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GRAPHICAL ABSTRACT
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Mesenchymal stem cells were isolated from the amniotic membrane by explant 
culture technique easily and without the need for much equipment.

Mesenchymal stem cells are fibroblast-
like multipotent cells. We aimed to 

isolate mesenchymal stem cells in the 
amniotic membrane by explant culture 

technique.

The amniotic membrane was dissected 
into small pieces and explant cell 

culture was established. Flow 
cytometry analysis of migrating and 
proliferating cells from tissue pieces 

was performed at passage 3 (P3).

The cells were 
shown to express 
CD73 and CD90

cell surface 
antigens, but not 
CD34 cell surface 

antigens.
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ABSTRACT
Aim: Mesenchymal stem cells (MSCs) are adult stem cell types. When examined by phase contrast microscopy, they appear spindle-shaped 
and fibroblast-like cell aggregates. Up to now, MSCs have been isolated from many tissues such as bone marrow, adipose tissue, cartilage, 
placenta, amniotic membrane and umbilical cord. Our aim in this study was to isolate mesenchymal stem cells from amniotic membrane by 
explant culture technique easily and without needing a large amount of equipment.
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GRAFIKSEL ÖZET

ÖZ
Amaç: Mezenkimal kök hücreler (MKH) erişkin kök hücre tipidir. Faz kontrast mikroskobu ile incelendiğinde iğ seklinde ve fibroblast benzeri 
hücre toplulukları olarak görülürler. Şimdiye kadar MKH’ler, kemik iliği, adipoz doku, kıkırdak, plasenta, amniyon zarı, göbek kordonu gibi 
birçok dokudan izole edilmişlerdir. Bu çalışmadaki amacımız amniyon zarından mezenkimal kök hücreleri eksplant kültür tekniğiyle kolay bir 
şekilde ve fazla miktarda ekipmana ihtiyaç olmadan izole etmektir.
Gereç ve Yöntemler: Hücre kültürü laboratuvarında amniyon zarları küçük parçalara ayrılarak eksplant hücre kültür ortamı oluşturuldu. Daha 
sonra prolifere olan hücrelerin karakterizasyonunu belirlemek amacıyla 3. pasajda flow sitometri analizleri yapıldı.  Adipojenik, kondojenik ve 
osteojenik yöndeki değişimlerini göstermek için ise farklılaşma deneyleri yapıldı.
Bulgular: Çalışmamızda insan amniyon zarından mezenkimal kök hücreler eksplant hücre kültür tekniğiyle izole edilmişlerdir. Yapılan flow 
sitometri analizinde hücrelerin mezenkimal kök hücre belirteçlerini (CD73 ve CD90) eksprese ettiklerini hematopoetik kök hücre belirtecini 
(CD34) ise eksprese etmedikleri gösterilmiştir. Farklılaşma deneylerinde ise adipojenik, kondojenik ve osteojenik yönde değişim gösterdikleri 
belirlenmiştir. 
Sonuç: Göbek kordonundan izole edilen mezenkimal kök hücrelerin rejeneratif ve reparatif tıpta değerli bir kaynak olarak yaygın bir şekilde 
kullanılmasından sonra amniyon zarından elde edilen mezenkimal kök hücreler üzerinde de çalışmalar yoğun bir şekilde devam etmektedir.
Anahtar Sözcükler: Hücre kültürü teknikleri, amniyon, kök hücreler

Material and Methods: In the cell culture laboratory, amniotic membranes were dissected into small pieces and explant culture medium was 
created. Then, flow cytometry analysis was performed at passage 3 to determine the characterization of proliferating cells.  Differentiation 
experiments were conducted to show the changes in adipogenic, chondogenic and osteogenic direction.
Results: In our study, mesenchymal stem cells were isolated from the human amniotic membrane by explant cell culture technique. Flow 
cytometry analysis showed that the cells expressed mesenchymal stem cell markers (CD73 and CD90) but not hematopoietic stem cell 
markers (CD34). In differentiation experiments, adipogenic, chondrogenic and osteogenic changes were observed.
Conclusion: After the widespread use of mesenchymal stem cells isolated from the umbilical cord as a valuable source of regenerative and 
reparative medicine, studies on the isolation of mesenchymal stem cells from the amniotic membrane have intensified.
Keywords: Cell culture techniques, amnion, stem cells

Amniyon zarından eksplant kültür tekniğiyle mezenkimal kök hücreler kolay 
bir şekilde ve fazla ekipmana ihtiyaç olmadan izole edilmiştir.

