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 Abstract 

Type 2 diabetes mellitus (T2DM) is a common disease in the elderly, 

affecting around 20% of geriatrics. In cross-sectional studies, T2DM had 

various adverse health effects, including cognitive impairment. The 

association of T2DM with decreased cognitive function suggests that 

T2DM can contribute to Alzheimer's disease (AD) 

The relationship between T2DM and AD continues to grow rapidly. It has 

been suggested that AD can be considered "type 3 diabetes”. Along with the 

processing of amyloid precursor protein (APP) and tau phosphorylation, the 

molecular links between T2DM and AD provide clues for new therapeutic 

targets such as glucagon-like peptide-1 (GLP-1), butyrylcholinesterase and 

receptor for advanced glycosylation end products (AGE). 

A possible mechanism correlating T2DM and AD is the alteration in insulin 

signaling in the brain. Insulin signaling is involved in several neuronal 

functions, and plays a vital role in the pathophysiology of AD. Therefore, 

the modification of neuronal insulin signaling by diabetic conditions may 

contribute to AD progression. Another possible mechanism is 

cerebrovascular changes, a common pathological change observed in both 

diseases. The importance of amyloid beta peptide (Aβ) induced 

cerebrovascular dysfunction in AD has been reported, indicating that 

pathological interactions between AGE receptor and Aβ have a role in this 

disorder. 

 

Keywords: Alzheimer's disease; diabetes mellitus; amyloid beta peptide; 

tau protein. 

 

1. Introduction  

Diabets mellitus (DM) and Alzheimer disease (AD) 

are both common and increasing in incidence in the 

aging population. AD is characterized by 

progressive cognitive decline and accumulation of 

β-amyloid (Aβ) forming senile plaques. DM is a 

metabolic disorder characterized by hyperglycemia 

in the context of insulin resistance and relative lack 

of insulin. Both diseases also share common 

characteristics such as loss of cognitive function 

and inflammation. Inflammation resulting from Aβ 

 further induces production of Aβ1-42 peptides. 

Inflammation due to overnutrition induces insulin 

resistance and consequently DM (de Nazareth, 

2017). 

Recent evidence has shown common pathogenic 

factors operating in both conditions. Diabetes 

causes neurodegeneration by inducing changes in 

vascular function and structure, glucose 

metabolism, and insulin signaling. In turn, AD 

influences systemic glucose metabolism by 

inducing behavioral changes, memory disturbances  
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and hypothalamic dysfunction. Hypoglycemia, one 

of the major conditions encountered during the 

treatment of patients with diabetes, may also 

contribute to neurodegeneration. Through this 

vicious circle, diabetes and AD may cooperate to 

cause neurodegeneration. Various molecular, 

cellular, inter-organ, physical and clinical factors 

might contribute to the bidirectional interactions 

between diabetes and AD (Mitsuru and 

NaoyukiSato, 2017). 

2.  Type 2 Diabetes mellitus 

T2DM is a progressive disease defined by insulin 

resistance that eventually leads to deficiency of 

insulin secretion. Although the etiology of T1DM 

and T2DM varies significantly, both lead to 

hyperglycemia and share macrovascular (coronary, 

cerebrovascular and peripheral vascular) and 

microvascular (retinopathic, nephropathic and 

neuropathic) complications. T2DM is usually 

diagnosed by screening. A diagnosis of T2DM is 

made when fasting plasma glucose is greater than 

126 mg/dL (7 mmol/L) on two separate tests 

indicates diabetes, and HbA1C levels are greater 

than of 6.5 percent. HbA1C between 5.7 and 6.4 

percent indicates prediabetes, while a value of 

HbA1c less than 5.7 is normal (Rodriguez et al., 

2005, American Diabetes Association, 2012). 

The genetic predisposition to T2TDM is often high. 

Insulin resistance is associated with sedentary 

lifestyle and overweight (BMI 25 – 29.9 kg / m
2
) or 

obesity (BMI > 30 kg / m
2
).Weight loss often 

reduces insulin resistance in obese patients and can 

delay the onset of diabetes or improve its severity 

and risk of long-term complications. Insulin 

resistance mainly affects the liver, muscle and 

adipocytes and is characterized by complex 

disturbances in cell receptors, function of 

glucokinase and other metabolic processes (Ye, 

2013). 

