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Abstract. Wharton'’s jelly mesenchymal stem cells (WJ-MSCs) is one of the best sources of
mesenchymal stem cells (MSCs) that suggest both embryonic and adult stem cell characteristics.
Before being applied in clinical application, the isolated MSCs should be tested to assess their
quality, including differentiation capacity, phenotype characterization, and morphological
appearance. This research aims to quantify the differentiation capacity of W]-MSCs isolated using
explant method. The WJ]-MSCs cells were grown out from Wharton'’s jelly tissue and the isolated
cells adhered in T25 plastic flask. The isolated cells expressed high amount of MSC surface marker
which are CD105 (99.97+£0.06%), CD73 (99.97+0.06%), and CD90 (99.12+£0.25%). The cells can be
differentiated into adipocytes, chondrocytes, and osteocytes. The quantification showed that the
amount of mineralization in osteoblastogenesis, production of lipid droplet in adipogenic
differentiation, and production of glycosaminoglycan in chondrogenesis were noticeably higher in
differentiated cells than non-differentiated cells. In conclusion, the isolated cells fulfill the minimum
criteria of MSCs that can be used in research or clinical application. The great differentiation
capacity of the cells into osteocytes and chondrocytes indicate that the cells are suitable in bone
tissue engineering application, both for research and clinical application.
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1. Introduction

Present materials, which are incorporated with osteoinductive properties, are
continually developed for bone tissue engineering utilization to generate osteogenesis at
the implant site. Graphene, which is generally a monoatomic two-dimensional sheet-like
material with sp2-hybridized carbon atoms arranged in a hexagonal or honeycomb-like
structure, and its thickness identical to an atom diameter, is one example of these materials
with documented pro-osteogenic effects (Hermenean et al., 2016; Kusrini et al.,, 2019).
However, it possesses a challenge to produce the materials (Supriadi et al., 2017). Another
example is mesoporous silica nanoparticles (MSN). Osteogenic agents are added to the
MSNs augment the bone regeneration process (Narayan et al.,, 2018). Porous materials are
widely used as adsorbents, catalysts, and catalyst support due to their large surface area
and pore volume characteristics (Wilson and Mahmud, 2015). However, to increase bone
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healing recovery, those materials should be combined with multipotent cells that have the
properties of high self-proliferation and differentiation into bone-related cells.

Multipotent cells with high capacity of self-proliferation that can be derived from
almost all parts of the body, including neonatal byproducts, bone marrow, adipose tissue,
and dental tissue, are called Mesenchymal stem cells (MSCs) (Hass et al,, 2011; Shivakumar
etal, 2019). The MSCs hold a promising potential application for regenerative disease and
immunomodulation (Abdallah and Kassem, 2008). These have been approved for the
treatment of various diseases such as Crohn-related enterocutaneous fistular disease and
graft versus host disease (Galipeau and Sensébé, 2018). The MSCs have also been explored
to address several immunological disease (Ghannam et al, 2010), bone and cartilage
defects (Krampera et al.,, 2006), neurological degeneration (Karussis et al.,, 2010), and
cardiovascular diseases (Ranganath et al., 2012).

Several findings suggested that birth byproducts have better proliferation and
differentiation capacity (Anzalone et al., 2010; Hass et al., 2011). The MSCs can be isolated
from various birth byproducts including amniotic membrane and fluid (Wolbank et al.,
2007; Utama, 2018), umbilical cord (Van Pham et al, 2016), Wharton’s jelly tissue
(Widowati et al., 2019), and umbilical cord blood (Bieback and Netsch, 2016). Isolated MSCs
from neonatal-derived tissues also have both embryonic and adult stem cell characteristics
(Arutyunyan etal., 2016).

Wharton's jelly tissues are part of the umbilical cord that are considered as one of the
finest sources of MSCs. The advantages of using these tissues are ethical consideration, their
availability, and non-invasive isolation procedure (Hass et al., 2011). Before their clinical
application, there are several quality controls to examine the quality of WJ]-MSCs. The
minimal criteria that have been accepted in both industrial and basic research application
has been published by the International Society for Cellular Therapy (ISCT) (Dominici et al.,
2006). There are three minimal criteria for MSCs: adherence to plastic, positive (>95%) for
CD105, CD73, and CD90, and can be differentiated into osteocytes, chondrocytes, and
adipocytes.