Mezenkimal kök hücreler 
fibroblast benzeri 

multipotent hücrelerdir. 
Amacımız amniyon zarında 
mezenkimal kök hücreleri 
eksplant kültür tekniğiyle  

izole etmektir.

Amniyon zarı küçük parçalara 
ayrılarak eksplant hücre kültürü 
oluşturuldu. Doku parçalarından 

göç eden ve prolifere olan 
hücrelerin 3. pasajda(P3) flow

sitometri analizleri yapıldı.

Hücrelerin 
CD73 ve 

CD90 hücre 
yüzey 

antijenlerini 
eksprese 
ettikleri, 

CD34 hücre 
yüzey 

antijenlerini 
ise eksprese 
etmedikleri 

gösterilmiştir.
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INTRODUCTION 

Mesenchymal Stem Cells

Mesenchymal stem cells (MSCs), first described by 
Friedentstein and colleagues in 1974, are cells with a fibro-
blast-like appearance that can differentiate into osteocytes, 
chondrocytes, adipocytes, tenocytes and myocytes (1,2). 
MSCs were first isolated from bone marrow (3). Subse-
quently, they were isolated from different tissues including 
brain, periosteum, liver, skeletal muscle, adipose tissue and 
amniotic fluid.

The International Society for Cell Therapy (ISCT) has devel-
oped three criteria to define MSCs: 1) adhesion of the cells 
to a plastic surface in culture medium 2) differentiation into 
osteocytes, adipocytes and chondrocytes and 3) expres-
sion of markers such as CD105, CD73 and CD90 in more 
than 95% of the culture, absence of expression of markers 
such as CD34, CD45 in more than 95% of the culture (4).

Since MSCs do not have MHC class II antigens, they do not 
cause immune responses. However, there are some phe-
notypic differences between MSCs isolated from different 
tissues; for example, MSCs derived from adipose tissue ex-
press CD49d but do not express CD106, while those isolat-
ed from bone marrow are negative for CD49d and positive 
for CD106. These characteristics play a significant role in 
the potential therapeutic applications of MSCs.

When MSCs are examined microscopically, they are ob-
served as spindle-shaped and fibroblast-like cell commu-
nities (5). MSCs have recently attracted interest in different 
clinical areas due to their potential therapeutic effects (2). 
Finding a safe and appropriate source of stem cells that 
can be used for treatment is crucial for regenerative medi-
cine. Stem cells derived from gestational tissues have some 
advantages over other stem cells. These include easy ac-
cess to gestational tissues, fewer ethical and legal barriers 
associated with their use, availability without the need for 
invasive procedures, and most importantly, they do not 
cause tumor formation. MSCs derived from the amniotic 
membrane(AM) have the capacity to differentiate into the 
three germ layers, have low immunogenicity and anti-in-
flammatory properties (6).

Mesenchymal Stem Cells Derived from Amniotic 
Membrane

Fetal membranes are divided into an outer layer (chorion) 
and an inner layer (amniotic membrane) that come into con-
tact with maternal cells. The amnion surrounds the embryo/
fetus as a thin membrane on the inner side of the placenta 
and borders the amniotic cavity filled with amniotic fluid (7).

