

To what extent do the benefits of stem cell therapy for Alzheimer’s Disease outweigh the costs and why should we shift the primary treatment plan from the current and traditional plan to stem cell therapy? 
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A. Introduction 
	Alzheimer’s Disease is characterized by memory loss, a direct result of degeneration of the brain and the miscommunication of neurons. This paper seeks to explore the extent to which stem cell therapy has the potential to be most advantageous to Alzheimer’s patients in place of the traditional and current medical practices, particularly in regard to pharmaceutical management. Alzheimer’s Disease affects millions of people around the globe and researchers and physicians currently do not have an implemented treatment plan to prevent or decelerate the degeneration of the brain. Numerous different solutions have come to light over recent years, inclusive of stem cell therapy, which “promotes the repair response of diseased, dysfunctional or injured tissue using stem cells or their derivatives.” (Mayo Clinic, n.d.). Stem cell therapy aims to target damaged cells and replace them with healthy, higher functioning stem cells. Mesenchymal stem cells are a specific type of stem cell that have the ability to differentiate into various types of cells, thus replacing the damaged cells that are creating neural plaques and neurofibrillary tangles.
	Alzheimer’s Disease affects many different types of neurons in many different areas of the brain. Which makes transplanting stem cells into the brain an ambiguous process. Consequently, prior to visible improvements in function, the stem cells would have to make their way to all areas of the brain where damage has occurred, produce just the right amount of varying neurons needed to replace the damaged ones, while also producing neurons with the ability to effectively integrate into in brain to maintain normal functions. Despite the taunting issue presented by this process, both scientists and researchers have taken on the challenge and engaged in early experimentation. A multitude of case studies and clinical trials have generated immensely propitious results for the treatment of Alzheimer’s Disease utilizing mesenchymal stem cells. 
	This paper will explore the present standard of treatment for Alzheimer’s Disease and evaluate the advantages of keeping this standard unchanged while also looking into the limitations and how the current standard of treatment can be improved upon. Additionally, this paper assesses the prospective research of stem cell therapy in patients that have been diagnosed with Alzheimer’s Disease. By investigating various clinical trials and case studies, the benefits and of implementing stem cell therapy in the treatment of Alzheimer’s Disease will be examined. Equally as important, exploring the amount of uncertainty present in this research opportunity and the time that would need to be taken in order to eliminate that uncertainty. 
	This research question is worthy of investigation because there is an incredible opportunity to adjust the way physicians treat certain ailments as new technology becomes increasingly accessible. Specifically, the possibility of finding a cure for a presently incurable disease while increasing the patient’s quality of life. Furthermore, investigating stem cell therapy for Alzheimer’s Disease will reduce the number of people affected by the disease and slow the exponential rise of patients diagnosed with Alzheimer’s Disease. 

B. Defining Alzheimer’s Disease 
	Alzheimer’s Disease is a progressive neurodegenerative disease with extensive involvement of the hippocampus and neocortex (Martin, 1996 p.[179]) and disrupts the process in which neurons communicate with neurotransmitters which transmit information from one cell to another (Dawbarn & Allen, 1995). Neurons communicate with each other via releasing neurotransmitters, which allows the neuron to fire, and hence sending the appropriate message to the rest of the brain. When a neuron releases neurotransmitters into the synaptic cleft, the amyloid-beta protein is deposited into the extracellular space. The amyloid-beta protein is an integral protein in synaptic communication, a portion of this protein contains an amyloid-beta sequence. The amyloid-beta protein is created when this portion is cleaved from the amyloid precursor protein. The accumulation of these amyloid-beta proteins outside the neuronal synapses elicits the formation of neuritic plaques. The neuritic plaques build up and disrupt the communication of neurons further ("What Happens," n.d.). In addition to the neuritic plaques, another main biological marker of Alzheimer’s Disease is the neurofibrillary tangles caused by the accumulation of the tau protein in neuron cells, which leads to neuronal death and tissue atrophy (Crary et al., 2014, p. [756]). Both neuritic plaques and neurofibrillary tangles occur in the limbic system, but specifically in the hippocampus and the neocortex, which are largely responsible for memory and motor function. Further, neurons are postmitotic meaning they do not divide once maturity is reached and because of this they cannot replace themselves, in the same way other cells in the body do (Young, 1996 p.[228]). The progressive damage to brain cells leads to behavioral changes and many Alzheimer’s patients experience aggression and anxiety due to the worsening of their ability to comprehend the events occurring around them. In the end, Alzheimer’s patients experience loss of their ability to negotiate new information and stimulus, which creates a more stressful situation for the patient (“Treatment for Alzheimer’s n.d.). 
