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Abstract 

The nervous system, or the nervous system, monitors the activity of the muscles in the body of 

the beast and monitors the various organs of the body, creating and stopping the inputs of 

various senses. The task of controlling the actions of the body lies with the two nervous systems 

and internal glands, including the nervous system, consisting of neural cells and auxiliary cells. 

Therefore, we need new therapeutic approaches, including medical rehabilitation medicine for 

the treatment of these diseases. In this article, recent advances and research into the treatment 

of these diseases through cell therapy will be discussed. We first collected data from cellular 

therapies through animal information models to improve neural damage. In the following, 

findings regarding the pathway, timing, and dose of cell transplantation was collected, 

favorable stem cell selection, and therapeutic power markers for these types of cells that affect 

their safety. These factors are key issues for confirming the use of cell therapy in a clinical 

trial. 

Keywords: Stem Cells, Scaffolds, Nerve Cells. 

 

Introduction 
Stem cells that are isolated from mammalian cells are highly regarded by medical scientists 

because of their high potential for division, differentiation into specialized cells in the body, 

and their ability to repair damaged tissues in the body( 1).By isolating embryonic stem cells, 

umbilical cord stem cells, and adult stem cells from the human body and culturing them in the 

laboratory, they have succeeded in producing some specialized body tissues that can save many 

patients from death. Also, by using the umbilical cord stem cells of a child, all his diseases in 
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adulthood, 50% of the diseases of his parents and 25% of the diseases of his siblings can be 

cured. They are living beings that we will surely see in the years to come (1). In 1960, 

researchers discovered that bone marrow produces at least two types of stem cells: 

hematopoietic cells, which make blood cells in the body, and stromal cells, which can make 

cartilage, bone, fat, and connective tissue fibrosis. Build in the body (1). In 1990, scientists 

discovered that the adult brain contained stem cells that had the ability to become the main 

cells of the brain, including astrocytes, oligodendrocytes (Non-Neural cells), and neurons 

(Neural cells) (2) . 

Nerve cells or neurons All neurons except neuroglia are called nerve tissue cells; But 

sometimes neurons are just excitable cells, which is one of the types of cells that are called. 

The neural apparatus is made up of a large number of neurons. There are two groups of cells 

that are structurally completely heterogeneous. These two groups of cells are: Motivational 

cells (neurons) that are responsible for transmitting messages. Named unmotivated cells 

(neuroglobulins: astrocytes, microglia, and oligodendrocytes) and Schwann cells (3). 

Function of a nerve cell 

When neurons are stimulated by a stimulus, this message is transmitted by dendrites, which 

branch off. The soma response cores are received. This message is given by the dendrites to 

the cell body or to the axons. This response is in the form of an electrical pulse generated by 

sodium and potassium channels (sodium pump). This pulse reaches the end of the axon (4). 

Release of neurotransmitters 

Nerve impulse releases the neurotransmitter from the presynaptic neuron into the synaptic cleft. 

When the action potential reaches the end of the presynaptic neuronal axon, vesicles containing 

the neurotransmitter attach to the plasma membrane of the cell and fuse with it. As a result, 

neurotransmitters are released into the synaptic cleft space. When these molecules are released 

into the synaptic cleft and reach the postsynaptic cell, they change the permeability of the cell 

membrane to ions. Some messengers bind to specific protein receptors on the surface of the 

postsynaptic cell. In some cells, ion channels open when neurotransmitters attach to these 

protein receptors (5). In fact, these receptors are ions themselves. These ducts are called 

molecule-sensitive ducts. Whether these ducts are open or closed depends on the connection of 

a particular molecule (for example, a neurotransmitter). The neurotransmitter stimulates or 

inhibits postsynaptic cell activity. For example, when a neurotransmitter opens the valve of 

molecule-sensitive ducts, ions are transported through the plasma membrane of the 

postsynaptic cell. This event causes the potential of the postsynaptic cell membrane to change 

depending on the ion charge entering or leaving the cell. If positive ions enter the postsynaptic 

neuron, the potential for action may be formed (stimulation). On the other hand, if positive ions 

leave the cell or negative ions enter it, action potential formation can be prevented (inhibition) 

(5). 

