
	 Stem cells (SCs) are functionally immature cells 
which have the potential to become any cell type upon 
stimulation. Stem cells have the unique capacity to 
self-renew, hence are the most promising cell source 
for tissue regeneration, treating cellular disorders like 
Parkinson’s disease, to replace dead or dysfunctional 
cells in various traumas. Stem cells are broadly classified 
into embryonic stem cells (ESC), adult stem cells 
(ASC), based on their source and induced pluripotent 
stem cells (iPSC) which are genetically induced by 
incorporating several nuclear factors such as Sox2, 
c-myc, Oct4 and nanog, etc1. Pluripotent stem cells 
are widely used as model system to study embryonic 
development and cellular differentiation. Stem cells 
are found in many adult tissues such as epidermis, 
ocular, muscle, intestine, bone marrow, brain, adipose 
etc. including insulin-producing beta cells2,3. Growth 
factors and small molecules control the signals that 
drive these cells along the different pathways to 
produce mature cells from stem or progenitor cells. 
It is the pioneering basic research on the discovery of 
these signaling pathways for endoderm and pancreatic 
cells in early development that has paved the way for 
making laboratory grown beta cells3.

	 A remarkable progress has been made during the 
past decade specifically, generating insulin producing 
cells. These cells represent putative beta cells, shown 
by expression of transcription factors known to control 
maturation of beta cells that secrete glucose and 
secretagogue-induced insulin thus restoring normal 
blood sugar levels after transplantation in diabetic 
mice4. Two studies4,5 have reported generating insulin-
producing cells that resemble normal beta cells from 
human pluripotent stem cells that share significant 
functional features with normal human beta cells. This 
provides  a step forward for a potential cell therapy 
treatment for diabetes.

	 Photoreceptor loss may cause irreversible damage 
causing blindness in several retinal diseases. Brain- 
and retina-derived stem cells when transplanted into 
adult retina were not integrated into the outer nuclear 
layer and differentiated into new photoreceptors6. The 
integration of transplanted cells in the retinal region is 
controlled by ontogentic stage of the cell. Knowledge 
of the factors which define the differentiation and 
integration of the precursor cells in the host tissue 
would facilitate in identifying and enriching the 
cells suitable for enhancing function in the damaged 
region6. In the area of dedifferentiation of stem cells, 
both neural crest stem cells and mesenchymal stem 
cells (MSCs) from bone marrow have shown some 
advantage in cellular therapies to replace neurons in 
various neurological diseases. Neurons derived from 
hESCs integrate efficiently into brain circuits in vivo7. 
Blood vessel derived growth factors stimulate neural 
stem cells to differentiate neurons and this aids the 
brain repair itself after injury or disease, as in cases of 
stroke, traumatic brain injury and dementia8. Neuron 
formation is highly focused option owing to the 
multiple diseases includes Alzheimer’s disease (AD), 
cerebral palsy, etc. Stem cells can be used as a vehicle 
to secrete neurotrophins, which are reduced in patients 
with AD. However, neuronal regeneration is very 
limited due to the decreased neurogenesis. Embryonic 
and iPSCs have been successfully used for neuron 
based regenerative diseases. 

	 Recent studies have shown that MSCs from bone 
marrow do not migrate or differentiate in the MPTP 
(1-methyl-4-phenyl-1, 2, 3, 6-tetrahydropyridine) 
treated striatum9. These factors create neuron 
differentiation a lucrative research option. Vierbuchen 
et al10 have shown induction of neuronal differentiation 
in mouse embryonic and postnatal fibroblasts using 
factors Ascl1, Brn2, and Myt1l.  Caiazzo et al11, described 
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a way to reprogram fibroblasts from mouse and human 
origin into dopaminergic neurons, without going 
through a pluripotent stage with intact dopaminergic 
activity. The in vitro differentiation and functionality 
of neuron differentiation are being studied, but the in 
vivo usage and therapeutic application are way from 
seen11. The mechanism of conversion of fibroblasts 
into neurons is not well studied, Mash1 gene has been 
shown to play a major role in the differentiation, and 
initiating immature neuron formation12. Cells of the 
neural crest origin have been shown to differentiate 
into neurons and are an easily available source 
compared to embryonic and mesenchymal lineage. The 
hair follicles have been shown to harbour pluripotent 
neural crest stem cells, and these can be differentiated 
into melanocyte, neuronal cells, adipose cells and other 
lineages13.

