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Abstract

The specific set of cells from stem cells is a scientific miracle. These stem cells help in rebuilding damaged and
diseased tissues, and also help in formation of any type of cells. One type of stem cell called Mesenchymal stem
cells (MSC) has the ability to differentiate into non lineage cells namely glia and neural stem cells. Several research
indicates neural mechanism for neuroglia has its specification. These neural mechanism show interconnected
components of cell signalling. Furthermore they highlight the signalling pathways inside neurons. Most dependent
cells of these pathways are ligands and cellular architecture flowing on these ligands. The limit to understanding
this architecture ends with neurosphere, spheroid structure and organoids. Sometimes injuries in brain are
devastating and there is no cure in sight. The symptoms also show complications in neural regeneration. Local
environment factors effects loss of neurons. This review focuses more on therapeutic solutions to cure damaged
neurons and give more attention to glial cells. The regeneration of stem cells in its various forms are now put to
effective use for both neuroglia and neuronal replacements.
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Introduction

Glial cells are present in large numbers in the central nervous system (CNS), they help in maintaining
balance, forming myelin, and provides support and protection to neurons. There has been a significant
progress in glial formation and repair, stem cells provides valuable solution to the problem [1] (Figure 1).
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Figure 1: Shows the glial cells structure during activation [2].

There are three different types of glial cells. The astrocytes, oligodendrocytes and microglia [3] (Figure 2)
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Figure 2: Shows the glial cells and its types [3].

It is important to understand glial cells in order to solve the neurological disease [4]. MSCs have
potential ability to help in neural cells formation. But majority of tests have proved iHPSC (induced
human pleuripotent stem cells ) have the capacity to generate glial cells and neural stem cells [5].
Neurons have unique characteristics to communicate via chemical synapsis. Glial cells clean up after this
mess, the task peculiar to the star shaped astrocytes [6]. Glial cells thereafter communicate through non
lineage cells, called synaptic communication. The components of synaptic cells form the target organ in
the periphery such as muscle cells and glial part[7]. The glial part forms the entire synapse involving
perineural nets which is densely arranged extracellular matrix firmly holding the synapse. There is
consistence in the multiple role of glial cells, thus increasing in number of these cells outnumbering
neurons. They also act as oligodendrite progenitor cells in brain cells proliferation[8]. This is the
immature step of neural generation. Why it is called immature is because of one sided support to
progenitor cells division. The cell NG2 glia has three purpose, one to hold the progenitors and others
synapsis. An intriguing question is, the pro-genesis is remodelling of synaptic connections of glia that
contributes to the performance of astrocytes in formation of nerve cells [9] (Figure 3).
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Figure 3: Shows glia cells and its division into neural cells [10].

This review has lot of queries answered on role of glial cells in development of brain, glial cells act as
progenitor, evidence of radial glia cells, glial cells and CNS and emergence of progenitors [11].

Stem Cells Prominence

The most prominent role of glial cells is structure maintanance and bonding. The term nerve cement
was promulgated a century ago and neuroglia arrived from that. Glial cells play almost all the role in
brain including CNS functions, development, injury and curing diseases [12]. With knowledge of glial cell
types, NG2-glia or polydendrocytes had been identified as oligodendrocyte progenitor cells. In addition
there are few other glia cells such as Muller glia in retina and Bergmann glia in cerebellum [13] (Figure
4). Several studies have suggested that human neurogenesis is different from rodent [14]. Due to
differences in neuroanatomy, profound results are inadequate to cure human cells. Hence the concept
called iHPSC was discovered. Induced Human pluripotent stem(iHPSC) cells is an in-vitro success in
curing brain injury[15]. It has been a valuable tool for modelling diseases, mapping development of CNS
and treasuring the CNS cures. iHPSCs were derived from transcriptional factors of cells. They can be
obtained in large numbers from human blood cells, skin fibroblasts and somatic cells [16].
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Figure 4: Suggests the iPSCs method of drug development for brain cure.

They are the solution to formation of neural cells which helps on replacing damaged tissues and cells.
However there are hurdles to this formation. It is the microenvironment that prevents or rather restricts
the formation of neural cells [17]. The balance of microenvironment is crucial for regeneration of brain
cells. Glial cells volunteers to maintain the homeostasis of microenvironment. The communication
between glial cels and neural cells is important for regeneration. Stem cells are blessed with
characteristics for formation of any cell or any bodily organ [18]. Neural stem cells already present in
subventricular region generates new neurons, some present in hippocampus region generate astroglia.
Since these neural stem cells has limited capacity to produce glial cells, stem cells is often the best
alternate during disease and damage [19].

