Bioeng
2017;124(5):591-598.

15. Kandoi S, L P, Patra B, Vidyasekar
P, Sivanesan D, S V, et al. Evaluation of
platelet lysate as a substitute for FBS in
explant and enzymatic isolation methods of
human umbilical cord MSCs. Scientific
Rep 2018;8:12439-12441.

16. Muraglia A, Todeschi MR, Papait
A, Poggi A, Spano R, Strada P, et al.
Combined platelet and plasma derivatives
enhance proliferation of stem/progenitor
cells maintaining their differentiation
potential. Cytotherapy 2015;17(12):1793-
1806.

17.  Chevallier N, Anagnostou F, Zilber
S, Bodivit G, Maurin S, Barrault A, et al.
Osteoblastic  differentiation of human
mesenchymal stem cells with platelet
lysate. Biomaterials 2010;31(2):270-278.
18. Phadnis SM, Joglekar MV,
Venkateshan V, Ghaskadbi SM, Hardikar
AA, Bhonde RR. Human umbilical cord
blood serum promotes growth,
proliferation, as well as differentiation of
human bone marrow-derived progenitor
cells. In Vitro Cell Dev Biol Anim
2006;42(10):283-286.

19.  Yaghoubi Y, Zamani M, Naimi A,
Hassanzadeh A, Gharibeh N, Madani J, et
al. Human CD34+ hematopoietic stem cells
culture in humanized culture medium for
cell therapy. Gene Rep 2020;20:100718-
100719.

20.  Sobolewski K, Malkowski A,
Bankowski E, Jaworski S. Wharton's jelly
as a reservoir of peptide growth factors.
Placenta 2005;26(10):747-752.

21. Zamani M,  Yaghoubi Y,
Movassaghpour A, Shakouri K,
Mehdizadeh A, Pishgahi A, et al. Novel
therapeutic approaches in utilizing platelet
lysate in regenerative medicine: Are we

Iran J Ped Hematol Oncol. 2021, Vol 11, No 3, 172-182


http://dx.doi.org/10.18502/ijpho.v11i3.6563
https://ijpho.ssu.ac.ir/article-1-599-en.html

[ Downloaded from ijpho.ssu.ac.ir on 2026-06-30 ]

[ DOI: 10.18502/ijpho.v11i3.6563 |

Yaghoubi et al

ready for clinical use? J Cell Physiol
2019;234(10):17172-17186.

22.  Astori G, Amati E, Bambi F,
Bernardi M, Chieregato K, Schafer R, et al.
Platelet lysate as a substitute for animal
serum for the ex-vivo expansion of
mesenchymal stem/stromal cells: present
and future. Stem Cell Res Ther
2016;7(1):93-99.

23. Hashemi Tayer A, Alizadeh S,
Heidari Bateni M. Efficacy of a New
Autologus Platelet Gel: in Vitro Study. Iran
J Ped Hematol Oncol 2012;2(2):54-59.

24, Hagen A, Lehmann H, Aurich S,
Bauer N, Melzer M, Moellerberndt J, et al.
Scalable Production of Equine Platelet
Lysate for Multipotent Mesenchymal
Stromal Cell Culture. Front Bioeng
Biotechnol 2021;8:1540-1543.

25.  Schallmoser K, Strunk D.
Preparation of pooled human platelet lysate
(pHPL) as an efficient supplement for
animal serum-free human stem cell
cultures. J Vis Exp 2009(32):1523-1525.
26. Bruno S, Gunetti M, Gammaitoni L,
Dané A, Cavalloni G, Sanavio F, et al. In
vitro and in vivo megakaryocyte
differentiation of fresh and ex-vivo
expanded cord blood cells: rapid and
transient megakaryocyte reconstitution.
Haematologica 2003;88(4):379-387.

217. Fazzina R, ludicone P, Mariotti A,
Fioravanti D, Procoli A, Cicchetti E, et al.
Culture of human cell lines by a pathogen-
inactivated human  platelet lysate.
Cytotechnology 2016;68(4):1185-1195.
28. Shih DT, Burnouf T. Preparation,
quality criteria, and properties of human
blood platelet lysate supplements for ex
vivo stem cell expansion. N Biotechnol
2015;32(1):199-211.

29. Svajger U. Human platelet lysate is
a successful alternative serum supplement
for propagation of monocyte-derived
dendritic cells. Cytotherapy
2017;19(4):486-499.

30. Leotot J, Coquelin L, Bodivit G,
Bierling P, Hernigou P, Rouard H, et al.
Platelet lysate coating on scaffolds directly
and indirectly enhances cell migration,

Iran J Ped Hematol Oncol. 2021, Vol 11, No 3, 172-182

improving bone and blood vessel
formation. Acta Biomater 2013;9(5):6630-
6640.

