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Abstract: 

While the many advantages but risks associated with stem cell therapy and research are indeed real and significant in 

number, when speaking strictly about the benefits it can be concluded that the claims made by researchers are indeed 

viable. The many possibilities for historic breakthroughs in treating a sundry of diseases along with the additional 

research benefits and ability of stem cell “specialization” make this topic perhaps one of the most promising fields of 

disease and medical study in this century. The optimistic research done and the hopeful results already obtained show 

the possibility for the entire diseases and medical field to be revolutionized in the near future. Researchers have found 

the stem cell therapy promising for many diseases. Bone marrow stem cells, for example, are used to replace blood 

cells in people suffering from leukemia and other cancers. Burn victims are also benefiting from stem cell therapy, 

which allows for new skin cells to be grafted as a replacement for damaged ones. New healthy cells can also be grown 

to treat eye diseases as well as replace dysfunctional tissues. The ultimate goal of stem cell therapy is to replace 

unhealthy cells with healthy ones and to do so efficiently, allowing proper cell functioning in the human body. With the 

promise of technological and medical advancements, however stem cell therapy can fulfill patients hope. 
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INTRODUCTION: 

Stem cell is an immature cell that has the potential to 

become specialized into different types of cells 

throughout the body. In many tissues they serve as 

internal repair system, dividing essentially 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. Under the right conditions, or 

given the right signals, stem cells have the potential to 

develop into mature cells that have characteristic 

shapes and specialized functions, such as heart cells, 

skin cells, or nerve cells [1-2]. Stem cells represent an 

exciting area in various diseases therapy and advanced 

drug technology because of their potential to 

regenerate and repair damaged tissue. Some current 

therapies, such as bone marrow transplantation, already 

make use of stem cells and their potential for 

regeneration of damaged tissues. A better 

understanding of stem cell study will allow us to 

understand and perhaps correct the errors that cause 

some of the most serious medical conditions, such as 

cancer and birth defects. Another potential application 

of stem cells is making cells and tissues for medical 

therapies. Today, donated organs and tissues are often 

used to replace those that are diseased or destroyed. 

Unfortunately, the number of people needing a 

transplant far exceeds the number of organs available 

for transplantation. Pluripotent stem cells offer the 

possibility of a renewable source of replacement cells 

and tissues to treat a myriad of diseases, conditions, 

and disabilities including Parkinson's disease, 

amyotrophic lateral sclerosis, spinal cord injury, burns, 

heart disease, diabetes, and arthritis. Other therapies 

are under investigation that involves transplanting stem 

cells into a damaged body part and directing them to 

grow and differentiate into healthy tissue. 

 
Fig 1: Stem Cell 

Types of stem cell: There are two basic types of stem 

cells: adult stems cells and embryonic stem cells. 

Embryonic stem cells:  Embryonic stem cells are 

produced when a newly fertilized egg begins to divide. 

These stem cells can become any type of cell in the 

body. 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 and then donated for 

research purposes with informed consent of the donors 

[3-4]. They are not derived from eggs fertilized in a 

woman's body. 

Adult stem cells: They can also be found in infants 

and children – are stem cells that reside in already 

developed tissue. These stem cells can act like a repair 

system, dividing regularly to provide new specialized 

cells to take the place of those that die or are lost. 

Tissues where adult stem cells have been found include 

the brain, blood, muscle, skin and bone. Research with 

adult stem cells has been limited due to the difficulty in 

growing and differentiating them under laboratory 

conditions. Stem cells located outside of the bone 

marrow are generally referred to as tissue stem cells. 

Such stem cells are located in sites called niches [7]. 

Niches have been identified in other tissues, such as the 

bulge area of hair follicles and the limbos of cornea [8-

10]. 

 

                      
               Fig 2: Embryonic stem cell                                                                Fig 3: Adult stem cell 
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Sources of stem cells: 
 Following is a list of current and potential sources of 

stem cells: 

 Early embryos created by in vitro fertilization - 

either those which are not needed for infertility 

treatment (sometimes called spare embryos) or 

created specifically for research; 

 Bypasses the normal fertilization process by taking 

the genetic material from a cell in an adult’s body 

and fusing it with an empty egg cell. This is a 

form of therapeutic cloning, which would allow 

cells to be customized for each individual and 

thereby minimize the chances of tissue rejection; 

 Germ cells or organs of an aborted fetus; 

 Blood cells of the umbilical cord at the time of 

birth; 

 Some adult tissues (such as bone marrow); 

 Mature adult tissue cells reprogrammed to behave 

like stem cells 

 

Importance of stem cell: 

Current studies are researching how stem cells may be 

used to prevent or cure diseases and injuries such as 

Parkinson’s disease, type 1 diabetes, heart disease, 

spinal cord injury, Duchene’s muscular dystrophy, 

Alzheimer’s disease, strokes, burns, osteoarthritis, 

rheumatoid arthritis, vision, and hearing loss. Stem 

cells could also be used someday to replace or repair 

tissue damaged by disease or injury. 

