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Neural stem cells are undifferentiated cells that are located in limited areas of 

central nervous system. These cells have proliferation and self-renew ability and can 

be differentiated into neurons and glial cells. Mature nerve cells do not have 

proliferative ability; and due to the limited number of nerve stem cells, injuries to the 

nervous system are not recoverable. The purpose of this review is to identify 

characteristics and factors that may influence proliferation and differentiation of 

neural stem cells. These cells provide useful tools for in vitro study of neural cells 

developmental stages. Besides, they have extensive therapeutic applications 

providing an unlimited source of cells for tissue transplantation and repair. Overall, 

the identification of factors contributing to neural stem cell's proliferation and 

differentiation can be effective for body's natural capacity to repair nerve damages. 

For cell therapy purposes, application of induced medium or an appropriate 

stimulants may have an effective role in increasing the rate of growth and 

proliferation of these cells in vitro. 
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Introduction

Stem cells (SCs) are the precursor cells for tissues 

and organs in the body that are undifferentiated, not yet 

fully specialized cells.  SCs begin to develop into 

specialized tissues and organs under optimal 

conditions. In fact, stem cells are a population of self-

renewal, immortalized and pluripotent cells which can 

divide and produce more stem cells. Stem cell line is a 

group of cells that can reproduce themselves over long 

periods of time in vitro. These cells provide useful tool 

for in vitro study of neural cell developmental stages. 

SCs have extensive therapeutic applications which 

provide an unlimited source of cells for use in tissue 

transplantation and repair.  

Recently, cellular renewal in the Central Nervous 

System of adults has been identified (1). This indicates 

presence of neural stem cells (NSCs) in this system. In 

the central nervous system, NSCs are mainly 

undifferentiated cells. These cells have the potential 

ability to produce offspring cells that can develop into 

neuronal and glial cells. NSCs are undifferentiated 

cells that are primarily located in the subventricular and 

subgranular regions in the central nervous system 

(CNS) (1). A large number of NSCs are present in the 

hippocampal subgranular zone of the dentate gyrus; 

this region is one of the main centers for neurogenesis 

in the central nervous system (1). The subventricular 

area in the lateral ventricles is also a potential region 

for neurogenesis of NSCs. Physiologically adult neural 

stem cells can migrate to olfactory bulb and 

differentiate into mature cells. Proliferation and 

differentiation of neural stem cell (NSCs) is regulated 

by interactions between internal signals and limited 

space in which they are located (2). Currently, 

scientists investigate inducers that might activate 

dormant NSCs when the neurons in the CNS are 

damaged (3). However, underlying mechanisms of 

progenitor cell differentiation and integration into 

existing neuronal networks is unclear. Moreover 

underlying mechanisms for controlling the 

proliferation, migration, differentiation, and survival of 

NSCs and their offspring is not well recognized NSCs 

are partially controlled by the unique 

microenvironment or niche in which they live (4). This 
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paper is a brief review of the factors affecting 

proliferation of NSCs and progenitor cells based on 

literature methodology. 

 Neural Progenitor Cells 

Immortalized Neural Precursor Cells 

 Neural Progenitor Cells are derived from 

neurotransmitter precursors or neuronal tumor cells. 

These precursors can imitate the properties of neurons 

in the culture medium and provide a suitable model for 

testing neurons (2). 

Multipotent Neural Stem Cells 

These cells are located in the subventricular and 

subgranular regions of the CNS. Until a few years ago, 

neural tissue was considered to be unrepairable. 

Discovery of the brain's neural precursor cells has 

shown that the brain also has the ability to repair itself. 

These cells begin to proliferate under the induced effect 

of B27, bFGF, and EGF growth factors isolated from 

mouse brain (Figure 1). Neural cells can differentiate 

into various cell types by using different growth 

factors. In the presence of EGF alone, these precursors 

differentiate into astrocytes, and in the presence of 

FGF-2, they have a greater potential for neural 

differentiation (5-7). 

Neural Crest-derived Stem Cells (NCSCs) 

These cells have the ability to differentiate into 

neurons and glial cells. Great deficiency of these cells 

is that they lose their multipotency ability after several 

divisions in vitro (8). 

