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ABSTRACT 

Alzheimer’s disease (AD) is the most common form of dementia around the world. Although the pathological 

mechanism of AD is not fully established, the deposition of beta-amyloid plaques, neurofibrillary tangles and 

inflammation have been characterized to be involved in AD’s pathology. Diagnosis of AD has been developed not 

only based on clinical criteria but also take the advantage of biomarkers imaging and fluid test. Currently, while the 

treatment of AD only focuses on the symptomatic therapy, more advanced trials that under the guidance of pathology 

are under development. Here, we will first summary the current hypothesis of AD’s pathological mechanism and then 

review the diagnosis and treatment of AD and those methods developed in progress. 

Keywords: Dementia, neurodegenerative disease, Alzheimer’s disease, Amyloid cascade hypothesis, Tau-
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1. INTRODUCTION 

Alzheimer’s disease (AD) is a typical 

neurodegenerative disease. The disease is caused by 

brain disorder and is usually irreversible and 

progressive. The typical symptoms the patients can have 

are memory loss, language problems, and unpredictable 

behavior. There are more than 50 million people 

globally suffered from this disease. Alzheimer’s disease 

also brings a huge financial burden to the families that 

have Alzheimer patients due to the expensive drugs and 

high payments to the nursing workers. Furthermore, it 

affects the economics growth of the whole country as 

part of the government fund need to be used on health 

insurance [1][2]. Alzheimer’s disease was first 

discovered by a Germany doctor called Alois Alzheimer 

in 1907 and named by him. According to previous 

studies, it has been found that the brain of the patients 

usually shrunk significantly with many abnormal 

clumps and tangled bundles of fibers deposit in the 

brain3. The clumps and tangled fibers now are 

confirmed as amyloid plaques and hyperphosphorylated 

tau proteins respectively [3]. The deposition of these 

two proteins is toxic to neuron cells which can lead to 

neuronal dysfunction and thus cause damage to neurons 

and breakdown the whole neural network. The 

hippocampus and the entorhinal cortex, two areas that 

are associated with memory forming and learning ability 

are the first place for neuronal dysfunction to take place. 

Then, the damage is further expanded to additional parts 

of the brain and eventually results in whole brain 

shrinking. Recently, it has been found out that amyloid 

plaques and hyperphosphorylated tau protein can not 

only play a role directly in the pathology of AD, but 

also can damages the synapses and neuritis in AD brains 

resulting in a loss synapses, reactive gliosis, microglial 

activation, and neuroinflammation [4]. Up to date, the 

most important hypothesis is: beta-amyloid (Aβ) peptide 

accumulation, tau hyperphosphorylation and 

neurofilament accumulation and neuroinflammation. 

Traditionally, the diagnosis of AD based on the 

clinical criteria of the patients. However, the sensitivity 

and specificity of the traditional diagnosis method is 

low. In order to address this issue, modern detective 

method that based on the pathological theories such as 

position emission tomography (PET) and examination 

of the content of biomarkers of AD such as Aβ and 

hyperphosphorylated tau peptide (p-tau) in 

cerebrospinal fluid (CSF) were developed. Current 

treatments such as cholinesterase inhibitors and agonist 

are targeted mostly toward symptoms, but none of them 

can cure or halt AD progression. Therefore, the 

development of advanced treatment method is urgent. 

Based on hypothesis of Aβ and p-tau, more new 

methods and medicine are developed. 

In this literature review, we summarizes the three 

pathological hypothesis of AD, the current AD 

treatment and the conventional and modern diagnosis of 

AD. 
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2. THE AMYLOID CASCADE 

HYPOTHESIS 

Among all the hypothesis that related to the 

nosogensis of alzheimer’s disease, the extracellular 

accumulation of Aβ hypothesis is the predominant one 

that has been emphasized by recent studies and is 

commonly accepted as a mechanism of AD. Amyloid 

cascade hypothesis shows that AD is result of a series of 

pathological disorders, involving the accumulation and 

deposition of Aβ the formation of amyloid plaques and 

the synaptic and neuronal dysfunction caused by these 

plaques. 