●Human Development 

One reason that stem cells are important is due to 

human development from stem cells. As such, an 

understanding of their unique attributes and control can 

teach us more about early human development. 

Diseases such as cancer are thought to result from 

abnormal cell proliferation and differentiation. This 

means that an understanding of where things go 

'wrong' in stem cell division and thus lead to cancer 

can help us find ways to prevent the dysfunctional 

changes or employ effective ways to treat them with 

targeted drugs. 

●Birth Defects 

Stem cell research has the potential to teach us more 

about how birth defects occur and how these can be 

prevented or possibly reversed. An understanding of 

the regulation and chemical triggers of stem cell 

proliferation and differentiation are key to addressing 

birth defects. 

● Cell Therapies 

Probably the most important therapeutic value for stem 

cells is the use of cell therapies. A cell therapy is a 

treatment that replaces dysfunctional or diseased 

tissues with stem cells.At present, stem cells are 

already used in cell therapies for treatment of some 

cancer types but this use is still small in the scheme of 

diseases affecting humans today.We are also using 

organ transplants but unfortunately, the number of 

organs available for transplant is scarce in comparison 

with those requiring an organ transplant. Many people 

suffer endlessly awaiting a transplant and others will 

die before they are able to receive one. The potential 

for stem cells to replace damaged cells and tissues is an 

exciting one for those who will require a transplant 

during their lifetime. Diseases that it is expected stem 

cells will treat one day include Alzheimer's and 

Parkinson's diseases as well as those diseases affecting 

the retina and heart. 

Stem cell harvest: 

Method of collection: 
There are two methods for collecting enough Stem 

Cells for a transplant.  

 Originally the collection was done by putting the 

donor under a general anesthetic, and using a 

series of needles to extract bone marrow directly 

from the large bones, usually the pelvis. This 

procedure is "Bone Marrow" harvest.  

 The second type of harvest is the Peripheral Blood 

Stem Cell harvest. The donor is seated 

comfortably in an easy chair. An IV is placed into 

each arm. Blood is drawn out of one arm, sent to 

the aphaeresis machine where the CD34+ stem 

cells are separated, the remaining blood is sent 

back into the IV in the other arm. In some cases a 

central venous catheter will be put in place if the 

patient does not appear to have veins capable of 

accepting the IV needles. Peripheral Blood 

harvests have several advantages. The biggest and 

most important advantage is that the patient 

recovers faster, and with fewer major 

complications, when they receive a peripheral 

blood stem cell transplant, than if they receive a 

bone marrow transplant. Obviously anything that 

offers a survival and recovery benefit is of prime 

importance.  Some other advantages are: 

 No general anesthetic is required for the donor 

 The procedure can be repeated if enough are not 

collected the first time 

 There is little or no pain to the donor during the 

collection procedure, although the Neupogen to 

mobilize the stem cells usually causes mild to 

severe bone pain as the marrow goes into 

overdrive producing more blood and stem cells. 

This bone pain can be quite severe for some, but is 

usually managed quite well with Tylenol or other 

OTC pain medications for most. 

 There is a lower risk of collecting cancerous cells      

in an autologous harvest. 
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 Because of these advantages, bone marrow harvests 

are not used very often. They are still used when the 

donor cannot harvest enough peripheral blood stem 

cells. 

Storage: 

Unless or until the cord blood is needed for a 

transplant, it will be stored at very low temperatures in 

liquid nitrogen vapor phase dewars. The exact 

expiration date of the unit is unknown because the field 

of umbilical cord blood transplantation is still 

relatively new. However, some studies have revealed 

that cryo-preserved cord blood cells, stored more than 

twenty years, have remained viable. Many transplant 

experts believe cord blood stem cells may remain 

viable indefinitely. StemCyte's quality program and 

method for assuring the identity of the cord blood 

ensures that the baby's cord blood will be accurately 

identified. Cord blood units are bar code labeled and 

repeatedly checked for proper identification. The 

frozen cord blood is stored in locked, stainless steel 

liquid nitrogen vapor phase dewares in our state-of-the-

art facility. The temperature of the storage freezers is 

monitored continuously and any deviation from the 

proper temperature is immediately brought to the 

attention of laboratory staff. The freezers have double 

locks and require two individuals for accessing the 

cord blood units. 