Adult stem cells from mesoderm layer differentiate into neuron and glial cells under the influence of
growth inducers. MSCs differentiation helps in neuron functions and also glial cells transformation for
regeneration therapies. Many studies have suggested that MSCs help in treatment of several brain
injuries including Alzheimers, Amyotrophic lateral sclerosis, cerebral palsy and Parkinsons diseases.
These cells have the ability to exert paracrine effects inducing protein in impaired glia for repair [19-21]
(Figure 5).
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Figure 5: Shows MSC in neural environment [20].

MSC plays an effective role in neural cells

MSCs are abundant in the adipose tissues but have less significance in placenta. They harvest less; hence
biological and chemical inducers are used to derive MsC from bone marrow. The results have shown
these derived MSC has better regeneration capacity in animal model [22] (Figure 6). MSc are
successfully obtained by adjusting the cell culture and use growth hormones for neural differentiation.
The changes in components are observed through cell conditions in brain, absorption and secretion of
components by various inducers [23].
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Figure 6: Shows presence of MSC in glial cell [22].

Glial Cells Role Play in Brain

As per knowledge glial cell types have been playing a part in nerve regeneration. Main part of brain is
the CNS which contains the grey matter and white matter [24]. Astrocytes of glial cells are abundant in
them. They act as support for neurons and play a part in homeostasis. Astrocytes also harbour receptors
and transporters which is the main role of homeostasis. The surface contains K+ channel, helps in
regulating potassium levels and aquaporin receptors regulated osmosis changes. Astrocytes interlinks
gap junctions due to presence of glucose receptors, glutamate, glutamate aspartate and glutamate
transporter 1. Calcium is the one transported into these gaps to release the neurotransmitters from
astrocytes [25]. Hence it is called gliotransmission. This transmission plays a crucial in receiving inputs
from neurons. The biochemical support for blood brain barrier and ion balance are done by astrocytes.
After the brain injury, the signalling pathways are activated by the reactive astrocytes. Glial scar
formation might stop axonal growth, inhibiting factor interleukins produced by the astrocytes protects
the neurons. Hence there is a dynamic signalling taking place in the inflammatory function and produces
notch in the pathway modulating the axon growth [26]. The myelinating cells in white matter and grey
matter in CNS is the oligodendrocytes. Myelin sheets plays effective role in axon survival and are
believed to regulate environment where neurons are present. Basically both oligodendrocytes and
neurons play mutual role. Former provides structural and neuroprotection to axons and latter provides
maturation to oligodeendrocytes [27]. Nerve glial antigen 2 cells help in co-localising oligodendrocyte
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precursor cells. They contain dividing cells in high numbers which expresses ion channels and conduct
electric current. They have self-propagating ability and differentiate into oligodendrocyte cells,

potentially useful for cellular therapy of brain injury [28] (Figure 6,7).
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Figure 6: Shows the work of glial cells in brain [28].
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Figure 7: Shows environment of glial cells in CNS [29].

Stem Cells and Neurogenesis
During neurogenesis, macroglia containing astrocytes and oligodendrocytes undergo asymmetric
division to form glial-restricted progenitors [30] (Figure 8).
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Figure 8: Explains the process for stem cell therapy for brain injury [30].

Stem Cells and its Benefit

10

Stem cells have not reached its full potential in treatment of nervous system. Most fascinating studies

often establish greater results, such fascination is the stem cell treatment of nervous cells [31]. The

animal models often expedite clinical trials resulting in compounding results. They help in determining

the site delivery, dosage, transplantation time and safety of the experiments. Most specific of them all
are the cell types to choose from, either ESC, NSC OR iPHSC [32]. But the source basically varies from
each cell type. Bone marrow tailor made to suit the cells to form organs. More often fetal cells are more

preferred than adult cells. Imaging techniques have helped in tracking the cells, most common used are

magnetic imaging resonance, positron emission tomography and bioluminescence [33].The most

common problem of regeneration is the rejection of graft cells. But the for rejection solution lies in stem

cells itself, induced pluripotent stem cells are used, giving an edge over ethical issues. Future studies can
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all underline the genetic profile of diseased cells and carve a necessary cell to treat damaged neurons
[34-36].

