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Abstract: Amniotic membrane derived stem cells (AMSCs) are reported to have a comparatively higher potency than
multipotent stem cells. These cells are shown to have low immunogenicity and no teratogenicity. Among various conventional methods
of isolation using enzymes, explant culture method is believed to be an easy and cost-effective way to harvest stem cells. The purpose
of this study was to isolate AMSCs from amniotic membrane of rats and to characterize them for multilineage differentiation, including
generation of neurospheres to use them later in in-vivo experiments. Amniotic membranes were collected from Wistar rats on 171 day
of pregnancy. After processing of the tissues, AMSCs were isolated by the explant culture method and continued to grow until 10t
passage. The doubling time was estimated and the cells were analyzed for growth curve parameters at passages 5 and 9. The osteogenic
and adipogenic differentiation studies were carried out from the same cells after 3" passage. Neurospheres generation from AMSCs
was performed using neurogenic induction media. The cells were further assessed for their mesenchymal, haemopoietic, and neurogenic
marker expressions by immunofluorescence staining and PCR analysis The study suggests that AMSCs isolated through explant culture
are reliable stem cells which could generate neurospheres under proper induction conditions and could be a potential candidate to be
used on in-vivo neural degeneration models.
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Eksplant kiiltiir ve amniyotik membran kaynaklh kok hiicrelerin ¢cok yonlii farkhilasmasi

Ozet: Amniyotik membran kaynakli kok hiicrelerin (AMKH) multipotent kok hiicrelere gore daha yiiksek potansiyele sahip
hiicreler oldugu bildirilmistir. Bu hiicreler diisiik immunojeniteye sahiptir ve teratojenik etkileri yoktur. Enzimatik yontemlere dayanan
¢esitli konvansiyonel metodlarin yaninda eksplant kiiltir metodu, kok hiicrelerin elde edilmesinde kolay ve ekonomik bir yontem
olarak goriilmektedir. Caliymada sigan amniyotik membranindan AMKH’lerin izole edilmesi ve daha sonra in vivo ¢aligmalarda
kullanmak adina yapilan nérosfer farklilagtirmasi da dahil olmak tizere ¢oklu farklilagtirma galigmalari ile hiicrelerin karakterizasyonu
amaclandi. Amniyotik membranlar Wistar irki siganlardan gebeliklerinin 17. giiniinde toplandi. Bir takim islemler sonrasinda
amniyotik membranlardan eksplant kiiltiir metodu ile AMKH’ler izole edildi ve 10. pasaja kadar ¢ogaltildi. Hiicrelerin iki katina ¢ikma
siireleri hesaplandi ve 5 ile 9. pasajlarda hiicrelerin biiyiime egrisi parametreleri analiz edildi. Uciincii pasajdan sonraki hiicrelerde
osteojenik ve adipojenik farklilastirma ¢alismalari yapildi. AMKH’ler nérojenik indiiksiyon medyumu ile nérosferlere farklilagtirildi.
Daha sonrasinda hiicreler mezenkimal, hemapoietik ve norojenik belirteglerin ifadesi bakimindan immunositokimyasal boyama ve
PCR analizi ile incelendi. Calisma eksplant kiiltiir ile izole edilen AMKH’lerin uygun kosullar altinda nérosfer olusturma kapasitesine
sahip, giivenilir bir kok hiicre kaynagi oldugunu ve in-vivo noral dejenerasyon modellerinde kullanilabilecek yeni bir potansiyel aday
oldugunu Snermektedir.

Anahtar sozciikler: Amniyotik membran, eksplant kiiltiir, farklilagtirma, norosfer.
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Introduction

Amniotic membrane derived stem cells (AMSC)
stands between embryonic stem cells and adult stem cells
since they have a better potential to differentiate into many
different types of cells compared to adult stem cells.
Moreover, there are no ethical problems in isolation of
AMSCs as these are easy to obtain non-invasively at
parturition and do not induce immunogenic rejection.
These features of AMSCs make them a preferable source
for stem cell therapy (12, 24, 26, 29, 37).