 

Figure 1 Amyloid Cascade Hypothesis

Figure 1 Schematic representation of APP 

processing and Aβ accumulation. APP is hydrolyzed by 

2 competing pathways, the α-secretase pathway 

generating sAPPα and C83, and the -secretase pathway 

that results in sAPPβ and C99. C99 then is hydrolyzed 

at  site producing Aβ. Aβ aggregates into small 

multimers (dimers, trimers, etc.) known as oligomers. 

Aβ is a peptide that is highly insoluble and very hard 

to undergo proteolytic degradation. Amyloid 1-42 

isofroms is considered to have the highest 

hydrophobicity and the greatest cellular toxicity. Due to 

its structural properties, it is often presented as aβ-

pleated sheet construction, which has high tendency to 

aggregate and form the core of amyloid plaque 

[5][6][7][8][9]. The Aβamyloid is generated by the 

abnormal hydrolysis of amyloid precursor protein (APP) 

(figure 1), which is a transmembrane glycoprotein found 

in brain with unclear function. For normal degradation 

of APP, the APP was breakdown by enzyme called 

ADAM at its α site, producing an amino terminal 

peptide called APPsα and a fragment of the carboxyl 

terminal portion. The carboxyl terminal portion is then 

breakdown further into p3 and AICD, all the products 

produced in normal breaking down process are soluble 

and nontoxic [10][11]. However, in an AD patient brain, 

the APP is breakdown in a different way at its β site by 

β-secretase, calledβ-site APP cleaving enzyme (BACE 

1), forms a shorter soluble toxic amino terminal portion 

APPsβ and a longer terminal carboxyl fragment (C99) 

[12]. The further hydrolysis of APPsβ at site produces 

the β amyloid and AICD. The β-amyloid produced can 

aggregate into plaques which disrupt the connection 

between neurons and result a breakdown in neuron 

network, thus cause AD. 

Although it is generally accepted that Aβ plaques 

play a significant role in AD pathogenesis, the 

mechanisms are still unclear and need further 

development and research. Recent studies indicate that 

the oligomers also damage nervous cells in different 

ways such as affecting the nucleus and ribosomes as 

well as mitochondria causing damage in genome 

information, perforating cell membrane resulting the 

abnormal outflow and inflow of ions thus causing an 

imbalance membrane potential. Further studies also 

show that Aβ aggregation are proven to activate 

microglial cells and lead to the production of 

inflammatory mediators which promote neuronal death, 

suggesting that Aβ accumulation may activate the 

inflammatory systems and cause inflammation in brain. 

3. TAU PROTEIN 

Besides Ab plaques, neurofibrillary tangles (NFTs) 

also contribute to the progression of Alzheimer’s 

disease. These tangles are formed from an aggregation 

of hyperphosphorylated tau proteins inside the cell and 

cause the decrease of microtubules stability and disrupt 

cells’ normal function thus improve the progression of 

AD [13][14]. 
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The tau proteins are highly soluble protein and 

responsible for stabilizing the microtubules and 

maintain its function under normal conditions. These 

microtubules provide support for structural changes, 

axonal transport, and neuronal growth in cell [15][16]. 

However, the hyperphosphorylated tau proteins are 

produced in AD patients’ brain due to a dysfuction in 

phosphorylation processes. The hyperphoshorylated tau 

protein produced have low affinity with microtubules, 

which lead to aggregation of free tau protein and cause 

damages to microtubules and cytoskeletons. The loss in 

microtubule stability leads to pathological defects in the 

normal structure and function of the cytoskeleton it 

supports, therefore resulting in compromise in axonal 

transport, dysfunction in synapses, and 

neurodegeneration. Furthermore, burden on immune 

system can caused by NETs. 

4. NEURONINFLAMMATION 

Recent study has suggested that Aβ plaque and 

hyperphosphorylated tau protein could not only be toxic 

to nerve cells, but also be able to cause inflammation in 

brain through activing inflammatory cells such 

microglia and astrocytes to secret different kinds of 

inflammatory mediators which might contribute to the 

pathology of AD. Inflammation is a biological and 

molecular response of immune system to pathogens and 

damaged cells. Nueroinflammation is defined as the 

inflammatory responses in the brain. In AD paitents’ 

brain, Nueroinflammation consist of activation of 

microglia and astrocytes triggered by Aβ plaque or 

NFTs and releasing of inflammatory mediators such as 

cytokines, chemokines, neurotransmitters and ROS [17]. 