 

 

Figure 1. Representative photomicrographs of neurospheres and NSPC morphology, differentiation and proliferation. (A) 

Represents neurospheres after 6 days of culture; (B) Represents NSPCs at the 3rd passage; (C) NSPCs stained with anti-nestin 

followed by FITC-conjugated antibody; ethidium bromide was used to count nuclei; (D) NSPCs stained with the first antibody 

Sox2 followed by the secondary antibody FITC-conjugated. Magnification: 200X. 

 

 

Key Factors for Neural Stem Cell Proliferation 

Thrombin 

Thrombin (an important component in coagulation 

cascade reactions) is produced from prothrombin by 

numerous enzymatic cleavages and coagulation 

pathways. Emerging evidence shows that in the CNS, 

thrombin exerts physiological functions. G-protein-

coupled protease-activated receptors (PARs) regulate 

cellular functions of thrombin. PARs are a subfamily 

of four G-protein-coupled receptors, PAR1, PAR2, 

PAR3 and PAR4. These receptors are activated by 

proteolytic cleavage of their amino terminus through 

serine proteases such as plasmin, thrombin, and 

trypsin.  Thrombin activates PAR-1 and this receptor in 

turn activates nerve cells’ proliferation during injuries. 

Researchers have shown that extraction of thrombin, 

without any cellular degradation, reduces proliferation 

of neural stem cells (9). 
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Icariin (ICA) 

It has been shown that treatment with Icariin herbal 

medicine increases the rate of NSCs proliferation. 

Microbiological studies and analytical methods have 

shown that genes regulated by the ICA contribute many 

of the signals, including Wnt and early fibroblast 

growth factor. These signals are very important for the 

regulation of the function of the NSCs. ICA increases 

the proliferation and regulation of genes that are 

effective for proliferation of NSCs. Thus, it is possible 

that the ICA protects the nervous system by regulating 

activity of the stem cells (2).  

MiR-378 

Studies have indicated that microRNAs (miRNAs) 

play an important role in the proliferation and 

differentiation of NSCs; however, their exact role has 

not been determined yet. MiR-378 can target Tailless 

(TLX), an essential NSC regulator, for proliferation 

and differentiation. During differentiation of NSCs, 

expression of miR-378 increases, but the TLX 

expression is inversely proportional. It has been 

observed that excess increase in miR-378 increases the 

process of differentiation of NSCs and decreases their 

proliferation. On the other hand, preventing production 

of miR-378 reduces cellular differentiation and 

increases NSCs proliferation and differentiation. In 

addition, excessive increase in TLX rises the 

proliferation of NSCs; so manipulating miR-378 can be 

a new therapeutic option for neurological diseases (10). 

A class of small non-coding RNA called microRNAs 

(miRNAs) has recently been discovered to control 

many biological processes, including proliferation, 

differentiation and apoptosis. It has been reported that 

miR-9 indirectly interferes with the proliferation and 

differentiation of NSCs by targeting and regulating 

expression Hes-1 (11). MiR let-7b has been reported to 

be one of the newest miRNAs that target explicitly for 

TLX and cycline D1 and controls the proliferation and 

differentiation of NSCs (12). 

TLX 

TLX has been reported to play a critical role in 

development of the brain during fetal development, as 

well as regulating and self-renewal in the brain. TLX is 

also indirectly involved in the regulation of the NSCs 

proliferation and differentiation through Wnt/β-catenin 

signaling pathway (13). In addition, TLX also regulates 

differentiation of neurons and astrocytes. Therefore, 

TLX is considered as a key part for regulating the 

proliferation and differentiation of NSCs. Targeting 

TLX in manipulated NSCs may increase the 

proliferation of these cells and serves as a therapeutic 

approach for neurological diseases. It has been reported 

that TLX suppresses the expression of p21 and PTEN 

by using histone deacetylase, which results in cellular 

proliferation and self-renewal of these cells (10). 

 

 

 RBM8a 

Presence of RBM8a in the cerebral cortex is very 

important for proliferation and differentiation of 

neurons. RBM8a is highly expressed in the early 

embryonic cortex and sub-ventricular zone, suggesting 

that RBM8a may play a critical role in regulation of 

neural progenitor cells. On the other hand, neocortex 

knockdown of RBM8a decreases the proliferation of 

neural progenitor cells and facilitates premature 

neuronal differentiation. In addition, RBM8a 

overexpression suppresses cell cycle exit and retains 

proliferative cortical neural progenitor cells (14).  