The two methods, enzymatic dissociation and
explant culture are used to obtain stem cells from amniotic
membrane. There are certain advantages of explant culture
over enzymatic dissociation method. In explant culture
method, it is possible to obtain higher numbers of cells
(15) which are also more homogenous in context of their
morphologies (35). The proliferation rates (35) and the
viability of the obtained cells (43) are both reported to be
higher for explants culture when compared to the
enzymatic dissociation method. It is thought that these
disadvantages in enzymatic applications may be caused by
a decrease in adhesion properties due to enzyme
application and loss of enzymes in washing and filtration
stages (15). Further to that, the explant culture is more
economical, and the processing of the tissues takes place
in a much shorter time (15).

Stem cells are known to have potential to
differentiate into neural progenitor cell clusters called as
neurospheres (25) when stimulated by high concentrations
of basic fibroblast growth factor (bFGF) and epidermal
growth factor (EGF) in culture conditions (6). A variety of
stem cell types such as adipose tissue derived stem cells
(9, 28), bone marrow derived stem cells (9), olfactory
mucosa derived stem cells (1), as well as amniotic
membrane derived stem cells (42) are reported to have the
capability to generate neurospheres. The generated
neurosphere precursor cells can differentiate into
astrocytes, neurons and oligodendrocytes by culturing in a
proper culture medium containing different growth factors
depending upon the desired differentiation, (31).
Neurosphere generating precursor cells might also be used
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to treat neurodegenerative diseases in animals and humans
without differentiating them (14). The subset of rat
AMSCs, also have been reported to express
neuroectodermal (neurofilament-M), mesodermal
(fibronectin), and endodermal (a-1 antitrypsin) genes (25).
There are few studies on neurosphere generation from
human AMSCs (3, 42, 44), however, authors failed to find
any report on neurosphere generation from rat AMSCs. In-
vivo experimental studies about neurological disorders are
being performed on experimental animals especially on rat
(40), mouse (38) and rabbit (21). Therefore, it is important
to obtain AMSCs derived neurospheres from experimental
animals to learn the role of AMSCs derived neurospheres
on neurological disorders and to use them in experimental
models. In this study, we aimed to isolate the stem cells
from the rat amniotic membrane by using explant culture
method to show their proliferation potential and generate
neurospheres from AMSCs.

Materials and Methods

Isolation of Amniotic Membrane Derived Stem
Cells: All procedures were approved by the Ethical
Committee of Afyon Kocatepe University, Turkey
(AKUHADYEK-29-16; 17.03.2016). The Wistar rats
were obtained from the Experimental Animal Application
and Research Center of Afyon Kocatepe University,
Afyonkarahisar. The Wistar rats on the 17" day of the
pregnancy were anesthetized by intraperitoneal 21.1
mg/kg ketamine and 4.2 mg/kg xylazine injections, and
later euthanized with cervical dislocation to isolate
amniotic membrane. Amniotic membrane pieces were
seeded into 4 well plates. In each well, 500 ul of
Dulbecco’s Modified Eagle’s Medium (DMEM;
Invitrogen, Carlshad, CA) was added. The content of the
culture medium was adapted from Nawaz et al. (2020)
(27). The tissue explants were allowed to proliferate and
generate cells for a week with renewal of culture media in
every 48 hours (Figure 1 A, B). After one week of culture,
the adhered cells were detached from the surface by using
0.25% trypsin-EDTA (Gibco, USA) and seeded into T-25
cell culture flasks.
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Figure 1. A, B: The cells were derived from the surroundings of the amniotic membrane tissues. C: Formed colonies of amniotic
membrane derived stem cells. Crystal violet staining. Bar = A:500um, B:100pm.
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Colony Forming Unit: To observe the colony-
forming capabilities, the cells from passage 1 were seeded
in a 4-well plate at 1900 cells per well density. After 15
days, colony formation was confirmed by crystal violet
(Premed, Turkey) staining (Figure 1).

Population Doubling Time and Growth Curve: The
cells were cultured until 10" passage for doubling time
studies. The seeded and harvested cell numbers were
recorded alongside culture durations for each passage.
Population doubling time was calculated through the
following formula (33).

