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Abstract

Stem cells are undifferentiated biological cells that can differentiate into specialized cells. They can divide through mitosis to
produce more stem cells. In mammals, there are two broad types of stem cells i) Embryonic stem cells ii) Adult stem cells. The
classical stem cells possess two properties) Self-renewal ii) Potency. Diseases and conditions where stem cell treatment is being
investigated include: Diabetes, Rheumatoid arthritis, Parkinson's disease Alzheimer's disease, Osteoarthritis, Stroke and traumatic
brain injury repair, Learning defects, Spinal cord injury repair, Heart infarction, Anti-cancer, Baldness, Replace missing teeth,
Repair hearing, Restore vision, Amyotrophic lateral sclerosis, Crohn's disease, Wound healing. Stem cell therapy is the use of
stem cells to treat or prevent a disease or condition. Research is underway to develop various sources for stem cells. Stem cells
are in treatments for neurodegenerative diseases and conditions, diabetes, heart disease, and other conditions. Stem cell therapy
also has some disadvantages. Immunosuppression is required before treatment. Pluripotency in stem cells could also make it
difficult to obtain a specific cell type. Some stem cells form tumors after transplantation. Stem cells have a very promising role
and potential in therapeutic application of various human diseases and if researched and utilised in the correct way can prove to
be a boon in medical field.
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Introduction

Stem cells are undifferentiated biological cells that can
differentiate into specialized cells. They can divide
through mitosis to produce more stem cells. They are
found in multicellular organisms. In mammals, there
are two broad types of stem cells:

a. Embryonic stem cells, which are isolated from
the inner cell mass of blastocysts.

b. Adult stem cells, which are found in various
tissues.

In adult organisms, stem cells and progenitor cells act
as a repair system for the body. It helps in replenishing
adult tissues. In a developing embryo, stem cells can
differentiate into all the specialized cells like

ectoderm, endoderm and mesoderm. They also
maintain the normal turnover of regenerative organs
like blood, skin, or intestinal tissues.

There are three sources of autologous adult stem cells
in humans:

1. Bone marrow- It requires extraction by harvesting,
i.e. drilling into bone. Usually the femur or iliac crests
are used for this purpose.
2. Adipose tissue- It requires extraction by liposuction.
3. Blood-It requires extraction through apheresis. In
this method, blood is drawn from the donor and passed
through a machine that extracts the stem cells and
returns other portions of the blood to the donor.
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4. Stem cells can also be taken from umbilical cord
blood just after birth.

Properties:

The classical stem cells possess two properties:

1. Self-renewal- It is the ability to go through
numerous cycles of cell division while
maintaining the undifferentiated state.

2. Potency- It is the capacity to differentiate into
specialized cell types. This requires stem cells
to be either totipotent or pluripotent.

Types of stem cells:

1. Embryonic:

Embryonic stem cells are stem cells derived from the
inner cell mass of a blastocyst. Blastocyst is an early-
stage embryo[1]. Human embryos reach the blastocyst
stage 4–5 days post fertilization. At this time they
consist of 50–150 cells. Embryonic stem cells are
pluripotent. They give rise during development to all
derivatives of the three primary germ layers:
ectoderm, endoderm and mesoderm. They do not
contribute to the extra-embryonic membranes or the
placenta. (Figure 1)

Figure 1. Pluripotent, embryonic stem cells originate as inner cell mass (ICM) cells within a blastocyst. These stem
cells can become any tissue in the body, excluding a placenta. Only cells from an earlier stage of the embryo, known

as the morula, are totipotent, able to become all tissues in the body and the extra embryonic placenta.

A human embryonic stem cell is also defined by the
expression of several transcription factors and cell
surface proteins. The transcription factorsOct-4,
Nanog, and Sox2 form the core regulatory network. It
ensures the suppression of genes that lead to
differentiation and the maintenance of pluripotency[2].