	 Recent studies achieved a step forward in the 
development of cell-based therapies in other areas 
such as deafness. In one such study, cells from 
human embryonic and foetal stem cells identified as 
a candidate source have been shown to differentiate 
into auditory neurons that improve auditory-evoked 
response thresholds14. Similarly, pancreatic progenitor 
cells derived from hESCs, hold a promising new 
treatment for diabetes. Bone marrow mesenchymal 
and haematopoietic stem cells are being studied to 
develop better repair strategies for the osteoarticular 
system and blood disorders like thalassaemia. MSCs 
derived from human adipose tissues engineered to 
express suicide gene cytosine deaminase :: uracil 
phosphoribosyltransferase were used as vehicles to 
treat against gliobastoma cells15.

	 In context to the current work in the issue, 
Kumar et al16 found stem cell like cells from human 
skin and hair follicles were characterized for their 
differentiation potential into melanocytes and neurons. 
The study focused on the differentiation potential of 
stem cells from two different sources into melanocytes 
and neurons. It revealed the enhanced differentiation 
ability into melanocytes and neurons, which is very 
promising for the use of candidate cell type in the area 
of skin regeneration (melanocytes) and also neuron 
degenerative diseases (neuron).

	 Several research groups have demonstrated the 
versatility of embryonic stem cells, which can be 
differentiated into different cell types. Stem cells 
have the most possible therapeutic use currently in 
skin regeneration. The source of cells for the purpose 

revolves around skin graft cells and follicle cells, which 
are part of the neural crest, that differentiate into the 
different cell types of the skin, including melanocyte, 
keratinocyte and skin progenitor cells, etc. Hair follicle 
is a better source of stem cells for skin regeneration 
therapy since it has enhanced potential to differentiate 
into melanocyte17. The epidermis houses skin stem 
cells owing to the excessive wear and tear experienced 
by the organ, which help in skin repair. Skin stem cells 
comprise epidermal stem cells, hair follicle stem cells 
and melanocyte stem cells. O’ Connor et al18 have 
shown that the epidermal stem cells can be utilized to 
form skin grafts for the burn patients.

	 Future direction in this area can include better skin 
regeneration and that should include rapid proliferating 
cells with maintenance of stemness, along with 
regeneration of nerves. Improved culture conditions 
include supplementing growth factors which induce 
cell type specific transcription factors that can yield 
enhanced potential cell type to differentiate into any 
cell types of skin origin. The formation of neuronal 
cells in the skin graft might increase the sensation in 
the regenerated area. 

Rama S. Verma
Stem Cell and Molecular Biology Laboratory
Bhupat & Jyoti Mehta School of Biosciences 

Department of Biotechnology 
Indian Institute of Technology Madras, 

Chennai 600 036, Tamil Nadu, India
vermars@iitm.ac.in

References
1.	 Haase A, Olmer R, Schwanke K, Wunderlich S, Merkert S, 

Hess C, et al. Generation of induced pluripotent stem cells 
from human cord blood. Cell Stem Cell 2009; 5 : 434-41. 

2.	 Pagliuca FW, Melton DA. How to make a functional β-cell. 
Development 2013; 140 : 2472-83. 

3.	 Mayhew CN, Wells JM. Converting human pluripotent stem 
cells into beta cells: recent advances and future challenges. 
Curr Opin Organ Transplant 2010; 15 : 54-60. 

4.	 Soria B, Roche E, Berna G, Leon-Quinto T, Reig JA, Martin 
F. Insulin-secreting cells derived from embryonic stem cells 
normalize glycemia in streptozotocin-induced diabetic mice. 
Diabetes 2000; 49 : 157-62.

