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Abstract

A previous study performed by the authors of the current study revealed the characterization and differentiation of newly defined
stem cells known as human newborn foreskin stem cells (hnFSSCs). According to their stem cell properties, this study aimed at inves-
tigating myogenic differentiation and related tissue engineering. Human newborn foreskin stem cells were characterized by flow
cytometry. The results showed that hnFSSCs carries a noble prospective for myogenic differentiation and can be used as a beneficial
method for muscle related diseases, including muscular dystrophy, neuromuscular disorders, muscle damages, muscle weakness,
lesion formations, and other problems associated with tissue obtainability and multi-potency; these cells may be accepted as ef-
fortlessly accessible and functional, and even superior to other stem cell origins. Furthermore, hnFFSCs were also seeded onto 3D
micro-wells and Polycaprolactone (PCL) scaffolds in order to examine tissue development. Human newborn foreskin stem cells on
PCL scaffolds showed good cell-cell integration, so that they may be thought as a stem cell basis for tissue engineering.
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1. Background

Stem cells have turned to a striking therapeutic instru-
ment for regenerative medicine, immunomodulation, and
gene therapy related studies (1, 2), due to their exclusive
features, multi-differentiation capabilities, and immune-
modulatory purposes. Therefore, a subunit of stem cells
called Mesenchymal stem cells (MSCs) may be simply ob-
tained and cultured, and persuaded to turn into various
types of cells, such as osteoblasts, adipocytes, chondrob-
lasts, hepatocyte-like cells, and myoblasts (3-5). They may
be obtained from a range of foundations such as cartilage,
bone marrow, skin, adipose tissue, skeletal muscle, cord
blood, placenta, and umbilical cord (4, 6, 7).

Recently, studies have established that the skin might
act as an origin of stem cells (8, 9). Human foreskin tis-
sue (hnFST) is the key skin foundation of stem cells due
to its abundancy, cheapness, and obtainability over non-
invasive techniques that do not bring any ethical appre-
hensions. A recent paper of the authors of the current
study demonstrated cell isolation from prepuce, determi-
nation of stem cell properties, and multi-potent and even
pluripotent abilities. The results specified that stem cells
were positioned among foreskin and had huge capacities
for differentiation to endoderm, mesoderm, and ectoderm
specific cells. These effects recommended that the storage

of hnFSSCs and newborn foreskin tissue might be very ben-
eficial for disease development potentials and treatment
actions (10).

Myogenic differentiation is controlled via Myogenic
regulatory factors (MRFs), covering MyoD, myogenin, and
Acta-2; MyoD is essential for the specification of skeletal
myogenic lineages, while myogenin is known to control
cell fusion and cell fate (11). Alpha actin 2 (Acta-2) defined as
actin, aortic smooth muscle or alpha smooth muscle actin,
is a protein, which is programmed via the Acta-2 gene. Acta-
2 is a greatly preserved protein, which is important for
motility and integrity (12).

Throughout the embryonic stage of life, the satellite
cells positioned among basal lamina and muscle fiber sar-
colemma are inactive myoblasts. However, they are com-
pletely stimulated to myogenic character. Once actuated,
they are skilled for final differentiation. The dormant satel-
lite cells are not capable of expressing transcription fac-
tors, while the active ones display molecular indicators of
MyoD, and, to a reduced level, of myogenin (13). These satel-
lite cells were thought as a perfect basis for muscle renewal
and renovation, however, studies showed that they were
limited in damaged muscle and that they were drained in-
stantly throughout the recovery period. A recent investi-
gation of an unconventional biological material with com-
parable myogenic capacity yielded MSCs once the bone
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marrow-derived MSCs were exposed to develop in vitro, and
turned effectively into myoblasts (14).

Tissue-related stem cells participate in the redevel-
opment and preservation of many mammalian tissues,
comprising skeletal muscle, liver, intestine, blood, and
the central nervous network. It is mostly thought that
tissue-derived stem cells are destined to track precise cel-
lular predestination and differentiate solitary to the tis-
sue from that they had arisen. This hypothesis was tested
recently. Different examinations recommended the pres-
ence of adult stem cells that are skilled to turn into an
extensive range of particular cells. As examples, it was
shown that adult neurogenic stem cells obtained from the
mouse brain differentiated to blood, skeletal muscle, and
endothelial cells (15), human adipogenic cells differenti-
ated to bone, muscle, and cartilage (16), and cells from
mammalian dermis differentiated to glial neuron, skele-
tal muscle, and fat cells (17). Moreover, some revisions sug-
gested that bone marrow-related cells have the capability
to differentiate to blood and several cell forms, such as
muscle, liver, and brain. It has also been demonstrated
that an individual infrequent cell lineage, known as multi-
potent adult precursor cells, can discriminate to cell lin-
eages of the entire 3 germ stratums (4). In the meantime,
cells that have been isolated and moved with qualified af-
fluence are thought as efficient instruments for somatic
cells and gene therapy.