Damage to the adult central nervous system is a devastating disease due to the inability of 

central neurons to repair neurons and dendritic connections accurately. The consequence of the 

injury is not only the disconnection of healthy neurons, but also a cascade of events that cause 

the neurons to break down and die. Unlike peripheral neurons in fish, amphibians, and 

mammals, the nerves of the adult human central system cannot be repaired after injury. 

Therefore, repairing neurons in this area requires a multi-step process as follows: First, the 

damaged neurons must be regenerated. The damaged axon must then extend its severed 

appendage into the primary neuronal target area. Once communicated, the axon requires 

myelination and synaptic activity with the target neurons. There are several ways to repair 

central nervous system neurons, which can be summarized as follows: 
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1- Cell transplantation 2- Sending neurotropic factor 3- Removing and removing axonal growth 

inhibitors 4- Manipulating signaling pathways 5- Using synthetic and binder substrates 6- 

Reducing the immune response (6). 

As mentioned above, in most diseases and injuries of the central nervous system, neurons and 

glia are destroyed, so cell transplantation is a vital step in repairing lesions in this area. Several 

laboratory groups have reported successful transplantation of embryonic tissues into areas of 

damage to the nervous system. However, the use of this cellular resource on a larger scale has 

various ethical limitations and an immune response. Therefore, the need for a homogeneous 

cellular source with gene affinity and easy access is an important goal in this way (6). 

In addition, brain damage due to brain trauma leads to immediate or delayed cell death, as well 

as the formation of glial cavities and scars (a cellular process involving damage to astrocytes 

after damage to the central nervous system (7). One of the most important strategies is to 

provide protection for the nervous system to reduce inflammation and prevent secondary cell 

death and replace damaged neurons, provide appropriate factors, promote neuronal 

regeneration and growth to regenerate the structure of the primary nervous system (8). Tissue 

engineering strategies actively pursue the latter. Similarly, for spinal cord injury, primary nerve 

damage triggers a series of cellular and biochemical responses that lead to more secondary 

damage. This secondary damage prevents nerve regeneration and causes more cell death. Early 

cell death creates a cavity at the site of injury and glial scars around the lesion. Therapeutic 

strategies for spinal cord repair include regrowth of damaged axons, promoting the growth of 

neurons or axons throughout the wound site, and guiding the increase in the length of neurons 

or axons and innervation of the axon to the appropriate target (9).  

The most severe damage to the peripheral nervous system is the complete severance of nerve 

fiber. After injury, the activity of proteases at the injury site increases and leads to the beginning 

of a series of destructive events at the end of the injury. The formation of new axons usually 

begins in the myelin-free region of the nodules. In humans, axon growth has been reported to 

be about 2 to 5 mm per day (10). 

For large neurological defects, recovery is delayed. In these cases, autologous (self-derived) 

nerve tissue transplants are typically used (11). But the disadvantage is the loss of function of 

the part of the tissue from which the connective tissue separates. Neural tissue engineering 

solutions may be a promising way to overcome these shortcomings (12). 

Scaffolds engineered and loaded with a specific cell type may promote performance 

restoration. The surface and mass properties of a well-designed scaffold, similar to the 

environmental cues in the extracellular matrix, can provide the right signals for cell growth and 

differentiation, and ultimately tissue formation. Physicochemical properties of the surface, 

such as topography, surface charge, and adsorption / stabilization / release, affect cellular 

behavior. Electrospun nanofiber scaffolds have attracted a lot of attention because their 

architecture is similar to protein fibers in the extracellular environment (13). 

Each specific fiber at the nanoscale has a larger surface area than its volume, which allows the 

scaffold to have a higher surface area in contact with the cell. The physical and biological 

properties of scaffolding depend on the materials used in electrospinning and the properties of 

that material such as surface wetting, mechanical properties and degradability. The properties 

of scaffolding can be changed by combining different biodegradable, non-biodegradable, 

synthetic or natural polymers (14). 

Scaffolding techniques 

Although there are a number of techniques for making 3D polymer scaffolds with high surface 

space and porosity, most of these methods focus on macro and micro scale construction (15). 
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Recently, nanoscale scaffold control has received much attention for the construction of bio-

mimic scaffolds that emulate the extracellular matrix (16). 