 

 

 

The role of stem cells in various diseases: 

Heart disease: 
Cardiovascular disease can deprive heart tissue of 

oxygen, thereby killing cardiac muscle cells 

(cardiomyocytes). This loss triggers a cascade of 

detrimental events, including formation of scar tissue, 

an overload of blood flow and pressure capacity, the 

overstretching of viable cardiac cells attempting to 

sustain cardiac output, leading to heart failure, and 

eventual death. Restoring damaged heart muscle tissue, 

through repair or regeneration, is therefore a potentially 

new strategy to treat heart failure. The use of 

embryonic and adult-derived stem cells for cardiac 

repair is an active area of research. A number of stem 

cell types, including embryonic stem (ES) cells, 

cardiac stem cells that naturally reside within the heart, 

myoblasts (muscle stem cells), adult bone marrow-

derived cells including mesenchymal cells (bone 

marrow-derived cells that give rise to tissues such as 

muscle, bone, tendons, ligaments, and adipose tissue), 

endothelial progenitor cells (cells that give rise to the 

endothelium, the interior lining of blood vessels), and 

umbilical cord blood cells, have been investigated as 

possible sources for regenerating damaged heart tissue. 

All have been explored in mouse or rat models, and 

some have been tested in larger animal models, such as 

pigs. A few small studies have also been carried out in 

humans, usually in patients who are undergoing open-

heart surgery. Several of these have demonstrated that 

stem cells that are injected into the circulation or 

directly into the injured heart tissue appear to improve 

cardiac function and/or induce the formation of new 

capillaries. The mechanism for this repair remains 

controversial, and the stem cells likely regenerate heart 

tissue through several pathways. However, the stem 

cell populations that have been tested in these 

experiments vary widely, as do the conditions of their 

purification and application. These preliminary clinical 

experiments show how stem cells may one day be used 

to repair damaged heart tissue, thereby reducing the 

burden of cardiovascular disease. 

Diabetes: 
People who are diagnosed with type I diabetes have 

abnormal insulin regulation. The pancreatic cells that 

would normally produce insulin are destroyed by the 

sufferer's own immune system. Research is now 

suggesting that it may be feasible to control stem cell 

differentiation so that stem cells are guided in the 

laboratory to generate specialized cells capable of 
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producing insulin. The hope is that these cells could be 

transplanted into diabetics, removing their need for 

insulin injection. Additional research is still needed to 

control the conditions necessary to direct cell growth, 

but findings thus far are positive. Some promising 

results have already been obtained with embryonic 

stem cells (ES cells) of both rodent and human origin 

[11-12] All the cells in your body need energy to 

survive. This energy is carried around the body as 

sugar (glucose) in the blood. Normally, blood sugar 

levels are controlled by the release of the hormone 

insulin. Insulin is made by cells in the pancreas called 

beta cells that are arranged into structures called Islets 

of Langerhans. In one human pancreas there are 

roughly one million Islets of Langerhans. The insulin 

produced by these cells transfers sugar from the blood 

stream into cells around the body so that it can be used 

for energy. It is possible to treat type 1- diabetes by 

transplanting islet cells or even a whole pancreas into 

the patient from a donor. Transplants can enable the 

body to regain control of blood sugar levels so that 

insulin injections are no longer needed. Islet 

transplantation is becoming more common because 

whole pancreas transplants involve major surgery and 

carry significant risk. However, the number of donors 

is heavily outweighed by the demand and transplants 

require the immune system to be suppressed so that the 

new ‘foreign’ organ is not rejected. Immune 

suppressing drugs leave the recipient vulnerable to 

infection and often have side-effects. 

Indications for diabetes treatment with stem cells: 

Stem cell treatment of diabetes is indicated at all stages 

of the disease. It is, however, the most effective in the 

cases of: 

 New-onset insulin-dependent diabetes 

mellitus; 

 Diabetes mellitus complicated by diabetic 

glomerulosclerosis, chronic renal failure 

(grade 1 and 2) and anemic syndrome; 

 Labile course of diabetes mellitus; 

 Diabetes mellitus associated with infection 

complications and immune deficiency; 

 Presence of resistant to treatment tropic ulcers 

of the soft tissues; 

 Secondary sulfanilamide resistance and the 

need for patients with diabetes mellitus type II 

to transfer to insulin therapy. 

 

Current research: 

As well as developing methods for making new beta 

cells, scientists are investigating ways to make sure the 

cells survive after transplantation. Since type 1 diabetes 

involves the destruction of beta cells by the body’s 

immune system, current research is looking at how to 

protect transplanted cells from this kind of damage. 

