




ABSTRACT
Advances in health-related fields have brought higher life expectancy, but little progress has been made in terms of quality of life for patients with Alzheimer’s Disease (AD).  With an aging population, the projected socioeconomic burden of AD is severe and of great public health importance.  In order to lessen the impact of the disease, effective therapeutics are needed, but the multifactorial nature of AD impedes scientific progress.  Current treatments, while having some benefit in symptom management, do not modify disease progression and have limited efficacy in later stages of AD.  
For most chronic conditions, earlier treatment results in a better chance of slowing or preventing disease progression. Recent clinical and laboratory findings are identifying likely upstream components of AD and proposing several approaches to therapy.  The purpose of this essay is to summarize these findings, evaluate their potential for intervention, and highlight the overall barriers that persist in AD treatment.
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1.0  
Introduction

As life expectancy steadily rises, Alzheimer’s Disease (AD) continues to be an important public health concern.  AD is one of the top 10 leading causes of death in the United States. It ranks as the 6th leading cause of death among US adults and the 5th among people ages 65-85.  Beyond age 65, the number of people with AD doubles every 5 years (Barnes & Yaffe, 2011).  The population aged 60 and over is expected to triple by 2050 (Hebert, Weuve, Scherr, & Evans, 2013).  Without any effective intervention, the prevalence of AD in the United States will triple as well, from 5 million in 2013 to 14 million by 2050 (Barnes & Yaffe, 2011).
AD is the leading cause of dementia.  Dementia is a term that describes the disturbance of multiple higher cortical functions, including memory, learning, comprehension, and language.  Early dementia symptoms are often confused with normal aging, which can prevent a timely diagnosis.  It is one of the main causes of disability later in life.  In 2010, the estimated monetary cost of dementia in the United States was as high as $215 billion (Hurd, Martorell, Delavande, Mullen, & Langa, 2013).  This number will only continue to rise as the prevalence of AD increases.  
The high economic burden and devastating effects on the quality of life of patients and their families means that even a small delay in the onset and progression of AD would have a significant impact on public health.  As a result, a huge effort is underway to better understand, prevent, and treat the disease.  The focus is for earlier and more sensitive diagnostic techniques, identification and prevention of high-risk populations, and efficacious treatment of symptoms.  This paper reviews present and future therapeutic targets and their barriers based on our current understanding of AD etiology.
1.1 features of Alzheimer’s disease
Certain features of AD are well-documented.  The most apparent are the symptoms of cognitive impairment that develop due to a loss of brain tissue and function.  The appearance of these symptoms is usually when treatment is first sought.  The accumulation of misfolded proteins and deposits in the brain, referred to as tangles and plaques, is a histological marker for AD (Bartus, 2000).
Symptomatically, AD is characterized as a gradual decline in cognitive function that typically begins before clinical diagnosis (Backman, Jones, Berger, Laukka, & Small, 2004).  Earlier phases of the disease are considered pre-clinical, when patients begin to experience a slight loss of attention and some difficulty in remembering recent events.  This phase is often mistaken for normal aging, but in AD the symptoms continue to progress.  In later phases, memory loss becomes obvious with minor loss in language production and executive function.  These conditions would become worse until patients are completely dependent on others for daily activities.  In the final phases of the disease, patients lose their ability to communicate and express emotion (Taler & Phillips, 2008).
The classic pathophysiological signs of an AD brain are the presence of misfolded proteins called beta-amyloid “plaques” and neurofibrillary “tangles.”  Tangles are hyperphosphorylated twisted filaments of tau, a cytoskeletal protein, and are visible within the cell body (Goedert, Klug, & Crowther, 2006). Plaques are predominately deposits of beta-amyloid, and are visible outside the cell (Hashimoto, Rockenstein, Crews, & Masliah, 2003).  The buildup of these products may disrupt normal cell functioning and be a key factor in the progression of AD.  Understanding what causes these proteins to form is another popular area of research (Tiraboschi, Hansen, & Corey-Bloom, 2004).
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Figure 1. Plaques and tangles
The appearance of plaques and tangles has been well documented in cases of Alzheimer’s disease.  The tangles are found within the cell and form when the tau protein becomes hyperphosphorylated.  The plaques are mainly deposits of beta-amyloid peptides outside of the cell.
1.2 Underlying Disease Mechanisms

