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Stem cells are cells of special kind with immense self-renewal and 

differentiation/trans-differentiation potential. Therefore, they are 

capable of providing various functional, structural and homeostatic 

supports to almost all kind of tissues and organs throughout the life. 

They are pervasive, and found to reside in almost all the organs, 

especially within the organ-specific anatomical niche so as to provide 

optimal access for better performance and tissue homeostasis as well as 

can be used as cellular backup, help repair damage and maintenance of 

concerned organs. These organ’s in-built niches and microenvironments 

help maintain substantial repertoire of stem cells throughout life of 

multicellular organisms. These cellular repertoires of stem cells, 

however, decline with the age and deteriorating health status of an 

individual. Furthermore, meticulous research works of several decades 

have broadened and deepened our horizon of multidimensional 

understanding about the pervasive cellular intercourse observed 

between stem and non-stem cells at the cellular, molecular and 

biochemical levels. Stem cells have immense potential of intracellular, 

such as autocrine and intercellular, such as paracrine, communications, 

as well as communications with the genetically, structurally and 

functionally distinct cell types located somewhere else in the body. In 

this work, we have tried to throw light upon such a structurally and 

functionally kaleidoscopic cell entity, with special emphasis on their 

spatio-temporal diversity and therapeutic relevance in ever changing 

disease dynamics at molecular and cellular levels.        
 

Keywords: Stem cells, anatomical niche, paracrine, autocrine, cellular 

intercourse, spatio-temporal diversity, therapeutic relevance. 
 

 

 

INTRODUCTION 

 

Stem cells are cells with self-renewal, differentiation and trans-

differentiation potentials, reported to be present in specific 

microenvironment-rich anatomical spaces across the multiple tissues  

REVIEW ARTICLE 

mailto:jnujitendra@gmail.com


 
Chaudhary et al., 2016 

152 Int. J. of Life Sciences, Vol. 4(1) March, 2016 

and organs with unique molecular and gene profiles. 

Unlike somatic cells, stem cells have huge biological 

potential in terms of functional and structural 

plasticities and supports that are contingent upon the 

cellular niches and need of the organs, in particular 

and body, in general (Ogawa et al., 2015). 

 

Microenvironment is very crucial for the long term 

self-renewal, proliferation, differentiation, cellular 

interaction and survival of all types of stem cells 

(Polisetti et al., 2016). Stem cells can occupy multiple 

anatomical spaces, such as interlobular space, 

branching sites of capillary and blood vessels, close 

proximity to the bone-marrow interface, intercellular 

spaces, basement membrane, body fluid etc. Self-

renewal is one of the cellular characteristics of stem 

cells which help them maintain their cellular 

repertoire throughout the life with little decline and 

attrition. These cells have multiple regulations on 

nearby cells as well as cells and tissues located quite 

far away through secretion of myriad of growth 

factors, chemokines and other regulatory molecules. 

Furthermore, they show concentration gradient-

guided cell mobility in order to reach to damage 

area(s) in the body, secrete on-site damage-revival 

factors and, if needed, can differentiate themselves 

into specialized cells lost as result of damage. Stem 

cells also help differentiate the remaining uninjured 

and partially damaged cells at the damage site so as to 

alleviate the extent of damage to the maximum extent 

possible. Such aspects of stem cells have made them 

very promising and one of the emerging novel 

therapeutic candidates for cell-based therapy and 

other kind of therapeutic applications (Hashemi and 

Kalalinia 2015). Therapeutic applications of stem cells 

have helped transcend multiple limitations 

encountered in the field of modern drugs and 

medications. Therefore, stem cell-based therapy, 

unlike modern drugs, has minimal side-effect on the 

one hand and multifactorial curative effect on 

diseased/degenerated tissues and organs on the other.  

 

ORGANS AND THEIR STEM CELLS 

 

Stem cells reside in multiple organs of the body with 

varying abundance and distinct molecular, 

immunophenotypic and genetic profiles. Followings 

are the concise descriptions of various organ-specific 

stem cells along with their probable potential 

applications. 

Bone marrow and bone marrow resident stem cells 

Bone marrow (BM) consists of dynamic loose 

connective tissues with diverse somatic cell 

populations, such as adipocytes, osteocytes, various 

blood cells among others. Besides, it also contains 

different types of stem cell populations, including 

hematopoietic and non-haematopoietic stem cells. 

Bone marrow provides two types of cellular niches for 

growth and nourishment of the bone marrow resident 

cells of both stem and non-stem cell types. For 

instances, “endosteal or osteoblastic niche” which 

encompasses the inner surface, 2-3 cell diameters 

from the bone marrow interface (Xie et al. 2009). Such 

niche has been shown to be preferably homed by pre-

labelled Hematopoietic Stem Cells (HSCs) following 

transplantation, indicating appropriateness for HSCs 

localization and habitation (Fujisaki et al., 2011). 

Osteoblasts, progenitor bone-making cells, secret 

several HSCs supporting and maintaining growth 

factors, cytokines, chemokines and cell adhesion 

molecules, whose absence leads to decrease in the 

HSCs repertoire. Hematopoietic stem cells produce 

various types of blood cells, including B and T 

lymphocytes. The second category of cellular niches in 

bone marrow is “vascular or peri-vascular or 

endothelial niche,” juxtaposed to the bone marrow 

endothelial sinuses (Kiel et al., 2005). Endothelial cells 

(ECs) express cell adhesion molecules, including 

endothelial selectin (E-selectin), to which 

haematopoietic stem and progenitor cells (HSPCs) 

adhere. The E-selectin, constitutively expressed 

protein, not only helps in adherence but also induces 

HSC proliferation and chemosensitivity (Winkler et al., 

2012) through extracellular matrix-induced signalling.  