Polycaprolactone (PCL), half crystalline linear ab-
sorbable aliphatic polyester, is dependent on impairment
related to the defenselessness of its aliphatic ester con-
nection to hydrolysis. The produced crops are either
processed by the Tricarboxylic Acid (TCA) cycle or removed
through direct renal discharge. Presently, PCL is defined as
a lenient and stiff tissue companionable substantial and
re-absorbable seal, which can be used for drug transfer
arrangement and bone implant alternatives. Therefore,
submissions of PCL might be restricted due to the slower
resorption kinetics owing to its hydrophobic feature
(18). It has been established as a substantial component
of skin, cartilage, bone, liver, and protein distribution
tools. Scaffolds are manufactured utilizing PCL, which
are more resilient to hydrolysis and subsequently they
are skilled enough to uphold the practicality, cell growth,
and differentiation of seeded cells. The perfunctory and
deprivation features of PCL enable longstanding in vitro
cell culture earlier to grafting at locations of damage. The
PCL scaffolds consequently preserve organizational unity
through in vitro culturing, whereas mesenchymal stem
cells discriminate and create muscle-like tissue (19).

In this present paper, hnFSSCs derived from human
newborn circumcised waste tissue, showing stem cell char-
acters, were reported to be capable of differentiation to

cells that express different myogenesis associated genes.
The results demonstrated that foreskin is a beneficial bi-
ological material of stem cells for dealing with worsen-
ing muscular illnesses or muscle injury/forfeiture from
trauma, and also a cell foundation for tissue manufactur-
ing studies.

2. Methods

2.1. Insulation and Cultivation of Human Newborn Foreskin
Stem Cells

Human newborn foreskin stem cells were isolated
from newborn prepuce in Yeditepe University/TURKEY
biotechnology laboratories with the same technique used
previously (10). Circumcised waste human newborn fore-
skin tissues were collected and minced physically with-
out using any chemicals in petri dishes. The prepuce
tissue was overlaid in 6-well plates (BIOFIL, TCP, Switzer-
land) and grown in dulbecco’s modified eagle’s medium
(DMEM) supplemented with 10% (v/v) fetal bovine serum
(FBS) and 1% (v/v) PSA (10.000 units/mL penicillin, 10.000
µg/mL streptomycin, and 25µg/mL amphotericin B) (Invit-
rogen, Gibco, UK). After 3 to 4 days, hnFSSCs were viewed
under light microscope and the exterior was concealed
after 8 days. Later, the cells were trypsinized with 0.25%
(v/v) trypsin/EDTA (Invitrogen, Gibco, UK). Medium was
added to disconnected cells in order to constrain the ac-
tivity of trypsin. Once the cells were centrifuged at 300 ×
g for 5 minutes at room temperature, the pellet was liq-
uefied in fresh medium and seeded on a T-75 flask (Zelkul-
tur Flaschen, Switzerland). The cells were preserved at 37°C
and 5% CO2 in a humidified incubator. Cells from passages
3 to 4 were utilized for all trials (10).

2.2. Determination of Stem Cell Properties of Human Newborn
Foreskin Stem Cells

Human newborn foreskin stem cells were isolated and
characterized, according to the protocol defined formerly
by the authors (20). They were trypsinized and raised
with primary antibodies that were arranged in PBS. The
characterization process was made by the utilization of
CD14, CD31, CD34, CD44, CD45, CD73, CD90, CD105, Inte-
grin primary antibodies (SantaCruz Biotechnology Inc.,
Santa Cruz, CA, USA), and CD29 (Zymed, San Francisco,
CA, USA). Human newborn foreskin stem cells were main-
tained with fluorescein isothiocyanate (FITC) or phycoery-
thrin (PE) conjugated antibodies at 4°C for 1 hour. The flow
cytometry examination of the cells was completed using
Becton Dickinson Fluorescent activated cell sorting (FACS)
Calibur flow cytometry system (Becton Dickinson, San Jose,
CA, USA).
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2.3. Myogenic Differentiation of Human Newborn Foreskin
Stem Cells

Human newborn foreskin stem cells were persuaded
to differentiate to myocytes. The cells were seeded on a 6-
well plate for RNA isolation and 48-well plate (BIOFIL, TCP,
Switzerland) for immunocytochemistry at a density of 150
× 103 cells/well and 10× 103 cells/well, individually, for the
differentiation process. Differentiation media contents are
shown in Table 1. Myogenesis inducing differentiation me-
dia was applied to the differentiation groups. The media
was renewed every 2 days, for a total of 14 days. Mean-
while, undifferentiated groups were treated with low glu-
cose DMEM media.