The main drivers of the current diabetes epidemic 

appear to be lifestyle (obesity, physical inactivity 

and stress). At least 80% of T2DM cases can be 

prevented by management of obesity in all age 

groups. Diabetes progression in prediabetic states 

can be reduced by 50 percent by modest weight loss 

using diet and regular physical activity (Knowler et 

al., 2009).  

In addition, several pharmacological agents, 

including metformin, thiazolidinedione and alpha 

glycosidases inhibitors, reduce the progression of  

 prediabetes to diabetes. Change in lifestyle is the 

preferred method for most patients (McMurray et 

al., 2010).  

All types of diabetes increase the risk of long-term 

complications. These usually develop after many 

years (10 - 20), but may be the first symptom in 

people who have not been diagnosed. The main 

long-term complications are related to blood vessel 

damage. Diabetes doubles the risk of heart disease. 

Ischemic heart disease (angina pectoris and 

myocardial infarction), stroke and peripheral 

vascular disease are the major macrovascular 

(related to atherosclerosis of large arteries) 

diseases. The capillaries also suffer from 

microangiopathy secondary to diabetes. Diabetic 

retinopathy, which affects the formation of blood 

vessels in the retina of the eye, may cause visual 

symptoms, including reduced vision and potentially 

blindness. Diabetic nephropathy, the effect of 

diabetes on the kidneys, can result in scarring 

changes in the renal tissue, proteinuria, and 

possibly chronic renal disease requiring dialysis 

(Michael and Fowler, 2008; Chawla et al., 2016). 

Another complication is diabetic neuropathy, 

causing numbness, tingling and pain in the feet, 

and increasing the risk of skin damage. Along with 

vascular disease in the legs, neuropathy exacerbates 

diabetes-related foot problems (such as diabetic 

foot ulcers) that may be difficult to treat and may 

require amputation. Proximal diabetic neuropathy 

also causes painful muscle waste and weakness. 

There is a link between diabetes and cognitive 

impairment. Compared to those without diabetes, 

diabetics have a 1.2 to 1.5 fold greater rate of 

decline in cognitive function (Paisley and Serpell, 

2017). Diabetes mellitus is considered a risk factor 

for vascular dementia. This type of dementia is 

caused by brain damage that is often caused by 

reduced or blocked blood flow to the brain. Many 

people with diabetes have brain changes that are 

characteristic of both AD and vascular dementia 

(Luchsinger, 2010).  

3. Alzheimer's disease 

3.1. Symptoms of Alzheimer’s disease 

Alzheimer' disease (AD) is a chronic 

neurodegenerative disease with an insidious onset 

and gradual but slow decline. It is the most 

common form of dementia. According to estimates 

from the United Nations, the number of people 

aged 60 or above is 962 million in 2017 and over  
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two-thirds live in low- and middle-income 

countries. This is expected to increase to 2.1 billion 

by 2050, with nearly 80% living in low- and 

middle-income countries (Prina et al., 2019).  

It often coexists with vascular dementia, the most 

common type of mixed dementia. The AD 

histopathology is characterized by senile plaques, 

neurofibrillary tangles and neuronal loss (Grossman 

et al., 2006; Serrano-Pozo et al., 2011). 

The first symptom is short term memory loss. 

As the disease progresses, symptoms may 

include problems with language, disorientation,  

mood swings, loss of motivation, not 

managing self-care, and behavior problems. As 

a person's condition declines, he often 

withdraws from family and society. Bodily 

functions are lost gradually, ultimately leading to 

death. Although the rate of progression can vary, 

the average life expectancy after diagnosis is three 

to nine years (Burns and Iliffe, 2009). 

3.2. Causes of Alzheimer’s disease 

Although gross histological features of AD in the 

brain are well characterized, three hypotheses have 

been proposed regarding the main cause. The oldest 

hypothesis suggests that deficiency in cholinergic 

signaling initiates the progression of the disease. 

Two alternative hypotheses suggest that misfolding 

of tau or Aß proteins initiates the cascade (Du et al., 

2018). 

