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Introduction 
 

Transplantation is an accepted treatment today for many people 

suffering from organ failure. More and more patients are referred for 

transplant surgery, and the waiting lists are growing longer because not 

enough organs and tissues are donated for transplantation. This has led to 

several potentially viable alternatives being considered, including bio-

artificial support devices, the transplantation of mature cells or 

stem/progenitor cells and the potential transplantation of xenogenic organs 

and cells (Burra et al., 2004).  

Orthotopic liver transplantation (OLT) is the gold standard treatment 

for end-stage liver failure and for numerous liver based inborn errors of 

metabolism. However, organ shortage remains a major limiting factor and 

alternative solutions are being examined in the liver therapy field. Liver 

cell transplantation (LCT) is emerging with heartening success, but is still 

limited by cell viability, modest engraftment and limited tissue availability 

(Stephenne et al., 2006). Increasing interest is carried to stem cells 

regarding the recent demonstration of their plasticity (Verfaillie et al., 

2002). 

A stem cell is an undifferentiated cell capable of renewing itself 

throughout its life and of generating one or more types of differentiated 

cells. While embryonic stem cells (ESCs) are the only ones to be 

totipotential, adult tissues with high cellular turnover (e.g. skin, gut 

mucosa and bone marrow) retain a population of stem cells with restricted 

differentiation potential that constantly supply the tissue with new cells 

(Heidelbaugh and Bruderly, 2006).  
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The two broad types of mammalian stem cells are: embryonic stem 

cells that are found in blastocysts, and adult stem cells that are found in 

adult tissues. In a developing embryo, stem cells can differentiate into all 

of the specialized embryonic tissues. In adult organisms, stem cells and 

progenitor cells act as a repair system for the body, replenishing 

specialized cells, but also maintain the normal turnover of regenerative 

organs, such as blood, skin or intestinal tissues. As stem cells can be 

grown and transformed into specialized cells with characteristics 

consistent with cells of various tissues such as muscles or nerves through 

cell culture, their use in medical therapies has been proposed. In particular, 

embryonic cell lines, autologous embryonic stem cells generated through 

therapeutic cloning, and highly plastic adult stem cells from the umbilical 

cord blood or bone marrow are touted as promising candidates (Tuch, 

2006). 

The discovery of the pluripotent stem cells made the prospect of cell 

therapy and tissue regeneration a  clinical reality that hold a great promise 

to repair, restore, replace affected organs (Levicar et al., 2007). 

Bone marrow derived stem cells represents a candidates for liver 

directed gene therapy and tool for the regenerative medicine (Idilman et 

al., 2007). 
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Aim of the Essay 
 

The aim of the essay is to review the subject of stem cell 

transplantation and to highlight its role in management of various liver 

diseases.   
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Stem Cell  
 

Stem cell definition:  

Stem cells are unspecialized cells that have two defining properties: 

the ability to differentiate into other cells and the ability to self regenerate 

(Piscalgia et al., 2008). 

Properties of stem cells 

The classical definition of a stem cell requires that it possess two 

properties: 

 Self-renewal - the ability to go through numerous cycles of cell 

division while maintaining the undifferentiated state.  

 Potency - the capacity to differentiate into specialized cell types. In 

the strictest sense, this requires stem cells to be either totipotent or 

pluripotent - to be able to give rise to any mature cell type, although 

multipotent or unipotent progenitor cells are sometimes referred to as 

stem cells (Takahashi and Yamanaka, 2006).  

Potency specifies the differentiation potential (the potential to 

differentiate into different cell types) of the stem cell. 

Totipotent stem cells are produced from the fusion of an egg and 

sperm cell. Cells produced by the first few divisions of the fertilized egg 

are also totipotent. These cells can differentiate into embryonic and 

extraembryonic cell types.  
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Pluripotent stem cells are the descendants of totipotent cells and can 

differentiate into cells derived from any of the three germ layers.  

Multipotent stem cells can produce only cells of a closely related 

family of cells (e.g. hematopoietic stem cells differentiate into red blood 

cells, white blood cells, platelets, etc.).  

Unipotent cells can produce only one cell type, but have the property 

of self-renewal which distinguishes them from non-stem cells (e.g. muscle 

stem cells) (Yu et al., 2007).  

 

 

Fig. (1): Pluripotent, embryonic stem cells originate as inner mass cells within a 

blastocyst. The stem cells can become any tissue in the body, 

excluding a placenta. Only the morula's cells are totipotent, able to 

become all tissues and a placenta (Jaenisch, 2004). 
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History of stem cell  

Hematopoietic stem-cell transplantation was originally conceived 

more than 50 years ago as a treatment for injury from irradiation and, 

later, for cancer, associated problems needed to be solved before the 

procedure could be used clinically. Bone marrow, the source of 

hematopoietic stem cells, is not a solid organ but is rather diffuse and not 

directly accessible. 

Studies from the mid-20th century demonstrated that massive total-

body irradiation causes fatal damage to the gastrointestinal and central 

nervous systems. Lower doses lead to delayed death from hemorrhage and 

infection. In animal models, the transplantation of genetically identical 

(syngeneic) marrow or the animal’s own (autologous) stored marrow 

averted death. Grafts from histocompatible littermates also permitted 

survival. The transplantation of marrow that was not genetically identical 

(allogeneic) to that of the recipient resulted in an immunologic reaction by 

the donor lymphocytes against the recipient, causing inflammation of the 

target tissues, termed graft-versus-host disease (GVHD). Treatment with 

methotrexate suppressed GVHD. As an alternative to total-body 

irradiation, cyclophosphamide as a preparative regimen also permitted the 

engraftment of allogeneic marrow. 

Thomas was a pioneer in applying the results from early studies in 

animals to the treatment of leukemia in people. In 1959, he and his 

colleagues reported that a patient with end-stage leukemia who was treated 

with total-body irradiation, followed by infusion of her identical twin’s 

marrow, had a three-month remission (Thomas et al., 1959). 


