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Stem cell therapy has opened a new avenue in the area of drug 
discovery and development. Biopharmaceutical companies have been 
working in deciphering vital applications of stem cell technologies in 
the drug development processes so as to reduce the high attrition rate of 
late stage drug candidates, which has been growing at a fast pace in the 
past decade. Stem cell therapy has provided an innovative beginning to 
expand the methodologies through which lead compounds are identified 
and brought to the market as new drugs, thereby envisaging stem cells 
as a potential reservoir to encounter medical challenges. While people 
believe the therapeutic potential of stem cells has been exaggerated, an 
investigation of the prospective benefits of stem cells based therapies 
indicates that 128 million people in the United States may get benefit 
with the major effect on patients with cardiovascular disorders (5.5 
million), autoimmune disorders (35 million) and diabetes (16 million 
US patients and more than 217 million worldwide). US patients with 
other disorders possibly be benefited include osteoporosis (10 million), 
severe burns (0.3 million), spinal cord injuries (0.25 million) [1].

Advent of stem cell technologies has provided new prospects 
to build innovative cellular models. The constantly evolving 
methodologies used for isolation of human/animal embryonic stem 
cells (ESCs), bone marrow-derived mesenchymal stem cells [2], 
umbilical cord stem cells, adult tissue-specific neural stem cells [3], 
and human induced pluripotent stem cells (iPSC) [4] have led to 
the advancement of numerous high throughput and combinatorial 
screening technologies [5-7] thus supplementing the role of stem cell 
models in drug discovery. There are other stem cells, like epithelial 
stem cells, skin stem cells (hair follicle), amnion stem cells and adipose 
stem cells, which are less explored for drug screening but can be useful. 
So far, more than 240 human embryonic stem cell lines are qualified for 
use in research funded by the National Institutes of Health. 

The unique features of stem cells, which include self-renewal and 
multipotency, have permitted both academia and industry to anticipate 
the usage of stem cells in several diseases/disorders and medical 
problems, such as Parkinson’s disease [8], Alzheimer’s disease, diabetes, 
multiple sclerosis, cardiac disease [9], cancer, spinal cord injury, wound 
healing, muscular dystrophy [10], strokes, burns, osteoarthritis, vision, 
hearing loss, organ transplantation [11-15], treatment of graft versus 
host disease [16] and hematopoietic stem cell transplants [17]. Access 
to embryonic stem cells (ESCs) has been improved drastically in the 
recent past. Efforts have been made to generate embryonic stem cells 
lines for various species including mouse [18], rat [19], cynomolgus 
monkey [20] and dog [21], facilitating comparison of the hybrids 
and in-vitro/in-vivo relationship, which are remarkably significant for 
drug development.  The capability of ESCs to divide indeterminately 
and segregating into any cell type, has made possible the availability 
of unrestricted and consistent source of cells for high-throughput 
screening at a much lower cost, thereby can be used for chronic studies 
and provide a wide range of cell types. 

New targets can be identified by using stem cells technology. Induced 
pluripotent stem cell (iPSC) technology [22], which was discovered 
in 2006, has paved new pathway in the field of drug discovery and 
development as now researchers can generate pluripotent stem cells 
from adult somatic cells, conserving the genetic information within 
those cells. Thus new cellular models can be produced from individuals 

with a different variety of drug vulnerability and resistances. Besides 
this, stem cell technology can be applied for toxicity testing. Embryonic 
or tissue-specific stem cells from normal person and diseased patients 
can be attained and differentiated in neurons, hepatocytes, or 
cardiomyocytes for toxicity testing [23]. Genentech is using ES cell 
and iPSC-derived cardiomyocytes from  GE Healthcare  and  Cellular 
Dynamics International (CDI) as high-throughput screening method 
to evaluate the cardiotoxicity for drugs in development. Very recently, 
a new target for Parkinson’s disease has been identified through stem 
cell approach for which no current drug exists [24,25]. iPierian, Inc. 
(South San Francisco, California) also utilizing iPSC technology to 
proceed novel therapeutics into the clinic for neurodegenerative 
diseases. Stem cells or iPSC technology can also be used for the delivery 
of small molecules, therapeutic agents, or the right version of a diseased 
gene in patient [26-28].

Although severe efforts are being made to develop the application 
of stem cell technology in drug discovery and development process, 
yet many challenges (scientific and industrial) are still required 
to be overcome. Pharmaceutical and biotech companies have put 
great efforts into providing tools, such as ESC maintenance and 
differentiation media, transfection kits and antibodies to help in the 
development of stem cells. However new proficiencies are required 
in terms of stem cell differentiation, proliferation, generation of 
pluripotent stem cells and design of effective assays so as to apply stem 
cell therapy in drug discovery and development process successfully. 
In hypothesis, stem cells can generate any cell type, but their ability 
to differentiate into functional and differentiated cells has not been 
completely recognized. The stem cell field has been explored for mainly 
cardiac, hepatic, pancreatic and neuronal cell types, but other cell types, 
such as lung and intestinal cells, their differentiation technologies 
are still under-developed. Differentiation strategies for the primarily 
differentiated cell types are frequently based on growth factors, 
making protocols costly, unconvincingly reproducible and restricted 
in terms of high scale production. In addition, they often require wide-
ranging differentiation steps and even then generate a heterogeneous 
population, thus avoiding the use of these cellular models for specific 
organ or cell-type toxicity screening. 

Till date, maximum progress have been made in cardiac 
differentiation from stem cells, while other stem cells still need 
attention, for example, stem cell-derived hepatocytes express immature 
markers, pancreatic cells has low-yield differentiation and neuronal 
differentiation has complications in generating and differentiating the 
numerous cell types. Efforts have been laid in the stem cell therapy area 
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so as to enhance its success rate by establishing a large bank of stem 
cells via cryopreservation, a standard operating procedure for stem cell 
maintenance culture, large-scale production ability by adjusting ESC 
culture in suspension, reducing the size of ESC culture for in-vitro 
screening assays and improving innovative high-throughput screening 
assays for quality control. At present, stem cell therapy is an emerging 
field although with widespread controversy over its application for 
medical treatment. There are ~90,000 patients in the US transplant-
waiting list, who need medical assistance, which can be addressed 
by stem cell technologies. At last, stem cell therapy needs extensive 
exploration to meet the wide range of major unmet medical needs and 
make a novel beginning in the field of medicine. 
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