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Abstract

Background: Due to their self-renewal and differentiation ability, the mesenchymal stem cells (MSCs) have been studied extensively.
However, the MSCs lifespan is restricted; they undergo several divisions in vitro that cause several alternations in cellular features
and relatively lessens their application. Thus, this study was aimed to assess the effect of platelet-derived microparticles (PMPs),
a valuable source of proteins, microRNAs (miRNAs), and growth factors, on the expression of hTERT, c-MYC, p16, p53, and p21
as the most important aging and cell longevity genes alongside with population doubling time (PDT) of PMP-treated cells in
comparison to a control group.

Methods: Umbilical cord MSCs (UC-MSCs) were used in this study, whereby they reached a confluency of 30%. MSCs were
treated by PMPs (50 pg/mL), and then, PDT was determined for both groups. Quantitative expression of hTERT, c-MYC, p16, p53,
and p21 was examined through quantitative real-time PCR at various intervals (i.e. after five and thirty days as well as freezing-
thawing process).

Results: Our results demonstrated that the treated group had a shorter PDT in comparison to the control group (P<0.050). The
real-Time PCR data also indicated that PMPs were able to remarkably up-regulate hTERT and c-MYC genes expression while
down-regulating the expression of p16, p21, and p53 genes (P<0.050), especially following five days of treatment.

Conclusion: According to these data, it appears that PMPs are a safe and effective candidate for prolonging the lifespan of UC-
MSCs; however, further investigations are needed to corroborate this finding.
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Introduction

Mesenchymal stem cells (MSCs), defined as non-
hematopoietic, multipotential cells, possess self-renewal
potential along with the ability to differentiate into
mesodermal cells such as bone, cartilage, and fat."?
Furthermore, recent studies have provided evidence
that MSCs are able to differentiate toward ectodermal
and endodermal layers such as liver and neurons.*
These features make MSCs promising tools within the
area of regenerative medicine and tissue engineering.>®
Because the process of MSCs isolation to obtain sufficient
number of cells from various tissue sources is difficult,
their in vitro culture is almost inevitable.” Since MSCs
have a limited lifespan, they could enter the process of
aging after a number of passages (approximately 6-12)
in tissue culture, a phenomenon that is associated with
reduced proliferation rate and differentiation potential,
morphological changes as well as significantly altered

expressions of genes involved in the proliferation and
regulation of microRNA levels (miRNAs).>* Accordingly,
such changes diminish the efficacy of MSCs and their
research and clinical applications. Multiple parameters
are able to induce aging in MSCs, including DNA damage
which is caused by oxidative stress or activation of
oncogenes, epigenomic disruption, telomere shortening,
down-regulated expression of telomerase reverse
transcriptase (WTERT) (which is regarded as a paramount
factor), in addition to other both external and internal
senescence-inducing stimuli.*®® Expression of hTERT is
normally silenced in differentiated normal cells, whereas
it is increased in several types of cancers, contributing to
cell immortality and carcinogenesis."” It has been specified
that the short lifespan of MSCs is entailed by loss of
telomerase activity, due to low expression level of hTERT;
hence, the telomere lengths of MSCs is decreased with each
successive passage.® Additionally, cellular senescence is
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also mediated by two cyclin-dependent kinase inhibitors,
i.e. p53/p21CIP1 and pl6INK4A/Rb, as the major cell
cycle regulators, both of which are activated upon cell
senescence.” Pluripotency genes such as OCT4 and
c-MYC are responsible for maintaining the self-renewal
capacity of MSCs, and are downregulated following
further expansion and differentiation in vitro.'" The
clinical application of MSCs is limited to the regenerative
medicine and cell therapy given the dramatic changes in
their characteristics arising from the aging of MSCs.!**2
Therefore, it is necessary to develop new approaches for
tissue culture to overcome the aging processes of MSCs
in vitro. Recent studies have introduced viral vectors for
transferring genetic factors involved in proliferation such
as hTERT or tumor suppressor inhibitors into the MSCs
genome.>" The high pathogenicity, toxicity, and survival
probability of the virus in living cells, in addition to
expensive costs, have been identified as major drawbacks
of this approach.? Cell-derived microparticles (MPs) are
plasma membrane vesicles which range from 0.05 to 1 um
in size, and are released by a large number of cells such as
white blood cells, platelets, red blood cells, and endothelial
cells. Approximately, 70%-90% of MPs are shed by platelets
into biological fluids, including the bloodstream. Release
of MPs from cell membranes is increased in response to
activation by apoptosis or other stimuli such as stress.'*'?
Platelet-derived microparticles (PMPs) contain several
components such as NADP, growth factors, oxidases,
chemotactic factors, and other essential cellular deposits,*
mediating the shuttling of active molecules such as lipids,
enzymes, and growth factors to recipient cells. Moreover,
it has been assumed that these PMPs contain mRNAs
and miRNAs.'® Essentially, PMPs play several roles in
cell-cell interactions, including immunomodulation,
inflammation, vascularization, vascular repair, and most
importantly, cell survival and death.”" The present
project aimed to evaluate the effect of PMPs as non-viral,
harmless, and an efficient method for prolonging the
longevity of MSCs. The present research was also designed
to investigate the effects of PMPs as the carrier of growth
factors and miRNAs on hTERT, c-MYC, p16, p21 and p53
as the most essential genes required for proliferation and
immortalization and to evaluate the potential of PMPs in
increasing the longevity of MSCs.