Three nanotechnology techniques for making nanofiber scaffolds are listed in Table 1 along 

with their advantages and disadvantages (17,18). 

Table 1. Techniques for making nanofiber scaffolds (17,18) 

Disadvantages Advantages Technology 

Limited amphiphilic materials, 

random and very short nanofibers 

Very fine nano fibers Self-assembly 

Complex process, random and 

very short nanofiber 

Synthetic Polymer Material Modified TIPS 

Large scale of 3D structure needs 

specific or modified set-up, such 

as braided/woven textile 

Compatible with both natural and 

synthetic polymeras, variant and 

controllable patterns with long and 

continuos nanofibers, simple and 

cost-effective, flexible for 

nanocomposite fabrication 

Electrospinning 

 

Electrospinning process 

Electrospinning is a popular technique for preparing tissue engineering scaffolds because it is 

relatively simple to produce nanoscale or sub-micron scale fiber scaffolds that are 

morphologically very similar to natural extracellular matrix. Due to the possibility of creating 

very thin diameters, electrospun fibrous matrices can have a high specific surface area; Which 

are able to effectively release biomolecules. In addition, the weak bond between the fibers is 

beneficial for tissue growth and cell migration. In 2003, the electrospinning technique was first 

used to produce bioactive scaffolds with gene release, and since then the popularity of this 

method has increased dramatically (19). 

Polymer fibers with diameters between 10 and 100 micrometers are made by conventional 

methods that involve wet, dry, or molten spinning processes. But for our diameters between 15 

nm to 10 micrometers, electrospinning is a very useful method. Electrospinning is based on the 

use of electrostatic force to form a fiber structure. The fibers are often collected in intertwined 

structures with a high surface-to-volume ratio. Most of this intertwined set, in the form of 

interconnected cavities, et al. Explained that this method is with Racher polymers. Interest in 

this technique became popular after it became very popular. Hundreds of different compounds 

were then converted into thin fibers, both natural and synthesized (20). The electrospinning 

process consists of a high voltage source, a syringe pump, a syringe, a needle, and a collecting 

device (20). (Fig1) 

 

Fig. 1: Schematic representation of the electrospinning process. A: Different components of a typical electrospinning. 

B: Collection methods for making parallel nanofiber scaffolds using drum and disk rotation. 
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The solution containing the polymer is aligned in the syringe to which the needle is attached. 

A high voltage is used to remove the desired amount of polymer solution (controlled by a 

syringe pump). When a high voltage is injected into the polymer solution, the electrostatic force 

overcomes the surface tension of the polymer solution at the tip of the needle, forming a Taylor 

cone, which continues more as a liquid fountain. The charged liquid fountain is collected due 

to the difference in electrical potential between the polymer solution at the tip of the syringe 

and the base collector. The whipping motion of the polymer fountain between the needle and 

the collector plate allows the solvent to evaporate, resulting in the collection of a set of fibrous 

networks in the collector plate. Formed networks are random fibers whose thickness can vary 

at the nanoscale to micron scale depending on the parameters used in the production process. 

Parallel fiber networks (Figure 2) can be obtained by changing the collection method. The most 

common methods of assembly are by high-speed spin discs (Figure 1, B), which allow the 

fibers to be collected along the direction of rotation. Thin tubes are made in this way and have 

been used in vascular repair studies. Products with high spin speeds increase fiber parallelism 

compared to lower spin speeds but may cause fiber discontinuities (20). (Fig2) 

                                             A                                                                                       B   

 

Fig. 2: Making parallel nanofiber scaffolds using drum and disk rotation 

 

Characteristics of extracellular nanoparticles 

The extracellular substrate is a self-aggregating nanofilament network composed of complex 

biomacromolecules that surround, support, and maintain cells in tissues. This matrix is 

composed of different types of biomolecules such as structural proteins of collagen and elastin 

and specialized proteins such as fibrillin, fibronectin and laminin that structurally help cells to 

connect, bind and contract to form tissue (21). 

