What are stem cells?

The national institute of health defines stem cells as unspecialized cells capable of renewing themselves through cell division, even after long periods of inactivity.  Stem cells are formed at conception and have the ability to become different kinds of tissues of the body including muscle, nerve, organs, bone, blood and more.  Their exceptional ability to become other types of cells makes them essential in repairing and renewing all kinds of tissues and body organs.  Unlike other types of cells in the body, they can divide and replicate repeatedly.  Regenerative Medicine potentially may replace more traditional forms of treatment such as surgery to remove or replace a poorly functioning body part or organ. 
In mammals, two broad categories of stem cells exist, embryonic and adult stem cells.  Embryonic stem cells are located in the inner mass of a blastocyst (an embryo at a very early stage of development), and they eventually give rise to every cell type of the adult organism.  In contrast, adult (mesenchymal stem cells) exist in the adult body and are found in variety of places including fat, bone marrow, cartilage, and muscle tissues.  While the ethical controversy over usage of embryonic stem cells continues, scientists and doctors around the world are finding many uses for adult stem cells.  Adult stem cells available in your own body may provide the key to reversing many disease processes.

A growing body of research on both animals and humans underscores the enormous potential for use of adult stem cells to help the body repair and regenerate damaged tissues.  Several highly regarded centers outside of the United States currently use stem cell therapy to treat a variety of chronic degenerative conditions including joint arthritis, spine conditions, severe neurological disease, cardiac diseases, and renal failure.  In the United States, physicians are beginning to offer patients stem cell treatments although the FDA considers these treatments experimental. Central data banks have been created to monitor outcomes of patients treated with stem cell therapies in the United States in order to create best practice protocols. It may take years to determine the absolute best ways of using stem cells.   

What is the Rejuva-disc procedure?
The rejuvadisc procedure is a cutting edge treatment designed to help an individual's body help repair a damaged or degenerative disc in the lumbar spine. The Rejuvadisc procedure involves harvesting adult mesenchymal stem cells from an individual’s own body through a mini-liposuction, processing and refining the stem cells over a few hour laboratory processes, then injecting them back into the intervertebral disc within the same day. 
What is the Rejuva-joint procedure?
The rejuva-joint procedure involves harvesting adult mesenchymal stem cells from adipose tissue (fat) through a mini-liposuction. Adult mesenchymal stem cells are then separated and refined in a few hour laboratory processes and then injected back into the joint within the same day.
What’s up with fat? Fat has stem cells?
Yes, in fact it has it contains a higher concentration of adult stem cells than bone marrow or blood.  
Adipose tissue—commonly referred to as “fat”-- is the human body's most abundant known source of stem cells. Adipose derived adult stem cells contain approximately 300,000-1,000,000 cells per ml of fat—far more the amount number of adult stem cells derived from bone marrow.  This means millions of stem cells can be utilized for during stem cell treatments.  These highly desirable mesenchymal cells are capable of morphing into various cell types that repair the body.  Wouldn’t it be ironic that excess fat, a major contributor to poor health, holds to the key to treating many chronic medical conditions?
How do adult mesenchymal stem cells repair tissue?
Stem cells are thought to mediate repair through five primary mechanisms: 1) providing an anti-inflammatory effect, 2) homing to damaged tissues and recruiting other cells such as endothelial progenitor cells that are necessary for tissues growth, 3) supporting tissue remodeling over scar formation, 4) inhibiting apoptosis (cell death), and 5) differentiation into bone, cartilage, tendon, and ligament tissue.
The tissue in which stem cells are transplanted drastically changes the reparative capacity of transferred cells.  The microenvironment provides growth factors and other chemical signals that guide appropriate differentiation of transplanted cells to sites of trauma or disease.  Repair and recovery can then be mediated via three primary mechanisms: 1) formation and/or mobilization of new blood cells to the damaged region; 2) prevention of cell death; and 3) suppression of inflammation.  
What are the advantages of adipose stem cells over bone marrow stem cells?
· Harvesting of fat stem cells through a mini-liposuction is generally less traumatic to the body than the harvest of bone marrow stem cells.
· High doses of stem cells can be obtained from adipose tissue: messenychmal stem cell yields from fat are much higher than from bone marrow.
· Adipose derived stem cells do not need to be cultured outside of the body to produce adequate numbers for treatment.
· Our technology allows using less than minimally manipulated (FDA requirement) methods of refining the adipose derived stem cells.   
· Patients receive their own cells and therefore chances of an abnormal immune reaction are minimized.  
Links
·  http://www.ncbi.nlm.nih.gov/pubmed/18298653
· http://blog.preferredpaincenter.com/2010/08/14/can-stem-cells-regenerate-intervertebral-discs.aspx
· http://www.discoverymedicine.com/Morikuni-Tobita/2011/02/23/adipose-derived-stem-cells-current-findings-and-future-perspectives/
· http://www.ncbi.nlm.nih.gov/pubmed?term=stem%20cells%2C%20degenerative%20disc%20disease
· http://www.ncbi.nlm.nih.gov/pubmed?term=stem%20cells%2C%20joint