2. Foetal:

The primitive stem cells located in the organs of
foetuses are referred to as foetal stem cells [3]. There
are two types of foetal stem cells:

a. Foetal proper stem cells come from the tissue of the
foetus proper. They are obtained after an abortion.
These stem cells are not immortal but have a high
level of division and are multipotent.

b. Extra embryonic foetal stem cells come from extra
embryonic membranes. They are not distinguished
from adult stem cells. These stem cells are acquired
after birth. They are not immortal but have a high level
of cell division, and are pluripotent [4]. (Figure 2)



Int. J. Adv. Res. Biol. Sci. (2016). 3(4): 63-70

65

Figure 2. Stem cell division and differentiation. A: stem cell; B: progenitor cell; C: differentiated cell; 1: symmetric
stem cell division; 2: asymmetric stem cell division; 3: progenitor division; 4: terminal differentiation

3. Adult:

Adult stem cells are also called somatic stem cells.
They are stem cells which maintain and repair the
tissue in which they are found. They can be found in
children as well as in adults [5].

Pluripotent adult stem cells are rare and small in
number. But they can be found in umbilical cord
blood and other tissues[6]. Bone marrow is a rich
source of adult stem cells [7].They have been used in
treating several conditions including spinal cord injury
[8], liver cirrhosis[9], chronic limb ischemia [10] and
end stage heart failure[11]. The quantity of bone
marrow stem cells declines with age and is greater in
males than females during reproductive years [12].

4.Amniotic:

Multipotent stem cells are also found in amniotic fluid.
These stem cells are very active. They expand

extensively without feeders and are not tumorigenic.
Amniotic stem cells are multipotent and can
differentiate in cells of adipogenic, osteogenic,
myogenic, endothelial, hepatic and neuronal lines [13].

5. Cord blood:

Cord blood stem cell (CB-SC) is multipotent and
displays embryonic and hematopoietic characteristics.
Phenotypic characterization demonstrates that (CB-
SCs) display embryonic cell markers (e.g.,
transcription factors OCT-4 and Nanog, stage-specific
embryonic antigen (SSEA)-3, and SSEA-4) and
leukocyte common antigen CD45. CB-SCs display
very low immunogenicity as indicated by expression
of a very low level of major histocompatibility
complex (MHC) antigens and failure to stimulate the
proliferation of allogeneic lymphocytes[14-15]. They
can give rise to three embryonic layer-derived cells in
the presence of different inducers[14,16].
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6. Induced pluripotent:

These are adult cells (e.g. epithelial cells)
reprogrammed to give rise to pluripotent capabilities.
Using genetic reprogramming with protein
transcription factors, pluripotent stem cells equivalent
to embryonic stem cells have been derived from
human adult skin tissue[17-19].

Treatments:

Diseases and conditions where stem cell treatment is
being investigated include:

 Heart infarction
 Anti-cancer
 Baldness
 Replace missing teeth
 Repair hearing
 Restore vision
 Amyotrophic lateral sclerosis
 Crohn's disease
 Wound healing
 Diabetes
 Rheumatoid arthritis
 Parkinson's disease
 Alzheimer's disease
 Osteoarthritis
 Stroke and traumatic brain injury repair
 Learning defects
 Spinal cord injury repair

Stem cell therapy is the use of stem cells to treat or
prevent a disease or condition. Research is underway
to develop various sources for stem cells. Stem cells
are in treatments for neurodegenerative diseases and
conditions, diabetes, heart disease, and other
conditions [20].

Neurodegeneration:

Stem cells may be used to treat brain degeneration,
such as in Parkinson's, Amyotrophic lateral sclerosis
and Alzheimer's disease [21-22].Healthy adult brains
contain neural stem cells which divide to maintain
general stem cell numbers or become progenitor cells.
In healthy adult animals, progenitor cells migrate
within the brain and function primarily to maintain
neuron populations for olfaction (the sense of smell).
Pharmacological activation of endogenous neural stem
cells has been reported to induce neuroprotection and
behavioral recovery in adult rat models of neurological
disorder [23-25].