Duration of culture(h) = log(2)
log(Final concentration (M)of cell) — log(Initial concentration (M)of cells)

PDT(h) =

Growth curve analysis was performed at P5 and P9.
Briefly, cells were seeded in 4-well plates at
8x10%cells/cm? concentration. Culture media was changed
every 3" day. Cells were trypsinized and counted at 2 days
intervals.

PCR Analysis: Stem cell samples at P3 were
collected in 1.5 ml centrifuge tubes and immediately
frozen in liquid nitrogen. The protocols specified by
Nawaz et al. (2020) were used in the PCR analysis (27).
PCR primers were designed by using FastPCR 6.0 (16)
software. All primer base pairs, Tm values, and cDNA
sizes of used genes are given in Table 1. Specific
expressions of mesenchymal [CD44, CD105, ITGB1
(CD29), ALCAM (CD166)], neurogenic [Tubb3 (beta
tubulin), Nestin, NCAM], and hematopoietic (CD34)
genes were investigated by PCR analysis on
undifferentiated cells.

Differentiation Studies: For differentiation studies
and related staining, the protocols specified by the
researchers (27, 28) were modified and applied. Cells in
the third passage (2.9x10%*well) were used for adipogenic
and osteogenic differentiation. One 4-well plate was used
for each study. A well was spared as negative control for
each type of differentiation which was cultured only with
normal culture media and the remaining wells were used
for differentiation experiments.

Table 1. Oligonucleotide sequences used for PCR analysis.

After 21 days, osteogenic differentiation was
confirmed by alizarin red S staining and adipogenic
differentiation was demonstrated by oil red O staining
(27).

Neurosphere Generation and Immunofluorescence
Staining: A previously utilized protocol was used for the
neurospheres generation and immunofluorescence (IF)
staining (27, 28) with a minor modification on doses of
bFGF (R&D Systems, USA) and EGF (R&D Systems,
USA) for neurospheres differentiation medium as 50
ng/ml ratio was used for both growth factors. After 48
hours of incubation, sizes of the generated neurospheres
were measured using Image J software (1.48 latest
version:1.49e, pp-188, imagej.nih.gov/ij/). In order to
confirm the differentiation, generated neurospheres were
subjected to IF staining against Nestin (1:500, Mouse
Monoclonal; Merck- MAB5326, Germany), B-111 Tubulin
(1:200, Mouse monoclonal; Abcam- ab78078, UK), and
Sox2 (1:50, Rabbit clonal; Merck- AB5603, Germany).
For IF studies, cells were seeded into 4-well Millicell
EZslide glasses (Merck, Ireland) at a concentration of
16x10* cells per well and cultured with serum-free
neurosphere induction media for 48 hours with same
conditions as described earlier. Neurospheres were
photographed at 24™ and 48™ hours of induction. Cells
were incubated with primary antibody solutions at 4°C
overnight in a humidity chamber. Anti-Nestin and anti-B-
111 Tubulin primary antibodies were subjected to goat anti-
mouse Alexa Fluor 488 conjugated (1:250, Abcam-
ab150117, UK), while anti-Sox2 primary antibody was
subjected to goat anti-rabbit Alexa Fluor 488 conjugated
(2:250, Abcam- ab150077, UK) after 1 hour of incubation
with secondary antibodies, antibody solutions were rinsed
by 1% Tween-20 supplemented phosphate buffered saline
(PBST) and one drop of DAPI Fluoroshield Mounting
Medium (Abcam-ab104139, UK) was applied into wells
for 1 minute. Expressions were checked under a
fluorescence microscope (Zeiss Axio Observer Z.1)
immediately after the mounting.

Gene Forwards (5°—3”) Reverse (5°—3) C%NPA Ién NCBI No.