http://www.cellingtreatmentcenters.com/conditions-treated/spine-treatment/regenadisc-spinal-disc-regeneration/
What up with fat? Fat has stem cells?
Yes, in fact it has it contains a higher concentration of adult stem cells than bone marrow or blood.  
Your Fat Is Medicine, Contains Stem Cells in the Millions 
Adipose tissue—commonly referred to as “fat”-- is the human body's richest known source of stem cells. Adult Stem Cells are found in several areas of the body, but with Adipose-derived Stem Cells by far holding the most healing potential. For therapeutic purposes peripheral blood contains about 10,000 stem cells per treatment. Bone marrow contains about 50,000 adult stem cells. By comparison stem cells directly obtained from adipose tissue (Fat) yields and incredible 10 to 60 million stem cells per treatment. These are the highly desirable Mesenchymal Stromal Stem cells capable of morphing into various cell types that repair the body. 
A growing body of research on both animals and humans underscores the enormous potential for use of adult stem cells to help the body repair and regenerate damaged tissues.  Several highly regarded centers outside of the United States currently use stem cell therapy to treat a variety of chronic degenerative conditions including joint arthritis, spine conditions, severe neurological disease, cardiac diseases, and renal failure.  In the United States, stem cell treatments are considered experimental.  Central data banks have been created to monitor outcomes of patients treated with stem cell therapies in the United States in order to create best practice protocols.  


It has recently been discovered that human fat tissue has a higher concentration of adult stem cells than any other tissue in the body. In fact, adipose tissue contains more than 1000 times more stem cells with the same volume as bone marrow. 500 ml or about one pound of fat can yield approximately 200 million stem cells.
Yes, fat.  As previously mentioned, fat contains adult mesenchymal cells, capable of renewal and repair of damaged tissue in the body.  Wouldn't it be ironic that if obesity, one of the highest risk factor for chronic medical problems in Americans, provides new strategies for treatment for the conditions 
http://www.istemcelli.com/joint_news.html
potential revolution in medical treatment for diseases and disorders in which organs stop working properly.