This could be done by inserting the cells into the 

patient inside a protective capsule, or transplanting 

them into a part of the body where the immune system 

is less aggressive. It may also be possible to use stem 

cells from the patient’s own bone marrow to re-educate 

the immune system so that it no longer attacks the beta 

cells. This has already been tested in a small number of 

patients in a phase I clinical trial, with some positive 

results. It is hoped that clinical trials using beta cells 

grown from human embryonic stem cells will begin in 

the next few years. The new beta cells must be able to 

sense blood sugar levels and react accordingly. The 

main problem to be overcome now is how to stop the 

immune system destroying the transplanted cells 

without using immune suppressing drugs. It is 

concluded that stem cells offer the greatest potential for 

the development of an abundant source of pancreatic 

islets, although specific obstacles must be overcome 

before this can become a reality [13-14]. 

Alzheimer’s disease: 
Alzheimer’s disease is the most common cause of 

dementia. The first signs of Alzheimer’s often include 

lapses in memory or struggling to find the right words. 

Over time, symptoms such as confusion, mood swings 

or memory loss develop and become increasingly 

severe. People affected by Alzheimer’s have an 

abnormal build-up of certain proteins in the brain. One 

of these proteins, called amyloid beta, clumps together 

to form ‘plaques’.  Another, known as tau, gets twisted 

into protein ‘tangles’. Scientists are still exploring 

whether these changes in the brain lead to the 

symptoms of Alzheimer’s. One theory is that plaques 

prevent nerve cells inside the brain from 

communicating properly. Tangles may make it difficult 

for the cells to get the nutrients they need. Whatever 

the exact processes involved, it is clear that as 

Alzheimer’s develops certain nerve cells die. 

Increasing numbers of nerve cells, also called neurons, 

are lost as the disease progresses. For this reason, 

Alzheimer’s is known as a neurodegenerative disease. 

Estimates suggest that up to around 1.5% of people 

aged 65-69 and around 25-30% of 90-year-

olds have Alzheimer’s disease. Although the exact 

cause is not known, a number of risk factors have been 

linked to the disease. The biggest of these is aging. 

Women are more likely to be affected than men and 

genetics (i.e. family history) also play an important 

role, alongside many other factors. 

Use of stem cells to treat Alzheimer’s disease: 

No stem cell treatments for Alzheimer’s disease are yet 

available. Many different types of neurons in all parts 

of the brain are affected by the disease. This poses a 

complex problem if we want to replace the damaged 

brain cells. For example, one approach might be to 

transplant neural stem cells (a type of stem cell found 
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in the brain) into the brain of an Alzheimer’s patient in 

the hope that they would make new, healthy neurons. 

But even if healthy, working neural stem cells were 

available and could be transplanted safely, they would 

have to achieve several difficult tasks before any 

therapeutic benefits might be seen: 

 travel into the multiple areas of the brain 

where damage has occurred 

 produce the many different types of neurons 

needed to replace the damaged or lost cells 

 Do this in a way that enables the new neurons 

to integrate effectively into the brain, making 

connections to replace the lost parts of a 

complex network. 

Despite these significant challenges, there have been 

done some research on stem cell transplants in mice 

and studies have shown benefits. This is very early 

stage research and there are still many questions to be 

answered. For example, many scientists are concerned 

that the brain may lack the ability to integrate new 

neurons properly once Alzheimer’s has taken hold. 

Another concern is that transplanted stem cells might 

be damaged by the amyloid and tau proteins building 

up in the brain, meaning a transplant could have only a 

temporary effect .Recently published reports establish 

the feasibility of such an approach [15]. Another 

possible approach to stem cell therapies might be to 

use certain types of stem cells to deliver proteins called 

neurotrophins to the brain. In the healthy brain, 

neurotrophins support the growth and survival of 

neurons, but in Alzheimer’s patients neurotrophin 

production is low. Neural stem cells produce 

neurotrophins and so might offer a route to solving this 

problem. To test this theory, scientists bred mice with 

the key symptoms and characteristics of Alzheimer’s, 

such as memory impairment. They then injected neural 

stem cells into the brains of the mice and observed 

some improvement in memory. Further studies are now 

taking place to understand this effect, but the approach 

has not yet been tested in human patients. Many 

scientists believe that Alzheimer’s patients will benefit 

from stem cells in a different way before the 

development of potential cell transplantation therapies. 

By using stem cells derived from Alzheimer patients to 

grow large numbers of brain cells in the lab, scientists 

can study the disease and search for new drugs. 