Although the dysfunction and loss of brain matter is the most unwanted and devastating effect of AD, there is still a great deal of uncertainty in the mechanisms that cause it.  A number of theories were developed and updated based on the known features of the disease and newer findings.  While these hypotheses may not reflect a causative mechanism, they have been implicated in the disease process in some way.
1.2.1 Cholinergic disruption
Cholinergic neurons, in particular, are affected in the development of AD (Terry, 2003).  These neurons utilize the neurotransmitter acetylcholine (ACh).  Forebrain cholinergic pathways are known to have an important role in higher functions, such as working memory, attention, and awareness.  Early studies of AD found disruption in these pathways correlated with the degree of cognitive deficit (Francis, Palmer, Snape, & Wilcock, 1999).  Specifically, this disruption may involve the production of ACh, ACh receptors, or acetylcholinesterase (AChE), the enzyme that breaks down ACh in the synaptic cleft.  Healthy cholinergic signaling requires a balance of ACh release to bind to receptors and AChE to degrade and remove ACh.  In AD, this balance is disrupted (Terry, 2003). 
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Figure 2. Cholinergic neuron signaling
The signaling neuron releases acetylcholine, which binds to receptors of the receiving neuron.  Acetylcholinesterase is present to degrade acetylcholine.  A balance of these two chemicals is necessary for proper signaling.  In the cholinergic deficiency theory, this interaction can become unbalanced or these cholinergic synapses are lost. 
1.2.2 Excitotoxicity

There is evidence that suggests various causes of excitotoxicity are factors in the development of AD.  Excitotoxicity refers to damage to or death of a neuron due to overstimulation.  Glutamate is the main excitatory neurotransmitter in the brain and is essential to many physiological functions.  It binds to several types of postsynaptic receptors that cause ion channels to open and positively charged ions to enter the cell.  Prolonged stimulation can result in activation of enzymes that damage the cell.  Research is exploring what causes excitotoxic conditions to occur in AD.  It may be the result of chronically high levels of glutamate, changes in receptor signaling, or a combination of several factors (Danysz & Parsons, 2003). 
1.2.3 Changes in insulin signaling

Some studies suggest changes in brain insulin metabolism may be an important pathophysiological factor underlying AD (Freiherr et al., 2013; De la Monte, 2012).  Genetic and lifestyle factors that result in insulin resistance increase the risk of AD (Patterson et al., 2008).  Insulin resistance is associated with cognitive decline and less total brain mass.  In AD patients, insulin desensitization is shown to be correlated with the magnitude of cognitive impairment.  Further support for this link between insulin and AD comes from observations of reduced brain insulin receptor sensitivity, hypophosphorylation of the insulin receptor and second messengers, and fewer total insulin receptors in AD patients (Talbot, 2012).  

In this hypothesis, certain genetic and environmental factors contribute to an increase of insulin resistance in the central nervous system (CNS).  Insulin resistance results in inefficient energy metabolism and contributes to the loss of synapses and neurotoxicity via increased production of amyloid beta and phospho-tau proteins (Freiherr et al., 2013; De la Monte, 2012).
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Figure 3. The role of insulin resistance in Alzheimer’s Disease
Multiple genetic and environmental factors alter the insulin response in the CNS.  The change in cellular metabolism leads to toxic buildup and neuronal death.

1.2.4 Neurotoxic effects of beta-amyloid
The amyloid hypothesis suggests the effects of the aggregation of beta-amyloid is the driving force in AD neurodegeneration.  Increased production of amyloid precursor proteins and ineffective breakdown of beta amyloid are genetic risks for AD (Polvikoski et al., 1995).  Beta-amyloid has been linked to oxidative stress and inflammatory pathways (Hoozemans, Veerhuis, Rosemuller, & Eikelenboom, 1996; Misonou, Morishima-Kawashima, & Ihara, 2000).  Recently, it was suggested that N-APP, a small peptide derived from amyloid, has toxic effects.  When cleaved from the amyloid precursor protein (APP), this fragment has properties that allow it to bind to a neuron receptor that initiates apoptosis, programmed cell death (Nikolaev, McLaughlin, O'Leary, & Tessier-Lavigne, 2009).
2.0  Therapeutic approaches
The first class of drugs to become available were developed to address the cholinergic deficiency in forebrain pathways.  This was approached several different ways, such as increasing release of ACh, modifying AChE, and targeting ACh receptors directly.  However, only acetylcholinesterase inhibitors (AChEI) were successful in clinical trials.  The hypothesized therapeutic action of AChEI is the result of a longer ACh half-life and improved activation of cholinergic neurons (Terry, 2003).  The first AChEI, Tacrine, was approved for the treatment of AD in 1993.  Subsequently, donepezil, rivastigmine, and galantamine have become available and have fewer side-effects (Giacobini, 2000).  