A surgical and invasive procedure must be used to collect 
stem cells from bone marrow and adipocytes. However, pla-
centa, umbilical cord and AM, which are generally consid-

ered medical waste, can be obtained without the need for an 
invasive procedure and can be used as a stem cell source 
(8). In addition, they do not raise ethical concerns as they 
are usually discarded after delivery. Therefore, amnion-de-
rived cells are expected to be a valuable cell source for re-
generative medicine studies. Since amniotic membrane is a 
waste material and mesenchymal stem cells can be easily 
derived with this technique, it may be the most widely used 
stem cell source candidate for personalized therapies (de-
rived exosomes from mesenchymal stem cells) in the future 
(9). Epithelial and mesenchymal amnion cells have pluripo-
tent potential (7).

Amniotic epithelial cells have the capability to differentiate 
into neurons, glial cells and alveolar epithelial cells. Some 
studies have reported hepatic, cardiac, osteogenic, chon-
drogenic and adipogenic differentiation of amniotic epitheli-
al cells. Since MSCs in the AM are located at the interface 
between the maternal and fetal organisms, they have a 
high immunologic tolerance, facilitating their use in trans-
plantation. 

One of the mechanisms providing immunologic tolerance 
of the maternal organism against the fetal organism is the 
reduction of the expression of HLA molecules on the sur-
face of fetal cells and some placental cells (10). AM can be 
used in ocular surface reconstruction and wound healing in 
the clinic in terms of promoting reepithelialization, inhibiting 
angiogenesis and reducing inflammation (6). Studies have 
shown that human amniotic membrane-derived stem cells 
(AM-SC) support sciatic nerve repair (a classic peripheral 
nerve regeneration model) (11).

Mesenchymal Stem Cell Exosomes Derived from 
Amniotic Membrane

Exosomes are 40 to 100 nm membrane vesicles that para-
crinally deliver bioactive components such as RNA and pro-
teins from stem cells to surrounding cells. These vesicles 
mediate the exchange of functional proteins, lipids, mRNAs 
and microRNAs (miRNAs) between cells (11,12). Culture 
supernatants of stem cells contain exosomes (12). It has 
been shown that MSC exosomes can act as a therapeutic 
secretion that helps reduce tissue damage (13).

Studies have shown that human amniotic membrane mes-
enchymal stem cells (AM-MSCs) support fibroblast migra-
tion. After exosome inhibitor was added to the culture, fibro-
blast migration was reduced and AM-MSCs exosomes were 
found to be involved in fibroblast migration (12).

Mesenchymal Stem Cell Isolation Methods

The procedure developed for MSC isolation is an important 
step for clinical applications. Different protocols are used to 
isolate MSCs, depending on the cell source and the use of 
the isolated cells (14). Isolation methods are divided into 2 
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monitored. Cells started to migrate on day 3 and became 
confluent on day 10. The tissue pieces in the petri dish were 
removed and the confluent cells were trypsinized ((1 Mm 
EDTA containing 0.25% trypsin) Wisent Inc. Cat no: 325-
542 EL, USA) and removed from the bottom of the petri 
dish. These cells were then added equally to other Petri 
dishes and proliferated by repeated passages. Flow cytom-
etry analysis was performed at the 3rd passage (P3) to de-
termine the characterization of the proliferating cells. 

Cells were sent to Pamukkale University Hospital Tissue 
Typing Laboratory for mesenchymal stem cell characteriza-
tion. Cells were characterized by Flow Cytometry (Navios 
EX, Beckman Coulter Life Sciences, Houston, Texas) using 
CD34, CD73 and CD90 hematopoietic and mesenchymal 
stem cell surface markers. For the validation of these anal-
ysis results mesenchymal stem cell differentiation experi-
ments were performed. All these steps were observed using 
invert microscope (CKX41, Olympus, Japan). The prolifer-
ating cells were counted in Thoma cell counting chamber 
after staining with trypan blue.

Differentiation experiments

Differentiation assays were performed at passage 3 to 
demonstrate changes in adipogenic, chondrogenic and os-
teogenic direction. StemPro Adipogenesis Differentiation 
Kit, StemPro Osteogenesis Differentiation Kit and StemPro 
Chondrogenesis Differentiation Kit (all ready-to-use kits ob-
tained from Gibco, Invitrogen Cell Culture, Carlsbad, USA) 
were used according to the appropriate protocols to demon-
strate the adipogenesis, osteogenesis and chondrogenesis 
potential of amnion-derived MSCs, respectively. Adipogen-
esis was demonstrated by Oil Red O staining, osteogenesis 
by Alizarin Red S staining and chondrogenesis by Alcian 
Blue staining (all from Sigma-Aldrich Chemie GmbH, Ger-
many).