Treatments today and in the future: 

Although some companies may claim to offer stem cell 

treatments for Alzheimer’s disease, these are outside 

the approved and carefully controlled process of 

clinical trials.  However, scientists are already utilizing 

stem cell technology to carry out rigorous studies on 

the causes and effects of Alzheimer’s disease, and 

expect their findings will play an important role in 

finding new drugs and perhaps also cell-based 

therapies in the future. 

Parkinson's disease: 

Parkinson's disease entails the destruction of cells 

producing a neurotransmitter called dopamine. A 

recent study with embryonic stem cells found that 

transplanted cells were able to function and release 

dopamine, relieving the symptoms of Parkinson's 

disease. There were, however, side effects reported that 

were thought to correlate with a hypersensitivity to 

dopamine or excessive dopamine levels. Despite the 

side effects, the results have still been impressive and 

further research should provide more insight into this 

potential therapy 

Replacing lost cells: 

Doctors and scientists think cell replacement therapy 

will work because of the results of transplantation 

studies done in the 1980s. Scandinavian scientists took 

cells from the adrenal glands of four Parkinson’s 

patients and transplanted them into the patients’ brains. 

The adrenal glands sit on top of the kidneys and 

contain some cells that release dopamine and similar 

substances. After the transplants, there was some 

improvement in the patients’ condition, but it was only 

minor and did not last long. This was the first time 

dopamine-producing tissue had been transplanted into 

the human brain. In later experiments, Swedish, 

American and Canadian researchers have transplanted 

dopamine-producing neurons from human fetuses into 

animals and human patients, with major improvements 

in some cases but only modest changes in others 

However, there were some side effects in one group of 

patients and in some cases the disease spread to the 

transplanted fetal cells more than a decade after 

surgery. Researchers found that injecting bone marrow 

stem cells, a form of adult stem cells, into mice which 

had heart attacks induced resulted in an improvement 

of 33% in the functioning of heart. The damaged tissue 

had regrown by 68% [18-19]. Scientists still hope that 

introducing young cells into the brain could delay the 

onset or progress of Parkinson’s disease, but not 

enough fetal tissue is available to treat the large 

numbers of Parkinson’s patients, and the use of 

foetuses also raises ethical questions. Stem cells could 

offer an alternative source of new cells for Parkinson’s 

patients: 

 Embryonic stem (ES) cells could be directed 

to make dopamine-producing neurons, which could 

be transplanted into patients. Dopamine-producing 

neurons have been made from both mouse and human 

embryonic stem cells in the laboratory. 

 Induced pluripotent stem (iPS) cells could be 

made from a patient’s adult skin cells in the lab, and 

then used to make dopamine-producing neurons. In 

http://www.eurostemcell.org/factsheet/embryonic-stem-cells-where-do-they-come-and-what-can-they-do
http://www.eurostemcell.org/factsheet/reprogramming-how-turn-any-cell-body-pluripotent-stem-cell
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2010 scientists in the USA treated rats with neurons 

made from human skin cells using iPS techniques. 

The transplanted neurons improved symptoms of 

Parkinson's disease in the rats. However, mice and 

rats require fewer neurons than humans and it is not 

yet clear whether this approach would work in 

patients. More studies are also needed to make sure 

the cells are safe and would not cause tumors in the 

brain. 

Understanding the disease and developing new 

drugs: 
Transplantation is not the only application for stem 

cells. Scientists are making iPS cells from patients with 

Parkinson’s disease, and using these stem cells to 

produce diseased neurons in the lab. The neurons act as 

a powerful tool to study how Parkinson’s disease 

works and to test substances that could be developed 

into new drugs to treat the disease. 

Current research: 

Stem cell treatments for Parkinson's are still in the 

early stages of development. Some of the most 

important recent advances include work on methods 

for making dopamine-producing neurons in the lab; 

research on how to improve the effectiveness of 

transplants and avoid side effects; and studies 

investigating how the disease works and how cells can 

help with the development of new drugs. 

Cell replacement research- some recent examples: 
USA-based researcher Lorenz Studer and his 

colleagues have recently succeeded in making highly 

efficient dopamine-producing neurons from human 

embryonic stem cells and have transplanted them into 

the brains of rats and mice with Parkinson's disease. 

The cells did not multiply abnormally and improved 

some symptoms. The researchers also transplanted the 

neurons into monkeys to show that they would survive 

and function in larger animals. Work is needed before 

tests can begin on human patients: the neurons need to 

be made in sufficient numbers to be effective, and 

produced in a way that ensures the cells are safe. The 

scientists hope early clinical trials may be able to start 

in 2014 or 2015. Anders Björklund and others in 

Sweden and Italy have taken human skin cells and 

converted them directly into dopamine-producing 

neurons. Whether these neurons survive and improve 

the symptoms of the disease when transplanted into an 

animal is not yet known. The long-term goal is to make 

dopamine-producing neurons from patients' own skin 

or hair cells. Anne Rosser and colleagues at Cardiff 

University, UK are exploring ways to help transplanted 

nerve cells survive inside the brains of Parkinson's 

patients. 

