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Abstract
Mesenchymal stem cells (MSCs) originating from the human placenta (PMSCs) are promising for cell-based therapeutics.
However, the growing demand for PMSCs in clinical trials necessitates high-quality cells in huge numbers. This study aims
to create an effective and cheap procedure for PMSC isolation and culture. MSC was isolated from human placental tissue (34mm) by three different methods: explant, collagenase (1 mg/ml), modified method (explant+ 0.1 mg/ml collagenase). PMSC
cell morphologies were followed under an inverted microscope for 21 days. PMSCs characterizations were performed using
CD44 and CD90 staining and the immunofluorescence method. PMSCs differentiation capacities were determined by alcian
blue, oil red, and alizarin red staining. The modified method (explant+collagenase) is based on placenta tissue fragments put in
the bottom of the dish and incubated with a culture medium containing %0,1 collagenase type 1. Compared to the traditional
explant and enzymatic culture methods that used collagenase 1 mg/ml for incubation in terms of isolation efficiency, cell yield,
and proliferative capability. Immunofluorescence staining demonstrated the characterization of mesenchymal stem cells for
all isolation techniques. It was determined that the number of cells per area was the lowest in the explant method and the
highest in the modified method. Morphological structures of PMSCs isolated using explant, collagenase, and modified method
are fusiform and have a fibroblast-like appearance. PMSC isolated in the modified method has higher quality cells with high
proliferation ability. It was observed that the modified method especially preserved the cell adhesion ability. It was observed
that the isolated PMSCs using a modified method could differentiate into adipogenic, chondrogenic, and osteogenic cell lines in
the stainings performed to evaluate their differentiation capacity. Our research identified an effective and high-yield method
for producing high-quality PMSCs from the placenta tissue. According to general isolation protocols, the low amount of enzyme
used makes it an ideal isolation technique for MSCs for therapeutic use.
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Introduction
Mesenchymal stem cells (MSCs) are postnatal stem
cells with a hierarchical structure that can self-renew
and differentiate into multiple lineages [1]. Due to their
biological significance and clinical applications, MSCs
have emerged as a prominent issue in modern research.
MSCs have distinct properties such as ease of isolation and
cultivation, plasticity, and intrinsic tropism toward injured
areas. They also have anti-inflammatory and anti-apoptotic
activity in damaged tissue and immunomodulatory activity
via paracrine function, antimicrobial activity, and bacterial
clearance effect. In addition, they have the ability to stimulate
neoangiogenesis and activate other resident stem cells [2].
MSCs are an excellent resource for the clinical treatment of
certain diseases because of their exceptional properties.
MSCs derived from bone marrow, and adipose tissue has
been extensively studied. MSCs derived from bone marrow
can differentiate into bone, cartilage, tendon, muscle, adipose
tissue, and hematopoietic cell-supporting stroma. As a result,
they are candidates for treating patients suffering from bone
disorders, heart failure, and other conditions. In addition,
because MSCs can be isolated in significant numbers from
adults, they have been thoroughly investigated for therapeutic
utility. MSCs, for example, promote the ex vivo expansion
of hematopoietic stem cells, act as immune modulators,
release cytokines and growth factors, and migrate to sites of
pathology [3].
Several studies have shown that cells derived from
the placenta have MSC-like properties [4-6]. Unlike bone
marrow and adipose-derived MSCs, PMSCs are isolated from
the placenta after birth and collected after normal vaginal
delivery or a cesarean section. In vitro, PMSCs are easily
expandable and can be cryogenically stored, thawed, and
reanimated. In addition, human PMSCs develop as plasticadherent cells, have a surface phenotype similar to other
MSCs [7], and can differentiate into multiple lineages [8].

Material and Method

PMSC Culture and growth by Explant Technique
Placenta was obtained from the Obstetrical Department
of the Aydin Adnan Menderes University, Turkey. The
university’s Ethics Committee approved our study plan,
and all donors provided informed consent. The placenta
was gathered from healthy full-term women who had an
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elective cesarean section. In the explant group, the placenta
was transferred to the laboratory immediately after it was
collected, where it was disinfected and cut into 3-4 mm
pieces were seeded onto the surface of a culture dish (Nest,
704004) with High Glucose-Modified Dulbecco’s Eagle
MediumF12 (Sigma, D8437) supplemented with 15% (v/v)
fetal bovine serum (FBS, Sigma, H1270) [9], 100 units/ml
penicillin - 100 mg/ml streptomycin (Sigma, P0781), and
amphotericin B (1 µg/ml) incubated at 37°C in a humidified
atmosphere containing 5% CO2 for one week. During this
time, half of the culture medium was replaced every three
days until the cells migrated from the fragment borders and
reached about 80% confluence. The experimental design is
demonstrated in Figure 1.