The aspects that may affect the differentiation capacity of MSCs are tissue origin,
isolation method, culture condition, and cells passage (Ahern et al,, 2011; Hass et al,, 2011;
Nepali et al.,, 2018; Rizal et al,, 2019). They also can be trans-differentiated into ectodermal
lineage and endodermal lineage cells, including S-pancreas (Ullah et al., 2019), neuronal cells
(Cortés-Medina et al., 2019), and cardiomyocytes (Arslan et al.,, 2018). This differentiation
capacity makes stem cells prospective for transplantation, thus having the ability to repair
many organ disfunctions. In addition, MSCs are able to migrate and differentiate in the area
of injury using the ability called homing capacity (Lin et al., 2017; Ullah et al,, 2020). These
benefits make the research of exploring the potential of MSCs very popular (Zakrzewski et
al,, 2019).

Differentiation capacity into osteocytes is one of the strengths of WJ-MSCs that can be
applied in bone tissue engineering (Ansari et al, 2018). The W]J]-MSCs reveal all
characteristics of functional osteocytes/osteoblasts due to its osteogenic gene expression,
the ability to adhere in scaffold, and expression of extracellular matrix mineralization
(Todeschi et al., 2015). They have been successfully transplanted into patients to treat
osteonecrosis and exhibited improvement in the joint function and also relieved the pain
(Caietal.,, 2014).

Compared with bone marrow mesenchymal stem cells (BM-MSCs), the application of
W]J-MSCs in bone tissue engineering has several advantages. The isolation procedure of WJ-
MSCs are non-invasive because it comes from byproduct waste pain (Wang et al., 2016). The
W]-MSCs also have low immunogenicity that enable us to use these cells in both autologous
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and allogenic transplantation. When transplanted into human body, W]-MSCs are protected
against lysis by NK cells because these cells express low quantity of primary major
histocompatibility class [ (MHCI) and class II (MHCII) proteins (Kalaszczynska and Ferdyn,
2015). There are no teratoma formation after transplantation of W]J-MSCs in mice, as well as
the patients (Ding, 2015).

Present study strives to quantify the differentiation capacity of MSCs into three different
mesodermal cells lineage: adipocytes, chondrocytes, and osteocytes. Because of the
heterogeneity of stem cells, the quantification of the quality of stem cells become an
important criterion in the quality check of MSCs before being transplanted into human body,
and in future all the minimal criteria of stem cells should be measurable to ease the quality
control check of MSCs.

2. Methods

2.1. WJ-MSCs Isolation

The explant method was used to isolate the cells, as described in the previous study
(Rizal et al., 2018; Rizal et al.,, 2019). Briefly, phosphate-buffered saline (PBS) 1x was used
to remove blood cells from the tissue, which was then placed into a transport medium
containing PBS 1x (Gibco, Invitrogen, USA), 1% amphotericin-f8 (v/v) (Gibco, Invitrogen,
USA), 1% (v/v) penicillin-streptomycin (Gibco, Invitrogen, USA), and 20 ¢ g/ml gentamicin
(Gibco, Invitrogen, USA). Next, blood vessels (arterial and venous) were longitudinally
separated from the tissue and the tissue was then cut into 1-2 cm3 explant fragments while
washing with sterile PBS. All the explant fragments were next placed on 60 mm tissue
culture plates (MCD110090) and supplemented with complete growth medium containing
MEM-a (Gibco, Invitrogen, Canada), 10% (v/v) fetal bovine serum (Gibco, Invitrogen
Corporation, Grand Island, NY, USA), 1% (v/v) pen-strep (Gibco, Invitrogen, USA), 1% (v/v)
amphotericin-f (Gibco Invitrogen, USA), and 20 mg/ml gentamicin (Gibco Invitrogen, USA).
The fragment was incubated at 5% CO2, 37°C. Every 3 days, the medium must be replaced
with fresh growth medium. After the cells moved out from the tissue, these cells were
cultured and expanded in W]-MSCs-complete growth medium.

2.2. WJ-MSCs Characterization

Flow cytometry was used to analyze WJ]-MSCs surface markers using Macsquant,
Analyzer 10. Briefly, trypsin-EDTA was used to dissociate W]-MSCs at 80% confluence and
centrifuged at 5000 rpm for 5 minutes. The pellet was then resuspended with PBS 1x, FBS,
and cells were counted with a hemocytometer. The isolated cells were stained with
appropriate positive surface antibodies as follows: CD90-FITC, CD105-PerCP-Cy5, CD73-
APC, CD44-PE, and negative surface antibodies of CD34-PE, CD116-PE, CD19-PE, CD45-PE,
HLA-DR-PE, according to manufacturer’s protocol (BD stem flowKit, Becton, USA). Isotype
controls were used as background staining (Widowati et al., 2019).