On the other hand, mesenchymal stem cells (MSCs) 

(Radtke, et al., 2013), multipotent adult progenitor 

cells (MAPCs) (Jacobs et al., 2013) and very small 

embryonic-like (VSEL) stem cells (Wojakowski et al., 

2009) collectively constitute non-hemopoietic stem 

cell population in the bone marrow. Among them, 

MSCs, integral part of various bone marrow niches, are 

subset of fibroblast like cells, which bear spindle-

shape morphology, and possess colony formation and 

multilineage differentiation potentials. Moreover, 

MSCs, irrespective of locations, are known to have 

multiple regulations on the companion resident cells. 

HSCs and MSCs work together with mutual interaction 

and regulations so as to maintain healthy status of 

bone marrow cellular and non-cellular components. 

Owing to functional diversity, HSCs, MSCs and other 

stem cell populations of bone marrow have been quite 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Hashemi%20M%5BAuthor%5D&cauthor=true&cauthor_uid=26556151
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attractive candidates for therapeutic implications and 

applications, and in fact, are being used in various pre-

clinical and clinical trials across the world with 

varying success, and are likely to emerge as most 

promising therapeutic candidate of 21st Century. 

 

Brain stem cells 

Brain stem cells are located in the multiple neuro-

anatomical locations in the brain of multicellular 

organisms. They have immense biological potential 

and distinct molecular profile with normal cell 

turnover under potentially dynamic physiological 

condition. Brain stem cells, also referred as neural 

progenitor/stem cells (NSCs), unlike the previous 

belief, have capability of brain regeneration by 

producing different neuronal and non-neuronal cells, 

such as neurons, oligodendrocytes, astrocytes etc. The 

process of stem-cell based/induced neurogenesis has 

been observed as one of the recent biological 

phenomena in several regions such as subventricular 

zone, dentate gyrus of the hippocampus (Patel and 

Sun., 2016), and is thought to be dependent on various 

factors, including, age, sex, path-physiological 

conditions, life style etc. The neural stem cells (NSCs) 

have brain repairing and regenerating capability either 

through secretion of proteinaceous factors such as 

Wnt3-a, triggering Wnt/β-catenin signaling pathway 

in hippocampal neurons/neurogenesis (Zhao  et al., 

2016) or directly differentiating into lost/damaged 

neuronal/non-neuronal cells. The perivascular niche 

(small blood vessels area) in human adult brain has 

been shown to be potential site for occurrence of stem 

cells, particularly mesenchymal stem cell, which can 

differentiate into neuroectodermal progeny. These 

cells showed two types of cell surface markers; CD13 

and CD105 (mesenchymal cell type surface markers) 

and PDGFR-β (pericyte-specific marker). Though 

observed at several locations with varying cellular 

density and preponderance, branching sites of blood 

capillaries were found one of the most preferred 

locations (Ozen et al., 2012). Endogenous Stem cells in 

brain could help alleviate brain damage, including 

traumatic brain injury (TBI) with concurrent increase 

in neurocognitive functions and overall neuronal 

health (Patel and Sun., 2016).  

 

Mouth (intraoral tissue, dental pulp, apical papilla, 

periodontal ligament)-derived stem cells 

Researchers across the world have come up with 

different anatomical orofacial tissue-derived stem 

cells, including msenchymal stem cells. These orofacial 

tissues include apical papilla, dental pulp, gingival 

tissue, periodontal ligament, exfoliated deciduous 

teeth, and stem cells present in the orofacial tissues 

are given different names depending on their tissue-

specific locations such as dental pulp stem cells 

(DPSCs), root apical papilla-derived stem cells from 

apical papilla (SCAP), periodontal ligament stem cells 

(PDLSCs), gingival mesenchymal stem cells (GMSCs), 

and stem cells from human exfoliated deciduous teeth 

(SHED) (Jiang et al., 2012; Akiyama et al., 2012; El-

Sayed et al., 2015). The pulp tissue of permanent adult 

human teeth was first used to isolate DPSCs which 

were found to be capable of high proliferation rate and 

multi-lineage differentiation into adipocytes, 

osteoblast, and neuronal cells. On comparison, Stem 

cells from exfoliated deciduous teeth (SHED) showed 

higher proliferation rate compared to DPSCs. 

Furthermore, isolation and collection of SHEDs are 

easier, less invasive, and could be a desirable source 

for regeneration and therapeutic implication in the 

context of oral tissue regeneration. Stem cells, located 

in different anatomical intraoral tissues differ from 

each other in terms of abundance and various 

biological processes. For instance, SCAP reported to be 

around three-fold higher proliferations than those in 

the pulp in organ culture experiment. Stem cells of oral 

origin are being used for regenerative therapy, such as 

pulp-dentin regeneration (Cao et al., 2015) 

regenerative endodontics (Short., 2015), in context of 

teeth and craniofacial tissues reconstruction etc (Zhao 

and Chai., 2015). 

 

Liver stem cells 

The liver is one of the most important organs with 

metabolically diverse functions. It has amazing 

capability of regeneration throughout the life 

(Michalopoulos et al., 2007), and even after repeated 

hepatectomy major portion could be intrinsically 

restored. So where does this potential come from? This 

question has led researches in this direction, which 

attributes such potential to the resident progenitor 

stem cells. Hepatic stem cells, originally referred as 

alpha-fetoprotein (AFP) positive hepatobast are 

precursor to hepatoblast (Schmelzer et al., 2006). 

