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1. Introduction 

Stem cell is the origin of an orgnism’s life. Stem 
cells have the potential to develop into many different 
types of cells in life bodies, that are exciting to 
scientists because of their potential to develop into 
many different cells, tissues and organs. Stem cells 
can be used in the clinical medicine to treat patients 
with a variety of diseases (Daar, 2003). Serving as a 
repair system for the living body, the stem cells can 
divide without limit to replenish other cells as long as 
the living body is still alive. When a stem cell divides, 
each new cell has the potential to either remain a stem 
cell situuition or become another type of cell with a 
more specialized function, such as a muscle cell, a red 
blood cell, a bone cell, a nerve cell, or a brain cell. 
Stem cell research is a tipical and important topic of 
life science.  
2. Definition of Stem Cells 

The definition of stem cell is “an unspecialized 
cell that gives rise to a specific specialized cell, such 
as a blood cell” (Stedman's Medical Dictionary, 
2002). 
3. Characterization of Stem Cell  

Stem cell is totipotent, that means it holds all the 
genetic information of the living body and it can 
develop into a mature cell. Stem cell is a single cell 
that can give rise to progeny that differentiate into any 
of the specialized cells of embryonic or adult tissue. 
The ultimate stem cells (fertilized egg) divide to 
branches of cells that form various differentiated 
tissues or organs. During these early decisions, each 
progeny cell retains totipotency. Through divisions 
and differentiations the embryonic stem cells lose 
totipotency and gain differentiated function. During 
normal tissue renewal in adult organs, tissue stem 
cells give rise to progeny that differentiate into mature 
functioning cells of that tissue. Stem cells losing 
totipotentiality are progenitor cells. Except for 
germinal cells, which retain totipotency, most stem 

cells in adult tissues have reduced potential to produce 
different cells.  
4. Sources of Stem Cells 

Aristotle (384-322 BC) deduced that the embryo 
was derived from mother’s menstrual blood, which 
was based on the concept that living animals arose 
from slime or decaying matter. This concept was 
accepted in western world for over 2000 years, and it 
controlled western philosophy for over 2000 years 
either. In 1855, Virchow supposed that all cells in an 
organism are derived from preexisting cells. Now we 
know that all the human cells arise from a preexisting 
stem cell – the fertilized egg, that come from the 
mating of a man and a woman naturally but now can 
be produced in the laboratory tube. The counter 
hypothesis of spontaneous generation was accepted 
until 1864, when the French scientist Louis Pasteur 
demonstrated that there would be no microorganisms’ 
growing after sterilizing and sealing.  

The animal body has an unlimited source of stem 
cells, almost. However, the problem is not in locating 
these stem cells, but in isolating them from their tissue 
source. 

Five key stem cells have been isolated from 
human: (1) Blastocysts; (2) Early embryos; (3) Fetal 
tissue; (4) Mature tissue; (5) Mature cells that can be 
grown into stem cells.  

Up to today, only stem cells taken from adults or 
children (known generically as "adult stem cells") 
have been used extensively and effectively in the 
treatment of degenerative diseases.  
5. Embryonic Stem Cell 

Embryonic stem cells hold great promise for 
treating degenerative diseases, including diabetes, 
Parkinson's, Alzheimer's, neural degeneration, and 
cardiomyopathies (Bavister, 2005). Embryonic stem 
cells are derived from the inner cell mass of blastocyst 
stage embryos. Embryonic stem cells can replicate 
indefinitely. This makes it feasible to culture the cells 
on a large scaled for cell transplantation therapy in 
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clinical application. Embryonic stem cells are 
pluripotent and have the potential to differentiate into 
all three germ layers of the mammalian body 
including the germ cells.  
6. Somatic Stem Cell 

Normally to say that somatic stem cells 
differentiate only into specific tissue cells wherein 
they reside. However, somatic stem cells can 
differentiate into cells other than those of their tissue 
of origin. Adult bone marrow, fat, liver, skin, brain, 
skeletal muscle, pancreas, lung, heart and peripheral 
blood possess stem or progenitor cells with the 
capacity to transdifferentiate. Due to this 
developmental plasticity, somatic stem cells may have 
potential in autologous regenerative medicine, 
circumventing problems like rejection and the 
ethically challenged use of embryocyte stem cells.  
7. Isolation and Characterisation of Stem Cells  