Conclusion

Neurogeneration creates appropriate environment for glial cells to regenerate. But potential harmful
effects have sidelined the studies for further development of nerve cells. Natural products such as
hydrogen sulfide is important to control activation of microglia in CNS. Microglia has two effects, one it
protects neurons and second transplantation of nerve cells. During injury microglia benefits neuronal
stem cells. Since glial cells are the cellular components of environment surrounding neurons, their types
play a major role in neural regeneration. Glial cells often create scar formation, but technology driven
stem cells find various ways to convert these into neural cells. Glial scar often has its potential, they
repair, inhibit and potentially regenerate CNS injured tissue. NG2 helps to proliferate, survive and
differentiate stem cells in the brain, target the injured region and cure them. In conclusion appropriate
control of glial cells can help in survival and efficient function of neural stem cells. These glial cells can be
the future of treatment of CNS injuries and diseases. Since the discovery if iPSC, many disorders of CNS
has been cured. It is clear that glial cells has contributed towards stem cell regeneration in CNS and are
indispensable asset to brain homeostasis, disease cure, development and function of nerve cells. Along
with fast paced progress of stem cells and cell replacement therapy, hiPSC derived glial cells will play
crucial role on clinical treatment of neurological diseases.

References

1. Abud EM, Ramirez RN, Martinez ES, Healy LM, Nguyen CHH, et al. (2017) iPSC-derived human microglia-
like cells to study neurological diseases. Neuron. 94(2):278-293.e9.

2. All AH, Gharibani P, Gupta S, Bazley FA, Pashai N, et al. (2015) Early intervention for spinal cord injury with
human induced pluripotent stem cells oligodendrocyte progenitors. PLoS ONE. 10:e0116933.

3. Allen NJ, Barres BA. (2009) Neuroscience: glia - more than just brain glue. Nature. 457(7230):675-7.

4. Seifert G, Schilling K, Steinhauser C. (2006) Astrocyte dysfunction in neurological disorders: a molecular
perspective. Nat Rev Neurosci. 7(3):194-206.

5. Higashi K, Fujita A, Inanobe A, Tanemoto M, Doi K, et al. (2001) An inwardly rectifying K(+) channel,
Kird.1, expressed in astrocytes surrounds synapses and blood vessels in brain. Am J Physiol Cell Physiol.
281(3):C922-C931.

6. Nielsen S, Nagelhus EA, Amiry-Moghaddam M, Bourque C, Agre P, et al.(1997) Specialized membrane
domains for water transport in glial cells: high-resolution immunogold cytochemistry of aquaporin-4 in rat
brain. J Neurosci. 17(1):171-180.

7. Morgello S, Uson RR, Schwartz EJ, Haber RS. (1995) The human blood-brain barrier glucose transporter
(GLUT1) is a glucose transporter of gray matter astrocytes. Glia. 14:43-54.

8. Abbott NJ. (2002) Astrocyte-endothelial interactions and blood-brain barrier permeability. J Anat.
200(6):629-38.

9. Almad A, Sahinkaya FR, McTigue DM. (2011) Oligodendrocyte fate after spinal cord injury.
Neurotherapeutics. 8(2):262

10. Amaral Al, Meisingset TW, Kotter MR, Sonnewald U. (2013) Metabolic aspects of neuron-oligodendrocyte-
astrocyte interactions. Front Endocrinol (Lausanne). 4:54.

11. Amor S, Puentes F, Baker D, van der Valk P. (2010) Inflammation in neurodegenerative diseases.
Immunology. 129:154-169.

Review Article | Kumar PKR. J Stem Cell Res 2020, 1(1)-03.
DOI: https://doi.org/10.52793/JSCR.2020.1(1)-03



https://doi.org/10.52793/JSCR.2020.1(1)-03

12.

13.

14.
15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

12

Bond AM, Ming G, Song H. (2015) Adult mammalian neural stem cells and neurogenesis: Five decades
later. Cell Stem Cell. 17(4):385-95

Zuk PA, Zhu M, Mizuno H. (2001) Multilineage cells from human adipose tissue: Implications for cell-based
therapies. Tissue Eng. 72:211-28

Hess DC, Borlongan CV. (2007) Stem cells and neurological diseases. Cell Proliferation. 41:94-114

Song CG, Zhang YZ, Wu HN, Cao XL, Guo CJ, et al. (2018) Stem cells: A promising candidate to treat
neurological disorders. Neural Regen Res. 13(7):1294-1304.

Barres BA. (2008). The mystery and magic of glia: a perspective on their roles in health and disease.
Neuron. 60(3):430-40.