Unlike embryonic stem cell therapy, which is highly controversial due to destruction of human embryos, fat-derived stem cell therapy utilizes your body’s own cells. Your procedure will begin with a mini liposuction, during which time one of our trained surgeons will remove about 2 ounces of fat from either your abdomen or “love handles” region. This is accomplished under local anesthesia, takes about 30 minutes and is associated with minimal discomfort. At the same time our nurses will take a small sample of blood from your arm, which they will use to create what is called platelet-rich-plasma (PRP). PRP is an enormously rich mixture of healing and regenerative factors, which will be mixed with your stem cells prior to injection into your affected joint.  
In about 30 minutes the concentration of platelets can be increased about five-fold from approximately 250,000 up to 1.25 million platelets per milliliter. This process is done by using a special centrifuge, which spins the blood and allows the platelets to be separated from other blood elements and to be concentrated. All steps in the production of PRP are done without the use of foreign substances or animal products. Everything in PRP comes from your own body. [image: http://www.istemcelli.com/images/injection_belly.jpg]
At the same time, the fat that was obtained from your mini liposuction is taken into our laboratory where it is treated in a sterile laminar flow hood. First the fat undergoes several series of washes and is then treated with a special enzyme designed to break up the fat cells and allow the stem cells and other healing elements to be liberated and isolated from the fat. After the enzymatic process, several additional washes and centrifugation steps take place to isolate the stem cells from the fat completely. The final result is known as stromal vascular factor or SVF and typically contains between tens up to hundreds of millions of regenerative cells. During this period of time, which takes between 90 minutes and two hours, you will rest comfortably in our medical facility. 
[image: http://www.istemcelli.com/images/testtubes.jpg] 
As soon as they're ready, the concentrated stem cells are mixed with your platelet-rich plasma and injected as soon as possible. Using stem cells and platelets that have been collected from you only a few minutes before results in the highest possible yields and the best possible outcome for you. Therefore, as soon as the stem cells and PRP are produced they are injected into your area of injury or pain where they immediately begin the process of repair and rebuilding. In some cases we will use ultrasound guidance to ensure that the PRP: stem cell mix is injected into precisely the correct area. Because your own blood and fatty tissue is used to create the PRP stem cell mixture and everything is done within our sterile environment, there is minimal risk of causing any type of rejection.
After the procedure the patient is observed for a short time then discharged home. The risk of infection is very small, but can occur anytime there is an injection into a joint; therefore, you'll be given a prescription of antibiotics to be taken for a few days. There may be some discomfort and pain at injection site. You may need an additional injection of PRP alone 4 to 6 weeks after your first stem cell treatment depending on severity of your initial diagnosis and your age. 
What Can I Expect After my Treatment?
You may have about 2 -3 days of pain after the procedure, which is an important part of the healing process and you will be given pain medications to take during this period if needed. Some people report virtually no pain whatsoever. Reduction in pain and healing begins after 1 or 2 weeks with further improvement continuing for 4 to 6 weeks. Depending on your degree of improvement, we may suggest a follow-up PRP treatment at this time.
This treatment will increase inflammation during the healing phase so you will need to refrain from medications that reduce inflammation and affect platelet activity, as this will impede your healing process. You will need to avoid anti-inflammatory medications such as steroids or NSAIDS (non-steroidal anti-inflammatory medications) such as Aleve, Ibuprofen, Motrin, Naproxen, or Aspirin. Tylenol or a mild narcotic may be instituted for pain relief. Fish oil can be used without any concern for platelet activity and it has a mild anti-inflammatory affect.[image: http://www.istemcelli.com/images/sprinter.jpg]
What results can I expect? 
Reduction in pain, increased mobility and return to full activity are seen in many cases. Often, surgical procedures can be delayed or avoided completely and the use of analgesics and anti-inflammatory medications reduced or eliminated.
What is the Next Step? 
We invite you to schedule a complimentary telephone consultation visit with one of our trained physicians where you can ask any questions you may have and find out more about this revolutionary new therapy. There is no charge or obligation for this consultation. Call now to schedule your free consultation at 800.609.7795 or send an e-mail to info@iStemCelli.com. 
 
 
 
Disclaimer: Stem Cell Therapies offered for consideration by International Stem Cell Institute are not currently approved by the FDA. Stem Cell Treatments are not a cure for any condition, disease or injury, nor a substitute for proper medical diagnosis and care. The information contained in this press release and ISCI's written materials should not be considered medical advice. It is intended to be used for educational and information purposes only. 