Brain and spinal cord injury:

Stroke and traumatic brain injury lead to cell death. It
is characterized by loss of neurons and
oligodendrocytes within the brain. A small clinical
trial was underway in Scotland in 2013, in which stem
cells were injected into the brains of stroke
patients[26].

Heart:

Stem cell therapy for treatment of myocardial
infarction usually makes use of autologous bone
marrow stem cells. Other types of adult stem cells may
be used such as adipose-derived stem cells [27].

Possible mechanisms of recovery include:

• Generation of heart muscle cells
• Stimulation of growth of new blood vessels to

regenerate damaged heart tissue
• Secretion of growth factors

It may be possible to have adult bone marrow cells
differentiate into heart muscle cells.

Stem cell therapy has the potential for cardiac tissue
regeneration to reverse the tissue loss underlying the
development of heart failure after cardiac injury [28].

Haematopoiesis (blood-cell formation):

The human immune-cell allows the human body to
defend itself from rapidly adapting antigens. The
immune system fights against the pathogenesis of
disease. The immune system plays in defence.
Degradation of immune system is fatal to the
organism. Diseases of hematopoietic cells are
diagnosed and classified by a subspecialty of
pathology known as haematopathology. The immune
cells recognize foreign antigens which cause
challenges in the treatment of immune disease.

Mature human red blood cells may be generated ex
vivo by hematopoietic stem cells (HSCs), which are
precursors of red blood cells. In this process, HSCs are
grown together with stromal cells. It helps in creating
an environment that mimics the conditions of bone
marrow, the natural site of red-blood-cell growth.
Erythropoietin (growth factor) is added. It coaxes the
stem cells to complete terminal differentiation into red
blood cells [29].
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Baldness:

Hair follicles also contain stem cells. These follicle
stem cells may help in treating baldness through an
activation of the stem cells progenitor cells. Baldness
is treated by activating already existing stem cells on
the scalp. Baldness treatments may be able to signal
follicle stem cells to give off chemical signals to
nearby follicle cells which have shrunk during the
aging process. These follicles in turn respond to these
signals by regenerating and once again making healthy
hair.

Missing teeth:

The tooth regeneration technology can be used to
grow live teeth in human patients. Stem cells taken
from the patient could be coaxed in the lab into
turning into a tooth bud which can be implanted in the
gums. It will give rise to a new tooth and would be
expected to be grown in a time over three weeks [30].
It will fuse with the jawbone and release chemicals
that encourage nerves and blood vessels to connect
with it. The process is similar to what happens when
humans grow their original adult teeth.

Deafness:

Heller has reported success in re-growing cochlea hair
cells with the use of embryonic stem cells [31].

Blindness and vision impairment:

Since 2003, researchers have successfully transplanted
corneal stem cells into damaged eyes to restore vision.
Sheets of retinal cells used by the team are harvested
from aborted foetuses. When these sheets are
transplanted over the damaged cornea, the stem cells
stimulate renewed repair and help inrestoring vision
[32].

Diabetes:

In Diabetes, there is loss of the function of insulin-
producing beta cells within the pancreas
[33].Embryonic stem cell can be coaxed to turn into
beta cells in the lab. Transplanted beta cell will be able
to replace malfunctioning in a diabetic patient [34].

Transplantation:

Human embryonic stem cells may be grown in cell
culture and stimulated to form insulin-producing cells
that can be transplanted into the patient.

Clinical success is highly dependent on the
development of the following procedures:

• Transplanted cells should proliferate
• Transplanted cells should differentiate in a

site-specific manner
• Transplanted cells should survive in the

recipient
• Transplanted cells should integrate within the

targeted tissue
• Transplanted cells should integrate into the

host circuitry and restore function

Orthopaedics:

Mesenchymal stem cells play an important role in
treatment of many orthopaedic conditions. It may
increase cartilage and meniscus volume in individual
human subjects[35-36].Their results show adequate
safety and minimal complications associated with
mesenchymal cell transplantation[37].

