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Abstract 

Background: While detecting neocortical amyloid-beta (NAL) by positron emission tomography (PET) 

offers a unique opportunity to recognise individuals at potential risk of Alzheimer’s disease (AD), its 

uneconomical and invasive nature calls for a more accessible and cost-effective biomarker for greater 

clinical utility. Platelets are rich with Amyloid Precursor Protein (APP), the parent protein for amyloid-

beta, with literature reporting significant alterations in platelet APP isoform ratio (APPr), APP 

processing secretases ADAM10 (a disintegrin and metalloproteinase) and BACE1 (beta-secretase 1), 

and tau in AD compared to normal individuals. Therefore, this study aims to explore whether these 

platelet proteins of interest are associated with NAL prior to cognitive impairment and, assess its 

diagnostic accuracy for individuals at risk of AD. 

Methods: 30 cognitively normal individuals thought to be at risk of AD and 30 cognitively normal 

individuals at no apparent risk to AD, were selected for the study. Platelets collected from peripheral 

blood were evaluated with western blot for the interested proteins, and statistical associations were 

assessed between NAL participants and, with cognitive performance.  

Results: The APP mature isoform and the ratio of high molecular weight/low molecular weight 

(HMW/LMW) tau were significantly associated with NAL, while the HMW/LMW tau ratio was 

significantly inversely correlated with cognitive performance. The accuracy of prediction for 

distinguishing NAL participants was increased (accuracy = 80%) when the APP mature isoform and 

HMW/LMW tau ratio were added to the base model of age, gender and APOE e4 allele status. 

Conclusion: The nature of these associations will expand the current knowledge on platelet-related 

alterations in individuals at risk of AD. Furthermore, future investigations may enhance the 

understanding of platelet proteins as potential diagnostic and prognostic biomarkers for early AD prior 

to cognitive decline. 
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Chapter 1: Introduction 

 

The most common form of dementia is Alzheimer’s disease (AD). Currently, an estimated 447,000 

Australians are living with dementia, with the number of cases in Australia predicted to rise to over a 

million by 2058 (1). On a global scale, approximately 50 million people are living with AD, and by 

2050, this number is set to escalate to approximately 152 million (2). With the substantial growth of 

new AD cases every year, it is no surprise that the disease will continue to impart a large socioeconomic 

burden on the healthcare system. AD, in summary, is a progressive, neurodegenerative disorder with no 

effective treatment. It is clinically characterised by progressive decline in several cognitive domains, 

including memory, executive function and behaviour (3). AD-related neuropathology can begin to 

manifest up to 20 years prior to the onset of clinical symptoms, and once apparent, can progressively 

decline cognitively, to require complete care within a period usually ranging from 6 to 12 years (4). The 

current therapeutics for AD are largely ineffective, most likely because the time of treatment 

administration occurs at a stage where excessive and irreversible neuronal death has already occurred. 

Therefore, AD treatment investigations are now concentrating on addressing the condition in the 

preclinical phase, before the evidence of cognitive impairment. To identify individuals for treatment at 

this early stage, it is crucial that biomarkers which appropriately reflect preclinical AD, are established.  

Blood plasma is gaining increasing attention and support for investigation of AD biomarkers. Being 

easily accessible, multiple proteins in the plasma, such as cytokines and growth factors, have been 

identified as potential biomarker candidates (5). A particular blood component, platelets, are gaining 

increasing appeal, as they are known to possess proteins that contribute to the development of the 

neuropathological hallmarks of AD. Numerous studies have investigated the alterations of these AD 

platelet proteins in later stages of the disease (6–13); however, none have studied this in platelets of 

individuals at high risk of AD (preclinical AD), which are characterised by high neocortical amyloid-

beta (Aβ) load (NAL+) prior to cognitive decline 

Therefore, this literature review seeks to explore the current understandings of AD, its pathological 

features, current diagnosis and treatments, and existing evidence regarding the use of platelets and its 

association with AD-related proteins as blood biomarkers for early AD diagnosis. This thesis explores 

the potential of these proteins as a panel of peripheral blood biomarkers for diagnosing individuals of 

preclinical AD prior to cognitive decline.  
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1.1. AD pathology 
 

The pathological hallmarks of AD are only definitively determined upon post-mortem brain autopsy by 

the presence of extracellular Aβ plaques and intracellular tau-comprised neurofibrillary tangles (NFT) 

within the cortex and hippocampus (14). The pathology of the disease was first recorded in 1906 by a 

German neuropathologist, Dr Alois Alzheimer, who observed distinct plaques and NFT in the brain of 

a deceased 50-year-old woman who had experienced memory disturbance, aggression and confusion 

several years before her death (14). 

 

1.1.1. Senile plaques 

 

Senile plaques within the brain are one of the major hallmarks of AD, and are primarily comprised of 

extracellular Aβ peptides aggregates (15), as well as other compounds such as inflammatory molecules 

(16), proteoglycans (17,18) and, metal ions (19,20). Aβ is a 4kDa peptide produced from the enzymatic 

cleavage of the amyloid precursor protein (APP). There are two forms of Aβ that are observed in senile 

plaques; Aβ40 and Aβ42 for which Aβ42 is more predominately expressed, demonstrates more neurotoxic 

effects, and has a higher tendency to aggregate compared to Aβ40 (21). Although Aβ is recognised as a 

key hallmark in the pathology of AD, the molecular mechanisms leading to the deposition of Aβ, and 

the manifestation of other pathological and neurophysiological hallmarks, remains controversial. One 

theory that has gained much attention, and has been extensively supported by research, is the amyloid 

cascade hypothesis (22), which suggests that Aβ deposition triggers the onset of disease pathogenesis, 

and is the causative agent for the formation of NFTs, and cognitive decline (Figure 1). This hypothesis 

also points to the important role of APP processing, which will be discussed further in greater detail.  
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1.1.2. Neurofibrillary tangles 

 

Neurofibrillary tangles comprise self-entangling hyperphosphorylated tau and are another major 

hallmark of AD. Tau is a key microtubule associated protein (MAP) that assists in the assembly and 

stabilisation of tubulins into microtubules for the development of the cell’s cytoskeleton. Tau’s 

microtubule assembling activity is regulated by a normal degree of phosphorylation, however, in AD, 

tau is excessively phosphorylated, leading to a hyperphosphorylated state (23). Abnormally 

hyperphosphorylated tau is polymerised into paired helical filaments (PHF) which then aggregates to 

create the NFT seen in the brain (Figure 2).   

The involvement of tau in AD has led to the development of an alternate hypothesis, despite its inclusion 

in the amyloid cascade hypothesis. The hypothesis is based on the concept that tau hyperphosphorylation 

Figure 1.Overview of the amyloid cascade hypothesis. The hypothesis proposes that alterations in 

Aβ metabolism (as a result from familial and/or sporadic factors) leads to the abnormal deposition of Aβ, and 

its aggregation into plaques. The presence of Aβ plaques disrupts normal neuronal cell functioning, which in 

turn results in tau hyperphosphorylation. Tau hyperphosphorylation contributes to further neuronal 

dysfunction, and widespread cell death through the formation of neurofibrillary tau tangles, eventually 

resulting in dementia with the Aβ and tau pathological hallmarks. Abbreviations: Aβ, beta amyloid.  

Alterations in Aβ metabolism 

Aβ  aggregation and 
deposition

Formation of Aβ  plaques

Neuronal injury from Aβ 
plaques

Hyperphosphorylation of tau

Neuronal dysfunciton and 
death

Dementia with Aβ plaque and 
tau pathology
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contributes to the final pathway of widespread AD neurodegeneration, with increasing evidence 

suggesting that this hypothesis provides a closer approximation of explaining the presence of clinical 

symptoms observed in patients compared to the amyloid cascade hypothesis (24). In AD, 

hyperphosphorylated tau inhibits normal assembly and stabilisation of microtubules, which induces tau 

aggregation into paired helical filaments (PHF), and finally, to NFT (25). 