2.3. Quantification of W]-MSCs Multilineage Differentiation

Osteogenic differentiation quantification: Osteogenic differentiation was conducted
using StemPro Osteogenesis Differentiation Kit (Gibco A10072-01) under manufacturer
protocol. A total of 5x103 cells W]-MSCs were seeded in 24 well plates (Nunc, 72296-18)
and were exposed by StemPro Osteogenesis Differentiation medium for 3 weeks. Calcium
deposits were stained using Alizarin Red S (Sigma, A5533). Alizarin Red S was extracted
from samples by addition of 10% cetyl-pyridinium chloride in 10mM sodium phosphate
(pH 7.0 [wt/vol]) to wells and incubated for 60 minutes. Mineral content was quantitated
by use of a plate reader spectrophotometer (Multiscan Go Thermoscientific, Massachusetts,
USA) at 562 nm (Ahern etal,, 2011).
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Chondrogenic differentiation quantification: A total of 5x103 cells were plated in four
well plates (Nunc, 176740) and were exposed with StemPro Chondrogenesis
Differentiation Kit (Gibco, A10071-01) for 3 weeks. Chondrocytes were stained using Alcian
Blue (Sigma, A5268) (Widowati et al., 2019). Alcian Blue was extracted from the cells using
6M guanidine HCI for 2 hours at room temperature and the absorbance was measured at
650nm using a spectrophotometer (Multiscan Go Thermoscientific, USA).

Adipogenic differentiation quantification: Cells were plated at density 1.1x104 cell/cm?
in four well plates (Nunc, Thermo Scientific, USA) and incubated around 2 days in a growth
medium at 37°C, 5% COz. The cells were then exposed to StemPro Adipogenesis
Differentiation Medium (Gibco, Invitrogen, USA) for approximately 21 days. Then, 4%
paraformaldehyde was used to fix cells around 30 minutes at room temperature and
stained with Oil Red O (Sigma, Missouri, USA) to examine intracellular lipid droplets (Ahern
et al., 2011). Lipid droplets were extracted with 200ul of 100% isopropanol (Merck,
Germany) for 15 minutes and the absorbance was measured using plate reader
spectrophotometer (Multiscan Go Thermoscientific, Massachusetts, USA) at 540nm (Nepali
etal.,, 2018).

3. Results and Discussion

3.1. W]-MSC Isolation and Characterization

W]J-MSCs were successfully isolated from Wharton'’s jelly tissues and can adhere in
plastic T25 flask. The cells moved out of the Wharton'’s jelly tissue after 2 weeks of culture.
The isolated cells were maintained until Passage 9. The cells have typical stem cell
morphological appearance, that is, they are spindle-shaped and fibroblast-like cells (Kim et
al,, 2013).

By using flow cytometry, the surface markers of stem cells were then analyzed, and the
result were revealed in Table 1. The expression of three main surface markers for MSCs
were highly expressed (99.12+0.25 for CD90; 99.97+0.06 for CD105; 95.9+0.65 for CD73),
while the expression of the negative MSCs markers, which were CD34-, CD45-, CD11b-,
CD14-,CD19-, CD79a-, and HLA-DR-,were not expressed in the isolated cells.

Table 1 The expression of surface markers of W]J-MSCs in Passage 5

Percentage of
Surface markers 8

expression

CD90 99.12+0.25
CD44 89.34+1.08
CD105 99.97+0.06
CD73 95.9+0.65
Negative lineages 0.00+0.00

I[solated W]-MSCs in Passage 5 revealed high quality of MSCs that fulfill the minimal
criteria of stem cells developed by ISCT (Dominici et al.,, 2006). The MSCs are known to have
positive expression of CD73, CD9, and CD105, and have negative expression of cluster
differentiation (CD45, CD34, and HLA-DR) and hematopoietic surface markers (Baer et al.,
2012). The CD73, CD90, and CD105 markers are likely to have function in cell cycle,
proliferation, survival, migration, adhesion, and differentiation (Pierelli et al., 2001; Zhang,
2010; Moraes et al,, 2016). The expression of this surface markers is affected by several
factors such as passage and culture condition (Wagner et al., 2006; Wagner et al., 2008).
The data reveals that the isolation technique and culture condition used in this research
generate high quality of stem cells.
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3.2. Differentiation Capacity

The differentiation capacity of W]J-MSCs into mesodermal cells, including adipocytes,
osteocytes, and chondrocytes, has been proven. The differentiation ability into adipocytes
was examined using Oil Red O stain to detect oil droplet produced by adipocytes, as shown
in Figure 1. The calcium deposits were detected through Alizarin Red S staining. The
chondrocyte differentiation was shown using Alcian Blue stain, as depicted in Figure 1.

