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Stem Cell Project 

Abstract 

Introduction 

Stem cells show massive potential in regenerative medicine. They have been obtained from embryos 

but more recently have been acquired from adults. 

Current Research 

Current research includes treatment of paralysis with spinal cord injuries, production of organs for 

transplantation and improving the memory in experiments with mice. It remains a challenge to 

develop cellular modifications to ensure efficacy, safety and prevent tumour formation. 

Reprogramming adult cells to dedifferentiate and become functionally “identical” to embryonic stem 

cells is an exciting recent development as it avoids the ethical objections of using embryos. 

Future developments 

Cognitive functions may be improved by increasing the number of neurons in the brain. People with 

Alzheimer’s disease and brain injuries may benefit from stem cell therapy. In addition there may be a 

role for stem cells to improve intelligence in healthy individuals. The negative implications include 

technical problems, possible side effects and ethical objections. There are many medical conditions 

that may be helped in the future by the use of stem cells. 

 

Introduction 

Stem Cell Outline 

Stem cells are unspecialised cells which have the ability to differentiate into many different 

types of cells used in the human body. They also have the special ability to replicate 

indefinitely, partly due to the presence of telomerase (Zimmermann et al 2004)(an enzyme 

which helps maintain the complete length of genes and decreases the risk of non viable cells 

being created). These two factors alone allow for massive potential in regenerative 

medicine.  Under the correct conditions, stem cells can either replicate into more stem cells 

or start to differentiate and become specialised for a specific purpose. Scientists are able to 

replicate stem cells in laboratories; being able to control conditions and divisions is clearly a 

great advantage in science. However, more research is needed to completely understand 

the conditions necessary to encourage stem cells to divide into specific types of cells. There 

are two main types of stem cell which have very important differences.  Embryonic stem 

cells are pluripotent, having the ability to differentiate into any type of cell (Yu and Thomson 

2008), whilst some adult stem cells are limited to the cells found in a particular organ or 

tissue.  Perhaps an even more important difference is in the way of obtaining each of them. 

Adult stem cells can be taken from certain tissues or organs in a human. Embryonic stem 

cells can be obtained from developing blastocysts shortly after fertilisation, often causing 

their destruction. Some people and religions have ethical objections to this process which 

will be discussed later in this paper. 
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Current Stem Cell Research 

Over the last few years many advances have been made with stem cell research. 

Spinal Cord Treatment 

This summer, groundbreaking research will be taking place as paralysed patients become 

the first to be treated with human embryonic stem cells. The procedure will consist of 

obtaining embryonic stems from blastocysts, allowing them to differentiate into the 

required spinal stem cells, injecting patients with the cells and allowing the cells to form and 

rebuild new nerve connections within the spinal cord. United States (US) regulators have 

authorised the trail, allowing research to continue later this year. The embryonic stem cells 

will be given the biological cues to encourage them to differentiate into oligodendrocyte 

progenitor cells before being injected directly into the area of spinal injury. This will take 

place within the first fourteen days of patients receiving a spinal injury; little effect would be 

expected after this period. It is the hope of scientists that the cells will divide and 

differentiate, bridging the gaps between broken nerve ends caused by the injury. It is 

predicted that soon after treatment patients should feel sensations in their lower limbs. 

Other tests conducted on animals have shown success with increased mobility in rodents. If 

similar results can be achieved in humans then this would be a great advance in medicine 

(Henderson 2009). 

Organs 

The need to produce organs for transplants has provided the impetus for a large field of 

stem cell research. The advantage of using stem cells to produce organs is that they can be 

made from the recipient’s own cells thus reducing the chance of rejection and often leaving 

them free from immunosuppressive drugs. 

With simple organs such as bladders, scientists have been able to manufacture moulds for 

stem cells to grow around. These develop to form fully working organs which are used to 

treat patients. In America this treatment was performed on Kaitlyne McNamara who was 

born with spina bifida. The U.S. doctors isolated healthy adult stem cells from her bladder 

and seeded them onto a manufactured scaffold one layer at a time. After several weeks the 

stem cells had differentiated and grown together forming a healthy, functioning bladder. A 

relatively simple operation was required to implant the organ correctly (Stem Cell 

News.com 2006). This type of treatment has seen great success with a growing number of 

patients choosing to undertake the operation. It has significantly helped to relieve 

symptoms, preventing loss of bladder control and decreasing the number of necessary toilet 

visits. The procedure, however, still carries all the risks that come when any operation is 

involved: haemorrhage, infection and adverse reaction to anaesthesia (Nash 1976). 