 

 

 

 

 

 

 

 

 

 

1.1.3. Cerebral amyloid angiopathy 

 

Cerebral amyloid angiopathy (CAA) is another recognised hallmark of AD, and is characterised by the 

presence of cerebrovascular Aβ deposition within and around cortical and leptomeningeal blood vessel 

walls (26). The occurrence of CAA is commonly associated with mutations within the Aβ region of the 

APP gene (27). It is also recognised that other proteins are associated with CAA incidence, such as 

cystatin and the prion protein, and furthermore, in the context of non-related CAA dementia, symptoms 

of CAA include brain haemorrhage and ischemic brain lesions (28). There are several classifications of 

CAA depending on the type of deposited amyloid protein, with the sporadic CAA of Aβ protein being 

the most common in the elderly as well as AD patients (29). The mechanisms by which CAA contributes 

to neurodegeneration in AD remains unknown, however, one proposed theory suggests that the amyloid 

that deposits around blood vessels limit the blood supply and leads to oxygen deprivation, which in turn 

generates oxygen free radicals that demonstrate oxidative stress and cell toxicity. Additionally, the 

amyloid found in CAA consists mainly of the less toxic Aβ40 protein. Furthermore, individuals with 

CAA pathology have been associated with cognitive impairment, increasing the likelihood of 

neurodegeneration (30–33).  

 

Normal 

phosphorylated tau 

Hyperphosphorylated 

tau 
Paired helical filaments Neurofibrillary tau 

tangles 

Figure 2. Formation of neurofibrillary tau tangles. In Alzheimer’s disease, normal phosphorylated tau 

becomes hyperphosphorylated, leading to the aggregation of tau into paired helical filaments and eventually 

creating neurofibrillary tau tangles.  
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1.1.4. Alternate hypotheses of AD pathogenesis 

 

Other, less well-known hypotheses of AD pathogenesis have also been postulated, such as the 

inflammation, cholinergic and oxidative stress hypotheses. The inflammation hypothesis suggests that 

inflammatory stimuli such as Aβ and NFT, activates glial cells, which produces inflammatory reaction 

proteins (34). Additionally, activation of glial cells is believed to be capable of producing more of the 

pathological products of AD, including phosphorylated tau and Aβ (34). The cholinergic hypothesis 

suggests that the degeneration of cholinergic neurons of the brain contributes significantly to the 

cognitive dysfunction observed in AD patients (35). The oxidative stress hypothesis implies that 

cumulative oxidative damage from elements, particularly free radicals, accounts for the slow 

progression and occurrence of late-onset AD (36). 

 

1.2. Types of AD 
 

AD can be classified into early onset AD (EOAD) and late onset AD (LOAD). Early onset AD typically 

occurs in individuals aged younger than 65 years and accounts for as much as 10% of all AD cases (37). 

Autosomal dominant AD (ADAD) mutations in the genes APP, Presenilin 1 (PSEN1) and Presenilin 2 

(PSEN2) result in familial EOAD, which is relatively rare and accounts for 1-2% of all AD cases (37). 

Mutations related to the APP gene are present near the areas of proteolytic cleavage that leads to the 

production of Aβ while mutations in the PSEN1 and PSEN2 genes (which encode for presenilins 1 and 

2 respectively that each make up one of the two secretases involved in APP processing) result in the 

increased production of the longer Aβ1-42 (38). The age of onset in familial EOAD is often predictable 

by analysing the age of symptom onset experienced by the parent. However, individuals with PSEN2 

mutations have a greater, and more variable range of age of onset, and have a lower prevalence compared 

to the PSEN1 and APP mutations (39). 

Sporadic AD accounts for the majority of AD cases and is more prevalent in late onset AD (LOAD), 

with age of onset usually occurring from 65 years and up (40). There is no single deterministic factor 

for sporadic AD; rather it is believed that most sporadic AD cases arise from a complex interaction of 

multiple environmental, lifestyle and genetic risk factors, for which are described below. 

 

1.3. Risk factors 
 

The incidence of AD increases with age and is considered the greatest risk factor for sporadic LOAD 

onset (41). However, age is not the only deterministic factor. Other influences including gender, genetics 

and a host of modifiable lifestyle factors are thought to be associated.  
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1.3.1. Genetic and gender factors 

 

As previously stated, the APP, PSEN1 and PSEN2 genes are major players in the occurrence of 

autosomal dominant EOAD. In sporadic LOAD, the ε4 allele of the apolipoprotein E (APOE) gene is 

recognised as the major genetic risk factor. In addition to the ε4 allele, there are two other main alleles, 

namely, ε2 and ε3 (42). Each allele exist at different frequencies, with ε2 being the least common and 

ε3 being the most common (41). The ε4 allele is more prevalent in AD patients, implying that carriers 

of this allele are at a greater risk of developing AD. The presence of this allele, however, is not 

deterministic, and only increases susceptibility of an individual developing the disease.  

Numerous epidemiological studies have stated that cognitive decline, neurodegeneration and increased 

risk of developing dementia occurs more rapidly in females than males once a diagnosis is made (43–

45). One proposition for this statement involves the increased longevity of women compared to males, 

however, this alone does not completely explain the higher frequency and risk of AD observed in women 

(46). The effects of oestrogen in postmenopausal women is thought to be involved in the gender 

difference of AD development (47). Oestrogen is believed to confer protective effects on the brain, by 

slowing neuronal loss, improving blood flow, and modulating APOE expression (48). These effects of 

estrogen are thought to be mediated by its action to reduce the build-up of Aβ in the brain. A deficiency 

in this hormone is hence speculated as a risk to developing dementia. However, mixed results have been 

observed, with some studies demonstrating no observable benefits of increasing oestrogen levels on 

cognitive performance in women (49,50). Hence, the influence of gender on AD risk remains to be 

elucidated.  

1.3.2. Modifiable lifestyle factors  

 

Regular exercise improves the body’s susceptibility to oxidative stress and increases energy metabolism, 

which are crucial towards muscle development and improving cognition (as reviewed in (51)). Such 

benefits are vital for the prevention or delayed onset of AD. Longitudinal studies have shown an inverse 

association between physical activity and the risk of cognitive decline in older adults (52,53). Regular 

walks have been reported to improve cognition, while intense strength training improved overall motor 

functions, and reduced the risk of AD (54,55). Moreover, lower plasma Aβ40/42 were reported in 

individuals performing higher levels of physical activity (56), while transgenic animal model studies 

have suggested that physical exercise is implicated in reducing brain Aβ and tau (57). Additionally, 

frequent engagement in exercise was seen to correlate with low concentrations of phosphorylated tau in 

the cerebrospinal fluid (CSF) in cognitively normal subjects (58). Evidently, infrequent practice of 

physical activity suggests an increased risk to the development of AD-related pathological and clinical 

symptoms.  

Diet is another important factor that modulates risk of AD. Consumption of fish and foods rich in 

antioxidants and vitamins (which play an important role in the reducing oxidative stress) have been 

reported to lower the risk of AD, while a more western-based diet (comprised of saturated fats and 
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simple carbohydrates) is thought to contribute to the onset of AD (59). Vitamin C for example, was 

observed to have lowered the formation of Aβ oligomers and reduce the amounts of oxidative stress in 

both cell and animal studies (60,61). However, observations from human cohort studies remains 

controversial, with some investigations showing no difference in the incidence of AD when 

supplemented with vitamin C, while others claiming that combining vitamin C intake with other 

vitamins reduces the prevalence and incidence of AD (62,63). The Mediterranean diet has gained much 

popularity in its association with AD, with one large-scale study demonstrating that higher adherence to 

the diet was associated with reduced cognitive decline (64). Pathologically, individuals who adhered 

less to the diet displayed cortical thinning in key AD-related brain regions of the orbitofrontal cortex, 

entorhinal cortex and posterior cingulate cortex of the left hemisphere compared to participants who 

adhered more to the regime (65). 

The involvement of sleep and AD is not entirely elucidated, however, some evidence from both human 

and mouse studies have shown that the pathophysiological symptoms that develop in the years prior to 

cognitive decline, such as brain Aβ, is thought to disrupt sleep (66,67). The findings from these studies 

imply that sleep disruption is a consequence of developing AD pathology, however, other investigations 

have proposed that changes in sleep may lead to the elevation of hyperphosphorylated tau (68,69), but 

whether the latter is mediated by the initial build-up of brain Aβ remains to be determined.  