Table 1. Patients’ Clinical Characteristics

Materials and Methods

Isolation and Expansion of Umbilical Cord-Derived
MSCs

This step of the present study was accomplished
throughout the period from January to March 2019
and was approved by the ethics committee of Kerman
University of Medical Sciences, Kerman, Iran with
obtaining written informed consent from donors. Women
undergoing cesarean deliveries at the end of gestation in
the Obstetrics and Gynecology Department of Afzalipour
University Hospital of Kerman were included in this study
based on the inclusion/exclusion criteria. The inclusion
criteria were single pregnancy, optional or secondary
cesarean section and willingness to join the study. The
criteria for exclusion were no reassurance from fetus heart
rate pattern, placenta previa, premature birth, fetal growth
restriction, and maternal hemoglobin concentration
less than 10 g/dL. After inclusion and before cesarean
delivery, women were randomly allocated to two groups
using random selection of opaque sealed envelopes: (1)
collection of cord blood before placental delivery, and (2)
obtaining cord blood after placental delivery. Then, we
randomly selected six umbilical cords (UCs) from them.
Their information is shown in Table 1. Under sterile
and aseptic conditions, UC samples (approximately 20
cm) were chopped into small pieces by surgical scissors
and blade. The sections were rinsed three times with
equal volumes of phosphate-buffered saline (PBS; Sigma
Aldrich, USA) to eliminate red blood cells. The segments
were then positioned on 10 cm plates with 15 mL complete
media including low-glucose Dulbecco’s modified Eagle’s
medium (DMEM; Gibco, UK) supplemented with 10%
of fetal bovine serum (FBS; Gibco, UK), penicillin (100
U/mL), and streptomycin (100 pg/mL; Gibco, UK) and
maintained at 37°C with 5% CO, in environment with
humidification. The culture medium was further replaced
every three days until confluency of the cells was achieved.
Following approximately two weeks and whenever
the fibroblast-like cells were seen, the UC pieces were
removed from the plates. The cells were harvested using
0.25% Trypsin/EDTA (Gibco, UK) and seeded in T25
flasks (SPL, Life Sciences, Korea) for further expansion.
Cells at passage three that showed a homogenous MSC
phenotype were used for the study.

