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Abstract
During the past several years there has been a vivid research in the field of stem cell. This article explores 

the recent advances in the field of stem cell research and the ethical issues involved in it. By definition, stem 
cells are undifferentiated cell characterized by the ability to renew themselves and differentiating into a diverse 
range of specialized cell types. Even though stem cells have potential to treat various diseases, their application 
is controversial. Due to these ethical concerns scientists are trying to find new ways of obtaining stem cells 
that behave like embryonic stem cells without harming a blastocyst. Moreover, there is a growing body of 
evidence showing that administration of stem cells leads to the successful regeneration of tissues or organ. 
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Introduction
Stem cells are autologous cells having a long-term self-renewal 

ability that regenerates and differentiates into various cells, tissues, 
organs, and systems in the human body [1,2]. Stem cell therapy is an 
amazing modern medical advancement that goes straight to the source 
of the problem and treats various disorders like muscular dystrophy, 
Alzheimer’s disease, Atherosclerosis, Diabetes, Inflammatory Bowel 
Disease, Parkinson’s disease, Rheumatoid Arthritis, acute lung injury 
and many others [3-5]. Adult stem cells can rapidly proliferate to 
regenerate the specialized tissues [6,7]. Mesenchymal stem cell (MSC) 
is a type of stem cell has entered the scene as a developing therapy. 
Recently, mesenchymal stem cells have been found in skin, liver and 
other tissues [7,8]. Mesenchymal stem cells are the conventional 
terms used to describe the collection of poorly defined multipotent 
mesenchymal stromal cells ,which can differentiate into a variety of 
cell types, including osteoblast ,chondroblast, myoblast and adipoblast 
(Figure 1) [5,9,10]. 

MSCs have the capacity to differentiate into several cell types and it 
can be isolated from embryonic or adult tissues such as bone marrow 
and adipose tissue [11,12]. MSCs found to have anti-inflammatory 
effects and treat various painful states such as degenerative disc 
disease, osteoarthritis, cartilage regeneration, multiple sclerosis [13-
16]. Stem cells are unique from other cell types by two important 
characteristics. First, they are undifferentiated cells capable of renewing 
themselves through cell division, even after long periods of inactivity. 
Second, under certain experimental and physiologic conditions, they 
can be induced to become tissue- or organ-specific cells with special 
functions. Researchers primarily worked with two kinds of stem cells 
from animals and humans: embryonic stem cells and adult stem cells 
(somatic stem cells). 

Embryonic stem cell and umbilical cord blood also show promise 
in the field of cardiac regeneration [17]. The uses of adult stem cells are 
morally ethical, but it is unethical to use embryonic stem cells since it 
involves the destruction of the embryos. The embryonic stem cells can 
be taken for research with the informed consent from the donor[18]. 
The donor will be fully informed regarding the reasonably foreseeable 
impact of the research on the fetus or neonate [19,20]. All the ethical 
problems related to this field of research should be reviewed by the 

institutional review board (IRB) [21,22].Organ regeneration is also 
possible through organ-specific and tissue-specific stem cells [23]. 
Hematopoietic stem cells were believed to restore blood cells. It has 
been discovered recently that using cell lineage tracking, stem cells 
from one organ can be used to form cells of another organ. MSCs 
shown to have the ability to form neural cells both in vitro and in vivo, 
although the exact molecular mechanisms underlying these apparent 
transdifferentiation events are not known [24]. Neural stem cells 
migrate toward sites of damaged CNS tissue and it differentiates into 
special cell types of CNS and repair damage tissue [25].

Stem cell therapy has been shown successful for the treatment of 
leukemia [26]. One way is to  get rid of all the abnormal leukocytes 
in the patient, allowing healthy ones to grow in their place it can be 
done by chemotherapy the other way is to carry out the bone marrow 
transplant. In bone marrow transplantion, the patient’s bone marrow 
stem cells are replaced with those from a healthy, matching donor. To 
do this, first of all patient’s existing bone marrow cells and abnormal 
leukocytes are first killed using a combination of chemotherapy 
and radiation. Next, donor bone marrow containing healthy stem 
cells should be introduced into the patient’s bloodstream. If the 
transplantion is successful, the stem cells will migrate into the patient’s 
bone marrow and begin producing healthy leukocytes to replace the 
abnormal cells [27].

History of Stem Cell Research
Stem cells have an interesting history that traces from mid of 1800 

to the date, and it remains the most controversial topic of research 
even today [2In 1878 attempts were made to fertilize mammalian eggs 
outside the body.
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•	 In 1952 Briggs and King cloned tadpoles.