From the evidence gathered on the effects of diet, exercise, and other modifiable risk factors on AD, a 

2-year multidomain randomised intervention study known as the Finnish Geriatric Intervention Study 

to Prevent Cognitive Impairment and Disability (FINGER), observed the effects of a combined regime 

of diet, exercise, cognitive training and vascular risk monitoring on individuals at risk of AD (70). It 

was concluded that a combined regime of said factors could improve or maintain cognition in elderly 

individuals at risk of the disease, as well as suggesting that intervention at an early stage of AD with 

non-pharmaceuticals could delay or prevent the onset of AD. It is therefore evident, that the impact of 

these risk factors should not be ignored.  

 

1.4. Treatments 
 

Treatments currently available for AD have limited efficacy, most likely due to the extensive 

neurological damage already present at the time of intervention. Although the drugs available provide 

some relief in the symptoms experienced by patients, and to some extent improve their quality of life, 

the clinical benefits are not permanent, and are incapable of slowing disease progression. There are two 

classes of drugs available for treating the symptoms of AD. For mild to moderate AD, a group of 

medications known as acetylcholinesterase inhibitors (AChEIs) are prescribed. The Food and Drug 

Administration (FDA) approved four AChEIs; donepezil, galantamine, tacrine and rivastigmine (71), 

though tacrine has since been discontinued due to major side effects (72). AChEIs work by inhibiting 

acetylcholinesterase, therefore inhibiting the breakdown of acetylcholine and enhancing neuronal 
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activity (73). Side effects of AChEI treatment includes gastrointestinal problems, anorexia, diarrhoea 

and, dizziness (74). For the treatment of moderate to severe AD, N-Methyl-D-aspartate (NMDA) 

receptor antagonists are recommended. Memantine is a type of NMDA receptor antagonist approved by 

the FDA, and works by binding to the NMDA receptor, thereby normalising the excessive levels of 

glutamate that is thought to be associated with cognitive and memory deficits (75). Memantine has 

similarly displayed mild side effects, mainly dizziness, headaches, hypertension and constipation (76). 

Therapeutics for targeting the earlier stages of the disease before the onset of clinical and pathological 

symptoms is of great interest. In order to develop such treatments, it is necessary to accurately and 

confidently identify individuals who are entering the preclinical stages of AD, so intervention can be 

achieved as soon as possible to minimise the risk of disease onset or progression. 

 

1.5. Methods of AD diagnosis 
 

As previously stated, definitive AD diagnosis is achieved by post-mortem examination of the brain for 

the presence of Aβ plaques and NFT. However, it is possible to diagnose an individual with probable 

AD, by administering a brief cognitive and behavioural assessment. The best-known and most routinely 

used questionnaire for providing an overall brief estimation of one’s cognitive state, is the Mini-Mental 

State Examination (MMSE) (77). However, using an MMSE score alone to provide a diagnosis is not 

sensitive enough, and hence is often used in conjunction with other, more sophisticated screening tools 

that have become the current gold standards for diagnosing AD. Additionally, although still in 

development, measurements of inflammation, lipid metabolism, Aβ, tau and other AD-related markers 

in the blood, may evolve to become a sensitive panel of peripheral biomarkers for AD diagnosis in the 

future.  

1.5.1. Positron emission tomography 

 

Positron emission tomography (PET) is a type of nuclear imaging technology and enables the 

visualisation of metabolic processes within the body (78). PET imaging utilises radioligands to bind and 

detect the proteins/receptor of interest, and in AD, several radiotracers have been used to image brain 

Aβ plaques (79,80). Ideal tracers for Aβ should be capable of effectively imaging brain Aβ, should be 

reproducible and, widely accessible. To date, only a handful of Aβ PET tracers have been approved. 2-

(1-{6-[(2-[fluorine-18]fluoroethyl)(methyl)amino]-2-naphthyl}-ethylidene)malononitrile 

([18F]FDDNP) was the first PET tracer to be reported capable of imaging brain Aβ in vivo (81). The 

tracer, however, has high binding non-specificity, as it may also bind to tau protein (82,83). Another 

[18F] tracer that has demonstrated highly selective Aβ binding is the [18F] AV-45 tracer compound. In 

human subjects, the tracer is well-tolerated, and can accurately discriminate AD subjects and controls 

(84). Yet the most extensively utilised PET tracer for examining Aβ plaques is the Pittsburgh compound 

B (11C-PiB). Recognised as one of the gold standard methods for diagnosing AD, 11C-PiB is the first 

tracer to demonstrate clear retention to Aβ deposits and is highly specific in that it does not bind to NFT 
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or aggregates of alpha-synuclein (α-syn), otherwise termed as Lewy Body complexes. It has been shown 

previously that 11C-PiB retention is elevated in AD subjects, as well as in cognitively normal individuals, 

suggesting that individuals of normal cognition with elevated 11C-PiB binding were more likely to 

develop AD (79,85).  

2-[18F]fluoro-2-deoxy-D-glucose (FDG) is another type of PET tracer that is used to measure cerebral 

metabolic rates of glucose (CMRglc), which represents glucose utilisation activity within the brain. 

Previous reports have observed reductions in CMRglc in AD patients compared to age-matched controls 

(86–89). AD-related pathophysiological changes in CMRglc have also been found to be highly 

associated with familial risk of AD, as well as mild cognitive impairment (MCI) individuals (37,90). 

These observations have strongly supported the application of FDG-PET tracers as a prognostic marker 

for early AD diagnosis. However, FDG-PET is not AD-specific, as alterations in CMRglc have also 

been seen in Parkinson’s and Huntington’s disease (91,92). 

Collectively, PET tracers are of considerable value in providing a definite clinical diagnosis of AD. 

However, several limitations are evident with PET tracers. These include the expensive nature of the 

technique, making it not widely available for large-scale clinical utility, as well as the utilisation of  

radioisotopes, which can negatively impact on one’s health and safety if used regularly. Therefore, 

current methods of diagnosis need to be developed that are more accessible to the wider community.  

1.5.2. Magnetic resonance imaging 

 

Magnetic resonance imaging (MRI) in AD is used to assess atrophy and alterations in brain tissue by 

exploiting an atom’s nuclei magnetic properties. The energy released from the strong magnetic field 

creates a field of signals which allows an image of the brain’s density to be created. Because atrophy is 

regarded as a marker for AD, atrophy-related measures such as grey and white matter, density and, 

cortical thickness are often assessed when making an AD diagnosis (93). Accelerated rates of atrophy 

is seen as a predictive factor of AD, as well as in other forms of dementia (94). However, MRI cannot 

provide an absolute diagnosis of AD.  

1.5.3. Cerebrospinal fluid 

 

Aβ42, tau and phosphorylated tau (p-tau) are considered gold standard biomarkers for AD (95). The 

levels of these proteins in the CSF are associated with AD, with studies showing that decreased CSF 

Aβ42 and elevated phosphorylated tau differentiates AD individuals from controls (96). Low 

concentration of CSF Aβ42 was also seen to inversely correlate with brain Aβ build-up (97), while the 

CSF ratio of tau/Aβ42 was shown to be a predictor of cognitive decline in non-demented adults (98). 

CSF Aβ42, CSF tau, along with amyloid detected through imaging technology, are the most clinically 

acceptable biomarkers for probable AD diagnosis. However, CSF collection is relatively expensive 

compared to blood collection, requires expert skill, and involves a highly invasive lumbar puncture 

procedure which is not readily accepted by many patients.  
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1.6. Blood biomarkers 
 

Over recent times, there are increasing efforts into identifying inexpensive, less invasive and more 

widely available biomarkers to detect AD, as well as to monitor the long-term effects of therapeutics. 

Identifying AD biomarkers in the blood can be non-invasive, cheap and easily transferred into a clinical 

setting. Sources for biomarkers in the blood can be divided into two sections, 1) liquid blood matrix and 

2) cell-based blood. Table 1 summarises the advantages and limitations of current biomarkers of AD.  

 

Table 1. Summary of the advantages and limitations of different biomarker sources. 