Read more: http://www.answers.com/topic/stem-cell#ixzz1MBx3D8Jk
Potential contributions to veterinary medicine
Research currently conducted on horses, dogs, and cats can benefit the development of stem-cell treatments in veterinary medicine and can target a wide range of injuries and diseases such as myocardial infarction, stroke, tendon and ligament damage, osteoarthritis, osteochondrosis and muscular dystrophy both in large animals, as well as humans.[36][37][38][39] While investigation of cell-based therapeutics generally reflects human medical needs, the high degree of frequency and severity of certain injuries in racehorses has put veterinary medicine at the forefront of this novel regenerative approach.[40] Companion animals can serve as clinically relevant models that closely mimic human disease.[41][42]
[edit] Development of regenerative treatment models
Veterinary applications of stem cell therapy as a means of tissue regeneration have been largely shaped by research that began with the use of adult-derived mesenchymal stem cells to treat animals with injuries or defects affecting bone, cartilage, ligaments and/or tendons.[43][44][45] Because mesenchymal stem cells can differentiate into the cells that make up bone, cartilage, tendons, and ligaments (as well as muscle, fat, and possibly other tissues), they have been the main type of stem cells studied in the treatment of diseases affecting these tissues.[44][46] Mesenchymal stem cells are primarily derived from adipose tissue or bone marrow. Since an elevated immune response following cell transplantation may result in rejection of exogenous cells (except in the case of cells derived from a very closely genetically related individual), mesenchymal stem cells are often derived from the patient prior to injection in a process known as autologous transplantation.[47] Surgical repair of bone fractures in dogs and sheep has demonstrated that engraftment of mesenchymal stem cells derived from a genetically different donor within the same species, termed allogeneic transplantation, does not elicit an immunological response in the recipient animal and can mediate regeneration of bone tissue in major bony fractures and defects.[48][49] Stem cells can speed up bone repair in fractures/defects that would normally require extensive grafting, suggesting that mesenchymal stem cell use may provide a useful alternative to conventional grafting techniques.[48][49] Treating tendon and ligament injuries in horses using stem cells, whether derived from adipose tissue or bone-marrow, has support in the veterinary literature.[50][51] While further studies are necessary to fully characterize the use of cell-based therapeutics for treatment of bone fractures, stem cells are thought to mediate repair via five primary mechanisms: 1) providing an antiinflammatory effect, 2) homing to damaged tissues and recruiting other cells, such as endothelial progenitor cells, that are necessary for tissue growth, 3) supporting tissue remodeling over scar formation, 4) inhibiting apoptosis, and 5) differentiating into bone, cartilage, tendon, and ligament tissue.[51][52]
[edit] Significance of stem cell microenvironments
The microenvironment into which stem cells are transplanted significantly alters the capacity of engrafted cells for recovery and repair. The microenviroment provides growth factors and other chemical signals that guide appropriate differentiation of transplanted cell populations and direct transplanted cells to sites of trauma or disease. Repair and recovery can then be mediated via three primary mechanisms: 1) formation and/or recruitment of new blood cells to the damaged region; 2) prevention of programed cell death or apoptosis; and 3) suppression of inflammation.[3][47][49] To further enrich blood supply to the damaged areas, and consequently promote tissue regeneration, platelet-rich plasma could be used in conjunction with stem cell transplantation.[47][53] The efficacy of some stem cell populations may also be affected by the method of delivery; for instance, to regenerate bone, stem cells are often introduced in a scaffold where they produce the minerals necessary for generation of functional bone.[3][47][49][53]
[edit] Sources of autologous (patient-derived) stem cells
Autologous stem cells intended for regenerative therapy are generally isolated either from the patient's bone marrow or from adipose tissue. The number of stem cells transplanted into damaged tissue may alter efficacy of treatment. Accordingly, stem cells derived from bone marrow aspirates, for instance, are cultured in specialized laboratories for expansion to millions of cells.[49][53] Although adipose-derived tissue also requires processing prior to use, the culturing methodology for adipose-derived stem cells is not as extensive as that for bone marrow-derived cells.[54][55] While it is thought that bone-marrow derived stem cells are preferred for bone, cartilage, ligament, and tendon repair, others believe that the less challenging collection techniques and the multi-cellular microenvironment already present in adipose-derived stem cell fractions make the latter the preferred source for autologous transplantation.[47]
[edit] Currently Available Treatments for Horses and Dogs Suffering from Orthopedic Conditions
Autologous or allogeneic stem cells are currently used as an adjunctive therapy in the surgical repair of some types of fractures in dogs and horses.[49][56] Autologous stem cell-based treatments for ligament injury, tendon injury, osteoarthritis, osteochondrosis, and sub-chondral bone cysts have been commercially available to practicing veterinarians to treat horses since 2003 in the United States and since 2006 in the United Kingdom. Autologous stem-cell based treatments for tendon injury, ligament injury, and osteoarthritis in dogs have been available to veterinarians in the United States since 2005. Over 3000 privately-owned horses and dogs have been treated with autologous adipose-derived stem cells. The efficacy of these treatments has been shown in double-blind clinical trials for dogs with osteoarthritis of the hip and elbow and horses with tendon damage.[57][58] The efficacy of using stem cells, whether adipose-derived or bone-marrow derived, for treating tendon and ligament injuries in horses has support in the veterinary literature.[50][51]
[edit] Developments in Stem Cell Treatments in Veterinary Internal Medicine
Currently, research is being conducted to develop stem cell treatments for: 1) horses suffering from COPD, neurologic disease, and laminitis; and 2) dogs and cats suffering from heart disease, liver disease, kidney disease, neurologic disease, and immune-mediated disorders.