Liver stem cells could be cultured up to 100 

population doublings; with 46 h average doubling time 

as well as they differentiates not only in liver cells but 

cells/tissues of various lineages. Liver stem cells, 

isolated from adult human livers showed myriad of 

markers similar to the hepatic and mesenchymal cells 

like AFP, CD29, CD73, CD44, CD90, vimentin, and 
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nestin, CK8 and CK18 (Herrera et al., 2006). These 

cells are found to be highly proliferative and 

differentiation and trans-differentiation potentials 

which are being looked into for various therapeutic 

applications to find possible cure for various liver 

pathology and diseases (Yang et al., 2016). 

 

Lung stem cells 

Lung is one of the several non-hematopoietic organs, 

wherein presence and the types of stem cells are 

under lots of debate. However, several works have 

shown the presence of cells in the normal bronchial 

tissue from human and murine lungs, resembling MSCs 

phenotype, and under appropriate inducible 

conditions in vitro they could differentiate into cells of 

mesodermal lineage (Martin et al., 2008). Later, 

similar cells, following study, were isolated from 

bronchoalveolar fluid from human lung allografts. 

Bronchial tissue-derived stem cells predominantly 

showed expression of antigens similar to those present 

on ordinary adult tissue fibroblast, including vimentin, 

CD90, collagen prolyl 4-hydroxylase, and fibronectin. 

Human fetal lung has also shown presence of 

mesenchymal stem cells (Hua et al., 2009). Recently, 

MSCs isolated from human lung were shown to be able 

to differentiate into epithelial cells following in vitro 

treatment with retinoic acid (RA). Multiple other 

laboratories around the world have also differentiated 

lung resident stem cells, particularly MSCs, into 

multilineage cell types, including myofibroblasts, 

displayed paracrine anti-inflammatory properties, and 

T cell proliferation suppression (Jun et al., 2011). It is 

more likely that lung-resident stems cells, including 

MSCs are involved in the maintenance and repair of 

injured tissues and may be needed for various 

functions of lungs. There are also chances that any 

kind of alteration in these stem cell populations might 

lead to compromised pulmonary functioning as well as 

lung diseases, including chronic pulmonary pulmonary 

disease (COPD), resulting into significant morbidity 

and mortality. Further study of lung resident stem 

cells and their roles could be very important in context 

of lung biology as well as in understanding their 

underlying importance in lung diseases. 

 

Heart stem cells 

The heart, a muscular organ involved in continuous 

pumping of blood through the circulatory system to 

the entire body parts, mainly consists of 

cardiomyocytes (CMs), endothelial cells (ECs), and 

smooth muscles cells (SMCs) (Martin-Puig et al., 

2008). Study has shown that during embryonic 

development, multipotent cardiovascular progenitors 

(MCPs) with an additional support and contribution by 

neural crest cells are involved in heart tissue 

formation (Buckingham et al., 2010). MCPs specifically 

express  various receptor such as Brachyury (Bry)/or 

Isl1 and Flk1 (vascular endothelial growth factor 

receptor 2), and can also differentiate into ECs, CMs, 

and SMCs. Cardiac stem cells (CSCs) are isolated and 

obtained by several methods, including antigenic 

panning or culturing cardiac tissue to make 

“cardiospheres”(Smith  et al., 2007). Though bone 

marrow-derived and cardiac tissue-derived MSCs 

display similar morphological and cell surface marker 

characteristics, but CSCs have higher cardiomyogenic 

potential. CSCs have shown quite promising result in 

terms of generation of new heart cells and blood vessel 

in several trials around the world. This gives a ray of 

hope for the heart patients in therapeutic usages of 

stem cells which could either be taken from patient’s 

own heart, enriched and infused or other organ-

specific stem cells which have cardiac repair potential 

through growth factor secretion or trans-

differentiation and cellular integration at 

infracted/ischemic site.   

 

Uterus/endometrial tissue-derived stem cells 

Studies over several decades have shown rich 

presence of various kinds of stem cells, including 

mesenchymal stem cells in menstrual blood, the 

fallopian tubes, the endometrium and associated 

tissues. Such findings have encouraged stem cells 

researchers to embark on journey leading to discovery 

of their potential applications in cell-based therapy. 

These stem cell populations, owing to dynamic biology 

of such tissues, are most likely to be involved in 

regeneration of endometrium following menstruation, 

postpartum, uterine curettage, endometrial ablation 

etc, (Jazedje et al., 2009; Gargett et al., 2007). 

Moreover, these progenitor cells have colonogenic and 

self-renewal and shown to be multipotent. Exposure of 

estrogen to seemingly quiescent stem cells results into 

proliferation and hence reepithelialisation of 

endometrium, suggesting responsiveness of these 

stem cell population to estrogen and similar molecules 

(Kaitu'u-Lino et al., 2010). Such results could be a ray 

of hope for patients with damaged endometrium as a 

result of injury or diseases, which, if not intervened 

medically, eventually results in female impotency and 

infertility and imposing huge socio-cultural burden on 

such patients. 
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Skin stem cells 

Skin is the soft outer covering, consisting of two 

prominent sheets of cell layers, epidermis and dermis. 