Age Date of Delivery Placenta Previa  Gestational Diabetes Blood Pressure Level Weight Gain During Pregnancy
26 06/01/2019 No No 110/80 mm Hg 28 Pounds
33 11/01/2019 No No 120/80 mm Hg 15 Pounds
21 22/01/2019 Yes No 130/80 mm Hg 21 Pounds
29 25/01/2019 No No 110/70 mm Hg 33 Pounds
30 08/02/2019 No No 120/80 mm Hg 18 Pounds
23 15/02/2019 No No 100/70 mm Hg 39 Pounds
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Study Groups used for washing the cells. A total number of 1 x 10° MSCs
After the cells were treated with 50 pg/mL of PMPs, we were incubated in PBS, containing 10-pL of CD73-FITC,
divided them into the following three groups: CD105-PE, and CD90-PE mesenchymal markers as well
o Group 1: After 5 days of treatment, RNA extraction as CD34-PE and CD45-FITC hematopoietic markers (BD
and gene expression evaluation were performed. Bioscience, USA). In addition, the isotype control against
o Group 2: The cells were subcultured for 1 month murine cells was added to detect non-specific bindings;
following treatment. Then, they were evaluated for then, the tubes were incubated (20 minutes) at room
their gene expression. temperature (RT). BD FACSCalibur™ (Biosciences, USA)
o Group 3: Following treatment, the cells were frozen and Flomax software were used to measure and analyze

and kept at -196°C for 2 months. After that, they were flow cytometry data, respectively.*"*
thawed and their gene expression was analyzed.

PMP Preparation
Phenotypical Evaluation of Umbilical Cord-derived Differential centrifugation is the most frequent approach
MSCs for isolation of MPs. To achieve this, expired platelet
Cellular Morphology concentrate bags were obtained from Kerman Blood
Morphology analysis was performed using a phase- Transfusion Center and their entire contents were
contrast microscope (Nikon, Japan) in order to verify transferred to Falcon tubes under sterile conditions. The
the presence of MSCs, which was confirmed as shown in tubes were twice centrifuged for 10 minutes at 5000 rpm
Figure 1a.% to separate and remove red and white blood cells and then,

the resultant supernatant was centrifuged (18 000 rpm, 30
Flow Cytometry Analysis minutes) to precipitate PMPs. Pellets were dissolved in
At the third passage, cells were harvested for analyzing the DMEM (1 mL) and stored at -80°C for further use in the
profile markers of the MSCs. After trypsinization, PBS was experiments.”
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Figure 1. Characterization of UC-MSCs. (a) Fibroblast-shaped morphology of MSCs after 7 and 14 days of seeding (40X magnification). (b)
Extremely low expression of CD34 and CD45 antigens and high expression levels of CD105, CD73 and CD90 antigens. RN1 and RN2 lines
represent the cells with targeted markers identified by fluorescent labeled-antibodies.
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Determination of PMPs Concentration Based on
Bradford Assay

The protein content of PMPs was ascertained by Bradford
assay using a Nano drop spectrophotometer (Nano
Photometer™ Pearl). Concisely, various dilutions of bovine
serum albumin (BSA) were provided (312.5, 625, 1250,
2500, 5000, 10000 pg/mL). Then, 200 uL of Bradford
solution was separately added to 10 uL of BSA or MP
specimens and their absorptions were assessed at 595 nm.
The standard curve was drawn against BSA samples and
was used for determination of the MPs concentrations.?

Characterization of PMPs

Measurement of PMPs size was performed using a
dynamic light scattering (DLS) Malvern Master Sizer
2000 laser diffraction system (Malvern Instruments Ltd,
Worcestershire, UK), according to the DLS technique.
In this system, a laser beam with 633 nm wavelength
was focused into the microparticle suspension as well as
DMEM media as the control sample, and the scattered
light was detected. The size of microparticles and particles
in the control sample was calculated by the software
installed on the machine.**

Phenotypic Characterization of PMPs by Flow Cytometry
To identify the cellular origin of the isolated MPs, specific
platelet markers, including CD42b-PE and CD61-FITC
were examined by flow cytometry analysis. For this
purpose, 100 pL of diluted PMP solution (1:1 ratio in
PBS) was added to 10 uL of each antibody alongside with
isotype control. After 20 minutes incubation at room
temperature and in darkness, the fluorescence activated
cell sorter analysis was performed using FACSCalibur.”