These mediators are able to recruit monocytes and 

lymphocytes through the blood brain barrier (BBB) 

[18][19] and activate resting microglia cells to release 

more inflammatory factors, which could accelerate the 

pathology of AD. 

Microglia is the main immune cell in the central 

nervous system, supporting and protecting normal 

neuronal functions. Microglia are activated through the 

receptor for advanced glycation end products (RAGE) 

and macrophage colony-stimulating factor (M-CSF) 

[20]. These receptors can be triggered by Aβ and 

leading to accumulation of microglia around Aβ plaque 

and releasing different kinds of proinflammatory 

mediators such as cytokines IL-1 , IL-6, and TNF-a, 

the chemokines IL-8, macrophage inflammatory 

protein-1α (MIP-1a), and monocyte chemoattractant 

protein-1 [20][21]. These mediators will active a series 

of microglia activities starting with microglial 

chemotaxis, proliferation, increased macrophage 

scavenger receptor expression, and finally resulting in 

enhancing the clearance of Aβ plaque [20][22]. 

However, not like normal immune responses, these 

mediators will continuously activate resting microglia 

and keeping releasing toxic factors such as ROS, which 

results in further damage on nerve cell and cause 

neuroinflammation. 

Astrocytes are the richest cells in human brain and 

spinal cord. They are star-shaped glia cells with 

functions of supplying nervous tissue, maintenance of 

extracellular ion balance, and healing the brain and 

spinal cord following traumatic injury. Triggered by Aβ, 

activated astrocytes cluster around Aβ deposits and 

secret various mediators such as ILs, prostaglandins, 

leukotrienes, thromboxanes, coagulation factors, 

complement factors, proteases, and protease inhibitors, 

which in return contribute to the reactivation of more 

astrocytes. In addition, activated astrocytes produce 

chemokines, cytokines, and ROS that may result in 

neuronal damage. 

Recent study also suggests that the activation of 

microglia and astrocytes can affect each other 

interdependently. Influenced by IL-1 mediator released 

by activated microglia, astrocytes were found to over-

express the cytokine S100B, which will lead to the AD-

like pathology in the Tg2576 mouse model of AD27. 

The chemokines released by activated astrocytes were 

able to attract microglia to further express 

proinflammatory products that can increase the neuronal 

damage in the pathologies of AD. Though microglia and 

astrocytes have the intrinsic functions of Aβ degradation 

and clearance, their tendency to release 

proinflammatory molecules are considered to stimulated 

and contribute to the progress of AD. 

5. TREATMENT 

Currently, there are two available ways to treat AD: 

the cholinesterase inhibitors, such as donepezil, 

galantamine, rivastigmine and the agonist, such as 

memantine, huperzine. The cholinesterase inhibitors 

functioned by inhibiting the enzyme that degrade the 

neurotransmitter, such as acetycholine enabling them to 

remain in synpase for longer time and keep the extent of 

stimulation at a relative high level. Memantine works 

actively as both dopamine and non-competitive N-

methyl-D-aspartate receptor antagonists, which can 

inhibit the inflow of calcium ion (Ca2+) to decrease the 

noise when electrical impulse transfer along neurone 

and increase the strength of electric stimulation. All the 

five drugs are approved to have good effect on ease the 

symptoms of AD. Donepezil, galantamine, and 

rivastigmine, are more effective and recommended for 

AD patients of all stages and Parkinson patients [23]. 

The Memantine has been approved for AD patients who 

are in their moderate to severe stages but have difficulty 

in keeping attentive and alert [24]. Nutraceutical 

huperzine A can benefit the patients from both memory 

functioning and daily living activities. However, 

huperzine A medication is not approved by US 
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government or on the list of US Food and Drug 

Administration [25]. 

More study shows that a health problem that most 

AD patients have among all stages of AD progression is 

deficiency in vitamin D, so the nourishment that are rich 

in vitamin D are always recommended to AD patient 

[26]. Also, some recent studies show that omega-3 fatty 

acid supplements (including fish oil) are able to improve 

the memory function of AD patient [27][28]. Another 

suggestion is to use non-steroidal anti-inflammatory 

drugs, which can reduce the risk of AD, alluding to 

inflammatory contribution in AD progression [29]. 