Skin is the largest organ of the body. Epidermis and 

dermis layers show constant renewal process, and 

contain various cell populations that originate from 

both mesoderm and ectoderm. Such processes are 

very important in cyclic development of hair follicles 

which is dependent on precursor cells that reside in 

the dermal papillae and the bulge. Skin resident stem 

cells also involved the process of repair and healing 

and thereby help maintain and restore adult skin 

homeostasis as well as hair regeneration . An empirical 

look out for stem cells has revealed the cellular 

stratification in the different layers of skin with 

different molecular profile. For example, epidermal 

stem cells present in epidermis and dermal stem cells, 

and melanocytes stem cells in dermal layer or beneath 

(Al-Nbaheen et al., 2013; Steingrimsson et al., 2005). 

These adult skin stem cells display overlapping 

features, including morphology, expression of 

immunophenotypic markers and multilineage 

differentiation with other kind of stem cells. Research 

into the functional aspects of skin stem cells could be 

of immense help in case of diseases affecting skin. For 

example, skin stem cells could be used in diabetic 

patient in which wound healing capacity is 

compromised (Zgheib et al., 2016), or burn where skin 

cells either loses its stem cell population or have very 

few such cells with severely compromised biology. 

Similar approach could also be adopted in finding out 

the stem cell-based therapy for other kind of skin 

patients through research and experimentation. In 

addition, skin stem cells are also being used for drug 

testing and gene therapy. 

 

Induced pluripotent stem cells (iPSCs)-derived stem 

cells 

Stem cells of various types not only can be obtained 

from the various organs but also be made in vitro with 

the help of molecular induction/reprogramming 

process discovered over a decade ago. Induced 

pluripotent stem cells (iPSCs) are special type of stem 

cells generally made out of non-stem cell or somatic 

cell populations by the process known as molecular 

induction or cellular reprogramming (Takahashi et al., 

2006). Owing to the high level of biological similarity 

with embryonic stem cells (ESCs), induced-pluripotent 

stem cells are held in very high regard by the 

researchers and clinicians alike. The foundational 

stone in this direction was most probably laid down by 

Gurdon and co-workers who empirically showed that 

nuclear transplantation from differentiating cells can 

lead to the formation of different cell types (Gurdon, 

1962). Following such lead, somatic cell 

reprogramming was successfully achieved by 

transferring their nuclear contents into enucleated 

oocytes (Wilmut et al., 1997). This clearly indicates 

presence of potential biomolecules/factors, in egg cells 

which can reverse cellular machinery to embryonic 

stage, thereby conferring pluripotency to adult 

somatic cells. Eventually, Takahashi  and Yamanaka 

showed successful molecular induction/nuclear 

reprogramming by introducing four predominantly 

embryonic-stage specific transcription factors, Oct3/4, 

Sox2, c-Myc and Klf4 into mouse adult fibroblast, and 

showed its conversion into pluripotent stem cells, 

under embryonic stem cell culture conditions (Gurdon, 

1962). Upon experimental verification, these 

reprogrammed cells resembled embryonic stem cells 

(ESCs) on account of various parameters, including 

pluripotency-associated marker expression, teratoma 

formation, chimerism, and three germ-line 

contribution. Later on, such cellular reprogramming of 

somatic cells has been accomplished using a single 

polycistronic vector (Carey et al., 2009), recombinant 

Oct3/4, Sox2, c-Myc and Klf4 proteins (Zhou et al., 

2009), polyarginine peptide, which acts as cell 

penetrating peptides (CPP), and acquired human 

iPSCs, named PiPS (Protein-produced iPS), derived 

from human newborn fibroblasts (HNF) using Oct4, 

Sox2, Klf4, and c-Myc reprogramming proteins for the 

first time (Kim et al., 2009). Yakubov et al., proceeding 

on the same molecular path, showed reprogramming 

of human fore-skin fibroblast (hFF) by introducing in 

vitro-produced mRNA encoding for Oct4, Lin28, Sox2 

and Nanog, and obtained RiPS (RNA-produced iPS) cell 

(Yakubov et al., 2010; Warren et al., 2012). Moving a 

step ahead, Warren et al. by incorporating 5’-guanine 

cap to mRNA encoding for Oct4, Sox2, and Nanog 

showed efficient reprogramming of somatic cells 

(Warren, L et al., 2010). Apart from this, several small 

organic molecules could also help in efficient cellular 

reprogramming. For instance, non-steroid anti-

inflammatory drug, Nabumetone, and the anticancer 

drug, 4-hydroxytamoxifen, can generate iPSCs without 

Sox2, and without compromising self-renewal and any 

aspect of pluripotency (Nie et al., 2012; Yang et al., 

2011).  
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CONCLUSION 

 

 Stem cells are undifferentiated cells, mainly present in 

multicellular organisms, and are appropriated and 

stored in organ–specific niche during embryonic and 

post-embryonic development as per organs’ functional 

need. Stem cells isolated from various organs differ in 

terms of morphology, immunphenotype, molecular 

profiles and differentiation. Furthermore, these cells 

have immense potential of self-renewal as well as 

differentiation and trans-differentiation. Self-renewal 

is one of the characteristics of stem cells whereby they 

maintain their cellular repertoire over period of time. 

These cells undergo age-dependent quantitative and 

qualitative attrition and could explain why aged 

individuals do not show high intrinsic damage-repair 

capability following disease and injury? Important 

molecular processes like cellular differentiation and 

trans-differentiation makes them capable of producing 

cells of specific type needed in wake of physiological 

damage, injury and degenerative diseases, thereby 

maintaining long-term tissue homeostasis (Klimczack 

and Kozlowska., 2016). Research findings have proven 

their universal occurrence with respect to various 

tissues and organs. These organs have allocated 

specific anatomical spaces for them to live in, and in 

turn, stem cells help recover these organs in the hour 

of need either by secreting growth factors or by 

cellular differentiation, compensating cellular loss. 