Several highly regarded centers are conducting clinical trials with stem cells in the United States.  

Read more: http://www.answers.com/topic/stem-cell#ixzz1MBpXhqm0
 

undifferentiated cells found in tissues or organs that can renew themselves and can differentiate to yield some or all of the major specialized cell types of the tissue or organ. The fundamental role of these cells are to maintain and repair the tissue in which they are found.  Cells found in bone marrow, cartilage, muscle and fat tissue are examples of adult mesenchymal stem cells.  Adult stem cells differ from stem cells derived from an embryo.  As the ethical controversy over usage of embryonic stem cells continues, doctors around the world are finding many uses for adult stem cells.  
A growing body of research on both animals and humans underscores the enormous potential for use of adult stem cells to help the body repair and regenerate damaged tissues.  Several highly regarded centers outside of the United States are  using stem cell therapy to treat a variety of chronic degenerative conditions including joint arthritis, spine conditions, severe neurological disease, cardiac diseases, and renal failure. The use of stem cells is not FDA approved for treatment of any specific disease in the United States and therefore is considered investigational.   Several highly regarded centers are conducting clinical trials with stem cells in the United States.  

Research on adult stem cells has generated a great deal of excitement. Scientists have found adult stem cells in many more tissues than they once thought possible. This finding has led researchers and clinicians to ask whether adult stem cells could be used for transplants. In fact, adult hematopoietic, or blood-forming, stem cells from bone marrow have been used in transplants for 40 years. Scientists now have evidence that stem cells exist in the brain and the heart. If the differentiation of adult stem cells can be controlled in the laboratory, these cells may become the basis of transplantation-based therapies.
What are stem cells?
Stem cells are the basic building blocks of life, the basic cell from which our bodies are made. They are formed at conception and specialized to become all the different tissues of the body: muscle, nerve, organs, bone, blood and so on.
When do we use the body’s stem cells?
We tap into our body’s stem cell reserve to repair and replace injured or diseased tissue. Unfortunately, our reserve is finite and as it becomes depleted, the regenerative power of our body decreases and we succumb the diseases, disorder and the ravages of aging.
What are the sources of stem cells from one’s own body?
There are three sources from a patient that can be used clinically; these are bone marrow, peripheral blood and fat.
Which is the best source to harvest from and why?
The best source to harvest stem cell from one’s body is the FAT. It is rich in mesenchymal stem cells and more than 100x more stem cells can be harvested as compared to bone marrow.
What is Adipose Stem Cell Transplant?
It is the harvesting of dormant stem cells from 100 cc of a patient’s fat & peripheral blood through liposuction. The harvested dormant stem cells are incubated growth factors, isolated and comfortably infused back into the patient intravenously. The entire procedure takes place about four hours and is conducted in the hospital under local anesthesia.  It takes about an hour to harvest the cells, 3 hours to incubate and stimulate them properly and then infuse them back into the patient.
Are there any moral or religious issues with regards to Adipose Stem Cell Transplant?
None. It uses the patient’s own stem cell which will be harvested from the abdomen fat. Further, there are no issues regarding the body’s acceptance of foreign cells, since the body recognizes them as your own stem cells.
What indications can Adipose Stem Cell Transplant be most beneficial?
Autologous Stem Cell Transplant holds great promise against a wide variety of degenerative illnesses such as Alzheimer’s and Parkinson’s disease, cancer, diabetes, arthritis, spinal cord injuries, multiple sclerosis, autoimmune conditions, and even aging itself. Aside from improvement from the disease, it’s beneficial side effect is REJUVENATION in terms of looking younger, feeling stronger and in some patients, improved skin quality. According to highly respected scientists worldwide, we can counter the affects of aging itself which will one day enable us to live and be healthy to 100+ years old.
 
Disclaimer: Stem Cell Therapies offered for consideration by International Stem Cell Institute are not currently approved by the FDA. Stem Cell Treatments are not a cure for any condition, disease or injury, nor a substitute for proper medical diagnosis and care. The information contained in this press release and ISCI's written materials should not be considered medical advice. It is intended to be used for educational and information purposes only. 


