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ABSTRACT Mesenchymal stem cells (MSCs) derived from Wharton’s jelly (WJ) has become an alternative source to
obtain MSCs for clinical application. This is due to less ethical concerns and invasive procedures compared to embryonic
and bone marrow stem cells. To ensure plentiful supply, cryopreservation is commonly used to preserve the cell viability.
However, this technique may affect the characteristics and epigenetic regulation of these cells. In this study, we investigate
how cryopreservation affects genes associated with stemness, differentiation and epigenetic control. Firstly, the cell
morphology and proliferation were examined under light microscope and trypan blue exclusion, respectively. Then, gene
expression study was performed using RT-PCR. WJMSCs were cultured at passage 6 and 9 and cryopreserved for 2 week
and 6 months. Our results showed no much change on their fibroblast-like morphology and proliferation capacity. In
contrast, genes modulated the characteristics of MSCs such as NANOG, RUNX2, OCN and DNA methylation were altered
after cryopreservation. In addition to other previous studies, this study has shed light on potential implications of
cryopreservation on the epigenetic regulation of WJMSCs.
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INTRODUCTION
Stem cell research has been receiving much of public attention ever since human embryonic
stem cells (hESCs) were first grown in the lab for medical purposes. Recently, human mesenchymal
stem cells (hMSCs) have been steadily progressing as the alternatives of hESCs as they do not have
ethical issues and can be isolated from various tissues in an adult (Kim & Cho, 2013).
Even though hMSCs was first isolated from bone marrow, Wharton jelly-derived stem cells
(WJMSCs) are preferred nowadays (Ullah et al., 2015) because they possess higher cell number and
less invasive procedure compared to bone marrow mesenchymal stem cells (MSCs). WJMSCs are
multipotent thus they can differentiate to various cell lineages such as adipocyte, chondrocyte,
osteocyte, tenocyte, fibroblast, and cardiomyocyte (Choi et al., 2017). Stemness properties of MSCs
refer to their ability to self-renew and remain undifferentiated which regulated by transcription
factors such as SOX2, OCT4 and NANOG (Seo et al., 2013). Upon osteogenesis, the expression of
master regulator, RUNX2 and late marker for osteocytes, OCN are elevated. Rapid up-regulation of
CEBPα and CEBPß are also occurred during induction of adipogenesis. After binding of CEBPß to
the regulatory elements of PPARγ and CEBPα, its expression is downregulated (Chen et al., 2016).
In addition, lineage differentiation of MSCs is also under epigenetic control such as DNA
methylation. DNA methylation involves the addition of a methyl group to the carbon 5 of a cytosine
residue, catalysed by DNA methyltransferase. DNMT1, the major DNA methyltransferase that
maintaining methylation status during replication. Inactivation of DNMT1 results in delayed
development and early senescence of the MSCs. DNMT3a and DNMT3b are known to catalyse de
novo DNA methylation and in vitro differentiation (Tsai et al., 2012).
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Cryopreservation is commonly used to retain the properties of MSCs to ensure their availability.
Cryopreservation involves adding cryoprotectant such as dimethyl sulphoxide (DMSO) to cells
before they are stored at temperature of -80 °C and liquid nitrogen for long term storage. However,
this method has been found to affect the characteristics of MSCs in terms of their morphology,
proliferation rate, differentiation potential as well as the gene expression (Hunt, 2011). Therefore,
this study is to examine how cryopreservation influences these characteristics in WJMSCs through
the expression of genes associated with stemness, differentiation and DNA methylation.

METHODOLOGY

Cell Culture
This research was approved by UMS Ethical Committee (JKEtika 1/15(9)). Isolation of the MSCs
was carried out using enzymatic digestion method described in Salehinejad et al. (2012) with
modifications. Excepts for those indicated otherwise reagents were from Gibco (Life Technologies).
Cells were cultured in DMEM/F12 media supplemented with 10% (v/v) fetal bovine serum, 1% (v/v)
antibiotic-antimycotic, and 1% (v/v) ascorbic acid (Sigma). All cultures were maintained in
humidified incubator at 37 C and 5% CO2, and the culture medium was changed every 3 days. Cell
morphology was observed under an inverted microscope.

Cryopreservation
Cells were harvested and cryopreserved using Recovery Cell Freezing Medium containing 10%
(v/v) DMSO (Gibco, Life Technologies). Then, the cells were kept at -80 °C for 2 weeks and 6 months.