Stem cells of a particular organs show similarity as 

well as dissimilarity on accounts of cellular divisions 

and proliferation, differentiation/trans-differentiation, 

secretion of regulatory factors/secretome (konala et 

al., 2016), immunomodulation (Gao et al., 2016), life-

span and curative potential. Recent methodology of 

cellular reprogramming through various means (Gene, 

RNA, small molecules) have added new dimension to 

the therapeutic applications of stem cell for treating 

various cellular damages and tissue degenerations, 

including, arthritis, neurodegeneration etc. Stem cells 

have been proving very promising means for cellular 

therapy of various kinds of diseases, such as cancer, 

neurodegeneration, infertility, cognitive disorder, 

immunological challenges/inflammation/autoimmune 

disorders and injury, including traumatic brain injury 

(Pati et al., 2016) and so on. 

 

 

REFERENCES 

 
Akiyama K, Chen C, Gronthos S and Shi S (2012) Lineage 

differentiation of mesenchymal stem cells from dental 

pulp, apical papilla, and periodontal ligament, Methods 
Mol Biol 887, 111-121. 

Al-Nbaheen M, Vishnubalaji R, Ali D, Bouslimi A, Al-Jassir F, 
Megges M, Prigione A, Adjaye J, Kassem M and 
Aldahmash A (2013) Human stromal (mesenchymal) 
stem cells from bone marrow, adipose tissue and skin 
exhibit differences in molecular phenotype and 
differentiation potential, Stem Cell Rev 9, 32-43. 

Buckingham M and Desplan C (2010) Developmental 
mechanisms, patterning and evolution, Curr Opin Genet 
Dev 20, 343-345. 

Cao Y, Song M, Kim E, Shon W, Chugal N, Bogen G, Lin L, Kim 
RH, Park NH and Kang MK (2015) Pulp-
dentin Regeneration: Current State and Future 
Prospects. J Dent Res. 94,1544-51. 

Carey BW, Markoulaki S, Hanna J, Saha K, Gao Q, Mitalipova 
M and Jaenisch R (2009) Reprogramming of murine and 
human somatic cells using a single polycistronic vector, 
Proc Natl Acad Sci U S A 106, 157-162. 

El-Sayed KM et al. (2015) Stem cell transplantation for 
pulpal regeneration: A systematic Review Tissue Eng Part 
B Rev 21, 451-60.  

Fujisaki J, Wu J, Carlson A L, Silberstein L, Putheti P, Larocca 
R, Gao W, Saito TI, Lo Celso C, Tsuyuzaki H, Sato T, Cote 
D, Sykes M, Strom TB, Scadden DT, and Lin CP (2011) In 
vivo imaging of Treg cells providing immune privilege to 
the haematopoietic stem-cell niche, Nature 474, 216-
219. 

Gao F, Chiu SM, Motan DA, Zhang Z, Chen L, Ji, HL, Tse, HF, Fu 
QL and Lian Q (2016) Mesenchymal stem 
cells and immunomodulation: current status and future 
prospects, Cell Death Dis. 2016 Jan 21;7:e2062. doi: 
10.1038/cddis.2015.327. 

Gargett CE (2007) Review article: stem cells in human 
reproduction, Reprod Sci 14, 405-424. 

Gurdon JB (1962) The developmental capacity of nuclei 
taken from intestinal epithelium cells of feeding 
tadpoles, J Embryol Exp Morphol 10, 622-640. 

Hashemi M and Kalalinia F (2015) Application of 
encapsulation technology in stem cell therapy, Life 
Sci. 15, 139-46.  

Herrera MB, Bruno S, Buttiglieri S, Tetta C, Gatti S, Deregibus 
MC, Bussolati B and Camussi G (2006) Isolation and 
characterization of a stem cell population from adult 
human liver, Stem Cells 24, 2840-2850. 

Hua J,Yu H, Dong W, Yang C, Gao Z, Lei A, Sun Y, Pan S, Wu Y 
and Dou Z (2009) Characterization of mesenchymal 
stem cells (MSCs) from human fetal lung: potential 
differentiation of germ cells, Tissue Cell 41, 448-455. 

Jacobs SA, Roobrouck VD, Verfaillie CM and Van Gool SW 
(2013) Immunological characteristics of human 
mesenchymal stem cells and multipotent adult 
progenitor cells, Immunol Cell Biol 91, 32-39. 

Jazedje T, Perin PM, Czeresnia CE, Maluf M, Halpern S, Secco 
M, Bueno DF, Vieira NM, Zucconi E and Zatz M (2009) 
Human fallopian tube: a new source of multipotent 
adult mesenchymal stem cells discarded in surgical 
procedures, J Transl Med 7, 46. 

