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Embryonic stem cells, as their name suggests, are derived from embryos. Most embryonic stem cells are 
derived from embryos that develop from eggs that have been fertilized in vitro—in an in vitro fertilization 
clinic—and then donated for research purposes with informed consent of the donors. They are not 
derived from eggs fertilized in a woman's body.  
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INTRODUCTION  
Human embryonic stem (ES) cells capture the 

imagination because they are immortal and have an 

almost unlimited developmental potential (Fig. 1.1: 

How hESCs are derived). After many months of growth 

in culture dishes, these remarkable cells maintain the 

ability to form cells ranging from muscle to nerve to 

blood—potentially any cell type that makes up the 

body. The proliferative and developmental potential of 

human ES cells promises an essentially unlimited 

supply of specific cell types for basic research and for 

transplantation therapies for diseases ranging from 

heart disease to Parkinson's disease to leukemia. Here 

we discuss the origin and properties of human ES cells, 

their implications for basic research and human 

medicine, and recent research progress since August 

2001, when President George W. Bush allowed federal 

funding of this research for the first time.What Are 

Embryonic Stem Cells? 

Embryonic stem cells are derived from embryos at a 

developmental stage before the time that implantation 

would normally occur in the uterus. Fertilization 

normally occurs in the oviduct, and during the next few 

days, a series of cleavage divisions occur as the embryo 

travels down the oviduct and into the uterus. Each of 

the cells (blastomeres) of these cleavage-stage 

embryos are undifferentiated, i.e. they do not look or 

act like the specialized cells of the adult, and the 

blastomeres are not yet committed to becoming any 

particular type of differentiated cell. Indeed, each of 

these blastomeres has the potential to give rise to any 

cell of the body. The first differentiation event in 

humans occurs at approximately five days of 

development, when an outer layer of cells committed 

to becoming part of the placenta (the trophectoderm) 
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separates from the inner cell mass (ICM). The ICM cells 

have the potential to generate any cell type of the 

body, but after implantation, they are quickly depleted 

as they differentiate to other cell types with more 

limited developmental potential. However, if the ICM 

is removed from its normal embryonic environment 

and cultured under appropriate conditions, the ICM-

derived cells can continue to proliferate and replicate 

themselves indefinitely and still maintain the 

developmental potential to form any cell type of the 

body 

 

 
 

Pluripotency of ES Cells 

The ability of ES cells to develop into all cell types 

of the body has fascinated scientists for years, yet 

remarkably little is known about factors that make 

one cell pluripotent and another more restricted in 

its developmental potential. The transcription 

factor Oct4 has been used as a key marker for ES 

cells and for the pluripotent cells of the intact 

embryo, and its expression must be maintained at a 

critical level for ES cells to remain 

undifferentiated. 

The Oct4 protein itself, however, is insufficient to 

maintain ES cells in the undifferentiated state. 

Recently, two groups identified another transcription 

factor, Nanog, that is essential for the maintenance of 

the undifferentiated state of mouse ES cells. 

The expression of Nanog decreased rapidly as mouse 

ES cells differentiated, and when its expression level 

was maintained by a constitutive promoter, mouse ES 

cells could remain undifferentiated and proliferate in 

the absence of either LIF or BMP in serum-free 

medium. Nanog is also expressed in human ES cells, 

though at a much lower level compared to that of 

Oct4, and its function in human ES cells has yet to be 

examined.  

By comparing gene expression patterns between 

different ES cell lines and between ES cells and other 

cell types such as adult stem cells and differentiated 

cells, genes that are enriched in the ES cells have been 

identified. Using this approach, Esg-1, an 

uncharacterized ES cell-specific gene, was found to be 

exclusively associated with pluripotency in the mouse. 

Another group, however, found 92 genes, including 

Oct4 and Nanog, enriched in six different human ES cell 

lines, which showed limited overlap with those in 

mouse ES cell lines. 