Adipocytes Chondrocytes Osteocytes

Undifferentiated
Cells

Differentiated
Cells

Figure 1 Staining of differentiated and undifferentiated cells of Isolated W]-MSCs

The result exhibited that the isolated W]J-MSCs can be differentiated into adipocyte,
chondrocyte, and osteocyte cells. Differentiation capacity of WJ-MSCs into adipocytes,
chondrocytes, and osteocytes has been reported by some researchers (Widowati et al,,
2019).

Differentiation capacity of MSCs into three different lineages was affected by various
factors. The sources of the cells, as reported by Ahern et al. (2011), have a significant effect
on the differentiation ability of MSCs. The differentiation into adipocytes of adipose-derived
MSCs (AD-MSCs) was significantly higher when compared with BM-MSCs. In contrast,
osteogenic differentiation was higher in BM-MSCs (Ahern et al,, 2011). Another factor
affecting differentiation capacity is passage. Rizal et al. (2019) also reported that the
adipogenic differentiation was significantly higher in early passage than in higher passage.

3.3. Quantification of Differentiation Capacity

The results of differentiation capacity quantification of isolated W]-MSCs are exhibited
in Figure 2. Lipid quantification reveals that the amounts of oil droplets were significantly
higher in differentiated cells. The lipid content was 1.25+0.04 time higher in differentiated
cells when compare with undifferentiated cells. Compared with the cells that did not
differentiate, the amounts of mineralization happening in the osteoblastogenesis was
3.49+0.05 times higher in differentiated cells. Finally, the total of GAG production in
chondrogenesis was significantly higher in differentiated cells. The relative absorbance of
differentiated cells was 2.16+0.06.

The quantification of differentiation capacity gives us more accurate and measurable
information about the stem cell quality. The quantification can be used to assess the quality
of stem cells from different sources or passages. Nepali et al. (2018) examined the
differentiation quality of AD-MSCs isolated from different sources of fats, and the
quantification of differentiation capacity assists them to determine the best sources of
MSCs. In addition, Ahern et al. (2011) examined the differentiation capacity of MSCs
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quantitatively to determine the better differentiation capacity of peripheral blood, bone
marrow, and adipose tissue MSCs.
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Figure 2 The quantification of undifferentiated and differentiated isolated WJ]-MSCs into three
different lineages

This result revealed that the differentiation capability of W]-MSCs to osteocytes and
chondrocytes is greater than its differentiation capability into adipocytes. This finding
suggested that WJ-MSCs hold a great potential to be applied in bone tissue engineering.
Both the capability of differentiation into osteogenesis and factors necessary for bone
formation are possessed by WJ-MSC (Kosinski et al., 2020). The WJ-MSCs secrete several
proteins such as VEGF-D (Obtulowicz et al., 2016; Kosinski et al,, 2020), BMP-2 (La Rocca
et al,, 2013; Kosinski et al., 2020), IL-6, IL-1, TNF-a (Kyurkchiev et al., 2014; Kosinski et al.,
2020), OPG, and RANKL (Zajdel et al., 2017; Kosinski et al.,, 2020) that hold crucial role in
bone formation.

Present investigation in an Indonesian patient with an infected non-union bone
fracture showed that transplantation of Umbilical cord mesenchymal stem cells (UC-MSCs),
supplemented with hydroxyapatite and BMP-2, improves the bone defect healing, enabling
the patient to walk without pain and postoperative complications (Dilogo et al., 2017).
Other research suggested that the addition of W]-MSCs can be seeded in bone substitute
and can be differentiated in osteocytes that can be applied in clinical therapy for bone defect
treatment (Kosinski et al, 2020). In osteonecrosis, an allogenic and autologous
transplantation of WJ-MSCs also showed the ability to cure the disease (Cai et al., 2014).
This suggested that W]-MSCs hold a chance to be immediately applied in clinical application
for bone tissue engineering.

4. Conclusions

The current study indicates that the W]-MSCs, isolated through explant methods,
generate high-quality stem cells that are in line with mesenchymal stem cell criteria. The
isolated WJ-MSCs can be differentiated into adipocytes, chondrocytes, and adipocytes.
This capacity can be quantified, producing better determination on the quality of stem
cells and their role in bone tissue engineering.
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