•	 In 1954 John Enders received a Nobel Prize in Medicine for 
growing polio virus in human embryonic kidney cells.

•	 In 1958 Jean Dausset identified the first human 
histocompatibility antigens.

•	 In 1959 First animals made by in-vitro fertilization (IVF).

•	 In 1960 Teratocarcinomas determined to originate from 
embryonic germ cells in mice. Embryonal carcoinoma cells 
(EC) identified as a kind of stem cell.

•	 In 1960’s that physician knew enough about HLA compatibility 
to perform transplants between siblings who were not identical 
twins.

•	 In 1968 the first human egg is fertilized in vitro.

•	 In 1968 the first bone marrow transplant (adult stem cells) was 
successfully used in treatment of SCID.

•	 In 1970s EC cells injected into mouse blastocysts make chimeric 
mice. Cultured cells are explored as models of embryonic 
development in mice.

•	 In 1973 a team of physicians performed the first unrelated bone 
marrow transplant.

•	 In 1973 moratorium on government financing for human 
embryo research.

•	 In 1978 the first IVF baby is born.

•	 In 1981 Mouse Embroyonic stem cells are derived from the 
inner cell mass of blastocysts.

•	 In 1984-88 Embryonal Carcinoma (EC) cells are developed. 
When exposed to retinoic acid these cells differentiate into 
neuron-like cells and other cell types.

•	 In 1984 Congress passed the National Organ Transplant Act.

•	 In 1989 A clonal line of human embryonic carcinoma cells that 
have limited replicative and differentiative capacity is derived 
that yields tissues from all three primary germ layers. They have 
limited replicative and differentiative capacity.

•	 In 1994 Human blastocysts are generated and the inner cell 
mass is maintained in culture. ES like cells form in the center 
and retain stem cell like morphology.

•	 In 1995-96 Non-human primate ES cells are maintained 
in vitro from the inner cell mass of monkeys. These cells are 
pluripotent and differentiate normally into all three primary 
germ layers.

•	 In 1998 Embryonic stem cells from the inner cell mass of normal 
human blastocysts are cultured and maintained normally for 
many passages. EG cells are also derived and grown in vivo.

•	 In 1998, James Thompson (University of Wisconsin - Madison) 
isolated cells from the inner cell mass of early embryos, and 
developed the first embryonic stem cell lines.

•	 In 2000, President Bill Clinton allotted funding of research on 
cells derived from aborted human fetuses.

•	 In 2000 Scientists derive human embryonic stem cells from the 
inner cell mass of blastocysts.

•	 In 2001 Human embryonic stem cell lines are shared and new 
lines are derived, more research groups are focusing attention 

Figure 1: Mesenchymal Stem cell Differentiation.
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on the differentiation of cells in vitro.

•	 In 2001 President George W. Bush announced his decision 
to allow Federal funding of research only on existing human 
embryonic stem cell lines created prior to his announcement.

•	 In 2004 both houses of Congress have asked President George 
W. Bush to review his policy on embryonic stem cell research.

•	 In 2004 First human cloned blastocyst created – later proved 
to be fraudulent.

•	 In 2004 election, California had a Stem Cell Research Funding 
authorization initiative on the ballot that won by a 60% to 40% 
margin. It established the “California Institute for Regenerative 
Medicine” to regulate stem cell research and research facilities.

•	  In 2004 to 2005, when Hwang Woo-Suk, a Korean researcher, 
claimed to have produced human embryonic stem cell lines 
from unfertilised human eggs.

•	   In early 2007, researchers led by Dr. Anthony Atala claimed 
that a new type of stem cell had been isolated in amniotic fluid.

•	 In 2005 National Academies Releases “Guidelines for Human 
Embryonic Stem Cell Research”.

•	 In December 2006: ISSCR Release Guidelines for stem cell 
research.

•	 In 2008 NAS Release New Guidelines for stem cell research.

•	 In 2008 ISSCR Releases Guidelines for Clinical Translation.

•	 In 2010 Clinical Trial of Human Embryonic Stem Cell-Based 
Therapy was initiated.

•	 In 2011 Researchers found that stem cell infusion generates 
30% more new cardiac Cells.

•	 In 2011 researchers uncovered the mechanism governing the 
Pluripotent Stem Cell Metabolism. 

•	 In 2011 Israeli scientist Inbar Friedrich Ben-Nun led a team 
which produced the first stem cells from endangered species, a 
breakthrough that could save animals in danger of extinction.