 

Care must be taken to interpret these data, and the 

considerable differences in the results may arise from 

the cell lines used in the experiments, methods to 

prepare and maintain the cells, and the specific 

methods used to profile gene expression. 
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Human embryonic stem cells as models of 

genetic disorders 

Several new studies have started to address this 

issue. This has been done either by genetically 

manipulating the cells, or more recently by 

deriving diseased cell lines identified by prenatal 

genetic diagnosis (PGD). This approach may very 

well prove invaluable at studying disorders such as 

Fragile-X syndrome, Cystic fibrosis, and other 

genetic maladies that have no reliable model 

system. 

Yury Verlinsky, a Russian-American medical 

researcher who specialized in embryo and cellular 

genetics (genetic cytology), developed prenatal 

diagnosis testing methods to determine genetic and 

chromosomal disorders a month and a half earlier 

than standard amniocentesis. The techniques are 

now used by many pregnant women and 

prospective parents, especially those couples with a 

history of genetic abnormalities or where the 

woman is over the age of 35, when the risk of 

genetically related disorders is higher. In addition, 

by allowing parents to select an embryo without 

genetic disorders, they have the potential of saving 

the lives of siblings that already had similar 

disorders and diseases using cells from the disease 

free offspring 

Scientists have discovered a new technique for 

deriving human embryonic stem cell (ESC). 

Normal ESC lines from different sources of 

embryonic material including morula and whole 

blastocysts have been established. These findings 

allows researchers to construct ESC lines from 

embryos that acquire different genetic 

abnormalities; therefore, allowing for recognition 

of mechanisms in the molecular level that are 

possibly blocked that could impede the disease 

progression. The ESC lines originating from 

embryos with genetic and chromosomal 

abnormalities provide the data necessary to 

understand the pathways of genetic defect 

A donor patient acquires one defective gene copy 

and one normal, and only one of these two copies 

is used for reproduction. By selecting egg cell 

derived from embryonic stem cells that have two 

normal copies, researchers can find variety of 

treatments for various diseases. To test this theory 

Dr. McLaughlin and several of his colleagues 

looked at whether parthenogenetic embryonic stem 

cells can be used in a mouse model that has 

thalassemia intermedia. This disease is described 

as an inherited blood disorder in which there is a 

lack of hemoglobin leading to anemia. The mouse 

model used, had one defective gene copy. 

Embryonic stem cells from an unfertilized egg of 

the diseased mice were gathered and those stem 

cells that contained only healthy hemoglobin genes 

were identified. The healthy embryonic stem cell 

lines were then converted into cells transplanted 

into the carrier mice. After five weeks, the test 

results from the transplant illustrated that these 

carrier mice now had a normal blood cell count and 

hemoglobin levels. 
 

References 

1. Thomson et. al; Itskovitz-Eldor, J; Shapiro, SS; 

Waknitz, MA; Swiergiel, JJ; Marshall, VS; 

Jones, JM (1998). "Blastocysts Embryonic 

Stem Cell Lines Derived from Human". 

Science 282 (5391): 1145–1147. 

doi:10.1126/science.282.5391.1145. 

PMID 9804556.  

2.  "NIH Stem Cell Basics. What are embryonic 

stem cells?".  

3. Baldwing A (2009). "Morality and human 

embryo research. Introduction to the Talking 

Point on morality and human embryo 

research.". EMBO reports 10 (4): 299–300. 

doi:10.1038/embor.2009.37. PMC 2672902. 

PMID 19337297.  

4. Nakaya, Andrea C. (August 1, 2011). 

Biomedical ethics. San Diego, CA: 



Daniel V; Embryonic stem cell research and its applications for treating certain human diseases 

                                                                                                                                 

                                                                                                                                    JLSB 2019, 36-40 

      

39 

ReferencePoint Press. p. 96. 

ISBN 160152157X.  

5. Thomson, James A.; Zwaka (10 February 

2003). "Homologous recombination in 

human embryonic stem cells". Nature 

Biotechnology 21 (3): 319–321. 

doi:10.1038/nbt788. PMID 12577066.  