Is this FDA Approved?   No
Neither Statements, treatments, nor products on this site, have been evaluated nor approved by the FDA.  Our treatment center offers autologous therapies including stem cell treatments. These are not approved treatments, therapies, drugs, new drugs, or investigational drugs. We do not manufacture products.  If you have concern with an any autologous therapy, autologous stem cell treatment, stem cell therapy, or product/technique that we produce or perform, and think we may be violating any USA law, please contact us immediately, so that our legal team can investigate the matter or concern.  All statements, opinions, and advice provided by this website, via wire, or via educational seminars, is provided for educational information only. We do not diagnose nor treat via this website or phone. We offer the above therapies via a doctor/patient established relationship which requires direct contact with the physician.  Again, visitors should be aware that we are not claiming that any applications, or potential applications using these autologous treatments are approved by the FDA, or are even effective. We do not claim that these treatments work for any listed nor unlisted condition, intended or implied.
I. Introduction: What are stem cells, and why are they important?
Stem cells have the remarkable potential to develop into many different cell types in the body during early life and growth. In addition, in many tissues they serve as a sort of internal repair system, dividing essentially without limit to replenish other cells as long as the person or animal is still alive. When a stem cell divides, each new cell has the potential either to remain a stem cell or become another type of cell with a more specialized function, such as a muscle cell, a red blood cell, or a brain cell.
Stem cells are distinguished from other cell types by two important characteristics. First, they are unspecialized cells capable of renewing themselves through cell division, sometimes after long periods of inactivity. Second, under certain physiologic or experimental conditions, they can be induced to become tissue- or organ-specific cells with special functions. In some organs, such as the gut and bone marrow, stem cells regularly divide to repair and replace worn out or damaged tissues. In other organs, however, such as the pancreas and the heart, stem cells only divide under special conditions.
Until recently, scientists primarily worked with two kinds of stem cells from animals and humans: embryonic stem cells and non-embryonic "somatic" or "adult" stem cells. The functions and characteristics of these cells will be explained in this document. Scientists discovered ways to derive embryonic stem cells from early mouse embryos nearly 30 years ago, in 1981. The detailed study of the biology of mouse stem cells led to the discovery, in 1998, of a method to derive stem cells from human embryos and grow the cells in the laboratory. These cells are called human embryonic stem cells. The embryos used in these studies were created for reproductive purposes through in vitro fertilization procedures. When they were no longer needed for that purpose, they were donated for research with the informed consent of the donor. In 2006, researchers made another breakthrough by identifying conditions that would allow some specialized adult cells to be "reprogrammed" genetically to assume a stem cell-like state. This new type of stem cell, called induced pluripotent stem cells (iPSCs), will be discussed in a later section of this document.
Stem cells are important for living organisms for many reasons. In the 3- to 5-day-old embryo, called a blastocyst, the inner cells give rise to the entire body of the organism, including all of the many specialized cell types and organs such as the heart, lung, skin, sperm, eggs and other tissues. In some adult tissues, such as bone marrow, muscle, and brain, discrete populations of adult stem cells generate replacements for cells that are lost through normal wear and tear, injury, or disease. 
Given their unique regenerative abilities, stem cells offer new potentials for treating diseases such as diabetes, and heart disease. However, much work remains to be done in the laboratory and the clinic to understand how to use these cells for cell-based therapies to treat disease, which is also referred to as regenerative or reparative medicine.
Laboratory studies of stem cells enable scientists to learn about the cells’ essential properties and what makes them different from specialized cell types. Scientists are already using stem cells in the laboratory to screen new drugs and to develop model systems to study normal growth and identify the causes of birth defects.
Research on stem cells continues to advance knowledge about how an organism develops from a single cell and how healthy cells replace damaged cells in adult organisms. Stem cell research is one of the most fascinating areas of contemporary biology, but, as with many expanding fields of scientific inquiry, research on stem cells raises scientific questions as rapidly as it generates new discoveries.