This preparation protocol was arranged for 5× concen-
tration with respect to Toma C. et al. 2001 (16).

2.4. Immunocytochemistry Analysis

Immunocytochemistry (ICC) analysis was finalized re-
garding the formerly defined protocol (21). In the last part
of the differentiation procedure, the cells were incubated
with 2% (w/v) paraformaldehyde for 30 minutes at 4°C for
fixation and permeabilized with 0.1% (v/v) triton X-100 for
5 minutes along PBS. The hnFSSCs were incubated with 2%
(v/v) goat serum (Sigma, USA) for 20 minutes at 4°C for
avoiding non-specific binding of primary antibodies. The
hnFSSCs were once more washed 3 times with PBS and then
incubated overnight with primary antibodies at 4°C. Myo-
genic differentiation was examined by primary antibodies
of myosin heavy chain (MyH) (Santa Cruz Biotechnology,
TX, USA, sc-20641), MyoD (Santa Cruz Biotechnology, TX,
USA, sc-304), myogenin (Abcam, UK, ab1835), and smooth
muscle actin (Abcam, UK, ab5694). Human newborn fore-
skin stem cells were washed 3 times with PBS to eliminate
the leftover antibody after incubating with primary anti-
bodies. Afterwards, the cells were treated with secondary
antibodies (Goat anti rabbit IgG Alexa Fluor 488, Goat anti
mouse IgG Alexa Fluor 488) and incubated for 1 hour at
4°C, tracked by washing 3 times with PBS. The DAPI (Ap-
pliChem, Germany) was utilized to stain the nuclei of the
cells through incubating for 20 minutes at 4°C. The hnF-
SSCs were then washed 3 times with PBS and analyzed un-
der a fluorescence microscope (Nicon Eclipse TE200).

2.5. Quantitative Real Time Polymerase Chain Reaction

Total RNA isolation from differentiated cells was com-
pleted via utilizing High Pure RNA Isolation Kit (Roche,
Germany), according to the manufacturer’s instructions.
The cDNA (complementary DNA) synthesis from isolated
RNA samples was achieved by high fidelity cDNA Synthe-
sis Kit (Roche, Germany). Real time polymerase chain reac-
tion (PCR) was implemented via Maxima SYBR Green/ROX

(Fermentas, USA) for the examination of expression levels
of marker genes after myogenic differentiation. The cD-
NAs of the differentiated cells were utilized as template
and were mixed with primers and Maxima SYBR Green/ROX
qPCR Master Mix (2X). Glyceraldehyde 3-Phosphate Dehy-
drogenase (GAPDH) was used as the house-keeping gene
for the standardization of the data (22). The outcomes of
real time PCR data were stabilized by the mRNA level of
GAPDH. Primer sequences for marker genes are illustrated
in Table 2.

2.6. Determining Cell-Cell Adhesion with Micro-Mold Rods

Micro-mold rods (Sigma-Aldrich, USA) were autoclaved
for sterilization. One gram of high quality agarose powder
(Invitrogen, USA) was dissolved in 50 mL of sterile saline
and boiled via microwave. The molten agarose was al-
lowed to cool down to approximately 60°C to 70°C. In to-
tal, 500 µL of molten agarose was place on 16x16 and 9
× 9 micro-mold. Once the agarose was gelled, the micro-
mold was flexed. For the equilibration, 2.5 mL/well of cell
culture medium was added to the 12-well plate. After 15
minutes of incubation, culture medium was removed and
replaced with fresh medium; 1.2 × 106/190 µL cells were
seeded in the rods. The cell culture medium was then re-
moved from the surrounding of the micro-mold rods. Af-
ter 2 days, colony formation was seen under a light micro-
scope. Therefore, cells were seeded in a drop-wise manner
and the micro-molds were deported; 2.5 mL/well cell cul-
ture medium was added. The images were observed under
the light microscope.