Another technique which has been used to form organs ready for transplantation is the one 

used in the case of Claudia Castillo. In November 2008 Claudia Castillo became the first 
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person to receive a tissue-engineered whole organ transplant. In this treatment, adult stem 

cells were taken from her bone marrow and used to “coat” a donated trachea. The stem 

cells successfully colonised the collagen. This organ was then used to replace Castillo’s left 

bronchus which had been damaged due to the contraction of tuberculosis. She has been 

free from immunosuppressive drugs. (Macchiarini et al 2008). 

Brain and Neurology (Alzheimer’s) 

One degenerative disease of the brain which is known to severely affect thousands of 

people is Alzheimer’s. Alzheimer’s is the most common form of dementia and it involves a 

loss of brain cells including neurons and synapses (neural pathways). The potential of stem 

cells have given hope to many who suffer as a result of the disease. Studies have 

successfully improved memory and “alleviated the cholinergic deficits” in mice models 

(Wang et al 2006). Overall, the use of embryonic stem cells in the mice subjects was 

unsuccessful as a result of tumour formation. However future attempts may be successful 

with the development in understanding of controlled embryonic stem cell replication and 

differentiation. 

Dedifferentiation of Adult Stem Cells 

Recent developments in research have given arise to possible future solutions. In June 2007 

scientists succeeded in reprogramming adult mouse skin cells into their embryonic state. If 

differentiated human cells could be reprogrammed back to their embryonic-like state, 

relatively cheaply and with relative ease, then it could be an ideal way to obtain embryonic 

stem cells without provoking objectors. 

Due to the success in mice many scientists have continued trails on human skin cells and by 

February 2008 there was a breakthrough, with Science Daily reporting success in 

dedifferentiating human skin cells. It was reported that after reprogramming the skin cells, 

“they were functionally identical to embryonic stem cells. Their biological structure was 

identical, they expressed the same genes and could be coaxed into giving rise to the same 

cell types as human embryonic stem cells” (University of California-Los Angeles 2008)(Fu et 

al 2001)(Mali et al 2008). However, many scientists agree that much more research is 

needed and that this method should be used in conjunction with current methods. 

"Reprogramming normal human cells into cells with identical properties to those in 

embryonic stem cells without SCNT (somatic cell nuclear transfer) may have important 

therapeutic ramifications and provide us with another valuable method to develop human 

stem cell lines," said Lowry, an assistant professor of molecular, cell and developmental 

biology, a Broad Stem Cell Centre researcher and first author of the study. "It is important to 

remember that our research does not eliminate the need for embryo-based human 

embryonic stem cell research, but rather provides another avenue of worthwhile 

investigation." Additionally, many technical problems, such as the use of viruses to deliver 

the four genes for reprogramming, need to be overcome to produce safe iPS (induced 
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pluripotent stem) cells that can be used for medical purposes (University of California-Los 

Angeles 2008). 

 

Discussion 

Future Developments and Ethical Implications 

Can treatment with stem cells be used to improve brain cognition in humans? 

This section will look at factors involved in human cognition and the possible use of stem 

cells in improving human intelligence. There are many factors thought to affect the overall 

ability of a person to process thought and many hypotheses have suggested different 

features to be main contributors to intellect. 

It is generally considered that a large memory accounts for high intelligence because recall 

of memory is one of the easiest methods of measuring intelligence. Research has suggested 

that “using brain-training efforts designed to improve working memory has had the 

additional effect to improve the general problem-solving ability”. This improvement in fluid 

intelligence (as known to psychologists) is evidence of how different sections of the brain 

interact (Regents of the University of Michigan 2008). The research highlights the 

connection between memory and cognition. If stem cells could be used to increase memory, 

this would certainly benefit cognition.  

One theory states that the number of neurons in the brain may relate to intelligence. 

Neurons are used to transfer signals and stimulus to the brain or spinal cord. The axon 

terminals at the end of a neuron cell are used to transmit the signals across each neuron. In 

resent research, reported by “ScienceDaily”, it was stated that “restoring the destroyed 

neurons caused by Alzheimer’s is necessary for healthy brain functions”(University of 

Central Florida 2007). With the use of stem cells, outlined in the report, it may be feasible to 

increase memory capacity in humans by increasing the number of neurons in the 

hippocampus (a part of the brain strongly associated with memory). This could be achieved 

through injecting stem cells into the brain and controlling the replication and differentiation 

which takes place. 