This substrate also provides a surface for cells to connect and migrate. Proteoglycans and 

glucose aminoglycans such as chondroitin sulfate and heparin sulfate are other substances in 

the extracellular substrate that provide chemical messages to regulate cell growth, 

differentiation and metabolic activity (21). The interstitial complex contains a large number of 

extracellular substrates, mostly in connective tissues such as bone, cartilage, ligament, and in 

connection with a diverse set of cells and proteins already mentioned. The basement membrane 

also supports a monolayer of endothelial, epithelial, and mesenchymal cells in many organs. 

The basement membrane acts as an active barrier to cell migration and penetration, as well as 

a storage for a variety of growth factors, and this role is played by the presence of an 

extracellular substrate. The extracellular matrix and the basement membrane consist of 

filaments made of proteins such as collagen, elastin, and fibronectin. These filaments are 

usually nanoscale in size and are much smaller than the micrometer size of cells. Collagen is 

the most important component in the extracellular matrix. This protein is the skeleton of the 
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bed fibers and is present in at least 28 forms in the body. The most common form of collagen 

is a filamentous structure with proteins 300 nm long and 1.5 nm in diameter in the form of 

ternary spring-like chains. Each chain consists of 1,050 amino acids, which assume a right 

helical shape. Finally, the interaction of a ternary collagen helix results in the formation of 

filaments that are up to 50 nanometers in diameter. The filaments are packed in such a way that 

the spirals are close to each other about 67 nm apart and form a striped structure. Another 

important member of the extracellular matrix is fibronectin, which acts as an adhesive to attach 

cells to the matrix and consists of two similar peptide dimers with a length of 60-70 nm and a 

thickness of 2 to 3 nm. Fibronectin contains nanodomines with arginine-glycine-aspartic acid 

sequences  It selectively has a high tendency to bind to specific parts of collagen, fibrin and 

cell surface receptors. In addition, other proteins in the extracellular matrix are nanoscale and 

affect cell behavior at different levels (21). 

 In normal tissues, the diameter of ECM structural proteins ranges from 50 to 500 nm. There 

are people producing nanofiber scaffolds for the purpose of producing ECM scaffolds or 

analogues with bio-mimicry that fit properly on this scale. With these advances, it is now very 

possible to build an engineered tissue environment (with bio-imitation) or scaffolding for many 

tissues. Since the beginning of tissue engineering, the field has been dominated by the general 

concept of cell composition, scaffolding (artificial extracellular matrix) and bioreactor 

technologies in the design and construction of new organs or tissues. This makes sense because 

every tissue or organ in our body is made up of parenchymal cells (functional cells) and 

mesenchymal cells (protective cells) that fit inside the extracellular matrix to form a 

microenvironment. These micro-environments collectively make up our organs and tissues. 

Because of the production and maintenance of organs and tissues, our body is a "bioreactor" 

that exposes cells and micro-ECM environments to biomechanical forces and biochemical 

signals (22). 

The combination (ie, biomaterials of natural and synthetic materials) and the architecture of a 

woven engineering scaffold lead to cell-environment interactions that determine the fate of the 

structure. The ultimate goal is to enable the body (cellular components) to heal and repair itself 

by producing tissue engineering scaffolds that the body identifies as its own and then uses to 

regenerate functional tissues. In addition, for commercial or clinical success, scaffolding 

production must be simple and at the same time diverse to create a wide range of configurations 

to suit the size, shape, strength, and other subtleties of the organ or tissue (23,24). 

We also need to look at how a single natural cell interacts with its surroundings. It is no longer 

acceptable to see the cell as an independent unit in a passive structural network. Rather, a 

dynamic, three-dimensional interaction is constantly "balanced" and influenced by external and 

internal stimuli. Therefore, each scaffold must be able to interact with cells in three dimensions, 

facilitating this connection. In normal tissues, the structural proteins of ECM (50-50 nm in 

diameter) are 1 to 2 dimensions smaller than the cell itself, allowing the cell to be in direct 

contact with many of the ECM fibers, thereby being in a three-dimensional position. This 

feature may be a key factor in determining the success or failure of a tissue engineering 

scaffold. In summary, the environmental conditions of a successful tissue engineering scaffold 

should be commensurate with such signals that can be exchanged between cells as well as 

between cells and the environment in order to restore tissue function (22). ECM has not only a 

structural role but also a functional role. This network creates a dynamic, three-dimensional 

microenvironment in which cells are preserved. Signals are exchanged between the cell nucleus  

and the ECM, which links both to cell adhesion, migration, growth, differentiation, 

programmed cell death, cytokine modulation, and growth factor activity, as well as intracellular 
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signal activation(25). Becomes In addition, the interactions between cell receptors and ECM 

molecules are critical for cell migration, proliferation, and tissue remodeling (26). 