Wound healing:

Stem cells can also be used to stimulate the growth of
human tissues. In an adult, wounded tissue is replaced
by scar tissue. The scar tissue is characterized in the
skin by disorganized collagen structure, loss of hair
follicles and irregular vascular structure. In the case of
wounded foetal tissue, wounded tissue is replaced with
normal tissue through the activity of stem cells [38]. A
possible method for tissue regeneration in adults is to
place adult stem cell at the site of injured tissue and
allow the stem cells to stimulate differentiation in the
tissue bed cells. This method elicits a regenerative
response more similar to fetal wound-healing than
adult scar tissue formation [38].

Infertility:

Culture of human embryonic stem cells in mitotically
inactivated porcine ovarian fibroblasts (POF) causes
differentiation into germ cells (precursor cells of
oocytes and spermatozoa), as evidenced by gene
expression analysis [39]. It could potentially treat
azoospermia. These cells have the potential to treat
infertility.

Disadvantages of stem cell therapy:

• Stem cell treatments require
immunosuppression because of a requirement
for radiation before the transplant to remove
the patient's previous cells. The patient's
immune system also can target the stem cells.
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• Pluripotency in stem cells could also make it
difficult to obtain a specific cell type. It is also
difficult to obtain the exact cell type needed,
because not all cells in a population
differentiate uniformly. Undifferentiated cells
can create tissues other than desired types[40].

• Some stem cells form tumours after
transplantation. Pluripotency is associated to
tumor formation in embryonic stem cells,
foetal proper stem cells, induced pluripotent
stem cells. Foetal proper stem cells form
tumors despite multipotency.

• Hepatotoxicity and drug-induced liver injury
account for a substantial number of failures of
new drugs in development and market
withdrawal, highlighting the need for
screening assays such as stem cell-derived
hepatocyte-like cells, that are capable of
detecting toxicity early in the drug
development process[41].

Conclusion and Future Perspective:

Stem cells have a very promising role and potential in
therapeutic application of various human diseases and
if researched and utilised in the correct way can prove
to be a boon in medical field.

References

1. Thomson JA, Itskovitz-Eldor J, Shapiro SS,
Waknitz MA, Swiergiel JJ, Marshall VS, Jones JM.
Blastocysts Embryonic Stem Cell Lines Derived
from Human. Sci. 1998; 282(5391): 1145-1147.

2. Boyer LA, Lee TI, Cole MF, Johnstone SS, Levine
SS, Zucker JP, Guenther MG, Kumar RM, Murray
HL, Jenner RG, Gifford DK, Melton DA, Jaenisch
R, Young RA. Core transcriptional regulatory
circuitry in human embryonic stem cells. Cell.
2005; 122(6): 947-956.

3. Ariff Bongso. Stem cells: their definition,
classification and sources. In:EngHin Lee(ed),Stem
Cells: From Benchtop to Bedside. World Scientific,
2005. p. 5.

4. Moore KL, Persaud TVN, Torchia AG. Before We
Are Born: Essentials of Embryology and Birth
Defects. Philadelphia, PA: Saunders (eds),
Elsevier. 2013.

5. Jiang Y, Jahagirdar BN, Reinhardt RL, Schwartz
RE, Keene CD, Ortiz-Gonzalez XR, Reyes M,
Lenvik T, Lund T, Blackstad M, Du J, Aldrich S,
Lisberg A, Low WC, Largaespada DA, Verfaillie
CM. Pluripotency of mesenchymal stem cells

derived from adult marrow. Nature.
2002;418(6893): 41-49.

6. Ratajczak MZ, Machalinski B, Wojakowski W,
Ratajczak J, Kucia M. A hypothesis for an
embryonic origin of pluripotent stem cells in adult
bone marrow and other tissues. Leukemia. 2007;
21(5): 860-867.

7. Narasipura SD, Wojciechowski JC, Charles N,
Liesveld JL, King MR. P-Selectin coated
microtube for enrichment of CD34+ hematopoietic
stem and progenitor cells from human bone
marrow. Clin Chem. 2008;54(1):77-85.