Use of stem cell in wound healing: 

Although wound management has greatly advanced 

over the years, the current treatments fall short of 

healing some 50 per cent of chronic wounds. 

Conventional treatments such as split thickness skin 

grafts lack the dermal layer which is crucial for 

regenerating hair follicles, sweat and oil glands. If 

these components cannot be regenerated in the 

wounded area, the resulting skin is dry, brittle, and 

itchy and generally looks aesthetically unappealing. 

Stem cells have been actively explored as therapies for 

wound therapy for many years because they have a 

tremendous potential to differentiate into different 

types of cells, especially various components of the 

skin.  In fact, the ability to control the differentiation of 

epidermal stem cells into keratinocytes in the 

laboratory has fuelled the field of tissue engineered 

skin grafts for the past 30 years. These grafts have been 

somewhat successful in treating skin wounds caused by 

diabetes, ulcers, genetic skin disorders such as 

epidermolysis bullosa (blistering) and burns, but they 

too are unable to regenerate the dermis – the key 

component that restores the function and appearance of 

the skin long term. Engineered products are also very 

expensive which tends to limit their widespread use. In 

an effort to address these issues, researchers are 

looking at other stem cells and the cells they make 

(progeny) to see if they retain the potential to restore 

all the components of the dermis. High on the list of 

stem cells being studied are adult stem cells (skin stem 

cells, mesenchymal stem cells, and adipocyte stem 

cells) and pluripotent stem cells (induced pluripotent 

stem cells (iPSCs). 

 

Understanding the role of stem cells in wound 

healing: 

Stem cells are known to play an important role during 

the normal course of events that distinguish skin 

regeneration and wound healing. The skin is home to 

many different types of stem cells, including epidermal 

stem cells, melanocyte stem cells (which make 

pigment-producing cells), and epithelial and 

mesenchymal stem cells that reside in hair follicles. 

Together, these stem cells are responsible for making 

the multitude of different skin cells that are important 

for perpetually renewing normal, healthy skin. In 

response to general injuries the numbers of circulating 

stem cells in the body increase. Hair follicle stem cells 

and epithelial stem cells are thought to interact with 

bone marrow stem cells, which are recruited to a 

wound during the inflammatory phase of wound 

healing, and together these stem cells bring about 

speedy wound closure and tissue repair. As yet, it is not 

clear whether stem cells from the bone marrow might 

also contribute to the healing process by actually 

making new skin cells. 

 

Skin stem cells: 

Canadian scientists Jeff Biernaskie and Vincent 
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Gabriel in Calgary are searching for ways to improve 

split thickness skin grafting (STSG), the surgical 

procedure most commonly used to repair deep burns 

and other wounds. In isolating a dermal stem cell that 

lives in mammalian hair follicles they found that it is 

involved in hair follicle formation and regeneration as 

well as repair of the dermis.  These dermal stem cells 

are also able to make a number of different types of 

cells of the dermis. The group has since isolated a 

similar precursor that resides in human hair follicles 

and is setting about to test whether the precursors can 

populate a split thickness skin graft with new dermal 

cells in a model of human STSG. They plan to use non-

invasive imaging techniques to measure the extent of 

wound healing. As part of the study they will interview 

patients who have had STSG to better understand the 

experiences and the issues around living with STSGs. 

Their hope is to tailor the cellular features of the graft 

to the functional qualities that are most important to 

STSG recipients. Using an approach called high 

throughput screening technology, which enables 

researchers to quickly test millions of compounds, her 

team has identified a number of drugs that increase 

self-renewal in both human and mouse SKPs. When 

applied on the skin of mice one drug was also able to 

increase the speed of wound healing, and others were 

able to increase dermal thickness. Taken together their 

results suggest that small molecules can stimulate 

SKPs and play a role in wound healing and 

maintenance. Building on this theory, they have also 

identified drugs that turn on a stem cell gene called 

Sox2 which plays an important role in wound healing, 

hair growth and stem cell maintenance. Clinical studies 

using skin stem cells are still at a very early stage but 

they are helping to provide proof-of-concept for the 

possibility of using skin stem cells to treat wounds. For 

example, there are several phase I clinical trials around 

the world exploring whether epidermal stem cells can 

be safely used to treat epidermolysis bullosa, a group 

of genetic skin disorders inherited by children. For 

these individuals, minor skin injuries can develop into 

blisters and open wounds because the top layer of skin 

(epidermis) does not anchor properly to the middle 

layer of skin (dermis) and flakes off leaving painful 

sores that are akin to 3rd degree burns. In ongoing 

phase I trials, epidermal stem cells harvested from 

patients are being genetically corrected and then 

expanded into sheets of skin that can grafted back onto 

a patient’s wounds. One of the big advantages with this 

approach is that the grafted skin sheets are made from 

the patient’s own epidermal stem cells which mean that 

they are not rejected. 