Glutamate 

During embryonic and postnatal development, 

Glutamate and metabotropic glutamate receptors 

(mGluRs) affect proliferation and survival of rodent 

NSCs. Differentiated cell characterization shows that 

mGluR1 and mGluR5 are both present within the cells. 

Presence of glutamate in the growth medium increases 

cell proliferation significantly and decreases cell death, 

leading to an increase in the number of cells. Selective 

activation in the presence of glutamate of group 1 

mGluRs reduces production of glial cells, while 

selective inhibition of group 1 mGluRs reduces 

production of neurons. These findings demonstrated 

the importance of glutamate signals in regulating NSCs 

in humans. Also these signals may be used in 

increasing the proliferation and differentiation of 

neurons (15). It has been shown that activation of 

mGluR3 and mGluR5 promotes proliferation and 

survival of NSCs in the mouse. Activation of mGluR3 

can therefore inhibit differentiation of astrocytes by 

maintaining an undifferentiated, proliferative state of 

NSCs (16). Furthermore, mGluR5 plays an important 

role in neuroblast proliferation of ventral telencephalon 

and human hippocampal development regulation (17).  

Growth Hormone (GH) 

Accumulating evidence suggests that growth 

hormone (GH) may play a significant role in regulating 

postnatal neurogenesis, therefore promoting brain 

repair after injuries. Studies on stem cells in 

subgranular region indicated that (GH) activates the 

Akt-mTOR signaling pathway and adding (GH) to the 

culture medium leads to an increase in  proliferation 

and survival of these cells (18).  

HMGB1 

Astrocytes are key elements of CNS which play 

essential role in regulating the proliferation and 

differentiation of NSCs. Astrocytes become active 

after brain injuries where they release HMGB1 protein 

plays important role in inflammatory processes. 

HMGB1 has been reported to increase the proliferation 

of NSCs in developing brain proliferation regulation of 

NSCs by HMGB1 released from reactive astrocytes 

remains unknown. Results show that HMGB1 released 

by reactive astrocytes stimulates proliferation of NSCs 

by binding RAGE and enhancing the JNK signaling 
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pathway phosphorylation. These findings suggest that 

reactive astrocyte-derived HMGB1 plays an important 

role in restoring the CNS after brain injuries (18). 

NMDAR 

N-methyl-D-aspartate receptor (NMDAR) is 

involved in regulating and activating hippocampal 

NCSs proliferation, both in vitro and in vivo (19). 

Pax6 

Pax genes encode a family of transcription factors 

that coordinate complex processes in development of 

the embryo. Pax6 belongs to the Pax family. Pax6 

regulates development of the CNS and affects the 

nervous system diseases. It also plays a critical role in 

survival of neurons. The transcription factor Pax6, is 

critical in many parts of the CNS, including cerebral 

cortex. It affects NSCs proliferation, multipotency and 

neurogenesis. Pax6 interacts with three other regulators 

in neurogenesis including Neurog2, Ascl1, and Hes1. 

The lack of Pax6 leads to severe defects in NSCs 

proliferation. These results suggest that Sox2 and Pax6 

play crucial roles in the self-renewal and differentiation 

of NSCs (20). 

Sox Gene 

The Sox2 transcription factor is an important 

functional marker for NSCs which plays a crucial role 

in self-renewal and differentiation of the neurons; 

however, its functional molecular mechanisms are 

misunderstood (21). Sox2 is present in neuroectoderm 

from very early stages of formation of the neural plate. 