As the example, the following is describing the 
isolation and characterization of the putative prostatic 
stem cell, which was done by Bhatt, Brown, Hart, 
Gilmore, Ramani, George, and Clarke in 2003. The 
detail methods have been described by Bhatt, Brown, 
Hart, Gilmore, Ramani, George, and Clarke in the 
article “Novel method for the isolation and 
characterisation of the putative prostatic stem cell” in 
the journal Cytometry A in 2003 (Bhatt, 2003). 
7.1 Prostatic tissue collection and culture  

When using human tissue, formal consent by the 
donator must be obtained before tissue collection. 
Tissue sections are obtained under sterile conditions. 
Each individual tissue section is bisected with half 
being sent for histological analysis for diagnostic 
evaluation and the remainder used for tissue culture. 
After then, tissue sections are chopped and placed in 
collagenase type I at 200 U/ml in RPMI 1640 medium 
with 2% v/v FCS overnight on a shaking platform at 
37°C. The digest is then broken down further by 
shaking in 0.1% trypsin in PBS with 1% BSA and 1 
mM ethylenediaminetetraacetic acid (EDTA) for 15-
20 min. The cell suspension is then washed three 
times in PBS with 1% BSA and 1 mM EDTA before 
resuspending in RPMI 10% v/v FCS. Prostate 
epithelial cells are separated from fibroblasts by 
differential centrifugation (360 g, 1 min without 
braking). This process produced a supernatant 
enriched for fibroblasts and a pellet enriched for 
epithelia. The epithelial cell suspension is then spun 
on a metrizamide gradient (1.079 g/ml), and the cells 
are isolated from the interface (Bhatt, 2003). 
7.2 Ber-EP4/ 2/CD45 labelling of cells 

Isolated epithelial cells are labeled at ambient 
temperature with either anti-human integrin 2 
monoclonal antibody or Ber-EP4 antibody (8 g/ml 
in 1% BSA/PBS) for 30 min before the addition of the 
secondary antibody, RAMBO (2.6 g/ml in 1% 

BSA/PBS) for 30 min. After washing with PBS, the 
cells are incubated for 20 min in the dark with 
streptavidin PE-Cy7 (20 g/ml). Samples are then 
dual labelled with CD45-FITC (1 g/ml in 1% 
BSA/PBS) for 30 min (Bhatt, 2003).  
7.3 Ber-EP4/ 2 and Hoechst labelling for flow 
cytometry  

Isolated epithelial cells are labelled at ambient 
temperature with anti-human integrin 2 monoclonal 
antibody (8 g/ml in 1% BSA/PBS) for 30 min before 
the addition of the secondary antibody, RAMBO (2.6 

g/ml in 1% BSA/PBS) for 30 min. After washing 
with PBS, the cells are incubated for 20 min in the 
dark with streptavidin PE-Cy7 (20 g/ml). Hoechst 
staining could be performed by using the protocol for 
HSC as described by Rupesh, et al (Bhatt, 2003). 
Briefly, epithelial cells are resuspended in Hoechst 
buffer (Hanks' balanced salts solution, 10% FCS, 1% 
D-glucose, and 20 mM HEPES) and warmed to 37°C. 
Hoechst 33342 is then added to give a final 
concentration of 2 M and the cells incubated at 37°C 
for 2 h. Fifteen min before the end of incubation, the 
cells are labelled with monoclonal anti-human Ber-
EP4 directly conjugated to FITC (8 g/ml). The cells 
are then washed in ice-cold Hoechst buffer before 
resuspending in ice-cold Hoechst buffer containing 
propidium iodide (PI) at 20 ng/ml (Bhatt, 2003). 
7.4 Flow cytometry isolation of the SP fraction  