 

Mesenchymal stem cells: 

Mesenchymal stem cells (MSCs) are perhaps one of 

the most promising types of adult stem cell therapies 

currently being applied to wound healing. This is due 

in part to their differentiation potential and also 

because they are so accessible within the body. MSCs 

reside in many different tissues (bone marrow, fat 

tissue, umbilical cord, dermal layers of the skin) and 

are able to grow into a variety of different cell types, 

including skin cells. For the purposes of transplant 

experiments, MSCs are the easiest to harvest from the 

bone marrow body and grow in culture. A huge benefit 

of these cells is that they are immune response 

modulators, helping transplanted cells to fly ‘under the 

radar’ without provoking the same type of vigorous 

immune response that so often leads to graft rejection. 

Preclinical studies using rodent models of skin wounds 

have clearly shown that mesenchymal stem cells from 

donor animals are able to accelerate wound closure, 

recruit immune cells and endothelial progenitors, and 

increase the formation of blood vessels in recipient 

animals. Researchers have also shown that a population 

of mesenchymal stem cells called human umbilical 

cord perivascular cells (HUCPVC) are able to promote 

wound healing in mouse models. Moving to larger 

animals with more relevance to humans, they are now 

testing the pig analogue of HUCPVCs in swine models 

of wound healing to gauge whether the results warrant 

moving from preclinical studies in animals to clinical 

studies in humans. The preliminary research tested the 

cells on very small wounds, and although promising, 

larger wounds will provide a better idea of how well 

the pig mesenchymal stem cells are working to close 

the wounds. A handful of small clinical trials using 

bone marrow derived mesenchymal stem cells are 

underway. In a very small trial with three participants 

having chronic wounds, bone marrow cells were 

injected into the edge of the wound and then 

autologous bone marrow derived MSCs grown in the 

laboratory were applied to the surface of the wound. 

This combination approach was able to completely 

close the three chronic wounds, and opened the door to 

larger trials. One randomized trial involved 24 people 

with non-healing ulcers due to diabetes or vasculitis. In 

this case bone marrow-derived autologous MSCs were 

grown in culture and then injected intramuscularly into 

the edges of the wound. After 12 weeks, the wound 

decreased by 73 per cent in the treated group as 

compared with only 23 per cent in the untreated group. 

The treated group also reported much less pain when 

walking.These preliminary results are very 

encouraging but there remain a number of hurdles yet 

to be worked out. For example, results from different 

researcher labs still vary greatly, possibly because they 

used different populations of MSCs or or different 

laboratory techniques used to sort the cells. One 

strategy to level the field would be to identify cell 

surface markers that could distinguish particular 

subsets of bone marrow-derived MSCs. Another 

approach might be to use common growing and sorting 

methodology for isolating the subsets. These measures 
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could help to standardize the starting population of 

MSCs derived from bone marrow and make the 

comparison of experimental results from lab to lab 

more meaningful.Although autologous MSCs are 

easily harvested from the bone marrow, their numbers 

naturally decrease as we age. Given the increasing 

elderly population, this natural stem cell depletion will 

make it difficult to treat wounds in older people. 

Researchers are investigating whether non-bone 

marrow MSCs or other types of stem cells might work 

better in this group. 

 

Adipose-derived stem cells (ASCs): 

It comes as no surprise that adipose-derived stem cells 

(ASCs) can make fat cells, but it is rather amazing to 

find that they can also make bone, cartilage, muscle 

cells, and even promote the formation of new blood 

vessels (angiogenesis). This range of capabilities 

makes them a very intriguing new candidate for wound 

healing. Human adipose derived stem cells (ASC’s) 

have been shown to differentiate in the lab into bone, 

cartilage, fat, muscle and might be able to differentiate 

into neurons, making them a possible source for future 

application in the clinic [16-17]. 