Adipogenic differentiation and oil red O staining

Third-passage culture-expanded cells at 70% confluence 
were induced in the following adipogenic mediums for 15 
days. The adipogenic medium (45 ml basal medium, 5 ml 
adipocyte supplement, 25 µl penicillin–streptomycin) was 
prepared and changed every 3 days. Adipogeneses were 
determined by post induction oil red O staining. Cells were 
washed twice with PBS and fixed with 10% formalin for 10 
min. After fixation, cells were stained with aliquots of filtered 
oil red O solution (stock solution: 3 mg/ml in isopropanol; 
working solution: 60% oil red O stock solution and 40% dis-
tilled water) for 1 h. After staining, cells were washed with 
water to remove unbound dyes. Hematoxylin–Eosin was 
added to each box for 1 min and then washed with distilled 
water. Cells visualized by phase contrast microscope and 
photographed.

main groups: enzymatic method and explant culture meth-
od. In the enzymatic method, proteolytic enzymes are used 
to separate cells from tissue and cultured in appropriate 
medium. In the explant method, no enzymes are used. The 
tissue is cut into small pieces in a culture dish. Reducing 
the size of the tissue pieces facilitates the diffusion of gases 
and nutrients towards the cells.

Studies have shown that the explant method has a higher 
rate of proliferation, increased cell viability and purer stem 
cells than the enzymatic method (15-17). This may be due 
to the presence of extracellular matrix in the tissue pieces 
in explant culture. As a result, cells are protected from pro-
teolytic and mechanical stress and a favorable environment 
is provided for migrating cells. In addition, cytokines and 
growth factors continue to be released into the medium (16).

The aim of our study was to non-invasively isolate MSCs 
from the postnatal AM by explant culture method without 
using any enzyme. Thus, these cells may be an alternative 
to the MSCs isolated from the umbilical cord, which are now 
widely used in regenerative and reparative medicine.

MATERIALS and METHODS

Our study was approved by the Pamukkale University 
Non-Interventional Clinical Research Ethics Committee 
with the decision numbered E.201304 dated 28.04.2022. 
Two healthy female patients between the ages of 25-30 
years, who gave birth and had no systemic disease were 
included in our study after written informed consent was 
obtained.

Dublecco's Modified Eagle Medium ((DMEM), Thermofish-
er, Cat no:11965092, USA) penicillin-streptomycin (Capri-
corn Scientific, Cat no: PS-B, Germany) and fetal bovine 
serum ((FBS), Thermofisher, Cat no: A5256701, USA) 
were placed in a falcon tube. The amniotic membrane was 
brought to the cell culture laboratory within 10 minutes after 
removal from the delivery room. The amniotic membrane 
was placed in a falcon tube prepared under sterile condi-
tions in a laminar flow cabinet and was washed with Phos-
phate Buffered Saline (PBS, Capricorn Scientific, Cat no: 
PBS-2A, Germany) to completely remove cell debris and 
blood. The amniotic membrane was dissected into small 
pieces with a sterile scalpel and forceps, placed in a petri 
dish containing complete medium and monitored in a hu-
midified incubator with 5% CO2 at 37°C. The medium in 
the petri dish was carefully changed once every two days. 
The complete medium contained DMEM, 10% FBS, 50U/ml 
penicillin, 50 µg/ml streptomycin, 2 mM L-glutamine and 0.1 
mM nonessential aminoacids.

The migration of cells around the amniotic membrane tis-
sue fragments and their adhesion and proliferation were 
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a week). At the end of the 14th day, after removing the me-
dium, 4% formaldehyde was added to the cells and left for 
30 min. After fixation, the cells were incubated in 1% Alcian 
blue (SLBR0633V; SigmaAldrich, India) solution dissolved 
in 0.1 N HCl for 30 min. Alcian Blue was removed and cells 
washed with 0.1 N HCl then cells were visualized by Phase 
contrast microscope (18).