Calculating the Population Doubling Time

For PDT analysis,” a total number of 5 x 10* cells were
cultured in 25 cm flasks. Following the achievement of
80%-90% confluency (approximately 5-7 days), and
washing the cells with PBS twice, they were treated
using 0.25% trypsin and pre-warmed at 37°C. After
that, complete cell culture medium was applied to stop
the trypsinization process, and the cell suspension was
transferred into sterile tubes. Following centrifuging the
suspension at 1200 rpm for 10 minutes, the resultant
supernatant was removed and the cell pellet was washed
twice with PBS. The number of cells was counted by a

Table 2. Primers for Indicated Genes

hemocytometer. In order to obtain the next generation of
cells, 5 x 10* cells were subcultured in new flasks. Once the
cells reached 80%-90% confluency, the above-mentioned
steps were then repeated and the cells were counted again.
Finally, PDT was calculated according to the following
formula:

duration *10g(2)

Doubling Time = - - — -
log(Final Concentration) —log(Initial Concentration )

Real-time PCR Amplification for Quantitative Analysis
of Gene Expression

Extraction of total RNA was carried out using Trizol
(Invitrogen; USA). Both the purity and integrity of
the extracted RNA samples were determined using
spectrophotometry and electrophoresis on agarose gel
(1.5%), respectively. Then, cDNA was synthesized from
the isolated RNA samples (300 ng) in 10 uL as a final
volume based on the PrimeScript RT reagent (PrimeScript
1* strand cDNA Synthesis Kit, TaKaRa, Japan) protocol.
Real-time PCR reactions were performed using Rotor-
Gene’ Q in a total volume of 10 pL including RealQ Plus
2x Master Mix Green (Ampliqon, Denmark), primer
(0.5 uM), cDNA (70 ng/uL), and H,O. The sequences of
specific primers for examined genes, including hTERT,
c-MYC. p16, p53, p21, and GAPDH as internal control are
presented in Table 2. All amplifications were performed
in triplicate. Thermal cycles were 95°C for 15 minutes, 40
cycles with 95°C for 30 seconds and 60°C for 60 seconds.
Gene expressions were compared across samples using
2°44¢T formula.

Statistical Analysis

In order to analyze the data, the SPSS software was used
(SPSS 20, IBM, USA). The normal distribution of the
outcomes was analyzed using the Shapiro-Wilk test
with P>0.05 indicating the normality of data with high
confidence. In addition, the t test was also performed and
P <0.05 was considered statistically significant.

Results

Phenotypical Features of Umbilical Cord-Derived MSCs
Umbilical cord-derived MSCs, which were mostly
fibroblast-like in appearance, were able to adhere to culture
flasks during the early days of incubation. Red blood cells
were rarely seen under the light microscope after three
passages, and the cells gradually generated small colonies

Gene Forward Primer Reverse Primer

hTERT 5'- TGACACCTCACCTCACCCAC-3' 5'-CACTGTCTTCGACAAGTTCAC-3'
c-MYC 5'-GTCCTCGGATTCTCTGCTCTC-3' 5'-CAACATCGATTTCTTCCTCATCTTC-3"
pl6 5'-CCCAACGCACCGAATAGTTA-3' 5'-ACCAGCGTGTCCAGGAAG-3'

p21 5'-CCTGTCACTGTCTTGTACCCT-3! 5'- GCGTTTGGAGTGGTAGAAATCT-3!
p53 5'-CTGGCCCCTGTCATCTTCTG-3' 5'-CCGTCATGTGCTGTGACTGC-3'
CAPDH 5-'GAAGGTGAAGGTCGGAGTC -3! 5'-GAAGATGGTGATGGGATTTC-3'
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(Figure la). Flow cytometric analyses indicated that over
99% of the cells were positive for CD105 (99.5%), CD90
(99.8%), and CD73 (99.72%), whereas there was no
apparent expression of CD34 (1.51%) or CD45 (1.47%).
Hence, the cells isolated from UC samples were confirmed
as MSCs (Figure 1b).

Characterization of PMPs by DLS

As shown in Figure 2b, size dispersion was observed in the
range of 190.1-396.1 nm for PMPs and 24.36- 68.06 for
particles in DMEM medium (Figure 2a).

Phenotypical Characterization of PMPs
Immunophenotypic analysis of PMPs was ascertained
by flow cytometry and showed that PMPs significantly
expressed CD61 (99.64%) and CD42b (90.93%) (Figure
3).