TUBB3 GATAGGGGCCAAGTTCTGGGA CTCTGGGCACATACTTGTGAGAGGA 143 57 XM_032887673.1
CD34 GCCATCTCAGAGACCACGGTC GGTGGAGTGTTCCACTTCTGGA 156 57 XM_032915361.1
CD44 GCATCCAACACCTCCCACTATGAC CTGGTCCATCGAAGGAATTGGGTA 106 57 XM_032903796.1
CD105 GCGTCACACTTGAATGGCAACC GGATGAGAACGGCATCCCCA 180 58 XM_032901802.1
ITGB1 TCCAGAAGGTGGCTTTGATGCA CGTGGAAAACACCAGCAGTCG 94 57 XM_032888182.1
NESTIN AGGTGGCTACATACAGGACTCTGC CCCAAGGAAATTCGGCTTCAGC 119 56 XM_032898121.1
ALCAM TGAGGCACCTACCCTGGTC TCTCCATCAACAGGCTGTAGCAC 183 58 XM_032900289.1
NCAM CACAAAGGCCGAGATGTCATCC ACCTGAATGTCCTTGAAGTTGATCTC 161 57 XM_039080805.1
GAPDH GGCAAGTTCAACGGCACAGTC GACGCCAGTAGACTCCACGAC 144 58 NM_017008.4

cDNA: Complementary deoxyribonucleic acid, Bp: Base pairs, Tm: Melting temperature.
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Results

Isolation and Culture of Amniotic Membrane
Derived Stem Cells: The cells started to proliferate on the
plastic surface around 10 days after seeding the tissue
samples (Figure 1A, B). The isolated cells at PO were
observed to possess epithelial and fibroblast-like
morphologies (Figure 2 A). The epithelial morphology,
however, started to diminish by passaging (Figure 2 B)
and only the cells with fibroblast-like morphology were
visible at further passages starting from P3 (Figure 2 C, D,
E, F).

Cell Proliferation and Colony Forming Ability: The
crystal violet staining on 15" day showed that the cells at
PO were able to form colonies when they were seeded at
1900 cells/well density in 4-well plates (Figure 1 C). To
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determine the doubling time, the cells were cultured up to
the 10" passage. In the context of doubling time, better
results were obtained beginning from passage 5 and
onward. The lowest doubling time was acquired from the
9™ passage which means that the maximum proliferation
rate was shown in that passage within the shortest duration
(Figure 3 A). The viability of cells was higher than 96%
after the 7™ passage till the 10" passage (Figure 3 B). In
growth curve studies, graphics indicated that cells rapidly
entered the logarithmic phase at passage 9 after 48 hours
of lag phase. The lag phase continued until 10" day
whereas the cells showed an exponential growth after 61
day. But the proliferation rates of P5 cells were found to
be lower in growth curve studies (Figure 3 C).

Figure 2. Fibroblast-like morphology of the cells started to be more intense after passage 1. (A: PO, B: P1, C: P3, D: P5, E: P7, F: P9).
Bar =200 um.
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Figure 3. A: Doubling time graph for AMSCs. B: Cell viability graph for AMSCs.C: The growth curve analysis for P5 and P9 cells.
D: PCR analysis of mesenchymal, neurogenic and, hematopoietic gene expressions on AMSCs.

6] 55 52
0 ._.L,_
<25 25-50 51-75 »75
F Neurosphere size (um)

'»ﬁh&ﬁ& fo?: A

Figure 4. A, B: Alizarin red S staining. A: Osteogenic differentiation in AMSC’s. Red color indicates positive staining for the calcium
deposition of differentiated cells. Bar =100 um. B: No staining was visible in control group. Bar =200 um. C, D: Oil Red-O staining;
counter stained with hematoxylin. C: Adipogenic differentiation in AMSC’s. Red color indicates positive staining for the lipid vacuoles.
Bar =50 um. D: No staining was visible in control group. Bar =50 um. E: Neurospheres at 48" hour. Bar =100 um. F: Percentage
distribution of the sizes of neurospheres.
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Gene Expression Patterns of AMSCs: A PCR
analysis was performed to investigate various genes
including mesenchymal stem cell markers [CD44, CD105,
CD29 (ITGBI), CD166 (ALCAM)] alongside neurogenic
cell markers [Nestin, NCAM, TUBB3 (B-111 tubulin)] and
hematopoietic marker (CD34) on AMSCs (Figure 3 D).
All the aforementioned genes were given positive results
for our study.