PMSC Culture and Growth by Enzymatic
Technique

The placenta was placed in a sterile transfer bag that
was half full of 5% Penicilin-Streptomicin containing PBS.
The cord was washed three times with a carrying solution
under sterile conditions to remove blood. The cord was then
disinfected in 70% ethanol for 30 seconds and thoroughly
rinsed with normal 1% Penicilin-Streptomicin containing
saline. The placenta was immersed in a 1 mg/ml collagenase
type 1 (Merck, SCR103) digestion medium for 3 hours. After
the incubation, digested tissue was centrifuged at 300 × g for
5 sec, and supernatant was collected. This step is repeated
two times. Collected supernatants were centrifuged at 300
x g for 20 minutes [10]. The cell pellet was suspended in a
culture medium containing DMEM/F12 %15 FBS, %1 PenStrep, 1 mg/ml Amphotericin B (Sigma, A2942), then seeded
in 25 cm2 flasks (Corning, 430639).

To remove erythrocytes, cells were rinsed with PBS
every two days, and the medium was changed. Then, the
adherent cells were harvested with 0.25 percent trypsinEthylene Diamine Tetra Acetic acid (EDTA, Sigma, T4174)
after the cells had reached 90% confluency (Figure 1).

PMSC Culture and Growth by Explant +Enzymatic
Technique

As a modified method, 3-4 mm cut placenta tissue
fragments were put in the bottom of 10 cm2 dishes and
incubated for one week at 37°C with digesting culture
medium containing 0.1% collagenase. After incubation, the
medium was changed every three days until the 90% cell
confluency (Figure 1).
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Figure 1: Mesenchymal stem cell isolation techniques: (a) Explant method; (b) Collagenase method and (c) Modified method.

Characterization of PMSC

Images of PMSCs isolated with three different techniques
were taken on day 3, day 10, and day 21 under an inverted
microscope (Zeiss, Axio Vert.A1, Germany). The images taken
are given in Figure 2 in a 10x scale. Thoma slide was used in
order to count MSCs. Percentage of MSC cell count was given
in Figure 2.
The amounts of cell surface receptors CD44 and CD90
will be evaluated using an immunofluorescence approach to
characterize MSC cells [11]. When cells reach a specific size,
they are seeded on unique polylysin-coated slides and fixed
with 4% paraformaldehyde [12]. After fixation, blocking with
PBS containing 1% BSA (Santa Cruz, sc-2323) - washing with
PBS - overnight incubation with CD44 (BT Lab, BT-AP01505)
and CD 90 (BT Lab, BT-AP01561) primary antibodies washing with PBS - incubation with FITC (Santa Cruz, sc2012) and TR (Santa Cruz, sc-2780) fluorescently labeled
secondary antibodies - washing with PBS, respectively, and

fluorescence microscope images were obtained.

Alizarin Red, alcian blue, and oil red stainings were
performed to observe the ability of the isolated mesenchymal
stem cells to transform into different tissue cells [13].
Accordingly, after 24hours of incubation of PMSCs inoculated
on 24 well plates (SPL, 30024), inverted microscope images
were obtained after the cells were fixed and treated with the
relevant dyes.

Results

Morphology of PMSCs
Cell morphologies of mesenchymal stem cells isolated
from the placenta by different techniques were checked
under an inverted microscope for up to 21 days. Under an
inverted phase microscope, spindle-shaped placental MSCs
were clearly visible (Figure 2).

Figure 2: Spindle-shaped formation of isolated PMSCs from the explant, collagenase and modified method techniques under
inverted phase microscope and percentage of cell numbers according to the 3rd, 10th and 21st days.
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Characterization of PMSCs
Immunofluorescence staining was used to examine
the immunophenotypes of PMSCs. PMSCs were found to
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be positive for CD90 and CD44 in explant, collagenase, and
modified method. In addition, DAPI staining was used for
nuclear-specific dye and controlling to fixed cells (Figure 3).

Figure 3: Isolated PMSCs from the explant, collagenase and modified method techniques characterization by immunofluorescence
staining of FITC tagged (green) CD44 and TR tagged (red) CD90 markers with counterstaining by DAPI (blue).