There are several theories behind the formation of 

senile plaques and neurofibrillary tangles. The 

amyloid hypothesis is currently the most commonly 

accepted explanation. The brains of Alzheimer's 

patients have an excess of amyloid interneuron 

peptides, due to overproduction or decreased 

clearance of Aß. This leads to the formation of 

dense amyloid oligomers, which are deposited in 

the form of diffuse plaques. These plaques cause an 

inflammatory process through activation of the 

microglia, formation of cytokines and activation of 

the complement cascade. Inflammation results in 

the formation of senile plaques, causing synaptic 

and senile injury and cell death (Reitz 2012) (Fig. 

1). 

A second theory is that AD is caused by abnormal 

aggregation of tau protein. Tau is a protein that 

regulates axonal microtubule stability. 

 According to the current AD assumptions, the tau 

protein is abnormally phosphorylated, dissociates 

from microtubules, and aggregates in 

neurofibrillary tangles (NFT). Tau has at least 45 

phosphorylation sites, most of them are located in 

the proline rich region (P-region) (172-251 

residues) and the region of the C-terminal tail 

(region C) (residues 368 -441). Tau 

phosphorylation in these two regions affects its 

ability to interact with microtubules (Hanger et al., 

2009).  In terms of developing AD, 

phosphorylation sites in the C-terminal region 

seems to play a major role. Phosphorylation at 

Ser262 selectively alters the binding of tau to 

microtubules. Phosphorylation at Ser202 improves 

the polymerization of tau, and phosphorylation at 

Ser202-Thr205 makes the formation of filaments 

more sensitive to small changes in the 

concentration of tau. Given these data together, it 

appears that several phosphorylation events of tau, 

rather than the singular phosphorylation, play a 

crucial role in the AD-related tau pathology 

(Rankin et al., 2005; Mondragón-Rodríguez et al., 

2013). 

The “Cholinergic hypothesis” states that AD begins 

with deficiency of acetylcholine, a vital 

neurotransmitter. The first therapeutic research was 

based on this assumption, including the restoration 

of the "cholinergic nuclei. First-generation anti-

Alzheimer medicines works to preserve 

acetylcholine (Ach) by inhibiting 

acetylcholinesterases (AChE). While sometimes 

beneficial, these drugs did not lead to a cure. They 

were used to treat the disease's symptoms but do 

not stop or reverse it. All pre- and post-ganglionic 

parasympathetic neurons and all pre-ganglionic 

sympathetic neurons use ACh as a 

neurotransmitter. Given its widespread distribution 

in the brain, it is not surprising that cholinergic 

neurotransmission is responsible for modulating 

important neural functions. The cholinergic system 

is involved in critical physiological processes, such 

as attention, learning, memory, stress response, 

wakefulness, sleep, and sensory 

information.  Deficits in the cholinergic 

transmission can potentially influence all aspects of 

cognition and behavior, including cortical and 

hippocampal processing information. Cholinergic 

effects were proposed as a potential causative agent 

of plaque and tangle formation, leading to 

widespread neuroinflammation (Ferreira-Vieira et 

al., 2016). 

https://en.wikipedia.org/wiki/Short-term_memory
https://en.wikipedia.org/wiki/Primary_progressive_aphasia
https://en.wikipedia.org/wiki/Orientation_(mental)
https://en.wikipedia.org/wiki/Mood_swing
https://en.wikipedia.org/wiki/Motivation
https://en.wikipedia.org/wiki/Activities_of_daily_living
https://en.wikipedia.org/wiki/Challenging_behaviour
https://en.wikipedia.org/wiki/Cholinergic
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Figure 1. The amyloid cascade hypothesis (Reitz 2012). APP; amyloid precursor protein, PSEN; 

presnilin, FAD; familial Alzheimer disease, Aβ; amyloide beta peptide, NFT; neurofilbrillary tangles. 

 

3.3. Risk factors of Alzheimer’s disease 

Identification of risk factors for AD is essential to 

develop effective diagnostic and therapeutic 

strategies. They include: 

a) Advanced age 

The greatest known risk factor for AD is increasing 

age (Xue et al., 2017). About 3% of people between 

the ages of 65–74 have dementia, 19% between 75 

and 84, and nearly half of those over 85 years of 

age. In 2013 dementia resulted in about 1.7 million 

deaths, up from 0.8 million in 1990 (GBD 2013 

Mortality and Causes of Death Collaborators, 

2015). AD is subdivided into early onset (EOAD) 

and late onset (LOAD). EOAD has an onset before 

age 60–65 years and accounts for 1–5% of all cases.  