PDT of Umbilical Cord-Derived MSCs

The PDT of the treated group was significantly decreased
when MSCs were treated with PMPs (50 pg/mL) in
comparison to the control group (PMPs untreated cells)
(33.12 £ 0.015 versus 48 + 0 hours, P=0.034).

Effect of PMPs on Gene Expression

Following treatment of cells with 50 ug/mL of PMPs, the
profile of gene expression was evaluated following five
(group 1) and thirty (group 2) days as well as after two
months of freezing-thawing processes (group 3). The mean
and standard deviation of the outcomes, compared to the
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Figure 2. DLS Analysis of the Size Distribution of PMPs (a) and
Particles in DMEM Medium (b).
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Figure 3. Phenotype of PMPs. High expression of CD61 and
CD42b on the surface of PMPs.

internal control group, are provided in Table 3. As shown
in Figure 4a, the expression of hTERT gene increased
significantly in group 1 (by 3.5 folds, P=0.050), group 2 (by
2.4 folds, P=0.050), and group 3 (by 1.4 folds, P=0.011)
in comparison to the control group. The expression of
c-MYC gene was also significantly upregulated in group
1 (by 2.8 folds, P=0.042), group 2 (by 2.1 folds, P=0.045),
and group 3 (by 1.6 folds, P=0.003), compared to the
control (Figure 4b). The result of p16 gene showed that
its expression was significantly lower in group 1 (0.18,
P=0.003), group 2 (0.5, P=0.014), and group 3 (0.35,
P=0.034) compared with the control (Figure 4c). We also
found that the expression of p21 gene was significantly
downregulated in group 1 (0.02 fold, P=0.004), group 2
(0.79 fold, P=0.024), and group 3 (0.26 fold, P=0.026) in
comparison to the control group (Figure 4d). Finally, the
results indicated that the expression of p53 was remarkably
downregulated in group 1 (0.21 fold, P=0.0001), group 2
(0.63 fold, P=0.022), and group 3 (0.47 fold, P=0.030)
compared to the control group (Figure 4e).

Discussion

Aging is defined as a main factor in limiting the clinical
applications of MSCs in several aspects such as cell therapy
and regenerative medicine, which was initially postulated
by Leonard Hayflick in 1960. The aging process is inherent
and complex, manifestinginside an organismat cellularand
molecular levels.”**” At the molecular level, the expression
of some markers is associated with cell senescence and
lifespan of MSCs. Shortened telomere length and altered
TERT expression are among prominent factors, such that
their fold changes have an inverse association with the
proliferative capacity and lifespan of MSCs.'** However,
evidence suggests that sheer shortening of telomere length
does not call for aging of MSCs.>® Two main tumor
suppressor pathways, namely pl6INK4A/pRb and p53/
P21WAF1, are also known as permanent factors implicated
in MSC senescence. Some senescent states are primarily
determined by high expression of p16 while others are
specified by p53, which is needed for coupling of arrested
cell cycle progression to other cellular responses in order
to face with various physiological requirements and to
meet the deserved responses to different forms of stress.’
Therefore, the present study focused on the role of PMPs
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Table 3. Mean and Standard Deviation and Related 95% Confidence Interval of Difference of the Outcomes

Mean Star}da.rd 95% Confidence Interval of Difference Sig (2-Tailed)
Deviation Lower Upper
Group 1 -2.61527 0.28953 -5.21661 -0.01393 0.050
hTERT Group 2 -0.43500 0.04950 -0.87972 0.00972 0.050
Group 3 -1.41500 0.03536 -1.73266 -1.09734 0.011
Group 1 -1.43500 0.13435 -2.64209 -0.22791 0.042
c-MYC Group 2 -0.49500 0.04950 -0.93972 -0.05028 0.045
Group 3 -1.11500 0.00707 -1.17853 -1.05147 0.003
Group 1 0.94500 0.00707 0.88147 1.00853 0.003
P16 Group 2 0.69500 0.02121 0.50441 0.88559 0.014
Group 3 0.56000 0.04243 0.17881 0.94119 0.034
Group 1 0.79500 0.00707 0.73147 0.85853 0.004
P53 Group 2 0.53000 0.02828 0.27588 0.78412 0.024
Group 3 0.36500 0.02121 0.17441 0.55559 0.026
Group 1 -0.96500 0.02121 =1. 15559 -0.77441 0.0001
P21 Group 2 0.72500 0.03536 0.40734 1.04266 0.022
Group 3 0.21000 0.01000 0.08294 0.33706 0.030