The history of research on adult stem cells began about 50 years ago. In the 1950s, researchers discovered that the bone marrow contains at least two kinds of stem cells. One population, called hematopoietic stem cells, forms all the types of blood cells in the body. A second population, called bone marrow stromal stem cells (also called mesenchymal stem cells, or skeletal stem cells by some), were discovered a few years later. These non-hematopoietic stem cells make up a small proportion of the stromal cell population in the bone marrow, and can generate bone, cartilage, fat, cells that support the formation of blood, and fibrous connective tissue.
In the 1960s, scientists who were studying rats discovered two regions of the brain that contained dividing cells that ultimately become nerve cells. Despite these reports, most scientists believed that the adult brain could not generate new nerve cells. It was not until the 1990s that scientists agreed that the adult brain does contain stem cells that are able to generate the brain's three major cell types—astrocytes and oligodendrocytes, which are non-neuronal cells, and neurons, or nerve cells.
A. Where are adult stem cells found, and what do they normally do?
Adult stem cells have been identified in many organs and tissues, including brain, bone marrow, peripheral blood, blood vessels, skeletal muscle, skin, teeth, heart, gut, liver, ovarian epithelium, and testis. They are thought to reside in a specific area of each tissue (called a "stem cell niche"). In many tissues, current evidence suggests that some types of stem cells are pericytes, cells that compose the outermost layer of small blood vessels. Stem cells may remain quiescent (non-dividing) for long periods of time until they are activated by a normal need for more cells to maintain tissues, or by disease or tissue injury.
Typically, there is a very small number of stem cells in each tissue, and once removed from the body, their capacity to divide is limited, making generation of large quantities of stem cells difficult. Scientists in many laboratories are trying to find better ways to grow large quantities of adult stem cells in cell culture and to manipulate them to generate specific cell types so they can be used to treat injury or disease. Some examples of potential treatments include regenerating bone using cells derived from bone marrow stroma, developing insulin-producing cells for type 1 diabetes, and repairing damaged heart muscle following a heart attack with cardiac muscle cells.
B. What tests are used for identifying adult stem cells?
Scientists often use one or more of the following methods to identify adult stem cells: (1) label the cells in a living tissue with molecular markers and then determine the specialized cell types they generate; (2) remove the cells from a living animal, label them in cell culture, and transplant them back into another animal to determine whether the cells replace (or "repopulate") their tissue of origin.
Importantly, it must be demonstrated that a single adult stem cell can generate a line of genetically identical cells that then gives rise to all the appropriate differentiated cell types of the tissue. To confirm experimentally that a putative adult stem cell is indeed a stem cell, scientists tend to show either that the cell can give rise to these genetically identical cells in culture, and/or that a purified population of these candidate stem cells can repopulate or reform the tissue after transplant into an animal.
C. What is known about adult stem cell differentiation?
[bookmark: figure2][image: “Hematopoietic and stromal cell differentiation.”  The figure shows a long bone, with marrow in its center and an enlargement of the bone/marrow interface in a boxed inset, with cell types identified.  Cell types shown include the osteocytes embedded in the noncellular bone matrix, the osteoclast, pericytes around tiny blood vessels, adipocytes, and stromal cells.  Using arrows, the artist has drawn illustrations of the lineages of marrow and stromal cells. Marrow lineage:  a hematopoietic stem cell gives rise to a multipotent stem cell, which can divide to produce one of two possible cell types:  (1) a myeloid progenitor cell, which is capable of producing neutrophils, basophils, eosinophils, monocytes/macrophages, platelets, and red blood cells or (2) a lymphoid progenitor cell, which gives rise to natural killer (NK) cells, T lymphocytes, and B lymphocytes. Stromal lineage:  a stromal stem cell gives rise to bone cells, including pre-osteoblasts, osteoblasts, lining cells, and osteocytes. The artist has also indicated two other cell types that the bone marrow may be capable of producing:  skeletal muscle stem cells, and hepatocyte stem cells.  Each possible lineage is followed by a question mark, to indicate that scientists do not agree whether or not bone marrow is capable of producing these two cell types.]
Figure 2. Hematopoietic and stromal stem cell differentiation. Click here for larger image. (© 2001 Terese Winslow)
As indicated above, scientists have reported that adult stem cells occur in many tissues and that they enter normal differentiation pathways to form the specialized cell types of the tissue in which they reside.