Different Sources of Stem cells
Stem cells can be taken from variety of sources like bone marrow, 

cardiac cells, liver, skin, umbilical cord blood, muscle, peripheral blood 
the inner cell mass of blastocysts etc. [34,35] (Figure 2).

Ethical Consideration of Stem Cell Research
Most of the ethical issues surrounding stem cell research involve 

embryonic stem cells because they are derived from fertilized embryos, 
which are subsequently destroyed in the research process. The embryos 
used for research, however, are not derived from eggs fertilized in a 
woman’s body; rather they are fertilized in vitro in a fertilization clinic 
and donated for research purposes with informed consent of the donor 
[36-38] or human fetal tissue following elective abortion [39,40]. An 
adult stem cell, on the other hand, is an undifferentiated cell found 
in organ or tissue that has the ability to renew itself. By nature, adult 
stem cells are not as controversial because they can be derived from an 

individual who may require the therapy by extracting them from the 
bone marrow or skin.

NIH guidelines for stem cell therapy say that, embryonic stem cells 
can be derived from stem cells of an embryo only when the embryo 
is no longer needed for reproductive purposes.  A written informed 
consent should be obtained from the donor, indicating the willingness 
of the donor to allow use of the embryo for human embryonic stem 
cell related research and therapy [41]. No commercialization will be 
allowed. Guidelines have included even medical benefit of donation 
that in the future such cells might be used for the medical benefit of 
the person donating them[36].National Academy of Sciences(NAS) 
has given specific guidelines for the conduct of research on Human 
embryonic stem cells(hESC) [42].

Is Stem Cell Therapy The Future of Regenerative 
Medicine?

Regenerative Medicine deals with replacement  or regeneration 
of  human cells, tissues or organs, to restore or establish the normal 
function. In regenerative medicine, the uses of stem cells are 
therapeutically valuable for the regeneration of diseased tissues and 
organs [43]. Researchers suggest that adult stem cells are crucial for 
all physiological tissue renewal and regeneration after injury or disease 
[36]. Another theory says that the bone marrow cell injected secretes 
cytokines that promote angiogenesis and consequently, osteogenesis 
is induced on the necrotic area by increasing angiogenesis, suggesting 
that stem cells can heal necrotic tissue [44]. Some study suggests that 
MSC showed a fibroblast-like morphology and can be differentiated 
in vitro into osteogenic lineages [45]. Adult human stem cells have 
also been isolated or identified from human kidney, breast, pancreas, 
mesenchyme, liver and prostate [46].These stem cells can be used for 
regeneration treatment [47,48]. 

Researchers proved that distal airway stem cells (DASCs), a specific 
type of stem cells in the lungs, are involved in forming new alveoli to 
replace and repair damaged lung tissue, providing a firm foundation for 
understanding lung regeneration [49,50]. Italian and Spanish scientists 
have provided the evidence to show that meninges, the membrane 
which envelops the central nervous system, is a potential source of self-
renewing stem cells to treat spinal cord injuries [51]. Several clinical 
trials utilizing bone marrow derived progenitor cells to repair damaged 
myocardium have been completed with positive result[17].According 
to the researcher at the western university in Australia, human breast 
milk has the potential to treat diseases like Parkinson’s and diabetes[52]
(Figure 3). High concentrations of stem cells are required for the tissue 
repair technology, such as reconstructed skin. For this purpose, stem 
cells can be cultured in media [53]. Stem cell therapy holds a great 
promise for the repair of injured organs, including kidney [54]. 

Stem cell populations with high aldehyde dehydrogenase (ALDH) 
enzymatic activity (ALDHbr cells) from cord blood and bone marrow 
can be used as a therapy to treat cardiovascular diseases [55,56]. Adipose 
tissues are valuable sources of adipose stem cells which can be used 
as a pharmacological tool for the treatment of various degenerative 
diseases.[57-59]. Cumulative evidence demonstrates that bone marrow 
stem cells contribute to cardiac repair in vivo and prevent ventricular 
remodeling and alleviate cardiac symptoms [60,61]. Stem cells have 
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Figure 2: Different Sources of Stem cells.

Figure 3: Application of Stem cells.

been intensively investigated as a potential source of liver stem cells 
and as a means to regenerate the cirrhotic liver [62,63].

Conclusion

In conclusion, the controversy over human embryonic stem cell 
research still remains unsolved, but the potential of stem cell to treat 
the disease is most exciting. Unlocking stem cell potential still require 
much more continued research and one day it is going to be a common 
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treatment for degenerative diseases. The future of stem cell research is 
indeed promising, yet scientific challenges must be overcome one-by-
one.
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