All these steps were observed using an inverted microscope 
(CKX41 Olympus, Japan). Pictures were taken with a light 
microscope (Olympus BX51 light microscope and Olympus 
DP72 camera). Cell numbers were determined with a Neu-
bauer Improved counting chamber.

 RESULTS

In our study, explant culture technique was used for the iso-
lation of AM-MSCs. Amniotic tissue was dissected into small 
pieces and seeded on plates and no enzyme was used (Fig-
ure 1). Cells started to migrate on day 3. The cells become 
confluent on day 10. When examined by phase contrast 

Osteogenic differentiation and Alizerin Red S staining

After removing the cells in the third passage and counting the 
cells, there were 3.5 × 106 viable cells in 1 ml of cell suspen-
sion. After inserting medium (1,813,285; Gibco, USA) into a 
culture dish and adding 20 µl of cell suspension, the culture 
dish was placed in the incubator. The medium was changed 
every 2–3 days. At the end of the 21st day, after removing the 
medium, 4% formaldehyde was added to the cells and left 
for 30 min. After fixation, stained with Alizerin Red S (E1816; 
ChemCruz, SantaCruz, USA) for 2–3 min. Cells visualized by 
phase contrast microscope and photographed.

Chondrogenic differentiation and alcian blue staining

Cells in the third passage were removed and counted. Five 
droplets which had five microliters of the cell suspension 
prepared at a concentration of 1.6 × 107 live cells/ml were 
placed in the center of 12 well-plate wells and incubated at 
37 °C for 2 h. Then, the chondrogenic differentiation medi-
um (1,813,309; Gibco, USA) added on it and placed in the 
incubator. The medium was changed every 2–3 days (twice 

Figure 1: Isolation of mesenchymal stem cells from amniotic membrane by explant method. Amniotic membrane taken under sterile 
conditions is placed in a petri dish in a sterile environment (A). It is divided into small pieces with a scalpel (B). The pieces adhere 
to the bottom of the petri dish over time and mesenchymal stem cells migrate and start to proliferate around these pieces (C,D).

A

C

B

D
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Differentiation experiments were performed to show the 
changes in adipogenic, chondrogenic and osteogenic di-
rection. Differentiation kits were applied according to appro-
priate protocols. 

As a result, it was determined that the cells showed adipo-
genic, chondogenic and osteogenic changes (Figure 4).

microscopy, they were observed as spindle-shaped and fi-
broblast-like cell aggregates. (Figure 2). Approximately 1.4x 
106 cells were counted on one plate and 1.2x 106 cells on the 
other plate. The cells in the Petri dish were removed from 
the bottom of the dish with trypsin and passaged (Figure 3). 
Flow cytometry analysis was performed at the 3rd passage 
(P3) to determine the characterization of proliferating cells. 

Figure 2: The proliferation of amniotic membrane mesenchymal stem cells isolated by explant culture (A,B) (Day 10, x200)

Figure 3: Schematic image of isolation of mesenchymal 
stem cells from human amniotic membrane by explant 
cell culture technique. In sterile media, amniotic tissue 
is dissected into small pieces and seeded on plates and 
monitored in a 37°C humidified incubator with 5% CO2. After 
the cells become confluent, they are lifted from the bottom 
of the plate with trypsin and passaged. Flow cytometry 
analysis is performed at passage 3 (P3) to determine the 
characterization of proliferating cells.

Figure 4: Cells maintained in a chondrogenesis differentiation medium for 14 days were positively stained with Alcian Blue (x400) 
(A). Cells maintained in adipogenesis differentiation medium for 15 days contained lipid droplets positively stained with Oil Red O 
(x400) (B). Cells maintained in osteogenesis differentiation medium for 21 days were positively stained with Alizarin Red S. (x400) 
(C). As a result, it was determined that the cells showed adipogenic, chondogenic and osteogenic changes.