2.7. Seeding Differentiated Cells onto Fabricated Polycaprolac-
tone Scaffold in Order to See the Tissue Formation

Polycaprolactone scaffold was ordered from Sigma
Aldrich, USA, and the characteristics of ordered scaffold
was described with 100% open porosity and organic sol-
vent free feature. The fiber diameter and the pore size were
established as 300 u. Cells that were differentiated from
human newborn foreskin to myogenic cells were seeded
on 12-well plates at a density of 50 × 103 on 3D Biotek
3D Insert PCL scaffold (Sigma Aldrich, USA). Seeded cells
were grown in myogenic differentiation medium as men-
tioned previously. In the meantime, undifferentiated hu-
man newborn foreskin cells were seeded as negative con-
trols at a density of 50 × 103. After 21 days the results were
examined with scanning electron microscopy (SEM).

2.8. Statistical Analysis

Data were presented by means ± standard deviation
(SD). Graphs were drawn by GraphPad Prism 5 software
(GraphPad Prism, USA). The numerical examination of the

J Skin Stem Cell. 2016; 3(1):e44923. 3

http://journalssc.com/


Somuncu OS et al.

Table 1. Myogenic Differentiation Medium Content

Differentiation Content

Myogenic differentiation (Prepared in Ham’s F12/DMEM)

2% Donor Horse Serum

1% Glutamax

1 ng/mL basic fibroblastic growth factor

0,1 nM dexamethasone

1% Penicillin, Streptomycin, Amphotericin

Table 2. Names and Sequences of Primers Used in Quantitative Real Time-
Polymerase Chain Reaction Experiments were Completed by Expending the iCycler
RT-PCR Detection System (Bio-Rad, Hercules, CA, USA)

Primer Sequence

MYOD
AAGCGCCATCTCTTGAGGTA

GCGCCTTTATTTTGACC (23)

ACTA-2
AGAATCAGGGGGTGATGGT

ATCTTTTCCATGTCGTCCCAGTTG (24)

MYOGENİN
TAAGGTGTGTAAGAGGAAGTCG

CCACAGACACATCTTCCACTGT (24)

DESMIN
GGAGAGCCGGATCAATCTCCCCA

ACGACCTCCCCATCCCGTGT (24)

GAPDH
TGGTATCGTGGAAGGACCA

GCAGGGATGATGTTCTGGA (25)

outcomes were completed by One-Way Analysis of Variance
(ANOVA) monitored by the multiple-comparison Tukey’s
test using and student’s t test with GraphPad Prism 5 soft-
ware. Statistical significance was set at P < 0.05.

3. Results

3.1. Cell Culturing of Human Newborn Foreskin Stem Cells

Human newborn Foreskin stem cells were isolated ac-
cording to regular protocols of mononuclear cell isola-
tion from circumcised hnFST via expending culture proce-
dures. Light microscopy outcomes from cells in passage
0 displayed a fibroblast-like, spindle shaped morphology
(Figure 1A and 1B). In passage 3, the rod shaped cells started
to display a broadened horizontal phenotype (Figure 1C
and 1D).

3.2. Characterization of human newborn Foreskin Stem Cells

Flow cytometry examination established that human
newborn foreskin cells expressed mesenchymal markers,
such as CD 29, CD, 44, CD 73, and CD 90. They were also
acknowledged as positive for the hematopoietic marker

CD 14, positive for the hematopoietic marker CD 34 and
positive for another hematopoietic marker CD 45. The CD
31 mesenchymal marker, which is an endothelial surface
marker, was found negative (Figure 1E).

3.3. Cell-Cell Adhesion with Micro-Mold Rods

Cell-cell adhesion potentials of myogenically differen-
tiated human newborn foreskin cells were observed via
light microscope of cells on micro-mold images. Once
seeded into micro-mold rods, human newborn foreskin
cells accumulated as three-dimensional (3D) multicellu-
lar micro-tissues by the process of cytoskeletal intervened
contraction and cell-cell adhesion. On day 3, cell aggrega-
tion and clustering were clearly observed. After day 5, cells
started to escape from the micro-mold rods and indicated
micro-tissue structures. On day 15, even the clustered cells
(micro tissues) had started to connect via extracellular ex-
tensions. In general, cell-cell adhesion was achieved and
micro-tissue developments were indicated with the aid of
micro-mold rods (Figure 2).

