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Abstract

In this review, authors aimed to give information about the recent development about the use of stem cell transplantation in damaged nerve
repair and highlight the key scientific studies. Although peripheral nerves show the potential of regenerating the axon and reinnerveting
their target tissues, the recovery after intense nerve injury remains relatively poor. Schwann cells play important role in the regeneration
success of peripheral nerves. Given that Schwann cells of the denervated peripheral nerve appear to become incapable in regeneration, it
has been considered a reasonable approach to support the distal denervated nerve environment with exogenously derived host cells. The
effects of various stem cells on peripheral nerve regeneration have been investigated. Skin, bone marrow and adipose derived stem cells
were indicated as the most promising candidates with their potentials of converting into Schwann cells. Beside the application of pluripotent
induced stem cell trials; recent studies have demonstrated that induced expression of growth factors in stem cells has more potential in
regeneration. Although the stem cells were considered as efficient resources and promising agents in nerve regeneration there is no
optimization of these therapies yet for their potential to be realized in a clinical setting. ( Sakarya Med J 2018, 8(2):182-192)
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Bu derlemede yazarlar kok hiicre hiicre transplantasyonunun sinir hasarlarinin iyilestiriimesinde kullanimi ile ilgili yakin zamandaki gelis-
meler ve bu alandaki baslica calismalar hakkinda bilgi vermeyi amaclamaktadir. Periferik sinirlerin akson rejenerasyonu ve hedef dokularini
tekrar innerve etme potansiyeline sahip olmalarina ragmen agir sinir hasari durumlarinda diizelme sinirli kalmaktadir. Denervasyona ugramis
periferik sinirin Schwann hiicrelerinin rejenerasyonda yeteri kadar rol alamayislarindan dolay1 denerve olmus distal sinir dokusu ortaminin
dis kaynakli doku hiicreleriyle desteklenmesi yaklasimi gercekei gorilmustur. Cesitli kok hiicrelerinin periferik sinir rejenerasyonundaki
etkileri calisiimistir. Deri, kemik iligi ve yag doku kdkenli kok hiicreleri Schwann hiicrelerine doniisme kapasiteleriyle en imit verici adaylar
olarak belirlenmistir. Pluripotent indiklenmis kok hiicre denemelerine ek olarak, yakin zamanlarda yapilan ¢alismalar kok hiicrelerinde biyi-
me faktorlerinin ifadesinin uyarilmasi da rejenerasyonda nemli potansiyele sahiptir. Kok hiicrelerinin etkili kullanilabilecek kaynak olmalari
ve sinir rejenerasyonunda tmit verici faktorler olduklarinin disinilmesine ragmen bu hiicre tedavi potansiyellerinin klinikte kullanilmasi icin
gerekli ideal yontemler heniiz olusturulamamigtir. ( Sakarya Tip Dergisi, 2018, 8(2):182-192).
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1. Peripheral Nerve Regeneration Process

A peripheral nerve injury is a case resulting with the paralysis, anesthesia and/or loss of motor
function in the affected areas of the body. As a result of the injury, the proximal part of the axon,
which is close to the damage, disintegrates in a small area and growth starts immediately after the-
se residues are removed by macrophages and Schwann cells. Macrophages secrete Interleukin-1,
which forces Schwann cells to release substances that facilitate nerve growth. Approximately 24
hours after the injury is inflicted, the axon tip at the proximal part generates a pedicle in the form
of growth cone. This is the axoplasmic growth area that contains actin filaments and myosin, that
helps in amoeboid-like contraction by means of filopodia.»>* The movement occurs by means
of the adhesion to a suitable perceived substance through filopodia from the proximal stump to
distal.*> Approximately 24 hours later, a few sprouts reach the area of damage and the penetra-
tion to the injury area takes place on the second and third days. Schwann cells guide the axonal
sprouting.® Through inter membrane differentiation, internal actin filaments become steady and
when retraction occurs, the growth cone is pulled forward, axon and its contents are pushed to
the involved filopodium and the axon stretches in the same direction.? If a sprout contacts the
target organ, the other sprouts are degenerated and only one axon becomes mature. This axon is
surrounded by Schwann cells. Only a few axons are observed to enter the old endoneurial layer.
Regenerated sprouts move forward along the new Schwann cell interface. Myelination is deter-
mined by the main axon." The size of the growth cone and the growth direction are influenced by
mechanical factors. A scar that inhibits moving forward causes changes in the growth direction or
leads branching in the growth direction.® However, there are reports that the growth cone increa-
ses the ability to penetrate through tissues by releasing protease '. Schwann cells function in the
destruction of myelin and axonal debris during Wallerian degeneration and they are proliferated
in the basal lamina of the remaining endoneurial connective tissue layer.” As a result of this, they
are gathered as a longitudinal line known as Biingner band. These Schwann cell lines generate
an important path for regenerated sprouts and function as guides. Schwann cells become ready
to accept axon sprouts and the regenerated axons moving forward and get ready for remyelina-
tion.®? Following the nerve lesion, between days 28 and 35, an extra endoneurial collagen layer
accumulation occurs that causes the regrowth of required potential gap for axonal growth. This
causes the diameter of the axon to decrease. Since the number of Schwann cells per unit length
increases, this change causes a decrease in internodal length following the remyelination of rege-
nerated axon.’