Normal differentiation pathways of adult stem cells. In a living animal, adult stem cells are available to divide, when needed, and can give rise to mature cell types that have characteristic shapes and specialized structures and functions of a particular tissue. The following are examples of differentiation pathways of adult stem cells (Figure 2) that have been demonstrated in vitro or in vivo.
· Hematopoietic stem cells give rise to all the types of blood cells: red blood cells, B lymphocytes, T lymphocytes, natural killer cells, neutrophils, basophils, eosinophils, monocytes, and macrophages. 
· Mesenchymal stem cells give rise to a variety of cell types: bone cells (osteocytes), cartilage cells (chondrocytes), fat cells (adipocytes), and other kinds of connective tissue cells such as those in tendons. 
· Neural stem cells in the brain give rise to its three major cell types: nerve cells (neurons) and two categories of non-neuronal cells—astrocytes and oligodendrocytes. 
· Epithelial stem cells in the lining of the digestive tract occur in deep crypts and give rise to several cell types: absorptive cells, goblet cells, paneth cells, and enteroendocrine cells. 
· Skin stem cells occur in the basal layer of the epidermis and at the base of hair follicles. The epidermal stem cells give rise to keratinocytes, which migrate to the surface of the skin and form a protective layer. The follicular stem cells can give rise to both the hair follicle and to the epidermis. 
Transdifferentiation. A number of experiments have reported that certain adult stem cell types can differentiate into cell types seen in organs or tissues other than those expected from the cells' predicted lineage (i.e., brain stem cells that differentiate into blood cells or blood-forming cells that differentiate into cardiac muscle cells, and so forth). This reported phenomenon is called transdifferentiation.
Although isolated instances of transdifferentiation have been observed in some vertebrate species, whether this phenomenon actually occurs in humans is under debate by the scientific community. Instead of transdifferentiation, the observed instances may involve fusion of a donor cell with a recipient cell. Another possibility is that transplanted stem cells are secreting factors that encourage the recipient's own stem cells to begin the repair process. Even when transdifferentiation has been detected, only a very small percentage of cells undergo the process.
In a variation of transdifferentiation experiments, scientists have recently demonstrated that certain adult cell types can be "reprogrammed" into other cell types in vivo using a well-controlled process of genetic modification (see Section VI for a discussion of the principles of reprogramming). This strategy may offer a way to reprogram available cells into other cell types that have been lost or damaged due to disease. For example, one recent experiment shows how pancreatic beta cells, the insulin-producing cells that are lost or damaged in diabetes, could possibly be created by reprogramming other pancreatic cells. By "re-starting" expression of three critical beta-cell genes in differentiated adult pancreatic exocrine cells, researchers were able to create beta cell-like cells that can secrete insulin. The reprogrammed cells were similar to beta cells in appearance, size, and shape; expressed genes characteristic of beta cells; and were able to partially restore blood sugar regulation in mice whose own beta cells had been chemically destroyed. While not transdifferentiation by definition, this method for reprogramming adult cells may be used as a model for directly reprogramming other adult cell types. 
In addition to reprogramming cells to become a specific cell type, it is now possible to reprogram adult somatic cells to become like embryonic stem cells (induced pluripotent stem cells, iPSCs) through the introduction of embryonic genes. Thus, a source of cells can be generated that are specific to the donor, thereby avoiding issues of histocompatibility, if such cells were to be used for tissue regeneration. However, like embryonic stem cells, determination of the methods by which iPSCs can be completely and reproducibly committed to appropriate cell lineages is still under investigation.
D. What are the key questions about adult stem cells?
Many important questions about adult stem cells remain to be answered. They include:
· How many kinds of adult stem cells exist, and in which tissues do they exist? 
· How do adult stem cells evolve during development and how are they maintained in the adult? Are they "leftover" embryonic stem cells, or do they arise in some other way? 
· Why do stem cells remain in an undifferentiated state when all the cells around them have differentiated? What are the characteristics of their “niche” that controls their behavior? 
· Do adult stem cells have the capacity to transdifferentiate, and is it possible to control this process to improve its reliability and efficiency? 
· If the beneficial effect of adult stem cell transplantation is a trophic effect, what are the mechanisms? Is donor cell-recipient cell contact required, secretion of factors by the donor cell, or both? 
· What are the factors that control adult stem cell proliferation and differentiation? 
· What are the factors that stimulate stem cells to relocate to sites of injury or damage, and how can this process be enhanced for better healing? 
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