31. Lucchini G, Introna M, Dander E,
Rovelli A, Balduzzi A, Bonanomi S, et al.
Platelet-lysate-expanded mesenchymal
stromal cells as a salvage therapy for severe
resistant graft-versus-host disease in a
pediatric population. Biol Blood Marrow
Transplant 2010;16(9):1293-1301.

32.  Centeno CJ, Schultz JR, Cheever
M, Freeman M, Faulkner S, Robinson B, et
al. Safety and complications reporting
update on the re-implantation of culture-
expanded mesenchymal stem cells using
autologous platelet lysate technique. Curr
Stem Cell Res Ther 2011,6(4):368-378.
33.  von Bonin M, Stolzel F, Goedecke
A, Richter K, Wuschek N, Holig K, et al.
Treatment of refractory acute GVHD with
third-party MSC expanded in platelet
lysate-containing medium. Bone Marrow
Transplant 2009;43(3):245-251.

34.  Abdelrazik H, Spaggiari GM,
Chiossone L, Moretta L. Mesenchymal
stem cells expanded in human platelet
lysate display a decreased inhibitory
capacity on T- and NK-cell proliferation
and  function. Eur J  Immunol
2011;41(11):3281-3290.

35.  Miharada K, Hiroyama T, Sudo K,
Nagasawa T, Nakamura Y. Efficient
enucleation of erythroblasts differentiated
in vitro from hematopoietic stem and
progenitor  cells. Nat  Biotechnol
2006;24(10):1255-1256.

36.  Taichman R. Blood and bone: Two
tissues whose fates are intertwined to create
the hematopoietic stem-cell niche. Blood
2005;105:2631-2639.

37. Baek EJ, Kim HS, Kim S, Jin H,
Choi TY, Kim HO. In vitro clinical-grade
generation of red blood cells from human
umbilical cord blood CD34+ cells.
Transfusion 2008;48(10):2235-2245.

38. Moreau T, Evans AL, Vasquez L,
Tijssen MR, Yan Y, Trotter MW, et al.
Large-scale production of megakaryocytes
from human pluripotent stem cells by

181


http://dx.doi.org/10.18502/ijpho.v11i3.6563
https://ijpho.ssu.ac.ir/article-1-599-en.html

[ Downloaded from ijpho.ssu.ac.ir on 2026-06-30 ]

[ DOI: 10.18502/ijpho.v11i3.6563 |

The Effect of Platelet Lysate on Expansion and Differentiation Megakaryocyte Progenitor Cells from Cord
Blood CD34* enriched Cells

chemically defined forward programming.
Nat Commun 2016;7:11208-11209.

39. LiuY, Wang Y, Gao Y, Forbes JA,
Qayyum R, Becker L, et al. Efficient
generation of megakaryocytes from human
induced pluripotent stem cells using food
and drug administration-approved
pharmacological reagents. Stem Cells
Transl Med 2015;4(4):309-319.

40.  Aghideh AN, Kheirandish M,
Abolghasemi H, Gharehbaghian A. Platelet
growth factors suppress ex vivo expansion
and enhance differentiation of umbilical
cord blood CD133+ stem cells to
megakaryocyte progenitor cells. Growth
Factors 2010;28(6):409-416.

41.  Avanzi MP, Oluwadara OE,
Cushing MM, Mitchell ML, Fischer S,
Mitchell WB. A novel bioreactor and
culture method drives high yields of
platelets from stem cells. Transfusion
2016;56(1):170-178.

42. Ivetic N, Nazi I, Karim N, Clare R,
Smith JW, Moore JC, et al. Producing
megakaryocytes from a human peripheral
blood source. Transfusion
2016;56(5):1066-1074.

43.  XiJ, Zhu H, Liu D, Nan X, Zheng
W, Liu K, et al. Infusion of megakaryocytic
progenitor products generated from cord
blood hematopoietic stem/progenitor cells:
results of the phase 1 study. PLoS One
2013;8(2):54941-e54945.

44, Noetzli LJ, French SL, Machlus
KR. New Insights Into the Differentiation
of Megakaryocytes From Hematopoietic
Progenitors. Arterioscler Thromb Vasc
Biol 2019;39(7):1288-1300.

182

Iran J Ped Hematol Oncol. 2021, Vol 11, No 3, 172-182


http://dx.doi.org/10.18502/ijpho.v11i3.6563
https://ijpho.ssu.ac.ir/article-1-599-en.html
http://www.tcpdf.org