 

Biomarker source/assay type Advantages Disadvantages 

Blood-based Easily available 

Minimally invasive procedure 

Cost-effective 

Multiple analyses 

Diagnostic and prognostic potential 

Some components (e.g. platelets) are 

biochemically similar to neurons 

Potential analytical errors 

CSF-based Reflects pathological changes in the 

brain 

 

Invasive extraction 

Expensive 

Potential analytical errors 

Aβ PET imaging tracers Capacity to diagnose early 

Direct visualisation of brain 

pathological changes 

Expensive 

Requires sophisticated 

technology and expertise 

Not widely available 

Exposure to radiotracers 

 

MRI Not invasive 

No exposure to radioactive elements 

Compared to PET, is more widely 

available and less expensive 

Not specific to AD 

Requires sophisticated 

technology and expertise 

Not widely available 

compared to blood tests 

More expensive compared to 

blood tests 

 

Table 1 summaries the current and emerging biomarkers for AD diagnosis. Abbreviations: CSF, cerebral spinal 

fluid; Aβ, amyloid-beta; PET, positron emission tomography; 11C-PiB, Pittsburgh compound B; FDG, 2-[18F] 

fluoro-2-deoxy-D-glucose; MRI, magnetic resonance imaging. 
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1.6.1. Liquid blood matrix 

 

Liquid blood matrix consists of plasma or serum. To date, measuring the levels of Aβ and tau in plasma 

or serum have been inconsistent across studies (99). This is mainly due to the difficulty of measuring 

these proteins, as they are both present in much lower quantities than in the CSF and in the brain, which 

has been problematic for reliable measurements when using enzyme-linked immunosorbent assays 

(100). In 2018, a large-scale collaborative study reported the use of a highly sensitive 

immunoprecipitation coupled mass spectrometry (IP-MS) assay to measure the levels of plasma Aβ. 

The study reported that plasma Aβ levels measured by this method predicted brain Aβ levels at an 

accuracy of 90% (101). However, those results are yet to be replicated in large-scale, independent studies 

before commercial plasma Aβ measuring kit based on this method is available. Plasma Aβ has also been 

quantified using single molecule array (SIMOA) technology, wherein a lower ratio of plasma Aβ42/Aβ40 

was seen in cognitively normal individuals of high brain Aβ compared to those with low Aβ (102). 

However, while the results appear consistent with other studies (103,104), the accuracy of the 

association was moderate (76%). More recently though, a new potential biomarker for AD has arisen; 

namely, neurofilament light chain (NFL). NFL, one of three major subunits in a neurofilament, is a 

crucial component for axonal cytoskeletal formation (105). It has been shown that NFL concentration 

in the CSF is substantially higher in patients with AD (106) and other neurological disorders (107,108). 

Additionally, plasma NFL was found to be inversely correlated with cognitive performance (109). 

However, despite the promising use of NFL as a biomarker, the protein is not specific to AD, and 

therefore, cannot be used solely as a means for diagnosing this neurodegenerative disease.  

1.6.2. Cell-based sources 

The inconsistencies experienced with plasma/serum biomarker profiling has driven attention towards 

investigating cell-based blood biomarkers. Sources of this type have included lymphocytes and 

erythrocytes (110–112). AD patients are observed to have impaired endoplasmic reticulum stress and 

calcium homeostasis in lymphocytes while plasma Aβ binds to erythrocytes over the course of aging, 

suggesting a pathogenic role of the Aβ/erythrocyte complex (110). There is growing attention however, 

with another cell-based blood source, namely, platelets, which is discussed below.  

 

1.7. Platelets for AD-related biomarker studies 
 

Structurally, platelets lack a nucleus, however, contain several organelles such as alpha granules which 

store and release secretory proteins (113). The primary activity of platelets is coagulation; however, it 

is observed that platelets have a pivotal role in disease pathogenesis (114). Platelets are recognised as a 

useful ex vivo model for studying AD aetiology, as they can be obtained with minimal invasiveness, are 

inexpensive to process, share similar biochemical properties to neurons and are known to mirror 

abnormalities witnessed in several neurological disorders (115–117). There are many AD-specific 
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platelet alterations that hold potential as peripheral biomarkers for AD, including changes in platelet 

activation, coated platelets, Monoamine oxidase B oxidative activity and, glycogen synthase kinase 3β 

upregulation (as reviewed in (117)) (Figure 3). APP and tau collectively, represent a large area of 

research in platelet derived AD biomarkers and will be the subject of discussion for the remaining 

sections of this review.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1.7.1. The amyloid precursor protein 

 

Platelets represent more than 90% of circulating APP and are the second highest source of APP protein 

following the brain. Bush et al (113) first demonstrated that platelets contain APP, and that APP is 

released from platelets during a process called degranulation.  Platelets contain their own APP 

proteolytic machinery and produce similar APP proteolytic products as seen in neuronal cells of the 

brain (118).  

Figure 3. Overview of potential platelet biomarkers for Alzheimer’s disease diagnosis. Platelet-

specific alterations provide a promising avenue for investigating potential biomarkers of AD. Such 

avenues include the APP processing pathway, neurofibrillary pathology, platelet physiology and 

neurotransmitter homeostasis. Abbreviations: AD, Alzheimer’s disease; APP, amyloid precursor 

protein; α-secretase, alpha-secretase; β-secretase, beta-secretase; Aβ, amyloid-beta; GSK3β, glycogen 

synthase kinase 3β; Ca22+, calcium ions; Mao-β, monoamine oxidase B. 
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1.7.1.1. Key structural features of the amyloid precursor protein 

 

In mammals, APP is a single-pass transmembrane protein, and is related to a family of proteins that 

includes amyloid precursor-like proteins (APLP1 and APLP2). These three proteins are processed in 

similar ways, however, only the APP protein produces the Aβ peptide. APP, when spliced, can generate 

8 different isoforms, of which APP695, APP751 and APP770 are the more commonly expressed forms. 

APP695 is expressed in high levels in the central nervous system, while the other two isoforms are found 

in lower levels (119). This ratio of expression is reversed in peripheral sources, such as platelets, where 

the APP751/770 forms are more predominantly expressed compared to APP695. APP 751/770, but not 

APP695 encodes for a Kunitz serine protease inhibitor (KPI) domain, which is a site that allows the 

interaction of other proteins with APP in the regulation of various molecular events (118). 

 

 

 

 

 

 

 

 

1.7.1.2. APP processing 

 

In platelets, the APP protein sits on the cell’s surface (120) with the carboxyl (C) – terminal end within 

the cytosol, and the amino (N) – terminal end lying within the extracellular space. Cleaving APP can be 

achieved by one of two competing pathways; the non-amyloidogenic or amyloidogenic pathway (Figure 

4). In the non-amyloidogenic pathway, APP is cleaved at the C-terminal end by α-secretase that belong 

to a family of proteinases called “a disintegrin and metalloprotease” (ADAM), wherein the more 
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Figure 4. Processing of APP in platelets. Platelet APP can be processed via one of two pathways, wherein the 

amyloidogenic pathway leads to the formation of the toxic Aβ protein. Abbreviations: APP, amyloid precursor 

protein; sAPPα, soluble APP-alpha; sAPPβ, soluble APP-beta; CTF99, C-terminal 99 fragment; CTF83, C-

terminal 83 fragment; ADAM10 α secretase, a disintegrin and metalloproteinase 10 alpha secretase; BACE1, 

beta-secretase; γ secretase, gamma secretase; Aβ, amyloid-beta; AICD, APP Intracellular Domain Fragment; N, 

amino terminus; C, carboxyl-terminus. 
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common forms involved are ADAM 10 and ADAM 17 (121). This proteolytic cleavage generates a 

soluble α-APP (sAPPα) fragment that gets released into the extracellular space, as well as a C-terminal 

fragment tethered to the membrane that is 83 amino-acids in length (CTF83). While the sAPPα fragment 

retains its structure, the CTF83 fragment is processed further by γ-secretase to produce non-toxic 

fragments termed p3 and amyloid precursor protein intracellular domain (AICD). AICD has been 

speculated to have some direct impact on AD pathophysiology, and may hold roles in gene transcription, 

apoptosis and other cellular mechanisms (122). However, one study reported that AICD hold no 

apparent significance in the course of AD pathology (123). APP cleavage, via the amyloidogenic 

pathway results in the generation of extracellular Aβ peptide which is neurotoxic when levels are 

elevated. Cleavage of APP by the β-APP-cleaving enzyme (BACE1) generates an N-terminus soluble  

β -APP (sAPPβ) fragment, and a longer C-terminal membrane-bound fragment of 99 amino acids in 

length (CTF99). Unlike α-secretase, β-secretase does not cleave through the region encoding for Aβ. 