LOAD has an onset after age 60–65 years and is the 

predominant form of AD (Goldman et al., 2011). 

b) Family history and genetics 

Although most cases of AD are sporadic (not 

inherited), familial forms of AD exist. Subjects with 

a family history of AD had lower baseline scores in 

processing speed, executive functioning, memory 

encoding, and delayed memory when compared 

with those without a family history (Donix et al., 

2012). Additionally, family history may be 

consistent with autosomal dominant, familial, or  

 sporadic AD. Families with autosomal dominant 

AD are characterized by disease that occurs in at 

least three individuals in two or more generations, 

with two of the individuals being first-degree 

relatives of the third (e.g., grandparent, parent, and 

child). Familial AD is characterized by disease that 

occurs in more than one individual, and at least two 

of the affected individuals are third-degree relatives 

or closer. Familial clustering represents 

approximately 15–25% of AD cases. Sporadic AD 

is characterized by an isolated case in the family or 

cases separated by more than three degrees of 

relationship. Sporadic AD represents 

approximately 75% of all cases. Currently, there 

are three identified causative genes in which 

mutations are associated with autosomal dominant 

EOAD: presnilin (PSEN1, PSEN2), and APP 

(Goldman et al., 2011). 

c) Down syndrome 

People with Down syndrome (DS) are at high risk 

of developing AD at a relatively young age. (Castro 

et al., 2016) Given the location of the APP gene on 

chromosome 21, the hypothesis of the amyloid 

cascade is the prevailing theory accounting for this 

risk, with other genetic and environmental factors 

affecting age of onset and course of the disease 

(Head et al., 2016). 

d) Cerebrovascular disease 

Although AD is classified as a neurodegeneration  
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cerebrovascular disease, there is evidence that 

vascular risk factors and CVD may accelerate Aβ 

40-42 production/ aggregation/deposition and 

contribute to the pathology and symptomatology of 

AD. Aβ deposited along the vessels also causes 

cerebral amyloid angiopathy. The role of vascular 

factors and Aβ emphasize that vascular risk factor 

management is important for AD prevention and 

treatment (Honjo et al., 2012). 

e) Depression and gender 

Depression is associated with an increased risk of 

dementia and AD, although it is unclear if it is a real 

risk factor or a prodrome. The impact of depression 

on development of dementia and AD varies by 

gender. Premorbid depressive symptoms were 

found to significantly increase the risk of dementia, 

especially AD, in men but not in women (Dal Forno 

et al., 2005; Quattropani et al., 2018). 

f) Diabetes mellitus 

There is evidence of a link between T2DM and 

cognitive decline. T2DM has been identified as a 

risk factor for AD. A common observation for both 

conditions is the desensitization of insulin receptors 

in the brain. Insulin acts as a growth factor in the 

brain and is neuroprotective. It activates dendritic 

sprouting, regeneration and proliferation of stem 

cells. The loss of effect of insulin can facilitate the 

development of AD. Several drugs have been 

developed to treat T2DM, which re-sensitize the 

insulin receptors and may be useful in preventing 

the neurodegenerative processes in the brain. In 

particular, incretins GLP-1 and glucose-dependent 

polypeptide insolinotropic (GIP) are hormones that 

re-sensitize the insulin signaling. The incretins also 

have growth factor similar properties as insulin and 

are neuroprotective. In mouse models of AD, GLP-

1 receptor agonists reduce amyloid plaque 

formation, reduce the inflammation response in 

the brain, protect neurons from oxidative stress, 

induce neurite outgrowth, and protect synaptic 

plasticity and memory formation from the 

detrimental effects caused by Aβ production and 

inflammation. Other growth factors such as brain-

derived neurotrophic factor (BDNF), nerve growth 

factor (NGF), or growth factor insulin-like 1 (IGF-

1) also showed a range of neuroprotective 

properties in preclinical studies.These growth 

factors activate cell signaling mechanisms that are 

protective and regenerative,which suggests that the 

initial process that may trigger the cascade of 

neurodegenerative events in AD could be the  

 impairment of growth factor signaling such as early 

insulin receptor desensitization (Hölscher, 2011). 