5.	 Favre D, Le Gouill E, Fahmi D, Verdumo C, Chinetti-Gbaguidi 
G, Staels B, et al. Impaired expression of the inducible cAMP 
early repressor accounts for sustained adipose CREB activity 
in obesity. Diabetes 2011; 60 : 3169-74. 

6.	 MacLaren RE, Pearson RA, MacNeil A, Douglas RH, Salt 
TE, Akimoto M, et al. Retinal repair by transplantation of 
photoreceptor precursors. Nature 2006; 444 : 203-7. 

130 	 INDIAN J MED RES, FEBRUARY 2016

[Downloaded free from http://www.ijmr.org.in on Friday, June 12, 2020, IP: 42.107.202.207]



7.	 Grealish S, Diguet E, Kirkeby A, Mattsson B, Heuer A, 
Bramoulle Y, et al. Human ESC-derived dopamine neurons 
show similar preclinical efficacy and potency to fetal neurons 
when grafted in a rat model of Parkinson’s disease. Cell Stem 
Cell 2014; 15 : 653-65. 

8.	 Honma Y, Araki T, Gianino S, Bruce A, Heuckeroth RO, 
Johnson EM, et al. Artemin is a vascular-derived neurotropic 
factor for developing sympathetic neurons. Neuron 2002;  
35 : 267-82. 

9.	 Neirinckx V, Marquet A, Coste C, Rogister B, Wislet-
Gendebien S. Adult bone marrow neural crest stem cells and 
mesenchymal stem cells are not able to replace lost neurons in 
acute MPTP-lesioned mice. PloS One 2013; 8 : e64723. 

10.	 Vierbuchen T, Ostermeier A, Pang ZP, Kokubu Y, Südhof 
TC, Wernig M. Direct conversion of fibroblasts to functional 
neurons by defined factors. Nature 2010; 463 : 1035-41. 

11.	 Caiazzo M, Dell’Anno MT, Dvoretskova E, Lazarevic D, 
Taverna S, Leo D, et al. Direct generation of functional 
dopaminergic neurons from mouse and human fibroblasts. 
Nature 2011; 476 : 224-7. 

12.	 Hargus G, Cooper O, Deleidi M, Levy A, Lee K, Marlow 
E, et al. Differentiated Parkinson patient-derived induced 
pluripotent stem cells grow in the adult rodent brain and 

reduce motor asymmetry in Parkinsonian rats. Proc Natl Acad 
Sci USA 2010; 107 : 15921-6. 

13.	 Yang R, Xu X. Isolation and culture of neural crest stem cells 
from human hair follicles. J Vis Exp 2013; e3194.

14.	 Chen W, Jongkamonwiwat N, Abbaset L, Eshtan SJ, Johnson 
SL, Kuhn S, et al. Restoration of auditory evoked responses 
by human ES cell-derived otic progenitors, Nature 2012;  
490 : 278-82. 

15.	 Altanerova V, Cihova M, Babic M, Rychly B, Ondicova K, 
Mravec B, et al. Human adipose tissue-derived mesenchymal 
stem cells expressing yeast cytosinedeaminase:: uracil 
phosphoribosyltransferase inhibit intracerebral rat 
glioblastoma. Int J Cancer 2012; 130 : 2455-63. 

16.	 Kumar A, Mohanty S, Nandy SB, Gupta S, Khaitan BK, 
Sharma S, et al. Hair & skin derived progenitor cells: In 
search of a candidate cells for regenerate medicine. Indian J 
Med Res 2016; 143 : 175-83.

17.	 Bhatt S, Diaz R, Trainor PA. Signals and switches in 
mammalian neural crest cell differentiation. Cold Spring Harb 
Perspect Biol 2013; 5 : pii : a008326. 

18.	 O’Connor N, Mulliken JB, Banks-Schlegel S, Kehinde O, 
Green H. Grafting of Burns with cultured epithelium prepared 
from autologous epidermal cells. Lancet 1981; 1 : 75-8.

	 VERMA: BREAKING DOGMA FOR FUTURE THERAPY USING STEM CELL - WHERE WE HAVE REACHED?	 131

[Downloaded free from http://www.ijmr.org.in on Friday, June 12, 2020, IP: 42.107.202.207]