http://www.ncbi.nlm.nih.gov/pubmed/26310721
http://www.ncbi.nlm.nih.gov/pubmed/26310721
http://www.ncbi.nlm.nih.gov/pubmed/26310721
http://www.ncbi.nlm.nih.gov/pubmed/?term=Gao%20F%5BAuthor%5D&cauthor=true&cauthor_uid=26794657
http://www.ncbi.nlm.nih.gov/pubmed/?term=Chiu%20SM%5BAuthor%5D&cauthor=true&cauthor_uid=26794657
http://www.ncbi.nlm.nih.gov/pubmed/?term=Motan%20DA%5BAuthor%5D&cauthor=true&cauthor_uid=26794657
http://www.ncbi.nlm.nih.gov/pubmed/?term=Zhang%20Z%5BAuthor%5D&cauthor=true&cauthor_uid=26794657
http://www.ncbi.nlm.nih.gov/pubmed/?term=Chen%20L%5BAuthor%5D&cauthor=true&cauthor_uid=26794657
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ji%20HL%5BAuthor%5D&cauthor=true&cauthor_uid=26794657
http://www.ncbi.nlm.nih.gov/pubmed/?term=Tse%20HF%5BAuthor%5D&cauthor=true&cauthor_uid=26794657
http://www.ncbi.nlm.nih.gov/pubmed/?term=Fu%20QL%5BAuthor%5D&cauthor=true&cauthor_uid=26794657
http://www.ncbi.nlm.nih.gov/pubmed/?term=Fu%20QL%5BAuthor%5D&cauthor=true&cauthor_uid=26794657
http://www.ncbi.nlm.nih.gov/pubmed/?term=Fu%20QL%5BAuthor%5D&cauthor=true&cauthor_uid=26794657
http://www.ncbi.nlm.nih.gov/pubmed/?term=Lian%20Q%5BAuthor%5D&cauthor=true&cauthor_uid=26794657
http://www.ncbi.nlm.nih.gov/pubmed/26794657
http://www.ncbi.nlm.nih.gov/pubmed/?term=Hashemi%20M%5BAuthor%5D&cauthor=true&cauthor_uid=26556151
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kalalinia%20F%5BAuthor%5D&cauthor=true&cauthor_uid=26556151
http://www.ncbi.nlm.nih.gov/pubmed/26556151
http://www.ncbi.nlm.nih.gov/pubmed/26556151
http://www.ncbi.nlm.nih.gov/pubmed/26556151


 
Stem Cells: Spatio-temporal Diversity and Therapeutic Application  

www.ijlsci.in                  Int. J. of Life Sciences, Vol. 4(1) March, 2016 157  

Jiang L, Peng WW, Li LF, Yang Y and Zhu YQ (2012) Isolation 
and identification of CXCR4-positive cells from human 
dental pulp cells, J Endod 38, 791-795. 

Jun D, Garat C, West J, Thorn N, Chow K, Cleaver T, Sullivan T, 
Torchia EC, Childs C, Shade T, Tadjali M, Lara A, Nozik-
Grayck E, Malkoski S, Sorrentino B, Meyrick B, Klemm D, 
Rojas M, Wagner DH, Jr and Majka SM (2011) The 
pathology of bleomycin-induced fibrosis is associated 
with loss of resident lung mesenchymal stem cells that 
regulate effector T-cell proliferation, Stem Cells 29, 725-
735. 

Kaitu'u-Lino TJ, Ye L and Gargett CE (2010) 
Reepithelialization of the uterine surface arises from 
endometrial glands: evidence from a functional mouse 
model of breakdown and repair, Endocrinology 151, 
3386-3395. 

Kiel MJ, Yilmaz OH, Iwashita T, Terhorst C and Morrison SJ 
(2005) SLAM family receptors distinguish 
hematopoietic stem and progenitor cells and reveal 
endothelial niches for stem cells, Cell 121, 1109-1121. 

Kim D, Kim CH, Moon JI, Chung YG, Chang MY, Han BS, Ko S, 
Yang E, Cha KY, Lanza R and Kim  (2009) Generation of 
human induced pluripotent stem cells by direct delivery 
of reprogramming proteins, Cell Stem Cell 4, 472-476. 

Klimczak A and Kozlowska U (2016) Mesenchymal 
stromal cells and tissue-specific progenitor cells: their 
role in tissue homeostasis, Stem Cells Int. 4285215. doi: 
10.1155/2016/4285215. 

Konala VB, Mamidi MK, Bhonde R, Das AK, Pochampally 
R, Pal R (2016) The current landscape of the 
mesenchymal stromal cell secretome: A new paradigm 
for cell-free regeneration Cytotherapy 18, 13-24. 

Martin J, Helm K, Ruegg P, Varella-Garcia M, Burnham E and 
Majka S (2008) Adult lung side population cells have 
mesenchymal stem cell potential, Cytotherapy 10, 140-
151. 

Martin-Puig S, Wang Z and Chien KR (2008) Lives of a heart 
cell: tracing the origins of cardiac progenitors, Cell Stem 
Cell 2, 320-331. 

Michalopoulos GK (2007) Liver regeneration, J Cell Physiol 
213, 286-300. 

Nie B, Wang H, Laurent T and Ding S (2012) Cellular 
reprogramming: a small molecule perspective, Curr Opin 
Cell Biol 24, 784-792. 

Ogawa M, LaRue AC and Mehrotra M (2015) Plasticity of 
heamatopoietic stem cells, Best Pract Res Clin 
Haematol 28, 73-80. 

Ozen I, Boix J and Paul G (2012) Perivascular mesenchymal 
stem cells in the adult human brain: a future target for 
neuroregeneration?, Clin Transl Med 1, 30. 

Patel K and Sun D (2016) Strategies targeting endogenous 
neurogenic cell response to improve recovery following 
traumatic brain injury, Brain Res. pii: S0006-
8993(16)30032-4. doi: 10.1016/j.brainres.2016.01.055. 