3.4. Polycaprolactone Scaffold Characterization

The goal of this experiment was to assess the feasibil-
ity of a decomposable, PCL founded nanofibrous construc-
tion, as a 3D scaffold, to examine the myogenic potency of
human newborn foreskin derivative cells. After a 24-day
incubation in culture medium at 37°C, scaffolds preserved
their integrity and three-dimensional structure, while
showing no obvious alteration in dry weight through the
entire culture process (data not shown). Cells were estab-
lished to have reproduced nearby the micropores all over
the scaffold; Figure 3A; negative control, and Figure 3C; pos-
itive control. A confluent cell cover was observed on the
scaffold (Figure 3B) and cells were viewed within the micro-
pores (Figure 3D).

3.5. Conformation of Myogenic Differentiation

Quantitative real time experiments were also per-
formed for myogenic differentiation indicator genes such
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Figure 1. Isolated Human Newborn Foreskin Cells from Circumcised Waste Tissue. A and B, Primary Cell Culture Image Provided by Explant Culture Technique with Different
Magnifications; C and D, Continuous Cell Culture Images of hnFSSCs at Passage 3; E, Characterization of Stem Cell Properties of the Human Newborn Foreskin Cells. Cells
Cultured at Passage 3 Were Examined. Major Population of Cells Preserved the Characteristics of Stem Cells. Flow Cytometry Analysis Data Illustrated the Positivity for Both
Hematopoietic and Mesenchymal Stem Cell Surface Markers Except from the Endothelial Marker CD31. NC, Negative Control

as Acta-2, MyoD, and Myogenin. The genes for the differ-
entiation of human newborn foreskin cells into myocyte
were expressed. The MyoD gene expression was almost
double in positive control than the negative control (Fig-
ure 4A). Meanwhile, Acta-2 and Myogenin gene expressions
were found to be almost tripled in the positive control (Fig-
ure 4A). Myogenic differentiation of human foreskin cells
was successfully achieved via these experiments.

The capability of hnFSSCs differentiation to myogenic
cell lineages was inspected in the current work. After 21
days of culture through a myogenic inducing medium, ICC
trial results for myogenic distinction were illustrated for

4 myocyte precise antibodies. Differentiated cell cultures
established positive fluorescent results for MyoD (key pro-
tein in myogenic differentiation), myogenin (muscle spe-
cific transcription factor), and actin smooth muscle (pre-
dominate isoform of the thin microfilament that forms the
contractile machinery) and MYH (base excision repair pro-
tein) antibodies (Figure 4B).

4. Discussion

The waste tissue coming from the surgical operation,
known as circumcision, has demonstrated treatment po-
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Figure 2. Cell-Cell Adhesion and Micro-Tissue Development Status Between Day 0 and Day 2 (A, B, C). At the End of Day 3, Cell Clusters Can Be Seen Very Clearly Under the Light
Microscope (2.d). Cell-Cell Adhesion and Micro-Tissue Development Status Between Day 3 and Day 5 (E, F). At the End of Day 15, 17 Microtissues Have Started to Interact Via
Extracellular Extensions (G). Structural Differentiations Can Be Seen Very Clearly Under the Light Microscope

tentials for numerous diseases. Different studies have indi-
cated that human foreskin tissue development continues

after birth (26). Pluripotent stem cells are maintained in
several organs after birth and at receiving extracellular sig-
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Figure 3. PCL-based Nanofibers and the Seeding of Human Newborn Foreskin Stem Cells. Human Newborn Foreskin Cells (A) and the Differentiated Cells (B - D) Were Both
Apparently Attached To Nanofiber Substrates. PCL Nanofibers Were Still Visible at 24 Days Following the Seeding of Human Newborn Foreskin Stem Cells

nals they start to proliferate and differentiate (23). There-
fore, examination and characterization of the human new-
born foreskin cells was recently performed by the authors
of the current study (10).

This study revealed that hnFSSCs carries different
differentiation capabilities for both mesenchymal and
hematopoietic lineages. In other words, they turn into all 3
(ectodermal, endodermal, and mesodermal) lineages and
also show hematopoietic properties. Therefore, these cells
managed to successfully differentiate to cells such as os-
teoblasts, chondrocytes, neurogenic cells, epithelial cells,
and adipocytes (10).

Production of a muscle tissue is a challenging field,
but also a promising area for new approaches to eliminate
damaged muscular tissues. Trauma, tumor or diseases can
be listed as the reasons for the loss of muscle tissue (24).
Therefore, hnFSSCs may be a precious cell source regard-
ing their ability to differentiate to the myogenic lineage in

vitro, capability of allogenic transplantation, and their im-
munomodulatory effects.