2. Molecules in Peripheral Nerve Regeneration

After axotomy, nucleus needs to produce new mRNA and thus cytoskeleton proteins such as
actin and tubulin. Consequently, the production of growth associated proteins (GAPs) increases.™
While axon develops in regeneration, GAP 43 phosphoprotein is present in the membrane, close
to the growth cone. The production of this protein increases 10 times after axotomy. These phosp-
hoproteins in the inner surface of neural membrane, which grow and become regenerated and
provide axonal transportation, form the substrate of protein kinase C and play role in the progress
of the growth area.™ Laminin is a permanent element in the basal membrane and it is an integral
network of glycoprotein, collagen IV and proteoglycans. It is primarily produced by Schwann cells
and shows a wide spread in the peripheral nerve system. After peripheral nerve damage, laminin
regulation in this area increases significantly by Schwann cells and this situation stimulates the de-
velopment of axonal regeneration.' Glycoproteins such as laminin and fibronectin have positive




effects in the growth of the regeneration area. Thus, they are called “neurite-promoting factor”
(NPF)." In other words, laminin has been shown to increase axonal regeneration.™ Schwann cell
basal membrane includes NPFs, like laminin. There are specific receptors for laminin in growth
cone. In the presence of antibodies against laminin, the progress of regeneration area along the
peripheral nerve tracers is inhibited.’> Adhesion molecules such as L1, N-cadherin, neural cell
adhesion molecule (NCAM) are found in Schwann cell membrane and these molecules have been
shown to have positive contributions to regeneration.'® In peripheral nerve damage, with the acti-
vation of intrinsic growth capacity, the level of cyclic adenosine monophosphate (CAMP) increases
and protein kinase A (PKA) is activated. PKA enables the transcriptional upregulation of genes
related with regeneration, such as Arginase I. Arginase | is an enzyme that is highly regulated by
cAMP and PKA after peripheral damage. Arginase | stimulates the synthesis of polyamines that
can directly regulate more advanced gene expression or cytoskeleton organization necessary for
regeneration. High cAMP level increases IL-6, which in turn stimulates regeneration-related genes
(for example GAP 43) through signal transducer and activator of transcription 3 (STAT3). Periphe-
ral nerve damage also stimulates gene expression associated with c-Jun transcription factor such
as integrin 7 1, CD44 and galanin."™ Stimulation and reinforcement of the signal transduction
pathways of phosphatidylinositol 3 kinase (PI3K), which is one of the intracellular regulators, inc-
reases myelin formation."” In the cell cycle of Schwann cells, “cyclin D1” plays the key regulator
role and it is specific for Schwann cell proliferation.18 In peripheral nerve axon regeneration, mye-
lin is quickly removed from the environment by Schwann cells and macrophages after damage.
Schwann cells are dedifferentiated and they decrease all myelin proteins. ECM (extracellular matrix
proteins) proteins such as laminin bind to integrin receptors in growth cone, activate PI3K and this
in turn causes local accumulation of “activated Akt” in actin-laminin contact area. Activated AKT
is phosphorylated and inhibits Glycogen Synthase Kinase-3 (GSK-3 ). This inhibition regulates
cytoskeleton binding proteins and accelerates cytoskeleton organization. Peripheral nerve damage
increases neural intrinsic growth capacity at the same time.™