Therefore, when γ-secretase cleaves the CTF99 fragment, it releases the intact Aβ40/42 (118). 

 

1.7.1.3. Platelet APP isoforms and AD 

 

APP plays a key role in the aetiology of AD as being the precursor to Aβ. Therefore, it is necessary to 

investigate the alterations of APP expression in AD to determine its potential as a peripheral biomarker 

for AD, before the onset of symptoms. In platelets, there are two main APP isoforms present– a larger, 

mature APP of 120-130kDa, and a smaller, immature APP of 108-110kDa (124). Patients in the 

advanced stages of AD have been reported to exhibit decreased levels of APP 120-130kDa in their 

platelets when compared to controls (125). This finding indicated that the proteolytic processing of APP 

was defective in AD, leading to increased production of Aβ . Rosenburg and Di Luca both investigated 

the ratio of APP isoforms 120-130kDa/110-108kDa using western blotting, and in both studies, 

concluded that the ratios of the APP isoforms was significantly lowered in AD patients compared to 

controls (126,127). A follow-up study by Rosenburg and colleagues demonstrated that cognitive decline, 

as measured by MMSE, significantly correlated with reduced the reduced platelet APP isoform ratio. A 

reduction in platelet APP isoform ratio has also been observed in mild AD, very mild AD, and MCI 

individuals, with reports of 59%, 47% and 33% ratio decrease respectively compared to controls (100). 

The results are consistent with the notion that platelet APP isoform ratio alterations may serve as a 

peripheral biomarker for AD detection prior to development of severe cognitive deficits. Platelet APP 

isoform ratio have also been considered as a prognostic marker for monitoring the effects of AD 

therapeutics on AD patients. One study involving mild to moderate AD patients, who were administered 

donepezil, showed an increase in platelet APP isoform ratio. This increase was more prominent in non-

APOE ε4 carriers, suggesting that increased platelet APP isoform ratio was influenced by the APOE 

genotype (128). However, since donepezil is not a disease-modifying treatment, the significance of this 

finding is not clear.   
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1.7.1.4. Platelet APP processing machinery and AD 
 

APP processing is an important contributor towards to the pathogenesis of AD, therefore 

understandably, it is necessary to investigate and compare the levels of APP secretases and their products 

in platelets of both AD and controls to determine any changes between these two groups.  

Under normal physiological conditions, APP is preferentially processed through the non-amyloidogenic 

pathway, with there existing an equal balance between the rate of APP metabolism and Aβ clearance 

from the brain (129). However, in AD, this equilibrium is disrupted, with APP being processed more 

favourably by the amyloidogenic pathway (129). Evidence to support this firstly comes from the 

observations of decreased sAPPα fragments detected in the supernatant of activated platelets within AD 

platelets compared to controls (7). sAPPα is released from platelet α-granules, and in support of the 

previous point, activated platelet α-granules were shown to release at least -50% less sAPPα than 

controls (7). The reduction of sAPPα may be contributing to the negative, downstream effects witnessed 

in AD aetiology, as sAPPα in the central nervous system (CNS) is thought to possess neuroprotective 

effects by stabilising the elevated calcium induced by Aβ, which leads to cell injury (109,110). Hence, 

sAPPα activation appears to be an attractive avenue for therapeutic intervention. Decreased sAPPα 

levels correlates with lower expression levels of ADAM10 in platelet AD patients compared to controls, 

as measured longitudinally over the course of the disease (130). This finding has been more recently 

demonstrated in a 2018 paper, for which the authors similarly demonstrated that ADAM10 was 

significantly decreased in platelets from AD patients (131). Additionally, studies have also observed a 

significant correlation of lower platelet ADAM10 with cognitive decline in AD individuals (132).  

BACE1 levels have been reported to be elevated in AD brain and CSF (133). In platelets, BACE1 

activity, (measured using a fluorogenic substrate assay), revealed a significant increase in AD platelets 

compared to controls (134). This finding was supported by Johnston et al, who similarly reported an 

increase in BACE1 activity amongst MCI individuals (10). On the contrary, Gorham et al did not find 

any differences in either BACE1 or ADAM 10 activity between MCI patients and controls (9). However, 

their results may have been influenced by the un-specificity of the commercial protein assay kits used, 

compared to Johnston’s methodology wherein a BACE1-specific inhibitor was used to demonstrate that 

the protein activity witnessed correlated with BACE1 (10). The presence of sAPPβ fragments in platelets 

has been previously reported, however, due to its low abundance, comparisons of this fragment between 

AD and controls have so far remained a challenge (135). The C-terminal fragments CTF83 and CTF99 

have been minimally explored in platelets, however in AD transgenic mouse hippocampal regions, 

CTF99 was accumulated, suggesting its potential implication in neurodegeneration, although further 

investigations are required (136). There is increasing evidence to indicate that brain AD pathology is 

reflected in peripheral tissues. For example, Martins et al  (137) demonstrated increased Aβ production 

in human skin fibroblast from individuals with mutations in the PS1 gene. Thus, investigating whether 

CT fragments are present in peripheral tissues  particularly APP rich platelets reflecting brain AD 

pathology, is warranted. 
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1.7.2. Tau protein 

 

The presence of tau in platelets, and its significance in AD, has received little attention in the field. 

Nevertheless, key findings in the area have demonstrated significant correlations between platelet tau 

and cognitive decline, thereby suggesting the potential of platelet tau’s utility as a peripheral prognostic 

biomarker of AD.  

 

1.7.2.1. Tau in AD platelets 

 

As mentioned previously, human tau is involved in the stabilisation and maintenance of microtubule 

assembly. Normal tau is phosphorylated with 2-3 moles of phosphate, and this phosphorylation level 

amount allows tau to function optimally (138). However, in AD, tau is hyperphosphorylated, which 

depresses its normal activity, and leads to PHF polymerisation (138).  

Neumann et al (139) were the first to demonstrate that tau is present in human platelets. Using 

immunoblots, they observed several different molecular weight species of tau in AD platelets, ranging 

from 60kDa to 240kDa. Furthermore, the expression of high molecular weight (HMW, >80kDa) tau 

species were seen to be more significantly present in the AD individuals than the controls, while the low 

molecular weight (LMW, <80kDa) tau species were more evident in the controls than AD subjects (139). 

The authors observed that there was a significant increase in the ratio of the HMW/LMW tau fractions 

in the AD subjects compared to the age-matched controls. They speculated that the HMW tau fractions 

were in fact, aggregates of the typical ~60kDa tau species. Additionally, it was observed that as the 

abundance of HMW tau increased, the LMW tau levels decreased (139). This observation supported the 

theory of HMW species being formed from LMW tau fractions, as mentioned above. These findings 

have been corroborated and extended in subsequent studies, as discussed below. One study saw that in 

addition to a significant difference in platelet HMW/LMW tau ratio between AD and control subjects, 

there was an association between the tau ratio and brain volume of the medial temporal lobe, cingulate 

cortex, pulvinar nucleus, frontal cortex and cerebellum (12). Another group demonstrated a strong 

correlation between platelet tau and the degree of cognitive status (assessed by MMSE) between AD 

patients and cognitively healthy subjects (8). In addition, they showed that the platelet HMW/LMW tau 

ratio demonstrated a receiver operating characteristic (ROC) sensitivity and specificity of 76% and 74% 

respectively, suggesting this ratio as a potential biomarker for detecting and monitoring disease 

progression. A more recent study similarly saw a significant difference in HMW/LMW tau ratio between 

AD and control patients, as well as an inverse correlation between MMSE scores and the HMW/LMW 

tau ratio (140). Conversely, Mukaetova-Ladinska and colleagues did not observe any difference in 

platelet tau levels between AD and controls. However, they reported an age-dependent correlation of 

platelet tau protein between younger and older AD participants (11). Additionally, no known studies to 

date have investigated correlations between platelet tau and cortical tau measured via PET.  
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Since the discovery of tau in 1975 (141), over 70 different phosphorylated sites spanning across the 

entire tau protein, are believed to be associated with AD pathology (142). Some of the 70 known sites 

are found to be hyperphosphorylated in PHFs and NFTs during AD progression, and not in normal, 

healthy brains (143–145). One such site that has attracted attention is tau phosphorylation at serine 

202/threonine 205 (p-tau ser202/thr205). This phosphorylation site has been well characterised as the 

Braak staging of AD cases based on NFT occurrences (146) using a monoclonal antibody (AT8) that 

specifically recognises p-tau ser202/thr205 (147). This phosphorylated tau has been studied by many 

researchers to be an early phosphorylation event in the progression of tau monomers to PHFs, and has 

therefore been used as a marker for categorising early AD stage prior to tangle formation (146). Based 

on these observations, p-tau ser202/thr205 is an interesting target to determine its presence and 

subsequent quantification in platelets.  