4. Link between diabetes mellitus and  

Alzheimer’s disease 

One mechanism linking DM and AD is the 

alteration in brain insulin signaling. It has been 

shown that insulin signaling is involved in a variety 

of neuronal functions, and that it also plays a 

significant role in the pathophysiology of AD. 

Thus, the modification of neuronal insulin 

signaling by diabetic conditions may contribute to 

AD progression. Another possible mechanism is 

cerebrovascular alteration, a common pathological 

change observed in both diseases. Accumulating 

evidence has suggested the importance of Aβ-

induced cerebrovascular dysfunction in AD, and 

indicated that pathological interactions between the 

receptor for advanced glycation end products 

(RAGE) and Aβ peptides may play a role in this 

dysfunction (Takeda et al., 2011). 

Although the molecular mechanisms are not clear, 

it has been suggested that a complex interaction 

between T2DM and brain aging may occur, 

involving a decrease in brain insulin levels and/or 

action, impairment in brain glucose uptake and 

metabolism (despite peripheral hyperglycemia), 

mitochondrial dysfunction and oxidative stress. 

Increased AGEs formation and interaction with 

their receptors (RAGE) and impaired 

neurotransmission may be also involved. 

Decreased neurogenesis and 

neurodegeneration/death underlie the brain atrophy 

and cognitive dysfunction seen in both pathologies. 

Interestingly, GLP-1 mimetics have been shown to 

exert neuroprotective/neurogenesis effects against 

deleterious conditions such as AD, besides their 

well-known insulinotropic and anorexigenic 

properties (Duarte et al., 2013) (Fig. 2). 

5. Biochemical Parameters  

5.1. Acetylcholine (ACh) 

Altered levels of ACh and butyrylcholine (BuCh) 

in AD and T2DM implicate these two 

neurotransmitters in the pathogenesis of the two 

diseases. AD and T2DM are characterized by 

elevated plasma Ach and BuCh. On the other hand, 

in AD the brain levels of ACh are decreased while 

those of BuCh increased, causing deregulation of 

the balance between ACh and BuCh. 
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Figure. 2. Molecular mechanisms underlying long-term T2DM in CNS and AD  

(Duarte et al., 2013). 

The change in the ACh/BuCh ratio causes 

cholinergic deficit in the brain, i.e. deficiency in the 

brain neurotransmitter ACh. General cholinesterase 

inhibitors that inhibit both AChE and BuChE as 

well as highly selective BuChE inhibitors may have 

potential therapeutic benefits in the treatment of AD 

and other dementias. A region near the C-terminus 

of human AChE is homologous to the N-terminus 

of AD Aβ peptide. This further suggests that AChE 

may be involved in the formation of amyloid fibrils 

in senile plaques. The resulting Aβ-AChE 

complexes were larger than controls injected with 

the same amount of Aβ peptide alone. These Aβ-

AChE complexes were more neurotoxic than the Aβ 

aggregates (Mushtaq et al., 2014). 

Due to the absence of negative feedback control of 

acetylcholine, the decrease of AChE concentration 

leads to an increase of interleukin-1 (IL-1) and 

tumor necrotic factor (TNF-α). Therefore, the 

observation that the actions of AChase and BChase 

are increased in the plasma and red blood cells of 

T2DM and AD patients suggests that these proteins 

may be possible biochemical markers of these 

diseases (Dar et al., 2014). 

Fig. 3 summarizes the role of acetylcholine as a 

molecular bond between AD and T2DM  

5.2. Homocysteine  

An increase in Hcy plasma levels is associated with 

several cognitive disorders, including cognitive 

 decline associated with age, cerebrovascular 

disease, stroke and vascular dementia. Elevated 

plasma Hcy is an independent risk factor for AD. 

Elevations in plasma Hcy temporally precede the 

development of dementia and there is a linear 

inverse relationship between plasma Hcy and 

cognitive performance in the elderly (Seshadri, 

2006; Smith and Refsum, 2016). 

Several studies have reported a positive association 

between plasma insulin and insulin resistance and 

plasma Hcy levels (Troen, 2005; Kronenberg et al., 

2009). There is a molecular link between Hcy 

levels and insulin signaling. Insulin has been 

shown to inhibit the irreversible metabolism of Hcy 

to cysteine through transsulfuration when 

methionine is in demand. Glucose intolerance in 

animals given a diet rich in methionine suggests 

that serum Hcy levels may also modulate the 

sensitivity to insulin, leading to insulin resistance. 