A

A B C

B
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neonatal MSCs were shown to have similar morphology 
and immunophenotype. However, AM-MSCs were shown to 
have a higher capacity for osteogenic differentiation. Chori-
onic membrane-derived MSCs showed a higher capacity for 
better adipogenic differentiation. All of these three neonatal 
MSCs showed similar chondrogenic potential (22). Seo et 
al. demonstrated that MSCs generated from the equine AM 
by enzymatic method exhibited a phenotype similar to hu-
man MSCs and self-renewal (23).

Koike et al. compared human amnion-derived epithelial 
cells and human amnion-derived mesenchymal cells with 
bone marrow-derived mesenchymal stem cells (BM-MSCs). 
It was concluded that amnion-derived stem cells are more 
similar to pluripotent stem cells than BM-MSCs. In this 
study, AM-SCs were isolated from the AM at 35 to 36 weeks 
of gestation. If these cells are isolated from the AM at an 
earlier stage, they may express more stem cell markers. 
However, the use of amnion at an earlier stage may raise 
ethical issues as it is a consequence of abortion (9).

Ding et al. showed that hAM-MSCs increased the number 
of follicles in the mouse ovary and showed a therapeutic 
activity on ovarian function (24). In the study by Seong et al. 
human were derived by hypoxic culture (2% O2) in a con-
ditioned medium containing more exosome particles. They 
found that the derived cells protected retinal cells against 
oxidative and hypoxic damages in vitro and improved glau-
coma by restoring intraocular pressure and retinal degener-
ation in vivo (25).

In the study by Noh et al., human AM-SC were cultured un-
der low oxygen (2% O2) and collected in exosome-rich con-
ditioned medium (ERCM). In the cell migration experiment, 
a scratch on a keratinocyte culture dish was treated with 
ERCM and rapidly closed. It was observed that ERCM accel-
erated wound closure in rats. In the wounded skin, collagen 
accumulation was supported and fibroblasts were activated 
(26). Kim et al. aimed to evaluate the efficacy of (MSCs) and 

Flow cytometry analysis showed that the cells expressed 
MSC markers (CD73 and CD90) but not hematopoietic 
stem cell markers (CD34) (Figure 5).

 DISCUSSION

In the enzymatic method, which is one of the stem cell isola-
tion methods, proteolytic enzymes such as trypsin, dispas-
es and/or collagenases are used to separate the cells from 
the tissue and culture in appropriate medium (15,19,20). In 
the explant method, the tissue is divided into small pieces 
in a culture dish. It is cultured in an appropriate medium. 
Afterwards, cells migrate from the tissue and adhere to the 
culture surface (15,17). Yoon et al. showed that explant cul-
ture was superior to the enzymatic method in terms of yield 
and viability of MSCs (19).

In the study by Lee et al. distal femur synovial tissue sam-
ples of patients with osteoarthritis were collected and the 
collected tissue was divided into 2 equal parts. Half of the 
tissue was used for MSC isolation by enzymatic method 
and the other half by explant method. Both enzymatic and 
explant techniques produced MSCs with similar properties 
and yield. However, they thought that the explant method 
was preferable to the enzymatic method for isolating MSCs 
because it was simpler and non-invasive. In addition, since 
only migratory MSCs were present in synovial explant cul-
ture, contamination by other cells was found to be minimal 
compared to enzymatically produced MSCs (20).

Collagenase purified from bacteria for use in the enzymat-
ic method may be contaminated with endotoxin in bacteria. 
This may inhibit the proliferation of MSCs (20,21). In our 
study, MSCs were isolated from AM by explant culture tech-
nique quickly, easily, without the need for much equipment 
and reliably.

In the study by Ma et al. MSCs were isolated from the AM, 
umbilical cord and chorionic plate from the same donor and 
their differentiation capacities were compared. These three 

Figure 5: Expression of surface markers of human amniotic membrane-derived MSCs measured by flow cytometry analysis. CD73 
was 95.34% and CD90 was 90.35%. CD34 expression was not observed.
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