Myogenesis is an evolving cascade that covers the reg-
ulatory protein MyoD, which controls the differentiation
of multi-potent SCs into myogenic cell lines. The MyoD ex-
pression arises at the initial phase of myogenic differenti-
ation while myogenin is articulated later, associated with
cell merging and differentiation (25). In this study, the
myogenic differentiation potentials of hnFSSCs were inves-
tigated. The flow cytometry results showed that these cells
are both positive for mesenchymal and hematopoietic sur-
face markers, similar to the authors’ previous study. At the
same time, immunocytochemistry results revealed fluo-
rescently positive outcomes of the myogenesis-specific an-
tibodies such as MYH, Myogenin, Myo D, and actin smooth
muscle. With respect to myogenesis-specific gene expres-
sion analysis with quantitative real time PCR, positive con-
trol MyoD gene expression was almost doubled. In the
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Figure 4. A, Quantification of Cells Expressing Muscle-Specific Markers Regarding to the Quantitative Real Time PCR Results. MyoD; Myoblast Determination Gene, Myogenin,
ACTA2; Alpha-Actin- 2 Gene, GAPDH Glyceraldehyde3-Phosphatedehydrogenase, qPCR Quantitative Real-Time Polymerase Chain Reaction; *P < 0.05 Stands for DF Versus NC;
B, Mesoderm Derived Myogenic Differentiation of Human Newborn Foreskin Cells. SMA; Smooth Mucle Actin, MYH; Myosin Heavy Chain. Immunocytochemistry Results
Demonstrate Positive Immunofluorescent Results for Each and Every Antibody that Have Been Utilized. NC, Negative Control; DF, Differentiated

meantime, ACTA-2 and Myogenin gene expressions were
found to be almost tripled in comparison with the nega-
tive control. Myogenic differentiation of human foreskin
cells was achieved by these tests.

The 3D microwells were utilized to investigate the
effects of internment short-term culture of anchorage-
dependent cells. Cells that attached to micro-wells, exhib-
ited a regular extended morphology. Small colonies of
myogenically differentiated hnFSSCs tissues, started to in-
teract by day 3. At the end of day 5, small interacted tissues
maintained viable. This data suggests that cell-cell inter-
actions were strong and the differentiated cells may be an
effective source for tissue engineering.

By day 4 following human newborn foreskin stem
cell seeding, the attached cells were seemingly stuck to
a nanofiber surface and entered PCL nanofiber scaffold

pores. The seeded cells were then treated with myogenic
differentiation medium for 21 days. The SEM electron mi-
croscopy results suggested that even the differentiated
cells attached to the scaffold quite well. The cell-cell inte-
gration and the cell-scaffold interactions were found more
visible than the undifferentiated hnFSSCs. These results
suggest the efficient differentiation capabilities of hnFSSCs
on a scaffold, which could be utilized for tissue engineer-
ing.

There is certainly no study, which investigates the in-
fluence of fibers and exterior structure concomitantly on
myogenic differentiation of hnFSSCs. For that reason, in
this study an assessment was performed with scaffolds and
hnFSSCs. Meanwhile, there has been several studies exam-
ining the adipose derived stem cells seeded on PCL scaf-
folds, indicating the potential utilizations of stem cells
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on PCL scaffolds (19). The results indicated that hnFSSCs
carry higher differentiation potentials than adipose de-
rived stem cells, and so it is expected to carry better tissue
engineering capacities.

In summary, if they are isolated from hnFST right af-
ter birth, hnFSSCs can be used as an effective and valuable
stem cell source for repairing the damage caused by dis-
eases and for tissue engineering. In this study, hnFSSCs
proved its ability to differentiate to a myogenic lineage.
The ability of the prepared tissue, such as the structure to
adapt to in vivo conditions will be examined in future stud-
ies.

4.1. Conclusion

In this study, myogenesis of hnFSSCs seeded onto PCL
was examined to define the possible submission of such a
scaffold. Given that the PCL may be manufactured in dif-
ferent forms and dimensions, and that it delivers mechan-
ical stability, it could be suggested that the 3D PCL is a con-
tender bioactive transporter for stem cell replacement in
tissue engineering related to myogenic damages in the fu-
ture. On the other hand, hnFSSCs may be distinguished as
active and valuable stem cell foundation for numerous dis-
eases, once it is obtained from a newborn prepuce. Regard-
ing this situation, utilizing hnFSSCs for the stem cell source
to be seeded on scaffolds may be very beneficial for future
complications.
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