8. William JB, Prabakaran R , Ayyappan S,
Puskhinraj H, Rao D, Manjunath SR,
Thamaraikannan P, Dedeepiya VD, Kuroda S,
Yoshioka H, Mori Y, Preethy SK, Abraham SJK.
Functional Recovery of Spinal Cord Injury
Following Application of Intralesional Bone
Marrow Mononuclear Cells Embedded in Polymer
Scaffold – Two Year Follow-up in a Canine. J
Stem Cell Res &Ther. 2011;1(3).

9. Terai S, Ishikawa T, Omori K, Aoyama K,
Marumoto Y, Urata Y, Yokoyama Y, Uchida K,
Yamasaki T, Fujii Y, Okita K, Sakaida I. Improved
liver function in patients with liver cirrhosis after
autologous bone marrow cell infusion therapy.
Stem Cells. 2006;24(10): 2292-2298.

10.Subrammaniyan R, Amalorpavanathan J, Shankar
R, et al. Application of autologous bone marrow
mononuclear cells in six patients with advanced
chronic critical limb ischemia as a result of
diabetes: our experience. Cytotherapy. Sep
2011;13(8): 993-999.

11.Madhusankar N. Use of Bone Marrow derived
Stem Cells in Patients with Cardiovascular
Disorders. JSRM. 2007;3(1): 28-29.

12.Dedeepiya VD, Rao YY, Jayakrishnan GA,
Parthiban JK, Baskar S, Manjunath SR,
Senthilkumar R, Abraham SJ. Index of CD34+
Cells and Mononuclear Cells in the Bone Marrow
of Spinal Cord Injury Patients of Different Age
Groups: A Comparative Analysis. Bone Marrow
Res. 2012: 787414.

13.De Coppi P, Bartsch G, Siddiqui MM, Xu T,
Santos CC, Perin L, Mostoslavsky G, Serre AC,
Snyder EY, Yoo JJ, Furth ME, Soker S, Atala A.
Isolation of amniotic stem cell lines with potential
for therapy. Nature Biotechnology.
2007;25(5):100-106.



Int. J. Adv. Res. Biol. Sci. (2016). 3(4): 63-70

69

14.Zhao Y, Wang H, Mazzone T. Identification of
stem cells from human umbilical cord blood with
embryonic and hematopoietic characteristics. Exp
Cell Res. Aug 1, 2006; 312(13): 2454-2464.

15.Zhao Y, Huang Z, Qi M, Lazzarini P, Mazzone T.
Immune regulation of T lymphocyte by a newly
characterized human umbilical cord blood stem
cell. ImmunolLett. 2007;108(1):78-87.

16.Zhao Y, Mazzone T (2010). Human cord blood
stem cells and the journey to a cure for type 1
diabetes. Autoimmun Rev. 2010; 10(2): 103-107.

17.Making human embryonic stem cells. The
Economist. 2007; 11-22.

18.Brand M, Palca J Cohen A. Skin Cells Can
Become Embryonic Stem Cells. National Public
Radio. 2007; 11-20.

19.Breakthrough Set to Radically Change Stem Cell
Debate. News Hour with Jim Lehrer. 2007; 11-20.

20.Bubela T, Li MD, Hafez M, Bieber M, Atkins H. Is
belief larger than fact: expectations, optimism and
reality for translational stem cell research .BMC
Med. 2012;10:133.

21.Cell Basics: What are the potential uses of human
stem cells and the obstacles that must be overcome
before these potential uses will be realized?. In
Stem Cell Information World Wide Web site.
Bethesda, MD: National Institutes of Health, U.S.
Department of Health and Human Services, 2009.

22.Vastag B. Stem cells step closer to the clinic:
paralysis partially reversed in rats with ALS-like
disease. JAMA. April 2001; 285(13): 1691-1693.

23.Androutsellis-Theotokis A, Leker RR, Soldner F,
et al. Notch signalling regulates stem cell numbers
in vitro and in vivo. Nature. August
2006;442(7104): 823-826.