	There are several routes a patient can take as far as treatment goes, but none of them offer a cure for the disease. For instance, “The neuroprotective strategy which interferes with the degenerative processes and aims at modifying the course of the disease by altering the fundamental pathophysiological processes.” (Shihabuddin & Davis, 1996 p.[267]). One of the most promising therapies are anti-amyloid agents. Amyloid-beta proteins are produced by lysosomal processing of the transmembrane amyloid precursor protein. By interfering with the production of the amyloid-beta protein the course of degeneration is altered in Alzheimer’s Disease (Shihabuddin & Davis, 1996 p.[267]). This study was previously a model treatment for Alzheimer’s, however, “the numerous clinical trials with agents targeting amyloid have failed to reach primary clinical endpoints,” (Franco & Cedazo-Minguez, 2014) many studies that have attempted to target the amyloid have generated ambivalent results with no obvious positive findings. Consequently, the typical route of treatment for patients with Alzheimer’s Disease consists of a combination of medications that subdue certain behaviors and emotions. One of the primary medications prescribed is a cholinesterase inhibitor. Research indicates that cholinesterase inhibitors prevent the breakdown of acetylcholine, a chemical in the brain linked to memory and cognitive processes. Another common medication is an N-methyl D-aspartate antagonist, used to decrease all symptoms in hopes of maintaining daily functions for a longer period of time as compared to those who did not take the medication (“How Is Alzheimer’s,” n.d.). These combined with other behavioral suppressants and aids, such as anti-anxiety medication or sleeping aids, create the typical treatment plan for a patient that has been diagnosed with Alzheimer’s Disease. Under these circumstances, the patients’ conditions and symptoms can only be subdued for a period of time while the deterioration of the brain continues. 

C. Current Practices Analysis 
	The overall cost and the labor required to take care of a person diagnosed with Alzheimer’s Disease is typically overwhelming, and has the potential to place strain upon the families. The monetary cost alone has a great impact on the families because, “Average expenses included $273 per month, spent on medical supplies[...].” (“Alzheimer’s Disease,” n.d.). Not to mention the pressure that caretaking puts on the relationship between the families and patients. The unpredictability of the disease contributes the most stress and despondency; the ability to predict the events that might happen in the next week is nearly impossible. On average, people live up to eight years after diagnosis, but depending on responses to medications, the elasticity of the brain, and the severity, people can live up to 20 years after the official diagnosis (“Treatment for Alzheimer’s,” n.d.). In the same way, the time investment of taking care of a patient with Alzheimer’s Disease can be demanding. Commonalities between Alzheimer’s patients are the “continuous decline in thinking, behavioral and social skills that disrupts a person’s ability to function independently” (“Alzheimer’s Disease,” n.d.) as a result patient will need increased care as the disease continues to negatively impact the function of the brain. Therefore, families will need to spend a greater amount of time with the patient taking away from their jobs or spend an inflated amount of money in order to cover the costs of professional care. 
	The medication-based treatment is another constituent to consider. Essentially, the medications provide a more comfortable environment for the patient and thereby result in an easier lifestyle. Yet the medication does not address the disease itself; they are suppressing the symptoms rather than seeking a reversal of the damage or prevention of further damage. Ultimately treating patients with Alzheimer’s Disease with the current practices is a small attempt to improve the quality of their daily life until death, without actually addressing the cause of the degeneration of the brain.