Proliferation assay
Proliferation assay was performed on fresh and cryopreserved cells at passage P6 and P9. The
cells were cultured on 24 well plates and counted every 2 days using trypan blue exclusion method.
Briefly, suspension cells were mixed with trypan blue. After mixing, cells were viewed and counted
under an inverted microscope. The calculation was carried out with the following formula.
Total cells number = Number of cell counted/ 5 x dilution factor x 104 cells/ml

RNA extraction and RT-PCR
RNA extraction and RT-PCR were carried out using RNeasy kit and One-step RT-PCR kit
(Qiagen) according to manufacturer’s protocols. PCR program involved activation of HotStart DNA
Taq Polymerase at 95 °C for 15 min, followed by 30 cycles of denaturation for 30 s at 95 °C,
annealing for 30 s at temperature depending on primers and extension at 72 °C for 30 s. The primers
used in this study was shown in Table 1. PCR products were run on 1.5% (w/v) agarose gel.
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Table 1. Primers used for RT-PCR.
Gene
OCT4
SOX2
NANOG
RUNX2
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OCN
CEBPß
DNMT1
DNMT3A
DNMT3B
ACTB

Primer Sequence (5’ to 3’)
Forward TGAGTAGTCCCTTCGCAAGC
Reverse TTAGCCAGGTCCGAGGATCA
Forward TTGCTGCCTCTTTAAGACTAGGA
Reverse CTGGGGCTCAAACTTCTCTC
Forward ACCAGAACTGTGTTCTCTTCCACC
Reverse CCATTGCTATTCTTCGGCCAGTTG
Forward GACCAGTCTTACCCCTCCTACC
Reverse CTGCCTGGCTCTTCTTACTGAG
Forward GTGCAGAGTCCAGCAAAGGT
Reverse TCAGCCAACTCGTCACAGTC
Forward TTTGTCCAAACCAACCGCAC
Reverse GCATCAACTTCGAAACCGGC
Forward CGGTTCTTCCTCCTGGAGAATGTCA
Reverse CACTGATAGCCCATGCGGACCA
Forward CAATGACCTCTCCATCGTCAAC
Reverse CATGCAGGAGGCGGTAGAA
Forward CCATGAAGGTTGGCGAC A
Reverse TGGCATCAATCATCACTGGATT
Forward GTCATTCCAAATATGAGATGCGT
Reverse GCTATCACCTCCCCTGTGTG

RESULT AND DISCUSSION
At P6, both fresh and cryopreserved WJMSCs exhibited fibroblast spindle-like structure while at
P9, both fresh and cryopreserved WJMSCs appeared to be elongated with a combination of
fibroblast-like and irregular morphology after cryopreserved. However, the cell density has reduced
after cryopreserved for 2 weeks and 6 months (Fig.1). Previous studies have shown that
cryopreservation did not change the morphology of MSCs (Shivakumar et al., 2015; Yong et al., 2015;
Gurruchaga et al., 2017). However, the duration of cryopreservation was not clearly stated in some
publications. Based on our knowledge, the reported cryopreserved duration is only 3 months.
Fresh

2 weeks

6 months

P6

P9

Figure 1. Morphology of fresh and cryopreserved WJMSCs. Cells are observed under 4X
magnification with the scale of 200 µm.
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From day 2 to 4, the number of cells at P6 and P9 for both fresh and cryopreserved were
comparable (Figure 2). But at the later days, the differences in cell number in cryopreserved samples
became more obvious as compared to the fresh samples. This suggests that the proliferation rate of
cryopreserved WJMSCs have decreased.
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In addition, genes that control stemness, differentiation and DNA methylation of WJMSCs were
also altered by cryopreservation (Figure 3). The expression of all DNA methylation associated genes
(DNMT1, 3a and 3b) were decreased. But the expression of OCT4, NANOG and CEBP were either
maintained or increased after cryopreservation. A decrease in OCN expression was also noticed.

Figure 2. Cryopreservation reduces the proliferation of WJMSCs at P6 (A) and P9 (B).

Figure 3. Cryopreservation alters the expression of genes associated with stemness, differentiation
and DNA methylation at (A) P6 and (B) P9.
No obvious morphological changes were noticed although some studies report enlarged and
flatten cells after cryopreservation. Knockdown of stemness genes such as OCT4 and SOX2 has been
shown to reduce cell proliferation and multipotency of MSCs (Yoon et al., 2011). In this study,
cryopreserved WJMSCs retained or increased the expression of OCT4 and NANOG although
reduction of cell proliferation was observed. We also noticed no much changes in the expression of
osteogenic gene, RUNX2 and adipogenic gene, CEBP. Therefore, stemness properties are probably
maintained after cryopreservation. Recent studies have reported that proliferative and
differentiation potentials of MSCs are influenced by culture environment and oxygen level rather
than stemness regulation (Pierantozzi et al., 2011; Choi et al., 2014; Yong et al., 2015; Han et al., 2012).
DNA methylation also plays important roles in regulating stemness, proliferation and differentiation
(Berdasco & Esteller, 2011). Decreased expression of DNMT1, 3a and 3b was observed after
cryopreservation, suggesting change of epigenetic control.
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CONCLUSION
These findings suggest that DNA methylation genes could be useful in determining the
integrity of MSCs after cryopreservation. However, implications of long-term cryopreservation for
the application MSCs for clinical setting will require further investigation.
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