Flow cytometry is carried out using a Becton 
Dickinson FACS Vantage SE flow cytometer. 
Hoechst 33342 is excited with an argon ion, 
ultraviolet-enhanced laser at 350 nm, and its 
fluorescence is measured with a 424/44 BP filter 
(Hoechst BLUE) and a 675DF20 BP optical filter 
(Hoechst RED; Omega Optical, Brattleboro VT). A 
640 LP dichroic mirror is used to separate the 
emission wavelengths. PI fluorescence is also 
measured through the 675DF20 BP (having been 
excited at 350 nm). A second argon ion laser is used 
to excite the additional fluorochrome PE-Cy7 at 488 
nM. PE-Cy7 is measured using a 787RDF40 (Omega 
Optical) filter (Bhatt, 2003).  
7.5 Cell cycle characterisation of SP fraction  

Epithelial cells are isolated and all fractions are 
resuspended in Hoechst buffer and warmed to 37°C. 
Hoechst 33342 is then added to give a concentration 
of 2 M and incubated at 37°C for 45 min. Pyronin Y 
(250 ng/ l) is added to each tube, and the samples are 
incubated for 45 min. Monoclonal anti-human Ber-
EP4 FITC (8 g/ml) is added as appropriate 15 min 
before the end. After this, ice-cold Hoechst buffer is 
added immediately and the samples are washed then 
resuspended in ice-cold Hoechst buffer. The samples 
are analysed immediately by flow cytometry. Flow 
cytometry is performed using a modification of the 
method described above. Cells under study are 



Stem Cell 2015;6(3)                                                                        http://www.sciencepub.net/stem  

104 

selected by positive labelling for Ber-EP4 FITC 
before being analysed for Hoechst and Pyronin Y 
staining. These cells are then analysed by plotting the 
Hoechst profile on the x-axis and Pyronin Y along the 
y-axis in a linear scale (Bhatt, 2003). 
7.6 Cytokeratin phenotype studies  

Samples are processed as above, divided into two 
fractions, and labelled with either cytokeratin 8 or 14 
indirectly conjugated to PE-Cy5. Samples are then 
dual labelled with Ber-EP4 FITC and integrin 2 PE-
CY7. Flow cytometry is performed as described and 
analysed on forward (FSC) and side (SSC) scatter 
(Bhatt, 2003). 
8 Application of Stem Cells in Clinical Medicine 

There are over four thousand registered diseases 
specifically linked to genetic abnormalities. Although 
stem cells are unlikely to provide powerful treatment 
for these diseases, they are unique in their potential 
application to these diseases.  

Indeed, in many research projects, scientists have 
demonstrated that stem cells can be used to replenish 
or rejuvenate damaged cells within the immune 
system of the human body and that damaged stem 
cells can repair themselves and their neighbors. For 
example, in what is regarded as the first documented 
case of successful gene-therapy "surgery", scientists at 
the Necker Hospital for Sick Children in Paris of 
French succeeded in treating two infants diagnosed 
with Severe Combined Immunodeficiency Disease, a 
life-threatening degenerative disease caused by 
defects on the male (X) chromosome. With the 
identification of stem cell plasticity several years ago, 
multiple reports raised hopes that tissue repair by stem 
cell transplantation could be within reach in the near 
future (Kashofer, 2005). In cardiovascular medicine, 
the possibility to cure heart failure with newly 
generated cardiomyocytes has created the interest of 
many researchers (Condorelli, 2005). Gene clone 
techniques can be widely used in the stem cell 
researches and applications (Ma, 2004). 
9 Debates on Stem Cell Research 

There are a lot of debates on the stem cell 
research. Stem cell research is a high-tech question 
and the people involved in this rebates should have 
certain scientific knowledge on the stem cell. It is OK 
for the politicians or religionists to show their 
opinions on any topic they are interested in, but not 
suitable for them to make decisions (or make laws) 
that will significantly influence the scientific research 
as this field the politicians or religionists are not 
specialized. Such as, it is not suitable for the 
American President George W. Bush to show the 

power in the stem cell research. It is scientists’ job. 
When politics and science collide, science should do 
scientific way, rather political way. Major ethical and 
scientific debates surround the potential of stem cells 
to radically alter therapies in health care (Williams, 
2005). 
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