Multilineage differentiation capability of PMSCs

The ability of MSCs isolated from different techniques to
differentiate into three lineages (chondrogenic, adipogenic,
and osteogenic) was demonstrated (Figure 4). Alcian blue
staining, an essential marker in chondrogenic differentiation,
was performed in PMSC cells. Alcian blue is blue in staining
for mucopolysaccharides, and mucopolysaccharides are
rich in chondrocytes. When the explant, collagenase, and
modified methods are compared in Alcian blue staining,
it is seen that it is more intense in the explant. Since the
extracellular matrix structures are densely present in the
explants, forming a connective tissue structure is high.
The use of collagenase disrupts the extracellular matrix
structure and facilitates the removal of cells from the tissue.
It is crucial for reducing cell heterogeneity. Oil red staining is
widely used to detect adipogenic structures. When explant,
collagenase, and modified methods are compared, it was
seen that the differentiation of adipose tissue in cells is more
intense in the explant; however the modified method is more
effective when looking at the number of cells. Alizarin red
staining is widely used for the differentiation potential of
stem cells in osteogenic differentiation. Alirazin-red staining,
which is used to determine the bone tissue differentiation
capacity, was similar to explant and collagenase. It is
seen that the osteogenic differentiation capacity is more
prominent in the modified method, and it provides cellular
stem cell morphology. When explant, collagenase and
modified method were evaluated together in terms of stem
cell differentiation potential, it was observed microscopically
that the modified method was more effective in terms of cell

number and preservation of cell morphology.

Figure 4: Multilineage differentiation capacity of isolated
PMSCs from explant, collagenase and modified method by
Alcian blue, Oil red and Alizarin red staining.

Discussion

The use of mesenchymal stem cells in clinical practice
has grown in popularity recently. As a result, there is a need
to develop methods for obtaining MSC from tissues that
are not used after surgery and using these cells in various
clinical applications. The more affordable and effective these
methods become, the more widely they will be used. MSC cells
from placental tissue, discarded and not used during birth,
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were isolated in this study in a shorter time while preserving
their properties. When MSC sources isolated from tissues
discarded during the surgical procedure are examined in the
literature, placenta, umbilical cord, and adipose tissue were
discovered [14-16]. The advantage of the placenta is that it
contains both maternal and fetal factors and is a large piece
of tissue as a source of stem cells [17].

This study obtained higher-quality MSCs with desired
purity and amount by employing several techniques and
methods. Choosing an appropriate isolation method is
essential in producing PMSCs with optimal quality and
high yield to meet clinical demand. There are currently two
main methods for isolating PMSCs: the enzymatic and the
explant methods. However, there are some issues with both
methods [4]. Enzymatic methods influenced MSC biological
characteristics such as proliferative capacity [18,19].
Furthermore, enzymatic methods are more complex, and the
operation process will require more time and money.
On the other hand, no matter how much the placenta is
washed with PBS in the explant method since it is a bloody
tissue, many erythrocyte cells come with mesenchymal stem
cells. It is a method based on waiting for the cells to adhere
for a long time without medium change. It has been observed
that situations that may cause contamination to occur [20].
In addition, it was determined that the number of cells falling
from the tissue was less than the other two methods. It was
observed in the microscopic images taken on the 3rd, 10th,
and 21st days that these cells had less proliferation ability.
Considering the enzymatic method [21], it was observed
that the number of cells falling from the tissue was high, the
proliferation ability of these cells was moderate, and some of
the cells lost their adhesion ability due to degradation as a
result of enzyme treatment [22].
The modified method of explant + collagenase resulted
in the easier separation of MSCs. The critical point is that in
the first step of separating, a millimeter-sized placenta was
placed on the bottom of a dry flask, followed by enzymatic
digestion medium.

When the modified method is used, the number of
incoming cells is at an average level, and the proliferation
abilities are quite high, supported by the microscopic
images. Since the amount of enzyme-treated with the cells
was 10 times lower, non-adherent cells due to lysis were not
observed. Almost all of the spilled cells adhered effectively
to the flask base. At the same time, the small amount of
enzyme used makes this method cheaper and more clinically
applicable.
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Conclusion
Finally, our research discovered an efficient and highyield method for producing high-quality MSCs from the
placenta. Furthermore, our findings show that harvested
PMSCs isolated by the modified explant collagenase technique
have superior proliferative properties. Furthermore, it is
a cheaper technique due to the use of fewer amounts of
enzymes according to the classical procedures shows an
ideal isolation method of MSCs for clinical applications.
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