The effect of ECM on cellular activity is through the binding of specific factors to specific 

ECM molecules and the binding of ECM molecules to cell surface receptors known as 

integrins. The local release of growth factors or the separation of molecules is then affected 

(for binding, proliferation, and cell growth) (27). 

As soluble elements begin to be produced inside the cells, the ECM is secreted from the cells, 

adjusted, and identified for each type of tissue and stage of formation. ECM consists of 

collagen, elastin, hyaluronic acid, proteoglycans, glucose aminoglycans, fibronectin, laminins 

and molecules such as growth factors, cytokines and enzymes and their inhibitors. It has been 

shown that collagen-cell interaction affects cell growth and differentiation, which depends on 

how well cells penetrate the tangled fibrous collagen of the ECM (28). But issues with this 

method include factors related to aging, cell breakdown and calcium deficiency. Electrospin 

polymers in laboratories have advantages such as easy and fast acquisition, specific 

decomposition times, and mechanical strength. However, these synthetic polymers lack the 

ultrastructure to mimic ECM. Therefore, we also electrify natural polymers, natural ECM 

proteins, for tissue engineering applications. But even natural polymers have disadvantages, 

including immunogenicity, changes in mechanical properties, and decomposition (22,29). 

The effect of electrospin scaffold structure on stem cell differentiation: 

As we repeat the structural hierarchy of the ECM in a synthesized scaffold, we must consider 

the components of the ECM at different structural scales. The arrangement of micro and macro 

sizes is the biggest factor for the structural integrity, porosity and other physical properties of 

the matrix. Such structural organization may play an important role in the development of 

cellular responses by localized ECM compounds. It should be noted that most cell-cell and 

cell-scaffold communication occur through the presence and organization of nanoscale 

molecules. For example, the accumulation of receptors and the formation of a local adhesion 

set can be mentioned. Due to its ability to modify the structural parameters of electrospin fiber 

scaffolds, the effect of topographies on the control of stem cells cultured in or on these scaffolds 

can be studied in detail (30). 

The ability to adjust the fibers to achieve a network of parallel fibers is one of the unique 

features of electrospin scaffolds. Instead of using a fixed base retractor, the fibers can be placed 

on a constantly moving column or on the edge of a moving disk, preferably in the direction of 

the axis of rotation (31). (Fig3) 

 

Fig. 3: Fiber alignment is achieved by converting a fixed collector to a rotating disk collector 
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Studies have shown that cells cultured on such scaffolds adhere to the fibers and grow parallel 

to the longitudinal axis of the fibers (32). 

Changing the diameter of the electrospun fiber, which makes a difference in the topographic 

size of the fibers, is another potential tool for applying spatial constraints to stem cells. It is 

well established that the diameter of electrospun fibers can be changed by changing the 

concentration of the spinning polymer solution, changing the flow rate of the solution, or 

adjusting the distance between the needle and the collector. Through stem cell interactions with 

fibers of different dimensions, their proliferation, migration, proliferation and differentiation 

may be significantly affected (33). 

Yang et al. Evaluated the effect of fiber diameter on the morphology and neuronal proliferation 

of C17.2 juvenile mouse cerebellar stem cells (34). 