In addition, hyperhomocysteinemia was correlated 

with a significant decrease in Akt phosphorylation 

(serine/threonine-specific protein kinase), which 

plays a major role in the insulin signaling pathway 

(Chiang et al., 2009). 

5.3. Lipid peroxidation 

One of the major targets of lipid peroxidation is the 

CNS. The brain is highly sensitive to oxidative 

stress; it consumes 20–30% of inspired oxygen, 

contains high levels of polyunsaturated fatty acids 

(PUFAs), is an ideal target for free radical attack  
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Figure 3. Acetylcholine as a molecular link between AD and T2DM (Dar et al., 2014). 

and contains high levels of redox transition metals 

(Sultana et al., 2013). Oxidative stress, which is 

present in AD, results in the formation of end 

products of free radical reactions with proteins and 

lipids. Therefore, specific products of lipid 

peroxidation in the blood of AD patients are present 

(Skoumalová et al., 2011). 

 Lipid hydroperoxides are unstable and in the 

presence of iron are non-enzymatically decomposed 

to a number of products, such as malondialdehyde 

(MDA) and 4-hydroxynonenal (4-HNE), ketones, 

epoxides and hydrocarbons. Aldehydes formed 

during lipid peroxidation of brain PUFA can diffuse 

from the primary sites and be used as markers of 

oxidative stress (Butterfield et al., 2006; Singh et 

al., 2010). 

Another outcome of lipid peroxidation is the 

formation of isoprostanes. These are prostaglandin-

like compounds formed from PUFA with at least 

three double bonds, including arachidonic and 

docosahexaenoic acid. Isoprostanes are produced in 

vivo by peroxidation of phospholipids non-

enzymatically. F2-isoprostanes (F2-IsoPs) are 

formed from arachidonic acid via esterification with 

phospholipids followed by hydrolysis. In AD, 

increased levels of F2-IsoPs were detected in CSF  

 (Montine, 2007; Leung et al., 2015). 

F4-isoprostanes (F4-IsoPs) and structurally related 

to isoprostanes. They are products of radical 

peroxidation of docosahexaenoic acid, a highly 

prevalent PUFA in the brain. With six double 

bonds, docosahexaenoic acid is even more prone to 

free radical attack than arachidonic acid. Therefore, 

the detection of its peroxidative products is an 

important marker of brain oxidative damage and 

useful in neurodegenerative diseases. The level of 

F4-IsoPs was increased in CSF of AD patients 

compared with controls (Markesbery et al., 2005; 

Singh et al., 2010). 

5.4. ApoE ε4 

Diabetes is not only characterized by 

insulin/glucose abnormalities, but also by 

dyslipidemia. As key players in lipid metabolism, 

apolipoproteins are receiving growing attention for 

their involvement in T2DM (Jiang et al., 2017). 

In AD, apolipoprotein E (ApoE) is of interest, there 

is an increased risk for the development of earlier 

onset of AD with expression of apoE-ε4 isoform. 

Along with proteoglycans and serum amyloid, 

ApoE is a nonfibrillar component of cerebral and 

systemic amyloid deposits (Hatters et al., 2006; Liu  
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et al., 2016). Compared with other ApoE isoforms, 

apoE-ε4 has an enhanced ability to deposit the 

neurotoxic Aβ while simultaneously contributing to 

decreased clearance of plaque. While isomeric 

differences in the CNS have yet to be entirely 

elucidated, apoE-ε4 exerts less protection against 

oxidative stress and contributes to cholinergic 

dysfunction in AD (Martins et al., 2009). 

Furthermore, the lipid-binding capacity of ApoE, 

influenced by the cholesterol transporter ATP 

binding cassette (ABCA1), may have implications 

in AD. Poor lipidation of ApoE, which results from 

transporter ABCA1 deficiency, causes a heavier 

amyloid burden, while overexpression of ABCA1 in 

the CNS (i.e. greater ApoE lipidation) results in 

significant reduction of Aβ plaque formation 

(Hirsch-Reinshagen et al., 2005; Corona et al., 

2016). 