Another theory states that the ratio between glial cells and neurons may have a major effect 

on cognition ability. Glial cells are a type of specialised cell found in the brain. The function 

of these cells used to be thought to be to act as a structural support. But with the 

improvement in neurology, many more functions have been attributed to these cells 

including their necessity in allowing neurons to function normally. By considering the 

differences in the human brain and other animals, a key role of glial cells can be proposed. 

“As one rises through phylogeny, the ratio of glia to neurons increases, and in humans, the 

brain contains the highest ratio of glia to neurons (at least 10:1). Consequently, one is 
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tempted to suggest that glial cells play important roles in higher cognitive 

functions”(Kurosinski and Götz 2002). This research paper identifies a connection between 

the ratio glial cells to neurons and cognitive brain function. If scientists were to conduct 

more research into the biological cues necessary for stem cells to differentiate into glial 

cells, this may lead to the possibility of artificially increasing the glial to neuron ratio in the 

human brain. The procedure may or may not have positive effects but the results of such an 

experiment may reveal answers to the brain’s future development. 

The massive amount of communication humans partake in, has given rise to massive 

improvements in knowledge and cognitive function of the brain. With use of reading, 

writing and speaking humans have discovered and recorded key information, which allows 

future generations to build upon. It is likely that the Broca’s area (the main section of the 

brain involved in verbal communication) has developed and increased in ability over the 

thousands of years humans have been speaking. When engaged in conversation the brain is 

involved in deciding what to say, forming syllables and understanding what is being said. It is 

a complex system to enable the speed and precision of words. In male canaries there are 

two main regions of the brain involved in the assembly of bird songs. One region is for 

learning and storage, with the other for producing and singing the song. In the spring, when 

the male canaries must compete for female mates in song, it was found these regions of the 

brain increase in volume by an average of 99% and 76% respectively. The increase in volume 

enables the male canaries to store all the information necessary to produce the mating calls 

(Steen 2007). It is evident from this example that the ability of humans to produce and 

remember a very large vocabulary is a special attribute. The ability to communicate ideas 

and theoretical concepts to each other has helped the human brain evolve but since there 

are very few problems in the communication of complex concepts, it would be incorrect to 

assume that a further improvement in our social ability would continue to have a similar 

effect on intelligence. For this reason, there may be little use in attempting to exceed the 

social intellect of the average human. 

 Research has been conducted to compare the relationship between the volume of brain 

mass and intelligence. As previously mentioned, the brains of male canaries will increase in 

size when a greater memory capacity is required.  Studies conducted in humans have found 

very strong correlations, suggesting that the volume of brain mass is a major factor affecting 

cognition. “In healthy elderly men, there are significant relationships between multiple 

cognitive tests and both intracranial capacity and regional brain volumes. These 

relationships may be largely due to longstanding associations between general cognitive 

ability and overall brain size”(MacLullich et al 2002). If stem cells could be used to increase 

the volume of the brain in a controlled method then it may be possible increase brain 

cognition in the adult human brain. Stem cells could be grown in a laboratory in specialist 

conditions to allow them to differentiate into multipotent cells capable of differentiating 

further into the specific cells which make up the brain and its structure. These specifically 
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cultured cells could be injected into strategic places in the brain with the hope of the cells 

becoming abundant in key areas.  

Applications 

All of the theories above were in the context of improving cognition in the human brain but 

many of these theories could be possible treatments for Alzheimer’s disease. Specifically, 

targeting the replacement of neurons in the hippocampus to reduce memory problems may 

be a lead treatment for Alzheimer’s in the future of medicine. Research is currently in the 

process of treating Alzheimer’s with stem cells and the treatments are being conducted on 

human subjects for the first time. If the treatments prove to prevent, reduce or even cure 

the degenerative disease, then it would bring relief to many people who suffer the 

consequences of Alzheimer’s (Helmuth 2001). 

With success in animal trails, the near future looks likely to provide an effective treatment 

for Alzheimer’s but could these methods be used with the intention of improving cognition 

of the human brain? I propose that with in-depth studies in the effect of stem cell use in the 

brain, techniques could be discovered of how to increase human intelligence. Based on my 

research findings, I believe the basis of these techniques would include taking adult stem 

cells from a healthy patient, differentiating them into neural stem cells, injecting them back 

into the healthy patient’s brain (targeting key areas such as the hippocampus) and allowing 

controlled growth. From this study I would encourage the cells to be injected into the 

hippocampus with the aim of differentiating into neurons and hopefully increase memory 

capacity. I would suggest targeting the effect of increasing the glial to neuron ratio for 

significant improvement. Also injecting cells to form new structures in the brain and 

increase the overall volume of mass used for thought. 