24.Androutsellis-Theotokis A, Rueger MA, Park DM,
et al. Targeting neural precursors in the adult brain
rescues injured dopamine neurons. Proc. Natl.
Acad. Sci. U.S.A.August 2009;106(32): 13570-
13575.

25.Androutsellis-Theotokis A, Rueger MA, Mkhikian
H, Korb E, McKay RD (). Signaling pathways
controlling neural stem cells slow progressive brain
disease. Cold Spring Harb. Symp. Quant. Biol.
2008;73:403–10.

26.Ghosh, Pallab. Stroke patients see signs of
recovery in stem cell trial. BBC News health.

27.Paul, A., Srivastava, S., Chen, G., Shum-Tim, D. &
Prakash, S. Functional Assessment of Adipose
Stem Cells for Xenotransplantation Using
Myocardial Infarction Immunocompetent Models:
Comparison with Bone Marrow Stem Cells. Cell
biochemistry and biophysics. 2013;67(2):263-273.

28.Giarratana MC, Kobari L, Lapillonne H, et al. Ex
vivo generation of fully mature human red blood
cells from hematopoietic stem cells. Nat.
Biotechnol. January 2005;23(1):69-74.

29.Giarratana MC, Kobari L, Lapillonne H, et al. Ex
vivo generation of fully mature human red blood
cells from hematopoietic stem cells. Nat.
Biotechnol. January 2005;23(1):69-74.

30.Anglin I. Scientists Grow Teeth Using Stem Cells.
SingularityHUB.

31.Gene therapy is first deafness 'cure' - health - 14
February 2005 - New Scientist

32.Fetal tissue restores lost sight MedicalNewsToday.
2004.

33.Saki N, Jalalifar MA, Soleimani M,Hajizamani S,
Rahim F. Adverse Effect of High Glucose
Concentration on Stem Cell Therap. Int J
HematolOncol Stem Cell Res. 2013;7(3): 34-40.

34.Goldstein Ron. Embryonic stem cell research is
necessary to find a diabetes cure. Greenhaven
Press, 2007; 44.

35.Centeno CJ, Busse D, Kisiday J, Keohan C,
Freeman M, Karli D. Regeneration of meniscus
cartilage in a knee treated with percutaneously
implanted autologous mesenchymal stem cells.
Med. Hypotheses. December 2008;71(6): 900-908.

36.Centeno CJ, Busse D, Kisiday J, Keohan C,
Freeman M, Karli D. Increased knee cartilage
volume in degenerative joint disease using
percutaneously implanted, autologous
mesenchymal stem cells. Pain Physician.
2008;11(3): 343-53.

37.Centeno CJ, Schultz JR, Cheever M, Robinson B,
Freeman M, Marasco W. Safety and complications
reporting on the re-implantation of culture-
expanded mesenchymal stem cells using
autologous platelet lysate technique. Curr Stem
Cell Res Ther. March 2010;5(1): 81-93.

38.Gurtner GC, Callaghan MJ, Longaker MT.
Progress and potential for regenerative medicine.
Annu. Rev. Med. 2007;58:299-312.

39.Richards M, Fong CY, Bongso A. Comparative
evaluation of different in vitro systems that
stimulate germ cell differentiation in human
embryonic stem cells.Fertil. Steril. December
2008;93(3):986-994.

40.Moore, Keith L, Persaud TVN, Torchia Mark G.
Before We Are Born: Essentials of Embryology
and Birth Defects. Philadelphia, PA:
Saunders(eds), Elsevier. 2013.



Int. J. Adv. Res. Biol. Sci. (2016). 3(4): 63-70

70

41.Greenhough S, Hay DC. (2012). Stem Cell-Based
Toxicity Screening: Recent Advances in
Hepatocyte Generation. Pharm Med. 2012;
26(2):85-89.

Access this Article in Online
Website:
www.ijarbs.com

Subject:
Stem Cells
ResearchQuick Response

Code

How to cite this article:
Mariya Rouf and Ovais Karnain. (2016). Stem cells and their potential therapeutic applications. Int. J. Adv.
Res. Biol. Sci. 3(4): 63-70.