There is also a negative correlation between the 

presence of the apoE-ε4 isoform and expression of 

insulin degrading enzyme (IDE) in the brain; IDE is 

an endopeptidase that degrades cerebral Aβ. In non-

apoE-ε4 carriers, the IDE–Aβ relationship is still 

relevant, as hyperinsulinaemia causes competitive 

inhibition of the binding (and hence, degradation) of 

Aβ by IDE (Edland, 2004; Jha et al., 2015). 

5.5. Amyloid precursor protein 

Amyloid precursor protein (APP) is a type I 

transmembrane protein with a large extracellular 

amino-terminal domain, a transmembrane domain 

and an intracellular carboxy-terminal domain that 

resembles a cell surface receptor. It is expressed in 

several isoforms, with APP695 the main isoform 

expressed by neurons. APP has a high turnover, 

with a half-life ranging from 1 to 4 hours. APP 

undergoes extensive post-translational modification 

including glycosylation, phosphorylation, and 

tyrosine sulfation, as well as many types of 

proteolytic processing generating peptide fragments 

(Zhang et al., 2011; Wang et al., 2017). 

There are four possible methods for APP 

processing; APP may remain functionally active at 

the cell surface; it may be internalised and recycled 

or degraded; it may be cleaved via the α-secretase, 

releasing the sAPPα fragment, and a membrane 

bound C83 carboxy-terminal fragment that is 

further processed to the P3 fragment; or it may be 

cleaved via the β-secretase releasing sAPPβ, and a 

membrane bound C99 carboxy-terminal fragment 

that is further processed to the Aβ fragment (Hunter 

and Brayne, 2012). 

 APP influences proliferation of neural progenitor 

cells and regulates transcriptional activity of 

various genes. App affects neurogenesis via two 

separate domains, soluble secreted APPs (sAPPs, 

mainly sAPPα) and APP intracellular domain 

(AICD). The sAPPα is neuroprotective and 

important to neurogenesis, whereas AICD 

negatively modulates neurogenesis. It has been 

reported that microRNA (miR-298, miR-106b and 

miR-328) can regulate APP expression, APP 

processing, Aβ accumulation and subsequently 

neurotoxicity and neurogenesis related to APP, 

which is implicated in AD pathogenesis, especially 

sporadic AD. Secretase balances were proposed. 

Secretase balances can influence the downstream 

balance related to regulation of neurogenesis by 

AICD and sAPPα and balance of Aβ and sAPPα 

related to neuron viability. Disruption of these 

secretase balances are implicated in AD onset 

(Zhou et al., 2011). 

Mutations in critical regions of APP, including the 

region that generates Aβ cause familial 

susceptibility to AD. Several mutations outside the 

Aß region in patients with familial Alzheimer 

increased production of Aß (Zheng and Koo, 2006; 

Dawkins and Small, 2014). 

5.6. Amyloid beta (Aß or Abeta) 

An amyloid is a deposits of proteins or plaques in 

the body. Extracellular amyloids are fibrous, 

insoluble protein aggregates with   β sheet 

structure. Amyloids are usually formed from 

misfolded proteins. The misfolded proteins can 

exist as monomers, dimers or oligomers. Amyloid 

plaques exist in different diseases, including 

neurodegenerative diseases, transmissible 

spongiform encephalopathies, T2DM, familial 

amyloidoses and other variants of systemic 

amyloidoses (Tycko and Wickner, 2013). 

Beta amyloid (Aß) is generated by the 

amyloidogenic pathway of APP processing. They 

are generated after β-secretase cleavage, followed 

by γ-secretase cleavage. Aβ peptides vary in size, 

from 38 to 43 amino acids, with Aβ 1-40 being the 

predominant isoforms (90%), and the more 

fibrilogenic Aβ 1-42 accounting for 10% 

(Kametani, 2008; Deng et al., 2013). 

Alzheimer’s disease is caused in part by the 

overproduction and lack of clearance of Aβ protein. 

Oligomer Aβ, the most toxic species of Aβ, causes 

direct injury to neurons, accompanied by increased 

neuroinflammation, astrocytosis and gliosis, and  
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eventually neuronal loss (Rosenberg et al., 2016). 

Accumulation of cerebral Aβ is essential for 

developing synaptic and cognitive deficits in AD. 

Endogenous Aβ peptides are suggested to have a 

crucial role in activity-dependent regulation of 

synaptic vesicle release and which could be the 

primary pathological events that lead to 

compensatory synapse loss in AD (Abramov et al., 

2009). 