Poly-lactic acid (PLLA) was electrospun by changing the concentration of its solution to micro 

and nanofiber scaffolds. They found that C17.2 cells cultured on nanofiber scaffolds increased 

neurofilament staining compared to microfiber scaffolds. In addition, parallel nanofiber 

scaffolds extend axons more than C17.2 compared to irregular nanofiber scaffolds. To facilitate 

accurate comparisons between the effects of microfiber and nanofibers on stem cells, it is 

necessary to control the uniformity of the diameter of the electrospun fibers. In a recent paper, 

Lin et al. Used a simple method to control fiber diameter and dimensionality in electrospinning 

(35). They showed that adding a cationic dual-friend to the polymer solution helped reduce the 

surface tension of the solution, resulting in more stable yet thinner charged polymers, resulting 

in less settling and more uniform electrospin fibers. This technique was used by Christopherson 

et al to investigate the diameter of electrospun fibers in the differentiation of neuronal stem 

cells (NSCs) derived from the hippocampus of adult mice (36). Many synthetic polymers have 

surface properties that may result in poor adhesion and proliferation of neurons. Scaffolds are 

often exposed to chemical processes and extracellular matrix proteins to improve cell 

attachment and axon expansion (20). 

Nisbet et al. Hydrolyzed electrified PLGA and PLLA scaffolds with different surface tensions. 

Scaffolds with less surface tension cause neurite-cortical neurons to expand, and scaffolds with 

a large fiber interval allow neurites to expand (37). 

The addition of growth factors to the electrospun scaffold to regulate proliferation and 

differentiation has also been considered. However, to date, studies on neural applications have 

been limited. Recent studies suggest the stabilization of growth factors on fiber surfaces after 

fabrication in order to prevent the degradation of bioactive agents due to the use of hard 

solvents and high voltage used in the electrospinning process. In a recent study, the number of 

cortical nerve stem cells on a PCL scaffold with BDNF-stabilized factor increased compared 

to a PCL scaffold to which BDNF solution was added. Cells also differentiated into 

oligodendrocyte and neuronal phenotypes on stabilized BDNF-carrying scaffolds (38). 

In another study, nerve growth factor (NGF) was stabilized on amine-functionalized 

copolymers (39). 

An increase in the expression of neuronal markers of mesenchymal stem cells cultured on 

NGF-donated networks has been observed. Fiber orientation also increased the expression of 

neurons associated with neurons. Therefore, electrophoresis substrates modified with bioactive 

agents may be a promising approach to conduct neuronal differentiation (20). 

Use of scaffolding in nerve tissue engineering 

The complex nature of the central nervous system and systemic defects and the resulting 

growth inhibitory environment all act as barriers to nerve repair and recovery. Therefore, this 

has created a basis for research and study of nanotechnology researchers to solve these 
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problems with artificial scaffolding. The results of the researchers' work in this section show 

that the scaffolds used for this purpose must have the following conditions (40). 

1. Be biocompatible with host tissue without causing inflammatory or immune interactions. 

2. Reduce astrocytic interaction and scar formation. 

3. Provide a platform for axon adhesion, migration, proliferation, and growth within a three-

dimensional structure. 

4. Provide physical support for cells and axons (providing physical properties similar to the 

natural environment of cells) and their degradation rate can be adjusted without 

inflammation (induced by degradation products) (40). 

The neural structure of the brain and spinal cord is much more complex than that of the 

peripheral nervous system. These systems are generally organized according to their role in 

transmitting and analyzing signals according to the body map. Cells of the central nervous 

system within microenvironments include the physical structures such as pores, bridges, and 

fibers that make up the ECM (41). 

The cell-cell and cell-matrix interactions involved in the formation and function of these 

structures play maintenance and signaling roles in adult tissue based on a complex relationship 

between biophysical (such as synapse control and contact-mediated signaling) and biochemical 

factors. (Such as nutritional support and inflammatory protection) play. Neural tissue 

engineering scaffolds preserve three-dimensional biological signals that promote proliferation, 

growth, migration, and the ability to differentiate cells in the tissue repair process in the central 

nervous system and peripheral nervous system. Recently, nanostructured scaffolds with 

conventional biological applications have been used to provide an environment similar to in 

vivo research that improves cellular development and successful restorations (42). 

Scaffolding techniques include electrospinning, self-assembly, and phase separation, which are 

themselves a fulcrum for achieving this goal, as they are capable of producing nanoscale 

polymer fibers (10-2000 nm). Heat-generated nanofiber scaffolds with diameters of several 

microns have created tubes that support cells. Cell orientation, the guided process of 

elongation, and cell migration are very limited, especially for fibers larger than 500 microns. 