Pati S, Muthuraju S, Hadi RA, Huat TJ, Singh S, Maletic-Savatic 
M, Abdullah JM and Jaafar H (2016)  Neurogenic 
plasticity of mesenchymal stem cell, an alluring cellular 
replacement for traumatic brain injury, Curr Stem Cell 
Res Ther11, 149-57. 

Polisetti N, Zenkel M, Menzel-Severing J, Kruse FE 
and Schlötzer-Schrehardt U (2016) Cell Adhesion 
Molecules and Stem Cell-Niche-Interactions in the 
Limbal Stem Cell Niche, Stem Cells 34, 203-19.  

Radtke CL, Nino-Fong R, Esparza Gonzalez BP, Stryhn H and 
McDuffee LA (2013) Characterization and osteogenic 
potential of equine muscle tissue- and periosteal tissue-
derived mesenchymal stem cells in comparison with 
bone marrow- and adipose tissue-derived mesenchymal 
stem cells, Am J Vet Res 74, 790-800. 

Schmelzer E, Wauthier E and Reid LM (2006) The 
phenotypes of pluripotent human hepatic progenitors, 
Stem Cells 24, 1852-1858. 

Short R. (2015) Regenerative Endodontics: Clinical Review 
and Case Reports. Dent Today 34, 68-9. 

Smith RR, Barile L, Cho HC, Leppo MK, Hare JM, Messina E, 
Giacomello A, Abraham, MR and Marban E (2007) 
Regenerative potential of cardiosphere-derived cells 
expanded from percutaneous endomyocardial biopsy 
specimens, Circulation 115, 896-908. 

Steingrimsson E, Copeland NG and Jenkins NA (2005) 
Melanocyte stem cell maintenance and hair graying, Cell 
121, 9-12. 

Takahashi K and Yamanaka S (2006) Induction of 
pluripotent stem cells from mouse embryonic and adult 
fibroblast cultures by defined factors, Cell 126, 663-676. 

Warren L, Manos PD, Ahfeldt T, Loh YH, Li H, Lau F, Ebina W, 
Mandal PK, Smith ZD, Meissner A, Daley GQ, Brack AS, 
Collins JJ, Cowan C, Schlaeger TM and Rossi DJ (2010) 
Highly efficient reprogramming to pluripotency and 
directed differentiation of human cells with synthetic 
modified mRNA, Cell Stem Cell 7, 618-630. 

Warren L, Ni Y, Wang J and Guo X (2012) Feeder-free 
derivation of human induced pluripotent stem cells with 
messenger RNA, Sci Rep 2, 657. 

Wilmut I, Schnieke AE, McWhir J, Kind AJ and Campbell KH 
(1997) Viable offspring derived from fetal and adult 
mammalian cells, Nature 385, 810-813. 

Winkler I G, Barbier V, Nowlan B, Jacobsen RN, Forristal CE, 
Patton JT, Magnani JL and Levesque JP (2012) Vascular 
niche E-selectin regulates hematopoietic stem cell 
dormancy, self renewal and chemoresistance, Nat Med 
18, 1651-1657. 

Wojakowski W, Tendera M, Kucia M, Zuba-Surma E, 
Paczkowska E, Ciosek J, Halasa M, Krol M, Kazmierski M, 
Buszman P, Ochala A, Ratajczak J, Machalinski B and 
Ratajczak MZ (2009) Mobilization of bone marrow-
derived Oct-4+ SSEA-4+ very small embryonic-like stem 
cells in patients with acute myocardial infarction, J Am 
Coll Cardiol 53, 1-9. 

Xie Y, Yin T, Wiegraebe W, He XC, Miller D, Stark D, Perko K, 
Alexander R, Schwartz J, Grindley JC, Park J, Haug JS, 
Wunderlich JP, Li H, Zhang S, Johnson T, Feldman RA 
and Li L (2009) Detection of functional haematopoietic 
stem cell niche using real-time imaging, Nature 457, 97-
101. 