Although extensive and growing evidence supports the fact that APP, APP isoform ratio, ADAM10, 

BACE1, tau, HMW/LMW tau and p-tau ser202/thr205, are potential biomarkers for the clinical 

diagnosis of AD, there are no studies that have explored the presence and levels of these proteins in 

individuals at high risk of AD prior to cognitive impairment, defined by having high neocortical 

amyloid-beta. As there is an urgent need for peripheral biomarkers capable of diagnosing AD before the 

onset of clinical symptoms, the current study primarily investigated whether there was an association 

between the platelet proteins and neocortical amyloid-beta load (NAL), cognitive performance as 

assessed by verbal and visual episodic memory, global cognitive performance and subject memory 

complaints, plasma Aβ and, plasma NFL. Additionally, the study investigated the diagnostic accuracy 

and predictability of the platelet proteins as potential blood biomarkers for individuals at risk of AD 

prior to cognitive decline.  
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1.8. Aims 
 

1. To investigate whether the significant differences in platelet APP, APP isoform ratio 120-

130kDa/110-108kDa (APPr), ADAM10, BACE1, tau, HMW/LMW tau ratio and p-tau 

ser202/thr205, are present between cognitively normal individuals with low neocortical 

amyloid-beta (NAL-) and individuals with high neocortical amyloid-beta (NAL+). 

 

2. To investigate the association between cognitive performance and platelet APP, APPr, 

ADAM10 and BACE1 secretases, tau, HMW/LMW tau ratio and, p-tau ser202/thr205. 

 

3. To investigate whether the significant differences in platelet APP, APPr, ADAM10 and BACE1 

secretases, tau, HMW/LMW tau ratio and, p-tau ser202/thr205 are present between platelets of 

subjective memory complainers and non-complainers.  

 

4. To investigate the association between plasma Aβ levels and platelet APP, APPr, ADAM10 and 

BACE1 secretases, tau, HMW/LMW tau ratio and, p-tau ser202/thr205.  

 

5. To investigate the association between plasma NFL levels and platelet APP, APPr, ADAM10 

and BACE1 secretases, tau, HMW/LMW tau ratio and, p-tau ser202/thr205. 

 

6. To determine the diagnostic potential of the platelet proteins as a biomarker for cognitively 

normal high risk NAL+ individuals.   

 

From these aims, it is hypothesised that the platelet proteins APP, APPr, ADAM10, BACE1, tau, 

HMW/LMW tau ratio and p-tau ser202/thr205 are: 

1. Significantly altered in high-risk, NAL+ individuals compared to low risk, NAL- individuals. 

2. Significantly associated with cognitive performance. 

3. Significantly altered in subjective memory complainers vs non-complainers. 

4. Significantly associated with plasma Aβ levels. 

5. Significantly associated with plasma NFL levels. 

6. Capable in showing diagnostic potential as a biomarker for identifying cognitively normal high-

risk NAL+ individuals.  
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Chapter 2: Materials and Methods 

 

 

2.1. Participants 
 

Participants in the current study were from the Kerr Anglican Retirement Village in Ageing Health 

(KARVIAH) cohort based in Sydney, NSW, wherein participants were recruited in 2015, and blood 

samples were collected, processed and stored at -80ºC. All volunteers (n=206) were required to meet 

the inclusion and exclusion criteria. 

Volunteers who met the inclusion criteria: were aged between 65-90 years, in good health with no 

significant cerebral vascular conditions, fluent in English, none or minimal impairments in daily living 

activities, had adequate hearing and vision, no behavioural and/or functional impairments, no objective 

memory complaints as determined by the Montreal Cognitive Assessment (MoCA) scores ≥26 and the 

Mini-Mental State Examination (MMSE) test score ≥26.  

Volunteers were excluded from the study if they met at least one of the following exclusion criteria: 

diagnosed with dementia based on the revised criteria from the National Institute on Aging and 

Alzheimer’s Association (NIA/AA), MoCA score of ≤17 (individuals with a score between 18-25 were 

discussed for eligibility with relevant practitioners on the basis of their age and educational status), 

significant functional and/or behavioural problems, presence of any functional psychiatric disorders 

such as lifelong schizophrenia, medical history of stroke, alcohol or drug abuse during the last two years 

prior to screening, evidence of depression as classed on the Depression, Anxiety, Stress Scales (DASS), 

non-fluency in English, cognitive and hearing impairments that influenced cognitive testing, implants 

that interfered with MRI, e.g. pacemakers, cochlear implants, metallic fragments near spinal cord or 

eyes, uncontrolled hypertension (systolic blood pressure (BP) > 170 mmHg, or diastolic BP > 100 

mmHg).  

Of the 206 volunteers, 134 qualified for the study. However, only 105 from the 134 underwent 

neuroimaging, neuropsychometric testing and blood collection, in which the remaining 29 volunteers 

either withdrew from the study or did not provide voluntary consent to participate in the full battery of 

assessments. Of the 105 participants, 100 were considered to be cognitively normal based on their 

MMSE scores of  >26. The 100 qualified volunteers were classified as either NAL+ or NAL-, using a 

standard uptake value ratio (SUVR) cut-off value of 1.35 (SUVR≥1.35 for NAL+; SUVR≤1.35 for 

NAL-). From the 100 volunteers, 65 were considered as NAL-, while 35 were classified as NAL+. For 

the purposes of the current study, the 30 highest NAL+, and 30 lowest NAL- participants were selected 

by someone other than the investigator. Demographic data was available for all participants and 

included: date of birth, age, gender, education level, marital status, occupation and retirement history.  
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Written informed consent was obtained from all KARVIAH participants, and the Bellberry Human 

Research Ethics Committee, Australia, and the Macquarie University Human Research Ethics 

Committee, granted approval for the study in 2014 (ethics number – 5201701078). Approval to carry 

out biomarker studies was obtained in 2016, while approval for this current project was obtained late 

2018 (amendment number - 5201826144153). 

 

2.2. Neuropsychological testing 
 

A comprehensive battery of well-validated neuropsychological tests were employed by a trained and 

experienced research assistant. Amongst the collection of tests, the MMSE (77) and MoCA (148) tests 

were used to define individuals as being cognitively normal, with scores of  ≥26 for both tests considered 

to be normal cognition. Memory complaints and/or concerns were assessed by using the self-reported 

Memory Assessment Complaint Questionnaire (MAC-Q), wherein participants with a score of ≥26 were 

classified as memory complainers, and those ≤25 were classified non-complainers (149).  