Differentiation Studies: Amniotic stem cells were
differentiated into osteogenic, adipogenic, and neurogenic
lineages. Osteogenic differentiation was demonstrated
with alizarin red S staining. In differentiation groups, red-
orange stained extracellular calcium deposits were shown
as there was no staining in the negative control group and
the morphology of those cells remained in an
undifferentiated state (Figure 4 A, B). Adipogenic
differentiation was confirmed by oil red O staining. Bright
red stained cytoplasmic lipid vacuoles were demonstrated
in the differentiation groups (Figure 4 C). While the
morphology of differentiated cells was seen under
microscopic evaluations, there were no morphological
changes visible in the negative control and also there were

DAPI

Sox2

no stained vacuoles visible in negative control wells
(Figure 4 D). The cells were also subjected to neurogenic
differentiation by neurosphere generation studies. For this
purpose, cells were cultured with neurosphere induction
medium for 48 hours. Neurospheres were started to be
formed even at 24" hour. After 48 hours of induction, free
floating and round shaped neurospheres were found to be
generated (Figure 4 E). At this point, sizes of the
neurospheres were measured by using Image J software. It
is found that 70% of the generated neurospheres had a
radius of 25-50 microns whilst 19,4% of neurospheres
were at a size of 51-75 microns (Figure 4 F). There were
also much smaller and bigger neurospheres, but the
amount of those neurospheres were lesser. In order to
confirm neural properties of the generated neurospheres,
immunofluorescence staining was also performed at 48"
hour. Immunofluorescence staining against Nestin, 3-111
Tubulin and Sox2 were all given positive results while
there was no reaction at negative control wells as the
staining demonstrated that the cells indeed possess
neurogenic properties even after a short period of
differentiation (Figure 5).

Nestin

-I11 Tubulin

Figure 5. Immunofluorescence staining against Sox2, Nestin and B-111 tubulin in neurospheres at 48 ™ hour. Nuclei stained with DAPI
(A, D, G). The results are pointing that neuropsheres are positive against Sox2 (B, C) and they have strong expression of neural
progenitor marker Nestin (E, F) alongside with neurogenic marker B-III tubulin (H, I). Bar: 20 um.
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Discussion and Conclusion

AMSCs were isolated in line with previous studies
(25). Isolated AMSCs possess fibroblast-like morphology
(Figure 2) with good adhesion potential similar to other
studies (10, 11, 19, 25). In primarily cultured PO cells, the
cells usually have a heterogeneous population, consisting
of fibroblast-like and/or round shaped morphologies (34).
After the first passage, cells with fibroblast-like
morphology began to increase (17). Similarly, cells of
different morphologies were observed at PO while
fibroblast-like cells were observed to intensify in the
following passages (Figure 2) in this study. In stem cell
research, cells from passage 3 or further are usually
preferable for differentiation analysis since both the
uniform morphology generally commences and the cells
express necessary stem cell markers from P3 and onwards
(18, 20). Stem cells are supposed to be capable of forming
colonies. In this study, it was observed that amniotic cells
indeed formed colonies proving that they have the
potential to colonize in the primary culture at PO. This
situation may indicate a paracrine signalization among the
cells as it has been reported in umbilical cord perivascular
cells (36).

AMSCs were announced to have the capacity to
differentiate into osteocytes and adipocytes (25, 27). Our
findings from osteogenic and adipogenic differentiation
studies match with previously reported researches.

