Biotechnological applications of stem cells

Summary
A stem cell is a special kind of cell that has a unique capacity to renew itself and to give rise to specialized cell types. Although most cells of the body, such as heart cells or skin cells, are committed to conduct a specific function, a stem cell is uncommitted and remains uncommitted, until it receives a signal to develop into a specialized cell. Their proliferative capacity combined with the ability to become specialized makes stem cells unique. Researchers have for years looked for ways to use stem cells to replace cells and tissues that are damaged or diseased. Knowledge about stem cell science and potential applications has been accumulating for more than 30 years. In the 1960s, it was recognized that certain mouse cells had the capacity to form multiple tissue types, and the discovery of bona fide stem cells from mice occurred in 1971. Limited types of stem cell therapies are already in use. The most well-known therapy is the stem cell transplant (a form of a bone marrow transplant) for cancer patients. Stem cells are projected to impact the treatment process of several other diseases such as retinal disease (corneal transplants), neuroblastoma, multiple sclerosis, Parkinson's disease, Leukemia, sickle cell anaemia and other immunodeficiency diseases. Predicting the future of stem cell applications is impossible, particularly given the very early stage of the science of stem cell biology. To date, it is impossible to predict which stem cells those derived from the embryo, the fetus, or the adult or which methods for manipulating the cells, will best meet the needs of basic research and clinical applications.

Stem cells form a major area of focus in today's biomedical world, with ability to change the future of medicine and mankind. Science got a big boost when James Thomson of the University of Wisconsin-Madison announced the successful culturing of human embryonic stem cells in 1998. It was thought to change the world of biological science, but a decade on, this science is purely in its infant stage.

Biotechnology, being a multidisciplinary science of organisms and their products applied with scientific and engineering principles to improve human health and environment, finds its application in various fields of medicine, agriculture, environmental studies. Stem cells and biotechnology fit into the discipline of genetic engineering, an open realm of science in developing stage.

(http://www.nationalacademics.org/stem cells)

Interest in stem cells began with scientific enquiry into regeneration abilities of certain animals like starfish. (Regeneration in humans is in form of less blood, skin, and tissues.) Stem cells are special cells that grow into adult tissues. They have self renewal ability. Stem cells give rise to specialized or differentiated cells which carry out definite functions of the body (Example - blood cells). This particular property makes stem cells interesting for researchers, who were in the hunt of medical treatments to replace lost or damaged cells. All stem cells may prove useful for medical research, but each of the different types has both promise and limitations.

"Stem cells are immature precursors that are capable of proliferation, self-renewal, and differentiation into specialized tissues and organs. They are located in regulatory microenvironments called "niches" where they are maintained and their behaviour is controlled" (Biotechnology and stem cell research Anadolu Kardiyol Derg 2008)

There are two types of stem cells- "Embryonic stem cells and Adult stem cells". Embryonic stem cells are harvested from left over embryos (mostly from fertility clinics) and can develop into any kind of cell type or tissue in our body. These have, therefore, been identified with the ability to reverse diseases and injuries, along with aid in development of drugs. Adult stem cells, on the other hand, are rare and found in some developed organs or tissues. They produce only certain type of specialised cells and are difficult to obtain. Their usage has been prominent in bone marrow transplants, hair and skin transplants. They have limited usage in the sense that they may be used to repair the organs or tissues they originate from.

Adult and embryonic stem cells differ from each other in the way they become differentiated (Fig 2). Many organs in our body do not have adult stem cells that can regenerate, since the adult stem cells need the particular environment to reside, thus developing scars on the burned or damaged regions in our body. Also it's difficult to isolate the pure form of adult stem cells without any contamination of differentiated cells while embryonic stem cells can be isolated from single blastocyst and grown in vitro.

Scientists identified bone marrow cells in early 1960s, but the advancement in the field of research and study of stem cells have had a slow progress mainly attributed to the factor of inconspicuous size, shape and function of stem cells. The study is still at its developing phase and avails rudimentary information and techniques at present.

Applications of stem cells can be broadly divided into two arenas- existing practical applications and projected potential applications.

