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ABSTRACT: 

 Stem cells are a group of undifferentiated cells with an ability to self- renew and differentiate 

into any cell type. Based on potential stem cells can be classified as pluripotent stem cells, 

multipotent stem cells, Oligo potent stem cells and induced pluripotent stem cells. 

Pluripotent stem cells can differentiate into either the ectoderm, mesoderm and endoderm. 

Multipotent stem cells can differentiate into bone, cartilage, nerve or adipose tissue. Oligo 

potent stem cells can form terminally differentiated cells of a particular tissue. Stem cell 

therapy opens promising areas to replace damaged cells and regenerate organs. Similarly 

stem cells have been utilized to study developmental biology, disease pathogenesis and drug 

discovery. This review is focused to discuss the origin, classification of stem cells and their 

application in regenerative medicine and ethical issues regarding stem cells. 
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INTRODUCTION: 

Stem cells are undifferentiated cells present in human body. They are found in the embryo, 

fetus and adult humans. Stem cells arise from a single cell, proliferative extensively and can 

differentiate into any cell type (totipotency) [1]. During fertilization the sperm fuses with the 

egg which results in the formation of blastocyst. The blastocyst has two types of cells namely 

the inner cell mass and the trophectoderm. The trophectoderm develops into extra 

embryonic structure (placenta) which support the growth of the embryo. The inner cell mass 

contains cells which are undifferentiated, pluripotent and proliferative. These cells are the 

embryonic stem cells and they develop into the germ layers namely ectoderm, mesoderm 

and endoderm of the fetus and adult. These germ layers give rise to specific organs and 

tissues. Some progenitor cells that develop into organs do not differentiate but remain as 

tissue stem cells. These include the cells of gut, bone marrow, blood, brain, skin, liver and 

muscles [2]. These stem cells remain dormant in the particular tissue and proliferate when 

needed (during cell damage/ injury or cell growth). 

CLASSIFICATION OF STEMCELLS BASED ON POTENCY: 
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Based on their potential to differentiate stem cells can be classified into many types. They 

can be totipotent, pluripotent, multipotent, oligopotent and unipotent. This ability of 

differentiation depends on the origin of stem cells. 

TOTIPOTENT STEMCELLS: 

These are undifferentiated stem cells found in early stages of embryo formation. These 

include the cells formed by the first two divisions of fertilization.[3] 

PLURIPOTENT STEMCELLS: 

These cells can differentiate into the 3 germ layers from which all the tissues and organs 

develop. Pluripotent stem cells are embryonic stem cells derived from the inner cell mass of 

blastocyst.[4] 

MULTIPOTENT STEMCELLS: 

 These include the mesenchymal stem cells. They are found in tissues and organs. They 

develop from a single germ layer. They can differentiate into a variety of organs like the 

adipose tissue, bone marrow, blood, bone, kidney etc. They possess specific cell surface 

markers.[5] 

OLIGOPOTENT STEMCELLS: 

These cells are able to self- renew and differentiate into 2 or more lineage within a particular 

tissue. Oligo potent stem cells of lungs develop into bronchiolar and alveolar epithelium.[6] 

UNIPOTENT STEMCELLS: 

These cells can self- renew and differentiate into a single lineage. Muscle cells can 

differentiate into mature muscle cells and hence are unipotent. [7] 

INDUCED PLURIPOTENT STEMCELLS: 

These are generated by reprogramming somatic cells. They share similar properties of 

Embryonic stem cells. Induced pluripotent stem cells were generated by reprogramming 

mouse fibroblast cells by Takahashi and Yamanaka in 2006. [4] Similarly in 2007, Yamanaka 

generated human pluripotent stem cells by reprogramming adult human dermal fibroblast. 

[8] Induced pluripotent stem cells have emerged as novel tool in drug development, 

developing disease model and in regenerative medicine. Induced pluripotent stem cells 

serve as identical match to cell donor and prevent issues of rejection. [9] 

APPLICATIONS OF STEMCELLS: 

Stem cells are widely used in basic research and drug development. Their specific nature has 

enabled their utilization in both biological and medical fields. Stem cells are used to study 

developmental biology and organogenesis. Similarly induced pluripotent stem cells are used 
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in drug research, to develop human models for understanding disease pathogenesis and 

improve cell therapy for degenerative disorder including diabetes mellitus,[10] 

cirrhosis,[11] cardiac failure, [12] myeloid leukaemia, [13] chronic disease, inflammation 

and nervous system disorders.[14] 

After childbirth, cord blood stem cells are collected from the umbilical cord and frozen in cell 

banks for the use in future. These frozen cord blood cells are useful in treatment of leukemia 

and genetic diseases of children. [15] 

Similarly stem cells from amniotic fluid are also isolated and used in the prenatal diagnosis 

of genetic disease. 

Stem cells are currently used in regenerative medicine. [16] Recently keratinocytes from 

epidermal cells were used to induce skin recovery in epidermolysis bullosa. Similarly, 

Induced pluripotent stem cells were transplanted to patients suffering from macular 

degeneration. These induced pluripotent stem cells were induced to differentiate into 

pigment epithelial cells of retina. [17]   These cell- based therapies serve as a promising field 

in the treatment of degenerative disease. 

Stem cells are used in toxicity analysis of drugs, to study side effects of drug molecules and 

to identify lead molecules in drug discovery. 

 Stem cells of blood are transplanted in the treatment of blood and immune system disorders 

and in the treatment of cancer. 

Stem cells from skin are used for skin graft in patients with skin burns. Mesenchymal stem 

cells are grafted into bone cells to heal fracture.  

 CONCLUSION 

Stem cells serve as prominent tools for studying organ development and totipotency of the 

body. They help in studying the pathology of disease and to develop disease models. 

Although research on stem cells are encouraging in their use for tissue regeneration, genetic 

stability of stem cells is still questioned. The genetic instable nature of stem cells may cause 

carcinogenesis, teratomas or tumor development. [18] Also the destruction of embryos to 

obtain embryonic stem cells has created ethical concern among the scientific community. 

Despite all these the upcoming research and development offer new horizons of hope for the 

successful utilization of stem cells in regenerative medicine. 
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