	
D. Stem Cell Therapy for Alzheimer’s Disease 
[bookmark: _GoBack]	Mesenchymal stem cells are tissue stem cells that are multipotent, meaning that they are “capable of self-renewal and differentiation into various cell types,” (Kim et al., 2015, p.[95]). The clinical study conducted in South Korea on nine Alzheimer’s patients with moderate symptoms is a clear demonstration of the capabilities and potential of stem cell therapy. The overall goal was to evaluate the safety in stereotactic brain injection of human umbilical cord mesenchymal stem cells. Stereotactic surgery is a minimally invasive method using a three-dimensional coordinate system to locate small targets. In this context, the researchers use this approach in order to “localize the left and right hippocampus as well as the right precuneus,” (Kim et al., 2015, p. [95]). However, mesenchymal stem cells differentiating into neurons possesses low probability, but that is not the aim of injecting them into the brain. Instead, “MSCs secrete various cytotropic factors that may exert beneficial effects [...] such as reducing amyloid burden, decreasing inflammation, or increase endogenous neurogenesis.” (Kim et al., 2015, p. [96]). Three participants received a low dosage of, 3.0 X 10^6 stem cells, and remaining six participants received a higher dosage of 6.0 X 10^6 stem cells, with an equal amount of stem cells in each side of the hippocampus and the right precuneus. The hippocampus deals largely with storage and retrieval of memory, while the precuneus is responsible for the recollection of memory, perception of the environment, reactivity, and response to pain. In Alzheimer’s patients, these areas become damaged through the disruption of communication of the neurons. Ultimately obstructing the ability to convert short term memories into long term memories which directly inhibits the retrieval of those memories, contributing to the loss of memory and motor skills in Alzheimer’s patients. The researchers concluded that the injection of human umbilical cord mesenchymal stem cells is “feasible, safe, and well-tolerated,” (Kim et al., 2015, p.[100]). The researchers also advised that the reciprocated trials include a bigger sample size, placebo controls, and long-term follow-ups in order to observe the extended effect of stem cell therapy in patients diagnosed with Alzheimer’s Disease. 
	As previously mentioned, these clinical trials show immense potential in favor of all Alzheimer’s patients. The decreased amyloid burden is the most beneficial component of this study. By reducing the amount of amyloid-beta peptide, it also reduces the neuritic plaques in both scale and quantity, allowing the rate of memory and motor function loss to slow or even stop. In early experimentation with mice, the results revealed “Amyloid-beta 42 plaques in the hippocampus and other regions were decreased by active migration of human umbilical cord blood mesenchymal stem cells toward amyloid-beta deposits,” (Kim et al., 2015, p. [681]). In other words, the 10-month old mouse demonstrated an increase in functionality that was parallel to the decreased amyloid burden, allowing neurons to reform connections. Although this human clinical study did not render the same positive results of the inhibition of neurodegeneration as shown in animal studies, “amyloid burden levels in the hUCB-MSC–treated right precuneus did not differ from those of the untreated left precuneus,” (Kim et al., 2015, p. [95]). This discrepancy can be attributed to the different pathologic environments between animals and humans, as the human brain is infinitely complex. Though, the adverse effects that the participants experienced, including wound pain, headache, dizziness, delirium, nausea, and back pain, were not considered to be serious and the researchers determined that the risk for serious adverse effects has been limited (Kim et al., 2015, p.[100]). As trials go forward, the number of injections of human umbilical cord mesenchymal stem cells would need to be increased as the course of the treatment goes on, for the reason that, currently mesenchymal stem cells only have a survival time of approximately four weeks (Kim et al., 2015, p.[100]). The obvious limitation in this situation being the innovativeness of stem cell therapy, because it is relatively novel research, there is no basis for scientists to compare. Furthermore, the risk that this research poses to human patients is fairly unknown and as patients continue to participate in these clinical trials, researchers cannot guarantee their total safety or even the improvement of their diagnosis, as demonstrated through this clinical trial. 