Abnormal cell division: The cells in the human body has the ability to turn themselves on and off and the inability of these function of cells and the abnormal cell divisions results in serious problems like cancer and birth defects. The understanding of the genetic and molecular functions of the stem cells can be used in identifying the disease as well the potential strategies to treat them.

Drug testing: Stem cells can also be used in drug discovery to develop new drugs and medications, by setting them apart to the cell types that the drugs target. By screening thousands of chemicals on stem cell lines can make the drug discovery process simple (which otherwise is time consuming) and also decrease the time to make the drug available in the market.

The new area of stem cell application is in toxicology where embryonic stem cells are being used for target validation and in vitro toxicology and adult stem cells to screen genotoxic/epigenetic toxins and toxicants and are used to assess the toxic chemicals that the humans are exposed to.

Clinical applications of haematopoietic stem cells of bone marrow have been a success so far. Cell replacement therapy consisting of replacement of a group of non-functional cells with genetic engineered cells in applications such as treatment of type 2 diabetes, antibody production and study are in practice. Only pancreatic transplant is available for the people with type 2 diabetes and studies are going on to transplant pancreatic cells instead of insulin cells in the patient's body, who lost their insulin producing cells by their own immune system. Blood forming stem cells have been used to treat diseases such as juvenile rheumatoid arthritis, multiple sclerosis, lupus etc.

Use of bone marrow stem cells (or) adult haematopoietic in the treatment of cancer patients with conditions like Leukemia, Lymphoma, sickle cell anaemia and other immuno-deficiencies have been in practice for over three decades. During chemotherapy, when most cells, including the cancerous as well as the stem cells, are killed by cytotoxic agents, removal and reinsertion of stem cells after the completion of the treatment helps in revitalization and in fighting infections. It's also identified that Cholesterol-lowering drugs can be used during the cancer therapy which will reduce the common side effect (graft-versus-host disease) in patients.

Stem cell from blood instead of bone marrow helps in making the procedure safer for use on older people. These cells have the ability to produce all blood cell types such as red blood cells which carry oxygen to white blood cells that fight diseases. The presence of haematopoietic blood cells in umbilical cord and placenta allow these cells to be easily obtainable with reduced chances of the body's rejection of the transplant.

Earlier it was difficult to study the human development stages. By using the embryonic stem cells it's identified that the studies can be made on human development process with the aim of preventing birth defects, infertility and pregnancy loss. The embryonic stem cell has attracted the researchers in the studies of "how undifferentiated cells become differentiated", which will be useful for the cell based therapies (www.medicalnewstoday.com/articles).

Adult stem cells have been used successfully in treatment of paralysis caused by spinal cord injuries and in treatment of Parkinson's disease. Stem cells are also found in hair follicles, which make them very useful in hair transplant for the treatment of baldness. Skin cells are produced on a daily basis by the stem cells located under the top layer of the skin. Burn injuries cause damage to the stem cells, thus halting the regeneration ability of the skin. Traditional grafts are carried out by transplanting sections of non-burnt skin to damaged area. With discovery and use of stem cells in this regard, skins sheets are produced in labs by culturing stem cells obtained from healthy patches of skin.

Two examples of successful trial of stem cell application include treatment of spinal cord injury and repair of human heart. A team of Korean researchers, in 2004, have successfully transplanted multi-potent stem cells from umbilical cord blood to a patient suffering from spinal cord injuries. Another case of successful research is that of successful use of Mesenchymal stem cells from the patient's bone marrow to regenerate healthy new heart tissue by researchers in Vienna. They collected the adult stem cells from the bone marrow of patient and injected them into their ventricles, and after two minutes of the transfer the heart started functioning properly.

The arena of potential use of stem cells is wider and projects more applications for their use. Stem cells hold promise in in-vitro drug testing, thereby reducing use of testing on animals and humans. Development of new drugs, thereby, becomes easier and more efficient. Stem cell research is useful in study of human development. Though use in treatment of neural/brain cancer is non-existent at present, on-going research of injection of neural stem cells in treatment of cancerous tumors show promise. Adult stem cells have ability to repair muscles damaged after heart attacks and the better results are shown by growing new blood vessels to bring more oxygen to the heart.