The battery also included the Rey Verbal Learning Test (RAVLT) (150), the Wechsler Logical Memory 

(LM) I and II (151), Rey Complex Figure Test (RCFT), the Delis-Kaplan Executive Function System 

(D-KEFS) Category Fluency (Boys Names) Switching (Fruits and Furniture) Tasks (152), the Wechsler 

Adult Intelligence Scale – Third edition (WAIS-III) Digit Span, the WAIS III Digit Symbol Substitution 

Test (DSST) (153), the Wechsler Test of Adult Reading (WTAR), the Controlled Oral Word Association 

(COWAT) (154) and, the Boston Naming Test (BNT) (155). The composite scores for verbal and visual 

episodic memory were generated from the mean of the z-scores obtained from RAVLT List A, RAVLT 

short delay, RAVLT long delay, LM I, LMII, RCFT 3min and RCFT 30min, while composite scores 

for working memory and executive function were created from the mean of the z-scores obtained from 

the Digit Span Backward, DSST, and D-KEFS category and switching tasks (109). A global composite 

score was generated from the mean z scores of  MMSE, verbal and visual episodic memory and, working 

memory and executive function (109). Brief descriptions of the neuropsychological tests used to 

generate the composite scores are as follows: RAVLT evaluates a diverse set of functions, including 

short-term auditory and verbal memory, rate of learning and, retention of information; the Wechsler 

Logical Memory provides detailed assessments on verbal memory functioning including immediate 

memory and general memory; the RCFT provides assessment on recognition memory; the DSST is part 

of the WAIS-III, and measures cognitive and psychomotor speed, visual scanning, attention and 

executive functions; the D-KEFS also involves the assessment on executive function.  
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2.3. Neuroimaging  
 

Neuroimaging was performed at Macquarie Medical Imaging in Sydney, within three months following 

blood collection, on the 60 participants who were included in this study and were considered cognitively 

normal based on their MMSE scores. The participants were subjected to PET scans by receiving a slow 

intravenous injection of the 18F-Florbetaben (FBB) ligand over the course of 30secs, while in a rested 

position. Following 50min post-injection, images were developed over a 20min scan. Neocortical 

amyloid-beta load was calculated as a mean SUVR based on the ratio of the frontal, superior parietal, 

lateral temporal, lateral occipital and anterior and posterior cingulate regions, to the cerebellum (as the 

ligand uptake reference region), using imaging processing software CapAIBL (156,157).  

All 60 participants underwent MRI using a General Electric (GE) 3 Tesla scanner (Model 750W) 

following a protocol previously described (158). The images acquired were processed using CapAIBL 

and were used to calculate hippocampal volume. The results were normalised with the total intracranial 

volume comprising CSF, grey matter and, white matter. Both the PET scans and MRI imaging were 

performed by other members of the Martins research group in 2015.   

 

2.4. APOE genotyping 
 

APOE genotype was determined from purified genomic DNA extracted from 0.5ml of whole blood. 

Each participant was genotyped for the presence of the three APOE variants, ɛ2, ɛ3 and ɛ4. This was 

achieved using TaqMan single nucleotide genotyping (SNP) assays for rs7412 (C 904973) and rs429358 

(C 3084793) according to the manufacturer’s instructions  (AB Applied Biosystems by Life 

Technologies, Scoresby, VIC, Australia) (159,160). Briefly, a 384 well plate containing single samples 

and duplicate control genotypes (ɛ2/ɛ2, ɛ3/ɛ3 and ɛ4/ɛ4) was set up. To each well, 2-20 ng of DNA in 2 

µl volume was dispensed, followed by 4.15 µl of a master mix solution, consisting of 2X genotyping 

master mix, 40X genotyping assay probe and distilled water. The plate was mixed and centrifuged 

briefly, then run in a qRT-PCR machine as a standard absolute quantification assay. The plate was then 

analysed using the accompanying the SDS software. APOE genotyping was completed in 2015 by 

another member of the Martins research team.   

 

2.5. Platelet and plasma fractionation 
 

Participants fasted for a minimum of 10hrs prior to blood collection, wherein 80ml of whole blood was 

drawn using standard serological methods and collected in tubes containing either EDTA or lithium 

heparin. Immediately following blood collection, platelets and plasma were fractionated. For plasma, 

both EDTA and lithium heparin tubes were centrifuged at 200g and 20˚C for 10 mins, and the 

supernatant (platelet rich plasma) was transferred into new tubes. The platelet rich plasma supernatant 
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and the remaining red blood cell pellets in the original tubes were both centrifuged again at 800g and 

20˚C for 15 mins. The supernatant (plasma) from both tubes were collected, combined, aliquoted into 

Cryovial tubes, and immediately frozen at -80˚C. For platelet fractionation, the pellet of platelets at the 

bottom of the tube that contained the platelet rich plasma were carefully resuspended in 5ml of solution 

containing citrate glucose saline (CGS) and Prostaglandin E1 (PGE1). The resuspended pellet was then 

spun at 1300g for 15 min at 20˚C. The solution was removed and 500µl of phosphate buffered saline 

(PBS) with PGE1 was added. The platelet resuspension was aliquoted into Cryovials and immediately 

stored at -80˚C. Blood processing was performed in 2015 by another member of the Martins research 

team. The platelet and plasma aliquots fractionated from the blood collected in the EDTA tubes were 

used in the current study. 

 

2.6. Measure of platelet APP, tau and related proteins 
 

Western blot was employed to detect APP, ADAM10 and BACE1 secretase, tau, and p-tau 

ser202/thr205 in human platelets and mouse brain samples, while the ImageJ processing program was 

used to quantify the proteins of interest.  

 

2.6.1. Sample preparation 

 

All selected platelet samples underwent two rounds of freeze-thaw cycles for cell lysis. To begin, platelet 

samples were removed from -80˚C and allowed to thaw, therefore achieving the first freeze-thaw. Once 

thawed, 190 µl of platelet sample was transferred to separate tubes, and 19 µl of cOmplete™, Mini, 

EDTA-free Protease Inhibitor Cocktail (Merck Australia, catalogue number - 4693159001 Roche,) was 

added to each platelet sample and vortexed thoroughly. The samples with inhibitor were placed back 

into the freezer, and once frozen, were removed and allowed to once again thaw, completing the second 

freeze-thaw. Samples were next sonicated for 30 secs in a bath sonicator, then aliquoted into 20 µl 

volumes and finally stored at -80˚C for future analysis. The remaining protease inhibitor-free samples 

similarly underwent two freeze-thaw cycles, sonicated for 30 secs, aliquoted into 20 µl volumes, and 

stored at -80˚C. Mouse brain tissue collected from both 8-month-old C57BL/6J wild type (WT) mice 

and 8-month-old APP23 transgenic mice (APP23) (kindly donated by the Dementia Research Centre, 

Macquarie University, Australia) were likewise prepared with protease inhibitor, aliquoted into 5 µl 

fractions, and stored at -80˚C. For the current study, the platelet and mouse brain samples with protease 

inhibitor, were used for the analysis of the platelet proteins. The mice brain samples were used as 

positive controls to validate the antibodies for this study. Internal controls were created by combining 

20 µl of each protease-inhibitor-rich platelet sample, aliquoted into 20 µl fractions and stored at 80˚C. 

This ‘internal control master mix’ was used to normalise for day-to-day variations, differences in 

imaging exposure times, and antibody incubation times.  
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2.6.2. Measuring total protein concentration  

 

Total protein concentration for each sample (human platelets and mouse brains) were determined with 

the Pierce™ BCA Protein Assay Kit (ThermoFisher Scientific, Australia; catalogue number – 23227). 

The BCA assay utilises a formulation based on bicinchoninic acid (BCA) for the colorimetric 

detection and quantification of total protein. Reagents and bovine serum albumin standards (BSA) 

standards were prepared according to the manufacture’s protocol. Firstly, a 1:100 dilution was made 

for each human platelet and mouse brain sample of unknown concentrations containing the protease 

inhibitor cocktail, by diluting it in phosphate-buffered saline (PBS) and vortexing it thoroughly. Using 

a 96-well plate, 25 µl of each diluted unknown sample and BSA standards were pipetted into separate 

wells in duplicates. Next, 200 µl of BCA Working Reagent, comprising of BCA reagent A and BCA 

reagent B in a 1:50 ratio, was added to each well. The plate was then covered with aluminium foil, 

mixed briefly on a plate shaker for 30 secs and incubated at 37˚C for 30 mins. Following incubation, 

the plate was allowed to cool to room temperature (as seen in Figure 5) and the absorbance of each 

unknown sample and BSA standard was measured using the PHERAstar FS plate reader (BMG 

Labtech, Germany) at a 562 nm wavelength. The more purple solution indicated more concentrated 

sample.  