Sox2 is expressed in proliferation of the NSC during 

CNS growth as well as in two major neurogenic 

regions: subventricular lateral ventricular zone and 

subgranular hippocampal region in the adult brain. It 

has also been documented that decreasing 

concentration of Sox2 in NSCs is followed by reduced 

cell proliferation and apoptosis induction (22). Studies 

suggest that survivin gene expression in NSCs is 

activated by Sox2. Survivin, an inhibitor of apoptosis 

(IAP) family member, protects cells from programmed 

cell death through X-linked IAP (XIAP) and other IAP 

proteins by virtue of its active participation. Survivin 

inhibits programmed cell death through co-operative 

association with another IAP protein, XIAP (X-linked 

IAP). Furthermore, survivin acts as a cell division 

regulator conditional elimination of survivor results in 

mitotic defects and cell death (23). In the complete 

absence of Sox2, cells with concomitant 

downregulation exit the cycle of neural progenitor 

markers Nestin and Blbp (20). Sox11 is a member of 

the family of transcription factor groups C Sox which 

is prominently expressed in the neurogenic regions of 

the adult brain. Sox11 transcription factor has a key 

role in embryonic neurogenesis. This significant role in 

hippocampal neurogenesis has also been proven. The 

brain of the mouse embryos lacking Sox11 was small 

and disorganized. Deletion of Sox11 in adult neural 

progenitors decreases the proliferation in the 

subventricular zone. Therefore, Sox11 appears to be 

necessary both in embryonic and postnatal periods. 

Studies have shown that in the hippocampus of adult 

mice, expression of the transcription factors of Sox c, 

Sox4 and Sox11 prevents differentiation of neural 

precursor cells into adult cells and maintains them in 

an undifferentiated state (24). Sox2 and notch play 

important roles in brain stem cells. Certain members of 

the Sox B (Sox1/Sox2/Sox3) transcription factor 

family, Sox21, have also been a crucial regulator of 

neurogenesis in the hippocampus of the mouse. Sox21 

deficiency influences transition of the progenitor cells. 

The Notch-responsive gene, Hes5, is a Sox21 target, 

and Sox21 suppresses the transcriptional level 

expression of the Hes5 gene. Sox21 controls adult 

hippocampal neurogenesis through transcriptional 

Hes5 gene repression (25). 

Nestin 

Nestin is considered as a marker for NSCs. The 

elimination of nestin leads to fetal death and defects in 

the proliferation of nerve stem cells, although 

regulatory role of nestin in cell proliferation has not yet 

been determined definitely (5, 7). 

CD133 

Prominin-1 or CD133 is one of self-renewal and 

proliferation markers expressed by a high population of 

cells in the subventricular zone of adult mice, in vitro 

and in vivo (26). 

Ac-SDKP 

Simulative effect of Ac-SDKP on neurogenesis has 

been demonstrated. Ac-SDKP intrahippocampal 

infusion has been shown to promote the generation of 

new hippocampal neurons. Ac-SDKP-treated 

hippocampus of the mouse revealed increased stability 

of β-catenin with decreased activity of glycogen 

synthase kinase-3β (GSK-3β). In addition, inhibition of 

the endothelial vascular growth factor (VEGF) 

signaling blocks neural proliferation by Ac-SDKP. 

This result indicates that Ac-SDKP functions as a 

neural proliferation regulator and suggests that Ac-

SDKP may be a therapeutic candidate for neuronal loss 

disorders (27). 

Wnt Gene 

Rapid development during embryonic period is 

controlled by Wnt signaling pathway, which 

determines cell differentiation, proliferation, and 

growth regulation. The classic Wnt signaling pathway 

is highly conserved during the entire development 

process. The Wnt signaling pathway is a key cell 

proliferation regulator and cell differentiation. It results 

in intracellular β-catenin accumulation and target 

molecules including cyclinD1 and c-myc. The Wnt 

signaling pathway acts in combination with other 

signaling pathways that regulate proliferation and 

differentiation of NSCs. Recent studies have shown 

that under hypoxic conditions in stem cells and 

progenitor cells, Wnt signaling pathway increases 
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proliferation and migration of NSCs by inducing 

matrix metalloproteinase expression (28). 

Cdk2 

Although it seems that Cdk2 is essential for 

proliferation, differentiation and survival of NSCs in 

the hippocampal and subventricular zone, the results 

have shown that Cdk plays a significant role in the 

nervous system growth during embryonic development 

(29). 

HES/E (spl) Gene Family 

The HES gene family is the primary target of Notch. 