There is also no noticeable induction of conduction effects on cultured adherent cells (43) . 

Most cells can actively sense the effects of scale, orientation, composition, and strength of 

physical compounds in their environment on micro-scales (cells and matrices) and nanoscale 

(macromolecular structures) (44). One of the main reasons that has increased the use of 

electrospinning to produce nanofibers in nerve tissue engineering is the creation of nanofibers 

with a diameter of 10-1000 nm and also the control of parameters such as orientation and 

distance between fibers by this method. The porosity of electrospun scaffolds can be above 70 

to 90%, which can facilitate cell growth and migration, as well as the transport of nutrients 

(such as metabolites and oxygen) and signaling factors (such as growth factors and cytokinins) 

(45) . The high surface area to the volume of nanofiber scaffolds provides more binding sites 

for cell membrane receptors, which can properly regulate gene expression and enhance certain 

cellular processes. Although the mechanism of how these cells are detected and respond to 

nanostructures is not yet clear, different topographies of nanofiber scaffolds have different 

cellular behaviors, including adhesion, migration (44), Orientation, influence and 

differentiation is showing (46) . 

In in vitro media, stem cells cultured on nanofiber scaffolds not only respond to differentiation 

factors in solution but also to structural factors around them. Nanofiber media often lead stem 

cells to differentiate into special classes (47). When electrified polycaprolactone nanofibers 

with an average diameter of 250 nm are used, the differentiation of EB cells containing neural 
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precursors leads to neural lines. About 60% of EB cells progress to differentiation when 

cultured on irregular or parallel nanofibers (45). In nanofibers with regular filaments, compared 

to irregular nanofibers, fewer cells expressing GFAP (astrocytes) have been seen. The 

progenitor cells or stem cells follow a directional distinction depending on the morphology of 

the substrate. Most human embryonic stem cells cultured on polyurethane nanofiber scaffolds 

with a diameter of 360 80 360 nm tend to form and differentiate into neurons; While on two-

dimensional flat surfaces, a high proportion of GAFP + cell types can be seen (48). As 

mentioned earlier, fiber diameter can affect the differentiation of 40 central nervous system-

derived neuronal stem cells (36). 

In another study, it was shown that of the cells transplanted in cell therapy for spinal cord 

injuries in animal models using scaffold-free neural precursors, about 10% to neurons, 60% to 

oligodendrocytes, and 30% to cells. They are differentiated into astrocytes (49).  

Also, using the inherent structural properties of electrospun nanofibers as a permanent stimulus 

in the nerve repair process compared to the injection of suspensions will lead to better control 

of cell differentiation (50). 

Discussion 
Research in the biology of adult stem cells, embryonic stem cells, and induced pluripotent stem 

cells, as well as cell therapy strategies for the treatment of diseases of the nervous system, has 

raised hopes that these cells may seek to cause damage or Diseases in humans can be used for 

therapeutic purposes. In animal models of neurological disease, stem cell transplants or their 

derivatives can improve function not only by directly replacing lost neurons and glial cells, but 

also by providing supportive growth factors. Despite many efforts to transfer these studies from 

the laboratory to the clinical phase, significant problems remain in several stages of this 

process. Recent advances in technology in obtaining stem cells and directing their 

differentiation into progenitor cells committed to a particular cell line have brought us closer 

to achieving therapeutic applications in this research. Several studies at the preclinical level 

have previously examined the behavior of transplanted cells in terms of cell proliferation, 

migration, differentiation, and survival, especially in the setting of complex pathological 

diseases. 

In this review article, we review the current state, advances, problems, and potential of stem 

cell technology. Our main focus is on guiding stem cell differentiation into different neurons 

such as dopamine-producing neurons, motor neurons, and oligodendroglia. It is based on 

microglia and astroglia as well as advances in cell therapy-based repair strategies for nerve 

tissue repair and the criteria for the success of therapeutic applications (51). 