Although these drugs have been approved for treatment and are available, their benefit is modest and limited to mild and moderate cases of AD.  They are not believed to have any significant effect on the underlying cause of neuronal death (Terry, 2003).  As the disease continues to progress unchecked, these drugs cannot overcome the effects of widespread loss of cholinergic neurons, and benefits are no longer seen.  Therefore, the focus is now on identifying and developing therapeutics that target the disease earlier. 

2.1 NMDA-Inhibitors
If excitotoxicity is a major factor in AD, then a general decrease in activation may show beneficial results.  Evidence implicates that the N-methyl-D-aspartate (NMDA) receptors are partially involved in excitotoxicity.  NMDA are a class of glutamate-binding receptors that have been targeted for therapy.  They are unique because their ion channels are blocked by Mg2+.  Not only must glutamate bind to these receptors, but Mg2+ must be removed before positively-charged ions can enter the cell.  In this sense, Mg2+ acts as a switch to block NMDA receptors in some conditions and allow movement of ions in other conditions (Reisberg et al., 2003).  

Memantine is a NMDA-receptor antagonist and the only non-AChEI treatment for AD at this time.  Memantine binds to NMDA receptors with a higher affinity than Mg2+ (Danysz & Parsons, 2003).  For this reason, it may block the toxic overstimulation of neurons.  In clinical trials, patients with moderate to severe AD had significantly better clinical and cognitive outcomes (Matsunaga, Kishi, & Iwata, 2015; Reisberg et al., 2003).
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Figure 4. Memantine interacts at NMDA receptor
Memantine may prevent excitoxicity by blocking ion channels of NMDA receptors.  In normal conditions, glutamate will bind, but the ion channel is blocked by Mg+2.  Changes in membrane potential would push the Mg+2 out and allow more positive ions to enter the cell, leading to overstimulation in some circumstances.  Because memantine binds with a higher affinity, the channel blockade remains intact and may prevent toxic conditions.
2.2 Insulin Therapy
Based on the hypothesis that alterations in insulin sensitivity results in toxic intermediates, a pilot clinical trial examined the effects of intranasal insulin in AD and Mild Cognitive Impairment (MCI) patients over 4 months.  The study found improvement in memory, cognitive function, and caregiver ratings of functional ability.  These observations are further credited by PET findings, which showed increased energy consumption in relevant brain regions tied to these higher functions (Freiherr et al., 2013).  
2.3 Anti-Inflammatories

Epidemiologic evidence has shown that long-term use of non-steroidal anti-inflammatory drug (NSAID) lowers risk of AD (Szekely, Town, & Zandi, 2007).  Laboratory studies tend to show that NSAIDs reduce inflammation associated with beta-amyloid and may inhibit its production (Stuchbury & Münch, 2005; Hoozemans, Veerhuis, Rosemuller, & Eikelenboom, 1996).  To date, clinical trials that evaluated the efficacy of NSAIDs in AD treatment have not found a significant beneficial effect (Miguel-Alvarez, 2015).
2.4 Beta-amyloid Immunotherapy
Immunotherapy strategies against AD are being explored.  The idea is to actively immunize patients to target and reduce levels of beta-amyloid.  Studies in animal models have shown this can be an effective way of clearing plaques (Cannon et al., 2000).  Subsequently, a randomized, placebo-controlled trial in humans found that removal of amyloid plaques through immunization did not prevent progressive neurodegeneration in humans (Holmes et al., 2008).  Another trial using a different antibody against beta-amyloid was interrupted due to patients developing meningoencephalitis (Gilman, 2005).  Further studies are underway with antibodies that target more specific forms of beta-amyloid and its precursors that are evidently neurotoxic (Dodel et al., 2010).  
2.5 Epigenetic Interventions
Only a small portion of early onset-AD cases is known to be the result of rare genetic mutations (Tanzi, 2012).  The vast majority of AD cases that develop seems to be sporadic, which suggests environmental factors, such as epigenetics, are involved.  Epigenetics refers to any acquired or heritable modifications on DNA that can affect gene expression and function without altering the DNA sequence itself.  These pathways act as the mediators between the environment and the genome.  Stress, environmental toxins, and other external conditions can affect gene expression through epigenetic changes (Adwan & Zawia, 2013).    