A newly isolated HERP family, as a potential target for 

Notch similar to the HES family, was suggested. The 

Notch signaling pathway plays an essential role in 

regulating proliferation and differentiation in the 

specific development and cell maturation. It also 

controls the proliferation and regeneration of the 

hippocampus NSCs and the adult brain that has been 

injured. For the NSCs proliferation and differentiation, 

the Notch signaling pathway is important. Studies have 

shown HERP2 is a new Notch primary target gene, 

which along with HES, has various biological effects 

on Notch activity (30). Overexpression of HES5 results 

in reduced MASH1 expression. It is noteworthy that 

HES5 overexpression effectively blocks Wnt-3a and 

induces neuronal differentiation with robust MASH1 

downregulation. Thus, HES5 repression / MASH1 

induction is directly linked to the pro-neurogenic effect 

of Wnt-3a. Generally, reported data identify HES5 as a 

main pro-neurogenic Wnt-3a mediator that occurs 

independently of the classical Wnt/β-catenin signaling 

cascade. Thus, the crosstalk systems of Wnt and Notch 

signaling pathways controlling the cell fate of human 

progenitor neural cells are further deciphered (31). 

Researches have also shown that HES1 plays an 

important role in determining the fate of neural 

progenitors by influencing the Notch gene and the 

Ngn2 factor. Hes1 and Hes5 are known for the Notch 

signal that contributes in a variety of ways to the NSCs 

proliferation and differentiation. Expression of Hes1 

can be regulated through the signaling pathway 

dependent on the interactions between Notch and 

CBF1 (32). 

Protein S (PROS1) 

Studies have shown that the expression of PROS1 in 

adult NSCs results in increased proliferation in the 

hippocampus. PROS1 regulates balance between 

silencing and proliferation of NSCs, and also affects 

the fate of stem cells. It has been demonstrated that 

PROS1 is produced by neural stem cells (33). Overall, 

Pros1 plays novel roles in adult neural stem cell 

homeostatic control through Notch1 signaling and 

neurogenesis fostering astrocytosis. This invaluable 

knowledge is potentially important for future NSCs 

therapies based on exogenous and endogenous, a 

greater knowledge of many brain disorders, and can 

interrupt the use of anticoagulant therapy based on 

vitamin-K blockers which also target Pros1 (Figure 2) 

(34). 

 

 

Figure 2. The logistic regression model results of H. Pylori eradication on ITP chronicity in association with and without age, 

gender, splenectomy and baseline platelet count 

 

D-type Cyclins 

D-type cyclins are cell-cycle regulating proteins which, 

if necessary, activate the Cd4/6 by binding to it and 

regulate the process through the G1 phase (35). In 

mammals, three types of cyclin D have been identified 

(D1, D2, D3), although D1 and D2 variants also 

contribute to adult and embryonic NSCs' proliferation and 

differentiation. Cyclin D2 is essential for dentate gyrus 

and subventricular zone proliferation and neurogenesis. 

Adult neurogenesis is not present in mice without cyclin 
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D2, whereas genetic removal of cyclin D1 does not affect 

adult neurogenesis. However, presence of cyclin D1 in 

areas such as dentate gyrus has been identified (36). On 

the other hand, cyclin D1 seems to be necessary for 

neurogenesis during development of mouse spinal cord. 

Cyclin D1 regulates neurogenesis independent of the cell 

cycle. Cyclin D1 participates in a mechanism mediated by 

insulin-like factor-1 (IGF-1) on the proliferation and 

survival of the oligodendrocyte lineage cells (37). 

 

 Conclusion 

 Nervous system diseases affect millions of people 

around the world. In cases that are associated with the 

loss of nerve cells, there are no suitable substitutes 

because nerve cells do not regenerate themselves after 

birth. Adult neurogenesis is essential for structural 

brain plasticity by switching NSCs/precursors into 

new functional neurons. Epigenetic factors and 

signaling pathways, such as neurotrophic factors, 

cytokines and chemokines, affect proliferation of 

NSCs. Identifying factors that contribute to NSCs 

proliferation and differentiation can be very important 

in natural ability of the body to restore and regenerate 

the nervous system after injuries. Therefore, in recent 

years application of NSCs for treatment of 

neurological diseases has been of great interest to 

researchers. For cell therapy purposes, application of 

an inducted medium or an appropriate stimulant can 

have an effective role in increasing the rate of growth 

and proliferation of these cells in vitro. 
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