Yakubov E, Rechavi G, Rozenblatt S and Givol D (2010) 
Reprogramming of human fibroblasts to pluripotent 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Klimczak%20A%5BAuthor%5D&cauthor=true&cauthor_uid=26823669
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kozlowska%20U%5BAuthor%5D&cauthor=true&cauthor_uid=26823669
http://www.ncbi.nlm.nih.gov/pubmed/26823669
http://www.ncbi.nlm.nih.gov/pubmed/?term=Konala%20VB%5BAuthor%5D&cauthor=true&cauthor_uid=26631828
http://www.ncbi.nlm.nih.gov/pubmed/?term=Mamidi%20MK%5BAuthor%5D&cauthor=true&cauthor_uid=26631828
http://www.ncbi.nlm.nih.gov/pubmed/?term=Bhonde%20R%5BAuthor%5D&cauthor=true&cauthor_uid=26631828
http://www.ncbi.nlm.nih.gov/pubmed/?term=Das%20AK%5BAuthor%5D&cauthor=true&cauthor_uid=26631828
http://www.ncbi.nlm.nih.gov/pubmed/?term=Pochampally%20R%5BAuthor%5D&cauthor=true&cauthor_uid=26631828
http://www.ncbi.nlm.nih.gov/pubmed/?term=Pochampally%20R%5BAuthor%5D&cauthor=true&cauthor_uid=26631828
http://www.ncbi.nlm.nih.gov/pubmed/?term=Pal%20R%5BAuthor%5D&cauthor=true&cauthor_uid=26631828
http://www.ncbi.nlm.nih.gov/pubmed/26631828
http://www.ncbi.nlm.nih.gov/pubmed/26590762
http://www.ncbi.nlm.nih.gov/pubmed/26590762
http://www.ncbi.nlm.nih.gov/pubmed/26590762
http://www.ncbi.nlm.nih.gov/pubmed/?term=Patel%20K%5BAuthor%5D&cauthor=true&cauthor_uid=26855258
http://www.ncbi.nlm.nih.gov/pubmed/?term=Sun%20D%5BAuthor%5D&cauthor=true&cauthor_uid=26855258
http://www.ncbi.nlm.nih.gov/pubmed/26855258
http://www.ncbi.nlm.nih.gov/pubmed/?term=Pati%20S%5BAuthor%5D&cauthor=true&cauthor_uid=26763886
http://www.ncbi.nlm.nih.gov/pubmed/?term=Muthuraju%20S%5BAuthor%5D&cauthor=true&cauthor_uid=26763886
http://www.ncbi.nlm.nih.gov/pubmed/?term=Hadi%20RA%5BAuthor%5D&cauthor=true&cauthor_uid=26763886
http://www.ncbi.nlm.nih.gov/pubmed/?term=Huat%20TJ%5BAuthor%5D&cauthor=true&cauthor_uid=26763886
http://www.ncbi.nlm.nih.gov/pubmed/?term=Singh%20S%5BAuthor%5D&cauthor=true&cauthor_uid=26763886
http://www.ncbi.nlm.nih.gov/pubmed/?term=Maletic-Savatic%20M%5BAuthor%5D&cauthor=true&cauthor_uid=26763886
http://www.ncbi.nlm.nih.gov/pubmed/?term=Maletic-Savatic%20M%5BAuthor%5D&cauthor=true&cauthor_uid=26763886
http://www.ncbi.nlm.nih.gov/pubmed/?term=Abdullah%20JM%5BAuthor%5D&cauthor=true&cauthor_uid=26763886
http://www.ncbi.nlm.nih.gov/pubmed/?term=Jaafar%20H%5BAuthor%5D&cauthor=true&cauthor_uid=26763886
http://www.ncbi.nlm.nih.gov/pubmed/26763886
http://www.ncbi.nlm.nih.gov/pubmed/26763886
http://www.ncbi.nlm.nih.gov/pubmed/?term=Polisetti%20N%5BAuthor%5D&cauthor=true&cauthor_uid=26349477
http://www.ncbi.nlm.nih.gov/pubmed/?term=Zenkel%20M%5BAuthor%5D&cauthor=true&cauthor_uid=26349477
http://www.ncbi.nlm.nih.gov/pubmed/?term=Menzel-Severing%20J%5BAuthor%5D&cauthor=true&cauthor_uid=26349477
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kruse%20FE%5BAuthor%5D&cauthor=true&cauthor_uid=26349477
http://www.ncbi.nlm.nih.gov/pubmed/?term=Schl%C3%B6tzer-Schrehardt%20U%5BAuthor%5D&cauthor=true&cauthor_uid=26349477
http://www.ncbi.nlm.nih.gov/pubmed/26349477
http://www.ncbi.nlm.nih.gov/pubmed/26349269
http://www.ncbi.nlm.nih.gov/pubmed/26349269
http://www.ncbi.nlm.nih.gov/pubmed/26349269


 
Chaudhary et al., 2016 

158 Int. J. of Life Sciences, Vol. 4(1) March, 2016 

stem cells using mRNA of four transcription factors, 
Biochem Biophys Res Commun 394, 189-193. 

Yang AT, Hu DD, Wang P, Cong M, Liu TH, Zhang D, Sun YM, 
Zhao WS, Jia JD and You H (2016) TGF-β1 Induces the 
Dual Regulation of Hepatic Progenitor Cells with Both 
Anti- and Proliver Fibrosis. Stem Cells Int: 1492694.  doi: 
10.1155/2016/1492694. 

Yang CS, Lopez CG and Rana TM (2011) Discovery of 
nonsteroidal anti-inflammatory drug and anticancer 
drug enhancing reprogramming and induced 
pluripotent stem cell generation, Stem Cells 29, 1528-
1536. 

Zgheib C et al. (2016) Mechanisms of mesenchymal stem cell 
correction of the impaired biomechanical properties of 
diabetic skin: the role of miR-29a.  doi: 
10.1111/wrr.12412. 

Zhao Y et al. (2016) Wnt3a, a protein secreted by 
Mesenchymal Stem Cells is neuroprotective and 
promotes neurocognitive recovery following 
Traumatic Brain Injury, Stem Cells. doi: 
10.1002/stem.2310. 

Zhao H and Chai Y (2015) Stem Cells in Teeth and 
Craniofacial Bones. J Dent Res. 94(11):1495-501 

Zhou H, Wu S, Joo JY, Zhu S, Han DW, Lin T, Trauger S, Bien G, 
Yao S, Zhu Y, Siuzdak G, Scholer HR, Duan L and Ding S 
(2009) Generation of induced pluripotent stem cells 
using recombinant proteins, Cell Stem Cell 4, 381-384. 

 

© 2016| Published by IJLSCI 

http://www.ncbi.nlm.nih.gov/pubmed/26839553
http://www.ncbi.nlm.nih.gov/pubmed/26839553
http://www.ncbi.nlm.nih.gov/pubmed/26839553
http://www.ncbi.nlm.nih.gov/pubmed/26350960
http://www.ncbi.nlm.nih.gov/pubmed/26350960