The differentiation of mesenchymal cells into neurons was demonstrated in vitro using 

chemical induction, which was confirmed by Xiang cultured in vitro by molecular and Western 

blotting method (52) .It should be noted that these cells spontaneously express some of the 

specific proteins of neurons, such as Nestin protein, tubulin III, and neurofilament protein 

specific for neurons. Therefore, these cells can be used to treat patients with spinal cord injuries, 

but the question of how functionally active the obtained cells are or what side effects they may 

have after transplantation is still unclear(52). 

The next point is that, since the transplantation of adult neurons into living organisms does not 

have the necessary efficiency to heal the lesions and these differentiated cells are not able to 

coordinate and repair, in central nervous system repair transplants, neural precursor cells are 

tried. Committed and at the same time immature cells are used. In fact, these precursors are 

directed towards the production of mature nerve cells with the aim of differentiating into the 
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desired neurons and the need for treatment, and are able to differentiate into the desired cells 

in the living organism and repair their damaged area during puberty. Become part of the area. 

Human bone marrow-derived mesenchymal stem cells have the ability to transform into 

different types of cells, including fat, bone, and cartilage cells. In addition, these cells can be 

differentiated into cell types such as neurons. Various methods have been reported to 

differentiate these cells into neurons. Using a new method, we are trying to produce precursors 

in which the expression of neuronal markers is higher than studies. Bone marrow mesenchymal 

stem cells (hMSCs) show many of the characteristics of stem cells. In vitro, these cells are able 

to differentiate into different types of mesenchymal lineages, such as fat, cartilage, muscle, and 

non-mesenchymal cells, such as neurons. Various studies have been performed on the 

differentiation of these cells into neurons (53,54,55). 

The first attempts to differentiate mesenchymal stem cells into neurons were made by 

woodbury. He did this using mercaptoethanol and DMSO on human mesenchymal stem cells 

and observed that although significant morphological changes occurred in these cells, this 

induction The method is not efficient because the resulting cells were functionally inactive 

(56). However, this report made the first promise in the application of this type of stem cell in 

the treatment of spinal cord injuries. Using bFGF and forskolin growth factors and preparing a 

suitable substrate of lysine and concavalin A proteins and a combination of chemical inducers, 

Guillermo was able to differentiate rat rat mesenchymal stem cells (Rat) up to about 60% into 

neurons. He described the molecular mechanism of this differentiation as the silencing of 

mesenchymal gene expression versus the onset of neuronal gene expression (57). 

In differentiation studies, cell differentiation was completely spontaneous without the 

involvement of any other induction factor. The results of flow cytometry studies in the light 

phase showed that using this induction method, the expression of neuronal precursor markers 

such as Nestin increased significantly (from 4% to 90%) and in addition, the rate The 

expression of neuronal cell index proteins, which can be seen from the precursor stages, such 

as tubulin III, has also increased (41%). However, in addition to the mentioned proteins, the 

expression of glial cell index proteins such as GFAP has also increased. There is no significant 

difference in the expression of specific markers of neurons. This indicates that the increase in 

the expression of neuronal markers in cells is not random and has a logical process. Further 

studies are needed to identify the true identity of the induced cells and their capabilities. This 

is done by evaluating the electrophysiology of the cells, examining the properties of the 

membrane, determining the percentage of similarity to real neurons, or Western blotting and 

other molecular methods to evaluate the expression of specific proteins. Finally, by 

transplanting these cells into laboratory animals, they were modeled and their tracing after 

transplantation gave a good understanding of the effectiveness of this induction method and 

the use of the resulting cells in the treatment of spinal cord injuries (58). 

Conclusion 
Neural progenitor cells can be obtained from a variety of sources such as adult and embryonic 

brain tissue, embryonic stem cells, and induced pluripotent stem cells. Ancestor nerve cells 

have been widely used to treat neurodegenerative diseases, brain and spinal cord injuries 

through cell transplantation. According to the points mentioned from the types of scaffolds as 

well as recent advances in nanotechnology and tissue engineering, and in order to improve the 

differentiation of stem cells into nerve cells and the use of appropriate scaffolds and its use in 

medical centers to repair lesions Neurology requires the study of the degradability of scaffolds 

using neural-like cells in invivo and in vitro conditions. 
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