Myelin Associated Glycoprotein (MAG) is a well-defined transmembrane protein in both central
and peripheral nervous system. The early expression of MAG in myelination has brought to mind
that it can play a role in the onset of myelination during growth. When oligodendrocytes and
Schwann cells start to wrap around axons, they express MAG. Studies put forward that MAG is
the major myelin-derived inhibitor of neurite growth.” During the effect of ECM proteins and
regulatory molecules on Schwann cells, laminin separates axons radially during remyelination.?
Dystroglycan and L-periactin regulate myelin sheath thickness and maintain the myelin she-
ath212223 |t removes the fibrin for tPA/ plasminogen remyelination to progress. Fibrin inhibits rem-
yelination.?* Peripheral nerve system is known to have steroid receptors and thus these tissues are
known to be targets for neuroactive steroids. Recent studies have shown that neuroactive steroids
regulate the proliferation and cellular development of Schwann cells. P450scc (cytochrome) and
3 - hydroxysteroid dehydrogenase (3 -HSD), which turn pregnenolone into progesterone, have
been shown to be released from Schwann cells.?® Peripheral nerves and Schwann cells express
neuroactive steroids and they are at the same time target cells and structures for these substances.

3. Stem Cells and Stem Cell Types
Multiple in vitro studies have shown the transformation in the morphology of different stem cell
types under a range of stimuli to form tissues similar to neural tissue. Multiple animal studies have
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been described using a large scale of stem cell types to treat a range of peripheral nerve damage
conditions. To bridge the gap in the damaged peripheral nerves some authors used conduits com-
bined with stem cell whilst others used cell therapy with nerve allografts. Since axons only grow
a short distance beyond their own reparative matrix and an intact endoneurium is associated with
better outcomes, there has been a strong research focus on bridging the gap via conduits as well
as reconstruction of the extracellular matrix.
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Stem cells, which originate from different parts of our body at different periods of life starting from
embryological period, form the basis of each organ and tissue. All stem cells have the properties

of renewing themselves and differentiate into other cells and they can be classified under two
main groups as embryonic and mesenchymal stem cells based on the time and properties they
are originated from.26 The use of different stem cell types in nerve regeneration in various injury
models is summarized in Table 1.
Table 1. Advantages and disadvantages of using different stem cell types in nerve regeneration.
Stem Cell Type / Injury Type/ Important
Research Experimental Advantage Disadvantage
CelSource Factor Model Results
Low proliferation
- Successful .. | and differentiation
Zarbakhsh et al Bone marrow Sciatic nerve nerve regen- Easy accessibil- capacity, invasive
BMSCs " | mesenchymal | gap in Wistar Ve reg ity without ethi- pactty, in
(2016) 81 eration and procedure is
stem cells rats (10mm) o cal concerns )
myelination required for au-
tologous source
Skin-derived -
McKenzie etal. | Precursor cells zzlfaet:t: i?'lerve Remyelination Easily acces- Takes a long time
SKP-SCs (2006) 82 _dlfferentlate myelin deficit and functional sible to differentiate
into Schwann mice recovery
cells
Improves
motor recovery
- and increases -
Li et al. (2017) Sghwanq cells §c_|at|c nerve the diameter up Give rise to al Difficulty in
NSCs differentiated injury mouse large number o
83 to 4.5-fold, at obtaining
from NSCs model A of neurons
the medial site
of the regener-
ated nerve
Mesenchymal Nerve
AMSCs Chenget al. stem cells Sciatic nerve regeneration Enhanced Ethical considera-
(2010) 84 derived human | injury rat model | and functional | plasticity tions
amniotic fluid improvement
Nerve canal
Di Summa et al produced from | Sciatic nerve Increased pe- Easily acces- It has tendency
ADSCs (2010) 85 " | adipose- injury rat model | ripheral nerve sibley to differentiae to
derived stem (1.0 cm gap) healing adipose cell
cells
Motor neurons No defect
M ) - ) relevant to age | Teratoma forma-
agown etal. | derived from Tibial nerve Functional " ) )
ESCs ) e and diseases, tion and ethical
(2017) 86 embryonic defectin mice | recovery high prolif bl
stem cells igh prolifera- | problems
tion capacity
HAP stem
Hair follicle- cells promoted
associated- ) ) the functional Easily acces- I
HPSCs ?\zn(;;)z)e;;ll. pluripotent Lnrj:lrsgreeenph- recovery of in- | sible in high :zglf;ili:tles n
(HAP) stem jured peripheral | amounts 3
cells nerves and the
spinal cord
185