The literature suggests histone acetylation and DNA methylation may be key epigenetic mechanisms that influence AD (Adwan & Zawia, 2013).  Histone acetylation has a role in learning and memory (Levenson et al., 2004).  It is regulated by two groups of enzymes, histone acetyltansferases (HATs) and histone deacetylases (HDAC) (Feng, Fouse, & Fan, 2007).  In particular, HDAC seems to have a role in AD pathology.  Overexpression of HDACs has been seen in the CNS of AD patients (Gräff et al., 2012).  Higher levels of HDAC correlate to the amount of neurofibrillary tangles.  In contrast, DNA methylation is significantly reduced in neurons of AD patients.  Moreover, these low levels are localized to neurons that contain tangles (Ding, Dolan, & Johnson, 2008).  Further findings implicate low methylation with overexpression of other AD intermediates, such as beta-amyloid (Adwan & Zawia, 2013).
3.0  Discussion
The success of Memantine is clinical trials resulted in the first and only non-cholinergic FDA-approved treatment.  Moreover, it showed improvements in moderate to severe stages of AD, where AChEIs had less of an effect.  Although its discovery highlighted the heterogeneity of AD, the benefit of Memantine is quite modest in absolute terms.  In patients already exhibiting moderate symptoms, it has failed to give evidence of slowing disease progression.  Further studies are needed to assess the effect reduced overstimulation through Memantine has on pre-clinical AD.
Targeting conditions further upstream is more likely to result in disease-modifying effects.  However, this is difficult as AD, like most chronic conditions, is heterogeneous.  There are several behavioral, environmental and genetic factors involved.  It shares many of the same risk factors as cardiovascular disease.  Sedentary lifestyle, high saturated fat diet, diabetes, and obesity increase risk of AD (Patterson et al., 2008).  These factors support the hypothesis that metabolic changes through insulin sensitivity are the fundamental cause of neurodegeneration.  While a pilot study on intranasal insulin had promising results, the study was small and short in duration (Freiherr et al., 2013).  In addition, there is concern about the long-term efficacy of chronic insulin administration, which is shown to desensitize pathways in peripheral tissues (De la Monte, 2012).  Nevertheless, these preliminary findings suggest an insulin or insulin receptor-modifying therapy is a valid approach.  Intranasal insulin requires further investigation of a larger sample over a longer period of time.  

The therapeutic approach of targeting and reducing inflammation has not gained much ground. Although observational studies showed a protective effect of anti-inflammatories, clinical trials have been unable to show any efficacy (Miguel-Alvarez, 2015).  The inflammatory response seen in AD may contribute to the neurodegenerative cascade, but it has not been a promising target for treatment.  However, the protective effect observed and the interaction of NSAIDs with beta-amyloid suggests it may be relevant in stages prior to the clinical appearance of AD (Hoozemans, Veerhuis, Rosemuller, & Eikelenboom, 1996; (Stuchbury & Münch, 2005).  If this is the case, it may be a valuable prevention strategy.  A better understanding of pre-diagnosis conditions and studies investigating the preventative potential of NSAIDs are needed.  
The field of epigenetics has revealed possible upstream targets for AD intervention. The aim of an epigenetic intervention against AD is to enhance transcription of genes involved in learning and memory formation while also reducing the transcription of proteins of the toxic intermediates (Adwan & Zawia, 2013).  Although this area of research is young, it offers promise.  Not only does it provide a mechanism to prevent or slow disease progression, but the promotion of memory formation could improve symptoms.  HDAC inhibition and methylation promotion have been identified as possible routes of reducing AD intermediates.  However, further research is needed before the safety and efficacy of these interactions are known.  In the future, epigenetic changes could provide an early diagnostic tool, prior to the molecular changes associated with AD.

Immunotherapy is a promising approach to AD treatment.  The ability to interact with the amyloid family on a molecular level has been established.  However, the specific therapeutic target remains uncertain.  The increased risk seen in previous studies means safety is of great concern as new antibodies are proposed.  Further evidence on the molecular changes resulting in toxic conditions will provide more specific targets of immunization that have a better risk profile.
The variety of approaches to treatment research reflects the heterogeneous nature of AD.  Not a single condition is definitively the cause of neuronal loss.  As in other chronic conditions, it is likely the interaction and combination of several factors that eventually result in observable cognitive symptoms.  For this reason, unreliable and late diagnosis continues to be a barrier.  In the current state, accurate assessment of the benefit to risk ratio in drug trials is difficult.  As our understanding of AD pathogenesis grows and diagnostic techniques become more sensitive, our ability to detect treatment effect will become more powerful.
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