 While using human umbilical cord mesenchymal stem cells may prove to be extremely advantageous to Alzheimer’s patients, there is an ethical judgement to be made. Harvesting stem cells from the umbilical cord presents a few obstacles: “issues surrounding the procedures used to obtain informed consent from the potential cord blood donors; concerns about disclosure to donors of significant clinical information discovered during the donor screening process; and points to consider in the research use of cord blood, including protection of donor confidentiality,” (Meyer, Hanna, & Gebbie, 2005, p.[106-119]). At the same time, human umbilical cord mesenchymal stem cells carry the least ethical implications compared to stem cells harvested from embryos or bone marrow. Of course, there are a number of moral disputes surrounding the usage of both human umbilical cord and embryonic stem cells, though that is more of a religious concern than consideration of donor and recipient safety. 
Even with the ethical implications taken into consideration, the cost of stem cell therapy in Alzheimer’s patients is a major element that must be taken into consideration. Bearing in mind that while stem cell therapy is still undergoing testing and experimentation, “stem cell treatments can cost tens of thousands of dollars and are not covered by insurance,” (Schroeder, 2019). This has a very high potential of being outside the budget of the majority of the middle and lower class populations. Presently most of the clinics that offer stem cell therapy are mainly for-profit clinics that claim they can cure a multitude of ailments (Sarvestani, 2019). The majority of them are using fat tissue to obtain stem cells, which are known to be less effective than the more regulated options for obtaining stem cells. 

E. Conclusion
	To a high extent, the potential benefits of stem cell therapy as a treatment for Alzheimer’s Disease outweigh the monetary cost of the treatment. One of the more persuasive arguments is that, with stem cell therapy, families will have more time with a loved one that has a higher comprehensibility of their environment and the people around them making the monetary cost of the treatment worthwhile. The current route of treatment, which consists of medication and behavioral adaptations, is not sufficient enough to prevent the degeneration of the brain. Moreover, this method deteriorates the patient’s last years with their families. By using stem cell therapy, it allows patients to be more coherent, capable of processing their surroundings and maintain functioning as an individual. Hence, shifting from a medication-based treatment plan to stem cell therapy despite the necessity of further research has the patient’s and their family’s best interests in mind. 
	The injection of human umbilical cord mesenchymal stem cells into an Alzheimer’s Disease affected brain showed increasingly positive results in mammals, with decreased neuritic plaques and increased hippocampus function. While these positive results were not reflected in human trials, meaning there were no significant changes found in the hippocampus before and after the injections. There were also no serious adverse side effects that posed a threat to any of the patients in the clinical trial. This holds a promise as the research continues to advance, with further exploration and clinical trials scientists will be able to make stem cell therapy a more mainstream route of treatment and improve the quality of life after treatment. 
	Although stem cell therapy as a treatment for damage to the brain is still undergoing further research and trials. There has been success using stem cell therapy elsewhere, specifically to cure sickle cell anemia. A study conducted over a period of nine years, with participants age 16-65 affected with severe sickle cell disease, underwent a stem cell transplant (“Stem Cell”, 2014). Customarily receiving stem cells from a healthy sibling, the researchers found that “the stem cell transplant reversed the disease in 26 of 30 patients (87%)” (“Stem Cell”, 2014). They recorded fewer hospitalizations, less narcotic usage to treat the pain of the disease, and normal hemoglobin (“Stem Cell”, 2014). Through this investigation of stem cell therapy, it becomes much more attainable in other aspects of remedies of a multitude of diseases and other damage done to the body. This includes Alzheimer’s Disease, moving forward into more sophisticated human trials can only prove to be beneficial to patients affected by Alzheimer’s Disease. 
	As a result of this research, the question of how long it will take for stem cell therapy to become the standard of treatment. Stem cell therapy is still in its early stages of testing, therefore it cannot be confirmed whether or not this method of treatment will eventually be incorporated into everyday medical practices. In the end, this essay only touches the beginnings of the possibilities for stem cell therapy in the medical world. Treating diseases like Alzheimer’s can and should be the first step towards a breakthrough that will change contemporary medical practices perpetually. 
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