Injury Type/
Stem Research Cell Type / Experimental Important Advantage Disadvantage
CelSource Factor Model Results
d-nDPSCs Easily acces-
Schwann cells are able to sibleyhi h
Sanen et al derived from 15-mm rat exert a positive proli%er e;gtion ca-
DPSCs (2017) 60 differentiated sciatic nerve effectin the pacity and high Require storage
human dental defect regeneration -
R clonogenic
pulp stem cells of nerve tissue ol
in vivo potentia
Increase in
Muscle-derived muscle mass
stem/pro- after denerva-
Lavasani et genitor cells Critical-sized tion, and Easily acces- It is subjected to
MDSPCs al 57 (MDSPCs) iso- | sciatic nerve reorganization | sible in high a small number of
’ lated from adult | injury of motor end- | amounts studies
human skeletal plates at the
muscle postsynaptic
sites
Induced . . : .
] Successful Potential of in- | The epigenetic
pluripotent - -
p Sciatic nerve nerve regen- ducibility from | memory from the
iPSCs lkeda etal. 43 | stem cells and S ) ; ] - A
basic fibroblast | &3PS in mice eration and easily obtained | original somatic
myelination somatic cells cells is maintained
growth factor
BMSCs: bone marrow stem cells; SKP-SCs: skin-derived precursor stem cells; NSCs: neural stem cells; AMSCs:
amniotic fluid derived stem cells; ADSCs: adipose-derived stem cells; ESCs: embryonic stem cells;
HPSCs: hair follicle associated pluripotent stem cells; DPSCs: dental pulp stem cells; MDSPCs: Muscle-derived
stem/progenitor cells; iPSCs: induced pluripotent stem cells.

3.1. Embryonic Stem Cells

Embryonic stem cells are derived from the inner cell mass of blastocysts, which are formed bet-
ween the third and fifth days following the fertilization of the egg by sperm and developed under
laboratory conditions.?” Since embryonic stem cells can differentiate to all cells and tissues except
umbilical cord and placenta, they can also be called pluripotent stem cells. Stem cells which will
differentiate to various organ and tissues of the body during the normal growth period can main-
tain their pluripotent properties under special laboratory conditions.?®

Ziegler et al. developed a protocol that enabled to get Schwann cells at the rate of 60% from
embryonic stem cells in order to replace Schwann cells required for nerve regeneration. They
were generated hESC-derived neurospheres containing a mixture of neurons, neural and glial
progenitors by means of PA6 induction.?’ The neurospheres were propagated for approximately 4
weeks in suspension and subsequently plated for further differentiation. They used co-culture of
human embryonic stem cell-derived (hESC) schwann cells with hESC-derived axons in compart-
mentalized microfluidic chambers and they finally observed tight association of the Schwann cells
with axons, also increased myelination.*°

Chui et al. showed that naturally injected embryonic stem cells via microinjection method increa-
sed regeneration significantly. Immunostaining studies showed that embryonic stem cells survive
and differentiate into Schwann cells after injection.” An alternative method is the studies to dec-
rease the effects of muscle denervation by injecting embryonic stem cells to the muscle innerved
by nerves during the damage formation process on the nerve.3? In this study; mouse ESC-derived
motor neurons were injected into transected tibial nerves and they observed newly formed ne-
uromuscular junctions with the denervated triceps surae and they also observed 40% functional
healing in contractile force.*®
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Besides its advantages, embryonic stem cell use still has disadvantages such as causing teratoma,
limited source and ethical problems.

3.2. Mesenchymal Stem Cells

Approaches about nerve regeneration are mostly related with the differentiation of mesenchymal
stem cells to neuron and glia. Experimental studies conducted with sciatic nerve have shown that
after the injection of stem cells to undifferentiated culture, the migration and differentiation of me-
senchymal stem cells occur on the side of nerve damage.3+3>%¢ Transplantation of undifferentiated
mesenchymal stem cells to a nerve tube has been reported to stimulate axonal growth and reco-
very in motor function.3” Subtypes and practices of mesenchymal stem cells have been discussed.