The doubling time graph shows that after the 5™
passage, the proliferation rate increased and the doubling
time remained very short till the 10" passage (Figure 3 A).
Proliferation assays indicated that AMSCs were seen to
reach the highest proliferation rate in the 9" passage with
the least doubling time (Figure 3 A). Also, it has been
shown that AMSCs had a viability ratio higher than 96%
starting from passage 7 (Figure 3 B). However, the
previous reports indicate that doubling time begins to
decrease with P3 (18, 19) and offer using stem cells from
passage 3 for therapeutical approaches, as we observed
that doubling time of our cells started reducing from
passage 5 onward. Growth curve analysis was performed
in passages 5 and 9 since the doubling time began to
decrease by P5 and the shortest doubling time was
measured in P9. In the context of growth curve, the
analysis showed similarities with doubling time results.
Cells represented a 48 hours of lag phase at passage 9. The
cells showed a log phase continued until 10" day
afterwards. While the cells represented a long log phase
with exponential growth at passage 9; passage 5 cells were
found to be less proliferative (Figure 3 C). Those doubling
time and growth curve analysis results pointed out that
using AMSCs starting from passage 5 and following
passages could be more proper for therapeutic approaches.

In this study, the expression of both mesenchymal (4,
18) and neurogenic (41) markers as well as hematopoietic

(8, 13) marker CD34 were observed by PCR analysis.
Although a negative expression was expected for CD34
(2, 30), we detected mild expression for this gene which
was similar to the findings of some previous studies (8,
13).

AMSCs are suitable for neurosphere formation
because they express neuronal cell markers with
mesenchymal cell markers. In this study, neurospheres
were successfully generated from rat AMSCs as well as
the other researches did in different species and/or
different sources (3, 14, 22, 32). Neurospheres formed in
vitro are a mixture of stem cells, progenitor cells, and
further differentiated cells such as neuronal and glial cells
(7, 23, 39). A separation was also made depending on the
sizes of the neurospheres. It was observed that a great
portion of the neurospheres were small to medium in size
with approximately 25-50 microns of diameters. Large
neurospheres are the representatives of neuronal stem cells
and they can be a good source of neurons. Furthermore,
neurospheres with smaller size represent progenitor cells
that can enhance and support the neurons as well as
replenish nervous tissue by promoting glial cells (5).
Neurospheres chosen by the means of those properties
could be applied to an area of defect in neurogenic
disorders (14). Neurospheres are anticipated to
differentiate into neural cells since they are neural
progenitor stem cells. Yet, a molecular neuroprogenitor
characterization has to be done by checking related genes
and proteins in order to prove neurogenic differentiation
potentials of the neurospheres generated from AMSCs. To
show the neuroprogenitor character of the generated
neurospheres, we checked fluorescence expressions of
some neural markers and demonstrated positive
expressions for Nestin, Sox2 and, B-111 Tubulin after 48
hours of induction in the neurospheres generated from
AMSCs. The results are consistent with previous
neurospheres studies in that context (22, 28, 32). Although
there are many previous authors on the cells from different
sources, neurosphere studies with amniotic membrane
remain rare. Yan et al. (42), presented that neurospheres
generated from human AMSCs express both Nestin and
Sox2 similar to our study. They also conducted a
comparative study between non-differentiated stem cells
and neurospheres and stated that both relative expressions
and positive cell percentages for Nestin and Sox2 were
significantly greater in neurosphere (42). Zhou et al. (44),
also reported positive expression of Nestin in
neurospheres at 3 day in their research on human
AMSCs. They further differentiated neurospheres into
neuron-like cells (NLC) and reported positive expressions
for B-11l tubulin, GFAP, S100 and MBP in those
differentiated NLCs (44). In the study, although we did not
perform NLC differentiation, we obtained positive results
for B-111 tubulin in neurospheres in a short notice like 48
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hours. Yet, most of the previous studies on neurospheres
which were generated from AMSCs were conducted on
humans and stem cells were isolated with enzymatic
dissociation method (42, 44). We were unable to find any
similar previous reports on neurospheres for both rat
AMSCs generated neurospheres and amniotic membrane
derived stem cells of any species which the isolation was
made by explant culture method. These results may
suggest that rat amniotic membrane derived stem cells are
a promising source for neurosphere studies and explant
culture method is a reliable method for neurosphere
generation coupled with other previously reported
advantages.

AMSCs isolated by explant culture proved to be a
reliable stem cell type and to have high cell viability as
well as their multilineage differentiation potential.
Besides, neurospheres generated from AMSCs could be a
potential candidate to be used on in vivo neural
degeneration models.
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