6. Thomson, J. A.; Itskovitz-Eldor, J; Shapiro, S. 

S.; Waknitz, M. A.; Swiergiel, J. J.; Marshall, V. 

S.; Jones, J. M. (1998). "Embryonic Stem Cell 

Lines Derived from Human Blastocysts". 

Science 282 (5391): 1145–7. 

doi:10.1126/science.282.5391.1145. 

PMID 9804556.  

7. Ying et. al; Nichols, J; Chambers, I; Smith, A 

(2003). "BMP Induction of Id Proteins 

Suppresses Differentiation and Sustains 

Embryonic Stem Cell Self-Renewal in 

Collaboration with STAT3". Cell 115 (3): 

281–292. doi:10.1016/S0092-

8674(03)00847-X. PMID 14636556. 

8. Mannan Baig, Abdul (2014). "Cloned 

Microglias with novel delivery systems in 

Multiple Sclerosis". J Stem Cell Res Ther 4 

(11): 11. doi:10.4172/2157-7633.1000252.  

9. Levenberg, S. (2002). "Endothelial cells 

derived from human embryonic stem cells". 

Proceedings of the National Academy of 

Sciences 99 (7): 4391–4396. 

doi:10.1073/pnas.032074999.  

10.  Davila, JC; Cezar, GG; Thiede, M; Strom, 

S; Miki, T; Trosko, J (2004). "Use and 

application of stem cells in toxicology". 

Toxicological sciences : an official journal of 

the Society of Toxicology 79 (2): 214–23. 

doi:10.1093/toxsci/kfh100. PMID 15014205.  

11. Siu, CW; Moore, JC; Li, RA (2007). "Human 

embryonic stem cell-derived 

cardiomyocytes for heart therapies". 

Cardiovascular & hematological disorders 

drug targets 7 (2): 145–52. 

doi:10.2174/187152907780830851. 

PMID 17584049.  

12. Jensen, J; Hyllner, J; Björquist, P (2009). 

"Human embryonic stem cell technologies 

and drug discovery". Journal of cellular 

physiology 219 (3): 513–9. 

doi:10.1002/jcp.21732. PMID 19277978.  

13. Söderdahl, T; Küppers-Munther, B; Heins, N; 

Edsbagge, J; Björquist, P; Cotgreave, I; 

Jernström, B (2007). "Glutathione 

transferases in hepatocyte-like cells derived 

from human embryonic stem cells". 

Toxicology in vitro : an international journal 

published in association with BIBRA 21 (5): 

929–37. doi:10.1016/j.tiv.2007.01.021. 

PMID 17346923.  

14. Perrier, A. L. (2004). "Derivation of 

midbrain dopamine neurons from human 

embryonic stem cells". Proceedings of the 

National Academy of Sciences 101 (34): 

12543–12548. 

doi:10.1073/pnas.0404700101.  

15. Parish, CL; Arenas, E (2007). "Stem-cell-

based strategies for the treatment of 

Parkinson's disease". Neuro-degenerative 

diseases 4 (4): 339–47. 

doi:10.1159/000101892. PMID 17627139.  

16. Abdul Mannan Baig, Designer’s Microglia 

with Novel delivery system in 

Neurodegenerative Diseases. Medical 

Hypotheses (Impact Factor: 1.18). 08/2014; 

DOI: 10.1016/j. May. 2014.08.003  

17. Waese, EY; Kandel, RA; Stanford, WL 

(2008). "Application of stem cells in bone 

repair". Skeletal radiology 37 (7): 601–8. 

doi:10.1007/s00256-007-0438-8. 

PMID 18193216.  



Daniel V; Embryonic stem cell research and its applications for treating certain human diseases 

                                                                                                                                 

                                                                                                                                    JLSB 2019, 36-40 

      

40 

. 

  

 

 

 

 

 

 

 

 

  