3.2.1. Bone marrow derived stem cells

There are a great number of studies in literature about the peripheral nerve regeneration with
stem cell use originating from various sources such as embryonic, hematopoietic, epithelial, me-
senchymal, amniotic fluid, cord blood and skin.3*%°4% In addition, stem cell populations different
from adult tissues such as bone marrow, fatty tissue and nerve tissue have been defined. These
are defined as multipotent stem cells which have the potential to differentiate into different cell
types.*' Bone marrow stroma cell, which is also called mesenchymal stem cell, can differentiate
to mesenchymal progenitor cells for structures such as bone, cartilage, tendon, fatty tissue and
muscle.*2

Especially in peripheral nerve damage model, we can frequently come across literature records
which describe the application methods of bone marrow mesenchymal stem cell transplantation.
The expression of glial cell markers, which are typical of Schwann cells, have been defined in vitro
in rat mesenchymal stem cells and have produced effective results in peripheral nerve regenera-
tion. 344

Differentiated mesenchymal stem cells synthesize and secrete neurotrophins.*> Similarly, it has
been reported that differentiated mesenchymal stem cells have the potential to influence the exp-
ression of growth factors and myelination of axons in different levels.44” However, Wang et al.,
2009, reports that bone marrow induced stem cells increase peripheral nerve regeneration not
only by secreting neurotrophic factors, but also indirectly by affecting Schwann cell proliferation
rate.%

Although bone marrow stem cells are more easily obtained when compared with embryonic stem
cells, their proliferation capacity is less when compared with embryonic stem cells. In addition,
since the method to obtain them is invasive and painful, it generally requires anesthesia and the
fraction of the obtained stem cells are less when compared with other sources.

3.2.2. Adipose derived stem cells

Adipose derived stem cells have the same properties with bone marrow derived stem cells both
phenotypically and in terms of gene expression.*® On the other hand, differentiation of adipose
derived stem cells to osteoblasts, chondrocytes and adipocytes has been reported to be the same
with that of mesenchymal stem cells.*” However, the stem cell intensity in fatty tissue is 100 to
1000 times more when compared with bone marrow.>® This is an important advantage because




the more intense stem cell is in the material transplanted to nerve tube, the shorter the period
of spread of stem cells will be during the process before differentiation. There are also studies in
literature which reveal that adipose derived undifferentiated stem cell transplantation increases
peripheral nerve regeneration.>' Based on the results that the intensity of blood vein in fatty tissue
is directly associated with adipose derived stem cell amount, some researchers claim that the stem
cells in these tissues are originated from vascular precursors.*? Although there are differences in
humans and primates in terms of the differentiation capacity between adipose derived stem cell
and bone marrow derived mesenchymal stem cells, it has been reported that adipose derived
stem cells have faster reproduction capacity.>>* In a study by Georgiou et al., adipose derived
stem cells isolated from rats were differentiated to Schwann-like cells in vitro. Differentiated cells
were implanted in absorbable collagen tubes and the 15 mm gap in the sciatic nerve was bridged.
The results of the immunofluorescent and electron microscopic assessment at the end of 8 weeks
showed that the axon rate was 3.5 times more in the group that contained adipose derived stem
cell when compared with the other group without stem cells.*® In another study conducted with
adipose and bone marrow derived stem cells and Schwann cell transplantation in sciatic nerve
regeneration, each of the three materials was reported to increase regeneration while Schwann
cell transplantation was reported to be significantly successful when compared with others.*¢ Adi-
pose and bone marrow derived stem cell transplantation was reported not to have any statistical
advantage to each other in regeneration.

3.2.3. Muscle derived stem cells

A study by Lavasani et al. showed that stem cells isolated from human skeletal muscle could diffe-
rentiate to glial and neuronal phenotypes in vitro and could repair clinical sciatic nerve damage.>’
Researchers examined the differentiation capacity of human Sk-SCs in severely crushed sciatic
nerves of nude rats by means of injecting them into the long-gap transected nerve model with
an acellular conduit bridge. They showed that human Sk-SCs are a potential practical source for
autologous stem cell therapy following severe nerve injury.>

3.2.4. Dental stem cells

Beigi et al. (2014) showed that, electrospun poly ( -caprolactone)/gelatin (PCL/Gel) nanofibrosis
beds were produced to fill in 10 mm sciatic nerve gap in rat models, they were wrapped around
copper wire and adhered with medical purpose adhesive to obtain tubular shaped bio-graft.>* In
another study, roots were taken from dental pulpa and it was emphasized that neurodegenerative
capacities of Schwann cells were promising.®°