ASCs can be isolated through minimal liposuction 

techniques from fat tissue and then be put through a 

series of isolation and purification steps in the 

laboratory. ASCs have already been used with some 

success in preclinical studies in animal models where 

wound closures have occurred much faster and without 

any abnormalities. Providing ASCs with a 3D scaffold 

to grab onto is an important step for ensuring their 

ability to heal wounds, and to that end researchers have 

been comparing the properties of different biomaterials 

to see which one has the most advantages. A human 

dermal matrix lacking cells (called an acellular dermal 

matrix; ADM) has advantages over a synthetic matrix 

in that ADMs are easier to handle and more resistant to 

infection. In animal models, ADMs impregnated with 

adipocyte stem cells promoted enhanced wound 

healing and vascular networks and the grafted cells 

were still viable after two weeks of engraftment. As 

yet, there are very few clinical trials using ASCs for 

wound healing. A small pilot study with 20 participants 

looked at using ASCs for chronic wounds caused by 

radiation treatment for cancer. The dramatic results - 

ASC therapy transformed the damaged tissue into 

normal tissue – are predicted to be a result of the 

ability of ASCs to promote blood vessel formation. 

This early success is very promising and paves the way 

for additional trials testing the safety and efficacy of 

ASCs for wound healing. 

  

Pluripotent stem cells: 

Embryonic stem cells (ESCs) are the powerhouses of 

development and can make all the different cell types 

in the embryo.  Scientists have been able to grow skin 

in a dish from mouse embryonic stem cells, but the 

issue of graft rejection is a barrier to translating this 

success to the clinical setting. In contrast, induced 

pluripotent cells (iPSCs), which were first derived from 

human skin in 2007, offer a way around this limitation. 

Because they are generated from patient skin cells 

reprogrammed to a stem cell-like state, skin cells made 

from iPSCs are perfectly compatible as skin grafts. The 

barrier to widespread use of iPSCs is safety, given that 

the viral components currently used to reprogram skin 

cells may be tumorigenic.  Scientists are finding safer 

methods to push back the clock on reprogramming 

mature cells, and are working towards achieving this 

goal without having to genetically alter cells at all. 

Another safety concern is that pluripotent stem cells, 

such as ESCs and iPSCs, as well as abnormal 

multipotent stem cells are able to form tumors when 

transplanted so future therapies will depend heavily on 

being able to sort out the safe cells from the dangerous 

ones. 

  

Future Challenges: 

A common issue with using any stem cells for treating 

wounds is the challenge of reliably growing and 

expanding them for topical applications. One can 

imagine achieving the scale-up numbers for small 

wounds, but it is not as simple to ramp up the numbers 

so that there are enough cells to cover a larger area of 

skin. Understanding the skin microenvironment, 

signaling mechanisms and culture conditions that 

promote stem cell expansion will be very important if 

the use of stem cells is to reach beyond the treatment of 

small chronic wounds. Human ES cells – derived heart 

cells may be extremely valuable in identifying such 

drugs before they are used in clinical trials, there by 

accelerating the drug discovery process and leading to 

safer and more effective treatments [20-22]. Stem cell 

delivery is another conundrum. For the vast majority of 

studies, stem cells are introduced into wounds simply 

by injecting them into the dermis or around the edge of 

the wound. Alternative methods that are easier and 

might also lead to better outcomes are being explored. 

For example, researchers are testing whether stem cells 

applied topically in a fibrin protein spray or 

impregnated in a collagen-containing scaffold or 

hydrogel may work better than the traditional route of 

injection. Researchers are also faced with the issue of 

how to treat wounds in the aging population because 

collecting stem cells from the elderly may not be a 

viable reality given that the stem cell pool to draw from 

decreases as we age. 

Despite these and other inherent challenges, stem cells 

do offer a realistic alternative to conventional therapies 

which lack the ability to create hair follicles and 

secretory glands. Stem cells have the potential to 

overcome this limitation and also to address the issue 

of limited donor graft availability and graft rejection. 
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In time, they may someday rival split thickness skin 

grafting, the current standard of care for chronic wound 

treatment. 

 

CONCLUSION: 
Stem cells derived from all sources hold immense 

medical promises. Stem cell therapies have virtually 

unlimited medical and disease applications. While 

there are several barriers that need to be broken down 

before this novel therapy can be translated from lab to 

clinics, it is certain that the future is going to be 

exciting for all of us. We have moved on from the 

surgical model of care to the medical model and are 

likely to move onto the biological model of care. The 

need of the hour is high-quality research coupled with 

collaboration between basic scientists and the 

clinicians. Stem cell therapy is no longer science 

fiction. Recent developments in the technique of stem 

cell isolation and expansion together with advances in 

growth factor biology and biodegradable polymer 

constructs have set a stage for successful tissue 

engineering. Stem cell therapy has brought in a lot of 

optimistic hope amongst researchers, doctors, and not 

to forget the patients who are the chief beneficiary of 

this innovation. Stem cells regenerate hope and not all 

that is happening in research is hype. 
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