Research has been successful in producing large number of red blood cells from stem cells by adding growth factor, erythropoietin that provide signal to the stem cells which then begin the transformation into red blood cells. This can be effectively used for safer blood transfusions. Corneal stem cells are used to treat diseases where the corneal transplants become failure. More than 70 congenital and inherited diseases are reported in human immune system, it is identified that pluripotent stem cells can be used for treating all primary immunodeficiency diseases. Stem cells are also having scope in the treatments of genetic disorders such as osteogenesis imperfecta and chondrodysplasias.

Stem cells hold promise in the area of gene therapy where the genetic material of the missing protein is introduced in the organ where the earlier techniques reported problems like loss of expression or insufficient expression. This can be overcome by transferring genes into stem cells (which will then differentiate and target correctly). Stem cells will likely be used to develop specialized liver cells to evaluate drug detoxifying capabilities and represents a new type of early warning system to prevent adverse reactions in patients (The national institutes of health resource for stem cell research)

Scheme showing the potential therapeutic applications of embryonic and tissue-specific adult stem cells in cellular and gene therapies.

(Stem Cells: A Revolution in Therapeutics, MMimeault, RHauke and S KBatra)

Significant promises remain in the quarter of cell deficiency therapy. Transplant of healthy heart cells to patients suffering from heart diseases, transplant of pancreatic cells to replace insulin-producing cells in type 1 diabetic patients are being projected as future mainstream avenues of biomedical research. Stem cells are projected to impact the treatment process of several other diseases such as retinal disease (corneal transplants), neuroblastoma, multiple sclerosis, Parkinson's disease, Leukemia, sickle cell anaemia, Lymphoma and other immunodeficiency diseases, Arthritis, Lupus, Bone marrow failure, Type 1 diabetes, Burns, breast and ovarian cancer, heart & liver diseases, muscle injuries, Alzheimer's disease, Huntington's disease, muscular atrophy, pulmonary and renal diseases, hearing disorders and AIDS.

Successful transplants have been made to rats by scientists in the research for treatment of Parkinson's disease. They transplanted the adult nerve cells in rat's brain and the research is going on to identify how effective is the process and whether it is safe to transplant in humans. Stem cells in hair follicles and skin deep layers have been identified by scientists that have great scope to produce natural looking skin transplants in future. Stem cells unique behaviour has made them a very valuable resource in medicine. Stem cells can also be useful in finding out of the toxic substance in drugs and environment. The recent advances on stem cells have clearly explained us the behaviour and fundamental properties of stem cells. The future stem cell therapies on blood and skin transplants give us hope that the incurable diseases (which we thought cannot be cured), can be cured.

There are experimental going on to use stem cells in delaying or reversing the degenerative process of the intervertebral disc, a major cause of low back pain by co-culturing the nucleus pulposus cells with mesenchymal stem cells and by direct transplantation of mesenchymal stem cells to the intervertebral disc which then will degenerate. This research has not been tested yet but has greater scope in treating intervertebral disc degeneration.

Even though the stem cells have potential uses in medicine as well in other fields, stem cell research has great number of controversies. The use of embryonic stem cells raised lot of issues among the public and the advocates. According to them, removing the stem cell from a human embryo is killing a life. And the other problem is the tissue regeneration, where there is possibility of embryonic cells rejecting the human body when transplanted unless otherwise given with large doses of immuno suppressive drugs which are toxic. If the cells are genetically different from each other, then the blood cells of the transplanted marrow may fight against the human body recognizing it as foreign body and the immune system of that particular patient will fight back causing war inside the patient's body.

There is also a social issue with the creation of chimeras, which has both animal and human cell and or tissue. This is because of the stem cells allowed to develop inside the animals during some researches. Many countries have stopped the production of stem cells. In countries like Austria, Denmark, France, Germany, and Ireland the production of embryonic stem cell is illegal. Legal issues like "addressing intellectual property concerns, and to apply and enforce state and national issues" also affects the applications of stem cells. And there is also the important obstacle in using stem cells is that the problem of harvesting them from fetus. Despite these controversies, stem cells have shown greater importance in treating many incurable diseases. Embryonic stem cells issues can be overcome by properly regulated stem cell research.
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