Oxidative stress mediated by reactive oxygen or 

nitrogen species (ROS/RNS) is implicated in 

several diseases including neurodegenerative 

diseases. In AD, there is a large body of evidence 

that aggregation of Aβ peptide is implicated in the 

generation of oxidative stress. Redox active metal 

ions play a key role in oxidative stress, either in the 

production of ROS/RNS by enzymes or loosely 

bound metals or in the protection against ROS, 

mostly as catalytic centers in enzymes. In AD, it is 

thought that metals (mostly Cu, Fe and heme) can 

bind to Aβ and that such systems are involved in the 

generation of oxidative stress (Chassaing et al., 

2012). 

Beta amyloid (Aβ) modulates intracellular 

metabolic cascades, intracellular Ca
2+

 homeostasis 

and NMDA receptor expression in AD. High 

concentrations (> 2.5 μM µmol) of Aß cause 

neurotoxicity and cell death (Tanokashira et al., 

2017). However, low levels (< 200 pM) of Aß to act 

as a trophic signal and modulate synaptic activities, 

with implications on memory and learning (Puzzo 

et al., 2008). The low levels of Aß could play an 

essential role in the regulation of plasticity of 

synapses and improvement of cognitive functions, 

while high Aß concentrations together with age  

 leads to dysregulation and loss of synaptic function 

(Gilson et al., 2015). 

5.7. Total tau and phospho tau 

Alzheimer disease and a family of 

neurodegenerative diseases called tauopathies are 

histopathologically characterized by a slow 

progressive neurodegeneration, which is associated 

primarily with the intracellular accumulation of tau 

(Iqbal et al., 2010; DeFelipe, 2016).  

Tau protein was discovered in 20th century by 

studying factors necessary for microtubule 

formation. As illustrated in Fig. 4; tau protein 

stabilizes microtubules through four tubulin 

binding domains (blue boxes) in the longest 

isoform. Binding of tau protein to the microtubules 

is maintained in equilibrium by coordinated actions 

of kinases and phosphatases. The phosphorylation 

of tau (pink balls) regulates its activity to bind to 

microtubules and can affect axonal transport. Tau 

protein may inhibit the transport of end-over 

vesicles along microtubules by kinesin (Kolarova 

et al., 2012). In healthy neurons, tau binds to 

microtubules to regulate their stability; in AD, tau 

is detached from microtubules and phosphorylated 

at multiple sites. Such abnormal tau behavior, 

which is triggered by Aβ, results in generation of 

pathological tau species that mediate neuron loss 

(Ando et al., 2016). Tau is a phosphoprotein with 

79 potential Serine (Ser) and Threonine (Thr) 

phosphorylation sites on the longest tau isoform. 

Phosphorylation has been reported on 

approximately 30 of these sites in normal tau 

proteins. Phosphorylation of tau is regulated by a 

host of kinases, including PKN, a serine/threonine 

kinase. 

 

Figure 4. The structure and function of tau (Kolarova et al., 2012) 

 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Iqbal%20K%5BAuthor%5D&cauthor=true&cauthor_uid=20678074
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When PKN is activated, it phosphorylates tau, 

resulting in disruption of microtubule organization. 

The microtubule-associated protein tau is a family 

of six isoforms that becomes abnormally 

hyperphosphorylated and accumulates in neurons 

undergoing neurodegeneration in the brains of 

patients with AD (Wang et al., 2013; Avila et al., 

2014). As a major microtubule-associated protein, 

tau plays an important role in promoting 

microtubule assembly and stabilization. In AD and 

other tauopathies, the abnormally 

hyperphosphorylated tau proteins are aggregated 

 into paired helical filaments and accumulated in the 

neurons as neurofibrillary tangles (NFT). An 

imbalanced regulation in protein kinases and 

protein phosphatases is the direct cause of tau 

hyperphosphorylation. Among kinases and 

phosphatases, glycogen synthase kinase-3β (GSK-

3β) and protein phosphatase 2A (PP2A) are the 

most implicated. Accumulation of the 

hyperphosphorylated tau induces synaptic toxicity 

and cognitive impairments (Iqbal and Grundke-

Iqbal, 2008; Ma et al., 2017). 
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