Many scientists, academics and professionals would be keen in pursuing human intelligence. 

The concept of increasing human intelligence may seem superficial at first but when 

considering the issues humankind could face in the future; it may be important for the 

survival of the species. Benefits may include: - 

- Greater survival chances against: - 

o Pathogens (fast, effective drug and vaccine development) 

o collisions with comets and asteroids (accurate models and solutions to 

any major impacts) 

o natural disasters (predictions of future events) 

- solving the “Mysteries of the universe”(seeking the origins of the universe) 

- solving mathematical equations (with applications to internet security) 

- availability to new technologies and inventions (making life easier, saving time 

and saving money) 
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Furthermore, such treatment could be adapted and used for animals with neurological 

disorders. Diseases in pets which stem from the death of specific brain cells could be cured 

with this treatment of stem cells. Could animals like guide dogs be taught more complex 

tasks to improve the lives of blind people? Could the training for police dogs be more 

rigorous, improving the performance of sniffer dogs?  

There may be negative implications of such a treatment being developed. Technology which 

can be used for good can also be used for evil. Increased risk from terrorism and internet 

fraud are just a couple examples of the possible damaging effects. Major dangers of the 

procedure would be a possible risk of haemorrhage by injecting directly into the brain. 

Access to the brain is difficult, with drilling through the skull being necessary in many 

operations. This difficulty would also apply to increasing brain cognition unless a technique 

could be developed where stem cells could be injected into other parts of the body and 

programmed to travel to correct parts of the brain. 

Ethical and Moral Views  

Another issue affecting this procedure is the ethical implication of this possible future 

development. Religions and individuals may feel that non essential operations that alter 

brain function are unethical. Depending how the stem cells are obtained may also provoke 

objectors to appeal against the ethics. 

If the treatment required use of embryonic stem cells then strict laws and regulations would 

need to be followed carefully. “Research on human embryos is only allowed for certain 

purposes, outlined in the Human Fertilization and Embryology Act 1990 and the subsequent 

Human Fertilization and Embryology (Research Purposes) Regulations 2001”(OPSI 2001) 

(EuroStemCell 2007). Changes in law may be necessary for such research into the human 

brain to be allowed. 

Use of embryonic stem cells in science and research is a highly debated subject. Many issues 

stem from viewpoints that destroying a blastocyst in order to harvest embryonic stem cells 

is killing a potential human being. Objectors tend to believe it is not justifiable to destroy a 

blastocyst even if future developments lead to cures which ultimately save lives. 

Organizations against embryonic stem cells include National Right to Life Committee and 

Christian Coalition (Daily Kos 2007). A scientific argument recently suggested that there may 

be a danger in using embryonic stem cells. Some scientists claim that embryonic stem cells 

cannot be used directly because they form tumours when transplanted into mature tissues 

(Dick 2008). Many arguments for the use of embryonic stem cells in medical research rely 

on the huge potential of future developments. 

The treatment to improve intelligence and cognition is not intended to create a race of 

super human beings but is to improve the intellectual capacity of those who have the 

potential to improve quality of life for everyone. In addition it can be used to help improve 
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the lives of people with low IQ. Careful decisions would need to be made about who should 

be allowed this treatment. Should it be restricted to government and police use or should it 

be an operation open to the general public? 

Other possible future developments in stem cell research 

Stem cells have been proposed for many other treatments. With more research, supporters 

believe it may be possible to cure/treat AIDS, Crohn’s, diabetes, sickle cell anaemia and 

many more human conditions. Stem cells could reduce the need for animal testing by 

providing grown tissues for drug testing. They could provide a replacement for any faulty 

organ in the body. They could help re-grow lost limbs and body parts. They could help the 

growth of motor neurons, relay neurons and sensory neurons to replenish lost sensations 

and manoeuvrability. Treatment in the eye could repair damaged corneas and restore sight 

to the blind. People suffering deafness due to damaged parts in their ear system, could 

replace the damaged areas and restore hearing. Paralysis caused by a damaged spinal cord 

could be cured. Burns victims could have skin grafts grown with their own stem cells. Stem 

cells could restore taste buds and smell receptors.  

 

Summary and Conclusion 

Currently many stem cell treatments are already being developed for medical use in 

humans. There has been much progress recently, including the ability to dedifferentiate 

cells from an adult human body. The use of stem cells still has much potential and currently 

research may help to release that potential. The biggest challenges facing the future of stem 

cell research are technical, scientific and ethical.  

Even though much more research is needed on the efficacy and the surrounding safety 

issues it may be possible to increase human intelligence with stem cell treatment. 
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