Note. The comparisons are made with the internal control group.

in the expression of these genes as outstanding markers of
aging. PMPs have been identified to carry growth factors,
proteins, miRNA, enzymes, and lipids, in addition to the
other biologically active compounds and have become a
focus of several studies.””*° Baj-Krzyworzeka et al indicated
that PMPs induce the release of cytokines and expression
of growth factors, alongside the inhibition of apoptosis
in hematopoietic cells.”’ Furthermore, Dashevsky et al
reported that PMPs are able to mediate the proliferation
and survival of prostate cancer cells in vitro.*> According
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to these observations, we hypothesized that PMPs possess
the potential to improve the lifespan of MSCs during in
vitro culture. Our results demonstrated that the treatment
of MSCs with 50 pug/mL of PMPs significantly increased
hTERT and ¢c-MYC gene expressions. Bocker et al and
Huang et al conducted experiments aimed at increasing
the lifespan of MSCs. They exogenously delivered
hTERT into MSCs using viral vectors and improved
the lifespan of MSCs."** Additionally, Farahzadi et al
investigated the effect of L-carnitine (an antioxidant
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Figure 4. Analysis of Gene Expressions. As described in related sections, the result of real-time PCR showed that PMPs significantly enhanced
hTERT and c-MYC gene expression and reduced the expression of p53, p21 and p16 genes. All values are presented as mean + SD and

normalized by GAPDH (n = 3, *P<0.050; ** P<0.010; ***P<0.001)
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potentially serving as a non-viral method) on gene
expression of TERT as well as telomere length and showed
that L-carnitine effectively increased the expression of
hTERT in adipose tissue-derived MSCs." Likewise, we
showed that PMPs decreased pl6, p53, and p21 gene
expression compared with untreated cells of the control
group. As reported by Okamato et al, both telomerase
activity and inactivation of Rb/pl16INK4A are highly
required for immortalization of MSCs.** Gu et al showed
that the upregulation of p16INK4A is a key marker for
promoting senescence in bone marrow-derived MSCs
(BM-MSCs).* Nevertheless, Campisi stated that p53 and
p16INK4a induce senescence in non-embryonic tissues
and that p21 stimulates senescence in embryonic tissues.*
Additionally, Piccinato et al reported that the expression
of p21WAF1 was reduced in senescent BM-MSCs. These
studies are not consistent with our results regarding the
p21 gene.’ On the other hand, we investigated the effect
of PMPs after different periods (after five and thirty days
as well as during the freezing-thawing process) in order
to evaluate the time-dependent effects. Maximum effect
was observed after five days and it was inversely reduced
over time (after thirty days). The effect of PMPs was also
maintained at an appropriate level during the freezing-
thawing process. Besides, following shorter PDT in PMP-
treated cells in comparison with the control group, we
demonstrated that PMP was able to increase the growth
rate of MSCs, a property that can be attributed to the
presence of various miRNA or signaling pathways. In this
regard, Baj-Krzyworzeka et al in 2002 showed that PMPs
could activate two principal signaling pathways involved
in cell survival and proliferation, i.e. MAPKp42/44 and
PI3K-AKT.’' Moreover, studies have indicated that PMPs
can transfer some miRNAs involved in proliferation and
metastasis (e.g. MiR-223 and miR-939) into cells.””*
Additionally, using expired platelet concentrate bags in
this study provided high concentrations of PMPs and
presented a cost-effective method. However, other factors
like DNA damage, oxidative stress, and epigenetic changes
could induce the aging process in MSCs, which were not
assessed in the present study.>* Hence, more studies are
highly needed to determine the whole scope of the effect
of MSCs treatment with PMP in vitro.
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