In a study conducted by Yamamoto et al. (2016), a granulocyte colony with high neurotrophic/
angiogenic potential was isolated by using stimulation factor gradient and the effects of mobilized
dental stem cells on peripheral nerve regeneration were examined. The results showed that the
use of dental pulpa root cells compared with autograft and control groups increased the number
of myelinated fiber and axon significantly.®’

3.2.5. Skin derived stem cell precursors

A valuable number of studies have shown increases in acute and delayed peripheral nerve rege-
neration when skin derived precursor Schwann cell were used.6263646> However, in nerve dama-
ge, the use of Schwann cells obtained from autologous culture is not very practical in terms of
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technical difficulties and the fact that it requires a long time. Schwann cells grow slowly. It takes
10 weeks for Schwann cells to reach a suitable number of transplantation under culture medium,
during which neuronal cell death may occur.¢

3.3. Amniotic tissue derived stem cells

Amniotic tissue derived stem cells (ATDSC) are derived from amniotic fluid or amniotic membra-
ne. ATDSCs show the properties of both mesenchymal cells and neural stem cells and they have
the property of differentiating to neural stem cells. The survival of ATDSCs after transplantation is
the most difficult obstacle during clinical application.®”¢8

Chen et. al. showed that intramuscular injection of ATDSCs can protect muscle apoptosis and
likely does so through the secretion of various neurotrophic factors and also this protection furt-
hermore improves the nerve regeneration in a long-term nerve anastomosis model.** In another
study Yang et al showed that intravenous administration of AFMSCs may be a promising alternative
treatment strategy in peripheral nerve disorder and led to improvements in neurobehavioral and
expression of regeneration markers.”

3.4. Cord blood derived stem cells

Cord blood stem cells are frequently preferred due to their capacity of differentiation and pro-
liferation. Due to their property of being obtained easily from postnatal tissue after birth, they
cause less ethical problems. Despite high proliferation capacity of cord blood cells, there are few
resources showing that they trigger tumorigenesis after transplantation. Several studies emphasize
that human umbilical cord blood-derived stem cells modulate the immune/inflammatory response
to injury and inhibit the apoptotic cascade.”" 72 Sung et. al. showed that transplantation of human
umbilical cord blood-mesenchymal stem cells into the rat sciatic nerve following crush injury pro-
moted functional recovery and axonal regeneration.” Studies show the positive effect of human
umbilical cord blood-mesenchymal stem cells therapy in peripheral nerve regeneration but the
underlying molecular mechanism of regeneration remains poorly understood.”*7¢

4. Induced stem cell applications

In 2012, John B. Gurdon and Shinya Yamanaka found that mature and specialized cells could
be reprogrammed to turn into pluripotent-differentiated cells via viruses, this discovery won the
Nobel Prize in Physiology or Medicine. This in turn increased the number of studies to analyze the
effect of induced pluripotent stem cells on peripheral nerve damage.’” 7843

The application of induced pluripotent stem cells to cover the internal surface of the tubes used
in binding disconnected nerve ends increased motor and sensory recovery to a great extent. In
addition, it was proved histologically that induced pluripotent stem cells increased axonal rene-
wal.78 Using induced pluripotent stem cells combined with fibroblast growth factors was reported
to increase regenerative effect.*?

Wang et al. formed non-fibrosis tubular graft by using neural crest stem cells obtained from indu-
ced and embryonic stem cells and thus aimed to form a bridge between disconnected nerve ends.
The results of the electrophysiological analyses conducted one month after surgical procedure




showed that the graft material used increased nerve regeneration. As a result of histological analy-
ses, it was found that neural crest induced stem cells differentiated to Schwann cells that formed
myelin sheath to guiding axons. No teratogenic effect was found even one year after transplantati-
on. 7 Similarly, in a study by Uemura et al., it was found that induced stem cell transplantation did
not create any teratogenic effects in the nerve in the long run and increased axonal regeneration
and myelination.®°

In a study by lkeda et al., which aimed to treat peripheral nerve damage by using induced pluri-
potent stem cells and tubes that included basic fibroblast growth factor, it was reported that 12
weeks after transplantation there were increases in regeneration and functional recovery.®

The use of somatic cell induced pluripotent stem cells in patient specific special cell treatments
is a big potential in terms of inhibiting the formation of immune reaction. The use of cell induced
pluripotent stem cells brings together requirements such as understanding the differences betwe-
en populations of induced pluripotent stem cells and determining suitable basis of differentiation.
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