Bateman RJ, Xiong C, Benzinger TL, Fagan AM, Goate A, et al. (2012). Clinical and biomarker changes in
dominantly inherited Alzheimer's disease. N Engl J Med. 367:795-804.

Bjartmar C, Trapp B D. (2001) Axonal and neuronal degeneration in multiple sclerosis: mechanisms and
functional consequences. Curr Opin Neurol. 14(3), 271-8.

Rothstein JD, Martin L, Levey Al, Dykes-Hoberg M, Jin L, et al. (1994) Localization of neuronal and glial
glutamate transporters. Neuron. 13(3):713-25.

Baumann N, Pham-Dinh D. (2001) Biology of oligodendrocyte and myelin in the mammalian central
nervous system. Physiol Rev. 81(2):871-927.

Rivers LE, Young KM, Rizzi M, Jamen F, Psachoulia K, et al. (2008) PDGFRA/NG2 glia generate myelinating
oligodendrocytes and piriform projection neurons in adult mice. Nat Neurosci. 11:1392-1401.

Chittajallu R, Aguirre A, Gallo V. (2004) NG2-positive cells in the mouse white and grey matter display
distinct physiological properties. J Physiol. 561:109-122.

Qin J, Goswami R, Dawson S, Dawson G. (2008) Expression of the receptor for advanced glycation end
products in oligodendrocytes in response to oxidative stress. J Neurosci Res. 86(11):2414-22.

Bonifati DM, Kishore U. (2007) Role of complement in neurodegeneration and neuroinflammtion. Mol
Immunol. 44(5):999-1010.

Conaty P, Sherman LS, Naaldijk Y, Ulrich H, Stolzing A, et al. (2018) Methods of mesenchymal stem cell
homing to the blood-brain barrier. Methods Mol Biol. 1842:81-91.

Gennai S, Monsel A, Hao Q, Liu J, Gudapati V, et al. (2015) Cell-based therapy for traumatic brain injury. Br
J Anaesth. 115(2):203-212.

Taran R, Mamidi MK, Singh G. (2014) In vitro and in vivo neurogenic potential of mesenchymal stem cells
isolated from different sources. J Biosci. 391:157-169.

Krampera M, Marconi S, Pasini A, et al. (2007) Induction of neural-like differentiation in human
mesenchymal stem cells derived from bone marrow, fat, spleen and thymus. Bone. 40(2):382-90

Kim C, Cheng CY, Saldanha SA, Taylor SS. (2007) PKA-I holoenzyme structure reveals a mechanism for
cAMP-dependent activation. Cell. 130(6):1032-43

Vaudry D, Stork PJ, Lazarovici P, Eiden LE. (2002) Signaling pathways for PC12 cell differentiation: Making
the right connections. Science. 2965573:1648-49.

Salminen A, Ojala J, Kauppinen A, Kaarniranta K, Suuronen T. (2009) Inflammation in Alzheimer’s disease:
amyloid-beta oligomers trigger innate immunity defence via pattern recognition receptors. Prog
Neurobiol. 87(3):181-94.

Bjartmar C, Trapp BD. (2001) Axonal and neuronal degeneration in multiple sclerosis: mechanisms and
functional consequences. Curr Opin. Neurol. 14(3):271-78.

Boyd A, Zhang,H, Williams A. (2013) Insufficient OPC migration into demyelinated lesions is a cause of
poor remyelination in MS and mouse models. Acta Neuropathol. 125(6), 841-59.

Brancaccio M, Patton AP, Chesham J E, Maywood ES, Hastings MH. (2017). Astrocytes control circadian
timekeeping in the suprachiasmatic nucleus via glutamatergic signaling. Neuron. 93:1420 e1425-1435

Review Article | Kumar PKR. J Stem Cell Res 2020, 1(1)-03.
DOI: https://doi.org/10.52793/JSCR.2020.1(1)-03



https://doi.org/10.52793/JSCR.2020.1(1)-03

el425.

13

35. KR Kumar P. (2020) Stem Cells Cure for Brain Injury: A Novel Method to Cure BrainTrauma. J Stem Cell

Res.

36. Bruijn LI, Miller TM, Cleveland DW. (2004) Unraveling the mechanisms involved in motor neuron

degeneration in ALS. Annu Rev Neurosci. 27:723-49.

Review Article | Kumar PKR. J Stem Cell Res 2020, 1(1)-03.
DOI: https://doi.org/10.52793/JSCR.2020.1(1)-03



https://doi.org/10.52793/JSCR.2020.1(1)-03