However, AD patients who took these medications 

showed no difference in cognitive conditions. On the 

aspect for preventing AD, it is indicated in recent 

systematic reviews that people who have Mediterranean 

diet are far less likely to develop AD or cognitive 

impairment than the others due to their emphasis on 

meals which contain fresh product, legumes, olive oil, 

seafood, and whole grains while limiting consumption 

of dairy and poultry products as well as rejecting 

processed food, red meat, and sweets [30][31]. 

Meanwhile, keeping regular aerobic exercise is also 

useful to prevent AD, as the aerobic exercise can protect 

brain from neurodegeneration and reduces the 

beuropsychiatric symptoms of AD and eases caregivers’ 

burden [32][33]. 

All the drugs approved by FDA such as memantine 

can only ease the symptoms but the patients can’t 

recover to their normal mental and physical condition. 

Therefore, the future development of AD therapy is 

aimed to address this issue and fully cure the patient. 

With the guidance of the pathological hypothesis, there 

are several Aβ and tau based therapies have been 

developed. 

The first one is anti- Aβ therapy. According to the 

amyloid cascade hypothesis that ab plaque can cause 

neuron death and affect the nerve net-work connection 

in brain eventually resulting in the neuron dysfunction 

[34]. This therapy requires injecting antibodies that 

targets Adeposition and help to remove it from the 

brain. The first two monoclonal antibodies were 

developed in 2014 [35][36], however, none of them 

showed cognitive improvement in patients with mild to 

moderate AD and only be effective for taken in early 

MCI and mild dementia stages. 

Apart from cleaning Aβ plaques, another treatment 

focusing on inhibiting the production of Aβ peptide by 

targeting the precursor of A, a protein called amyloid 

precursor protein (APP), is developed. Presently, several 

drugs are being designed to target b-site APP cleaving 

enzyme 1 (BACE1), which plays a vital role in Aβ 

peptide production [37]. A 40-fold reduction of Aβ 

levels in rodents’ and primates’ brains has been reported 

in an early human trials, which has demonstrated good 

safety profile when using the novel agent verubecestat 

[38]. Furthermore, when BACE1 inhibitor and a 

monoclonal antibody were combined, the results 

showed that the amount of Aβ was significantly reduced 

in AD mice [39]. Currently, this combination therapy 

has not been used in human trials, but many experts 

believe that this approach to eliminate A will lead to 

successful treatment finally. 

Another main category is anti tau therapy [40]. This 

kind of treatment is invented on the base of tau-protein 

hypothesis that hyperphosphorylation of tau protein can 

cause an instability of microtubules and can aggregate 

together to form neurofibrillary tangles thus damage 

neurone. Now, researchers have developed many safe 

and efficacious tau vaccines. Recently, in a small study, 

an anti-tau drug was examined and showed qualified 

safety profile. In human AD cases, it also triggered a 

positive response in the immune system[41]. One kind 

of anti-tau is proofed to have a good effect on monkey 

but only little effect on human beings. 

The  oscillation is a high-frequency brainwave 

rhythm which is correlated with communication among 

neurons in the brain. Researchers at the Massachusetts 

Institute of Technology recently find that induction of  

oscillation reduced aggregates of Aβ and led to 

cognitive improvement in an AD mouse model. They 

used a 40 Hz photic stimulator to achieve the frequency 

they desired in the brain cortex of the mouse [42][43]. 

In human cases, the application of this method is in 

early phase trails and uses both visual and auditory 

stimulation. 

6. DIAGNOSIS 

Among AD patients, there are three stages of 

symptom from moderate, mild to severe. During the 

moderate stage, patients can experience memory loss 

and may not able to recognize their friends or family, 

they may have problems when carry out multistep tasks. 

At mild stage, the symptoms are strength with greater 

memory loss and cognitive difficulties are experienced, 

the personality and behavior of the patient also changes. 

Most patients are diagnosed in this stage. During the 

severe stage, people lose the ability to walk or talk. 

The conventional methods used on diagnosing AD 

were developed based on the symptom observation 

among the three stages, involving asking or conducting 

test which based on clinical criteria to patient. The 

clinical criteria for the diagnosis different stage of 

dementia caused by AD was fully recorded and 

developed by the National Institute on Aging-

Alzheimer’s Association(NIA-AA) in 2011 based on the 

original 1984 diagnostic criteria [44][45][46]. 

There are three clinical criteria on diagnosing AD. 

Firstly, its symptoms should be insidious which means 

the symptoms is gradual onset over months to years. 

Secondly, an evident history of worsening of cognition 
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need to be reported or observed. Thirdly, the initial and 

most prominent cognitive deficits are evident on history 

and examination in one of the following categories: 

amnestic presentation which is also the most common 

syndromic presentation of AD dementia. The deficits 

should basically include impairment in learning and 

recall of recently learned information. The second 

category is about nonamnestic presentations such as 

language presentation, visuospatial presentation and 

executive dysfunction. But there are some cases that the 

diagnosis of probable AD dementia should not be 

applied at following situations ： (a) substantial 

concomitant cerebrovascular disease, defined by a 

history of a stroke temporally related to the onset or 

worsening of cognitive impairment; or the presence of 

multiple or extensive infarcts or severe white matter 

hyperintensity burden; or (b) core features of Dementia 

with Lewy bodies other than dementia itself; or (c) 

prominent features of behavioral variant frontotemporal 

dementia; or (d) prominent features of semantic variant 

primary progressive aphasia or nonfluent/agrammatic 

variant primary progressive aphasia; or (e) evidence for 

another concurrent, active neurological disease, or a 

non-neurological medical comorbidity or use of 

medication that could have a substantial effect on 

cognition. 

However, the conventional method has limitations in 

terms of accuracy as the accurate result largely depends 

on the experienced doctors. Also, the symptoms in AD 

at early stage are very similar to memory loss that due to 

normal aging, which means more difficulties in 

identification. In order to address these two issues, 

modern diagnosis method with higher accuracy are 

developed. 

Positron emission tomography (PET) is a newly 

developed diagnosis method with high accuracy and 

non-invasiveness. PET involving injection of a 

radiolabeled tracer agent which can bind to Aβ in brain. 

Following the injection, patients undergo a PET scan 

which will detect the position and relative amount of Aβ 

plaque in brain. This method is proofed to be extremely 

accurate and shows a huge development potential in 

future. In 2012, the sensitivity and specificity of this 

diagnosis method was 96% and 100% respectively. In 

2013, PET showed similar accuracy when diagnosis 

milder disease patients [47]. Up to now, US Food and 

Drug Administration have approved several amyloid-

specific PET reagent that can be used in PET 

examination, including florbetaben, flutemetamol and 

florbetapi. However, the amyloid PET imaging is still 

limited in practice due to its high cost that beyond many 

people’s income. This test was accepted to most patient 

as part of clinical trials. 

Another examing method involving the analysis of 

cerebrospinal fluid (CSF) which is less costly but more-

invasive method. This method is able to detect the 

content of A 42 and hyperphosphorylated tau protein, 

and total tau protein in CSF. The CSF analysis has 

slightly lower accuracy compared to PET scan, about 

85%-90%. Recently, a head to head comparison showed 

that the difference in accuracy between PET and CSF is 

zero. But, the patient who take CSF analysis do need to 

take more risk and suffer more from inconvenient due to 

a lumbar puncture procedure and the lack of specific 

equipment for fluid analysis. 

7. CONCLUSION 

The molecular mechanism underlying AD has been 

studied deeply over last decades. Currently it has been 

acknowledged that there are several theories and 

hypothesis that can partially explain the pathology of 

AD, including A, tau protein and neuroinlfammasion. 

However, none of them alone is able to reveal the whole 

aspect of molecular mechanism and pathological 

pathway of AD. Therefore, further studies are urgently 

required. 

In this review we also summarized the current 

development of AD diagnosis and treatment. Compared 

with conventional AD clinical criteria, modern imaging 

and scan technologies as well as advanced CSF fluids 

analysis provide us with more precise and convincing 

evidences to aid the diagnosis of AD. As for the 

treatment aspect, while current drugs that approved by 

FDA can improve AD patients’ memory and alertness, 

the overall AD progression still remained uncured. In 

order to address this issue, several advanced method 

based on the A and p-tau theories such as multiple 

antibody, drugs and vaccines that targets Aplauqe, 

ACE1 enzyme and p-tau have been developed. Given 

the growing number of AD patients and global 

healthcare cost due to dementia, the development of 

more repaid and low cost diagnosis and treatment 

method such as blood fluid test as well as gene therapy 

have also been in progress. 
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