A standard curve with a range of 20-2000 µg/ml was generated by plotting the average of the blank-

corrected absorbances for each BSA standard against its corresponding concentration in ug/ml. The 

standard curve was then used to determine the total protein concentration of each unknown sample.  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5. A BCA assay for platelet samples. Image of a 96-well plate taken after the 

incubation step. Diluted standards and unknown samples were run in duplicates for each 

standard and sample, with the standard series occupying columns 1, 2 and wells A3 + A4.  
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2.6.3. SDS-PAGE and transfer of proteins from gel to membrane 

 

20 ug of human platelet and WT mouse brain, were used to detect APP, ADAM10 and, BACE1, while 

40 ug of human platelet and WT mouse brain were used to detect tau and p-tau ser202/thr205. For all 

target proteins, 5 µg of APP23 was used.  

All samples were prepared for SDS-PAGE, by firstly combining samples with calculated volumes of 

NuPAGE™ LDS Sample Buffer (4X) (ThermoFisher Scientific, Australia; catalogue number – 

NP0007), NuPAGE™ Sample Reducing Agent (10X) (ThermoFisher Scientific, Australia; catalogue 

number - NP0009) and 1X  phosphate-buffered saline (PBS). The prepared samples were vortexed 

thoroughly then briefly spun down in a microcentrifuge at 13,000 rpm. The homogenised samples were 

next heated at 90˚C for 10 mins, then briefly centrifuged at 13,000 rpm to collect condensed sample. 

Homogenised samples were loaded into a NuPAGE™ 4-12% Bis-Tris Protein Gel (ThermoFisher 

Scientific, Australia; catalogue number - NP0336BOX) and fractionated firstly at 80V for 30 mins, then 

120V for another 1.45 hrs. Samples for detecting APP, ADAM10 and BACE1 were separated using 1X 

dilution of NuPAGE MOPS (20X), while samples for detecting tau and p-tau ser202/thr205 were 

separated using 1X NuPAGE MES buffer (20X). The Novex™ Sharp Pre-stained Protein Standard 

(ThermoFisher Scientific, Australia; catalogue number - LC5800) was used as the molecular weight 

ladder. All platelet samples were tested in duplicates, and duplicates of the platelet internal controls 

were included in every western blot.  

Following SDS-PAGE, the fractionated proteins were wet transferred onto a 0.45 µm nitrocellulose 

membrane (ThermoFisher Scientific, Australia; catalogue number – LC2006), using transfer buffer 

comprised of 10X tris-glycine solution, 20% w/v methanol and Milli-Q water. Transfer of separated 

samples for APP, ADAM10 and BACE1 were performed at 250 mA for 2.5 hrs at 4˚C, while separated 

proteins for tau and p-tau ser202/thr205 were transferred at 250 mA for 16 hrs in 4˚C. A magnetic stirrer 

was used to ensure even distribution of transfer buffer ions during the running of the wet transfers. 

2.6.4. Western blot 

 

Following wet transfer, the nitrocellulose blots were stained with Ponceau S dye to check if transfer was 

successful. After the stain was removed, the blots were blocked with 5% w/v skim-milk diluted in 1X 

tris-buffer saline (TBS) for 1hr at room temperature. The blots were then incubated in the following 

primary antibodies (Table 2): 22C11 for the APP isoforms (1:30,000, Chemicon®, catalogue number – 

MAB348), ADAM10 for ADAM10 secretase (1:3000, Chemicon®, catalogue number - AB19026), 

BACE1 for BACE1 secretase (1:1000, Affinity Bio, Golden, CO; catalogue number – PA1-757), Tau-

5 for tau (1:1000, Calbiochem®, catalogue number - 577801), AT8 for p-tau ser202/thr205 (1:1000, 

ThermoFisher Scientific, catalogue number - MN1020) and β-actin as the loading control (1:40,000 for 

20ug of loaded protein and, 1:80,000 for 40ug of loaded protein; Abcam, catalogue number – ab8227). 

The antibodies 22C11 and AT8 were incubated for 16 hrs at 4˚C, while ADAM10, BACE1, Tau-5 and 

β-actin were left to incubate for 2 hrs at room temperature. Following primary antibody incubations, 
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blots were washed vigorously three times in 1X TBS with 0.1% Tween 20 (TBST) for 10 mins each, 

except for blots detecting APP with the 22C11 antibody, for which an additional 10 min wash was 

included. After washing, all blots were incubated in horseradish peroxidase (HRP)-conjugated IgG 

secondary antibodies for 1 hr at room temperature. Blots for 22C11, Tau-5 and AT8 were incubated in 

Amersham ECL Mouse IgG, HRP-linked whole antibody (from sheep) (1:5000, GE Healthcare Life 

Sciences, catalogue number – NA931), while blots detecting ADAM10, BACE1 and β-actin were 

incubated in Amersham ECL Rabbit IgG, HRP-linked whole antibody (from donkey) (1:20,000, GE 

Healthcare Life Sciences, catalogue number – NA934). After incubation, all blots were washed in 1X 

TBST following the same conditions as above, followed by two 5 min washes in 1X TBS to remove any 

remaining tween. Blots were then developed with enhanced chemiluminescence (ECL) substrates in a 

1:1 ratio (Bio-Rad; catalogue number - 1705061) and imaged using Bio-Rad’s ChemiDocTM MP 

Imaging System. The images were compiled and formatted using the Image Lab Software (version 5.1, 

Bio-Rad) and finally converted to TIF files for further analysis. 

 

Table 2. Antibodies for western blot analysis 

 

 

Primary antibody Antibody type Epitope Dilution 

Anti-Alzheimer 

Precursor Protein A4, 

clone 22C11 

Monoclonal Amino acid residues 66-81 of APP (N-

terminal) 

1:30,000 

Anti-ADAM 10 

antibody 

Polyclonal Amino acid residues 732-748 (C-

terminal) of human ADAM10 

1:3000 

BACE1 polyclonal 

antibody 

Polyclonal Amino acid residues 485-501 (C-

terminal) of human beta-secretase 

1:1000 

Anti-Tau Mouse 

monoclonal antibody 

(Tau-5) 

Monoclonal Within the central region 1:1000 

Phospho-Tau 

(Ser202/Thr205) 

monoclonal antibody 

(AT8) 

Monoclonal Phosphorylated tau at amino acid 

residues Ser202/Thr205 

1:1000 

Anti-beta Actin 

antibody 

Polyclonal Amino acid residues 1-100 of human 

beta-actin 

1:40,000 for 20 µg 

1:80,000 for 40 µg 

 

Table 2 describes the antibodies used in this study. Abbreviations: APP, amyloid precursor protein; 

ADAM10,  A Disintegrin and metalloproteinase; BACE1, beta-secretase; ser202/thr205, serine 202/threonine 

205 
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2.6.5. Western blot quantification with ImageJ software 

 

Quantification of platelet APP, ADAM10 and BACE1 secretases, tau and, p-tau ser202/thr205 were 

performed using the ImageJ software (IJ 1.46r, National Institute of Health), where the integrated 

density of each protein was measured.  

 

1. To begin, the rectangular selection tool was used to enclose the first protein band in the row 

(Figure 6). The size of the selected area was made sure to enclose the largest protein band in the 

same row.  

 

 

 

 

 

 

 

 

2. The same rectangular selection was used to enclose all remaining bands within the same row 

(Figure 7). 

 

 

 

3. Once all bands were selected, a background selection was taken using the same rectangular 

frame, by placing the selection in an area on the western blot not covered with protein bands, 

stains or artefacts (Figure 8).  

 

Figure 6. Example of an imaged western blot being quantified with ImageJ. The yellow box 

around the first band represents the selection to be used for all remaining bands in the same row. 

Figure 7. Example of an imaged western blot being quantified with ImageJ. The same yellow box 

selection for every band across the same row of proteins. 
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4. The integrated density was then measured for all of the protein bands and the background. 

5. This process was repeated for all remaining rows of proteins, making sure that a separate, single 

selection frame was defined for every different row of protein bands.  

6. Once all measurements were made, the background measurement was subtracted from the 

integrated density value for each individual sample protein band, and the averages of each 

background-subtracted duplicated sample was taken.  

7. The sample protein bands were then normalised to its respective internal control of the same 

row. The normalised value was used as the final value for statistical analyses.   

 

2.6.6. Plasma amyloid-beta and neurofilament light chain quantification 

 

The ultra-sensitive Single Molecule Array (SIMOA, Quanterix) platform was used to measure the 

concentrations of plasma Aβ40 and Aβ42 and plasma NFL (161). Measurements were performed 

according to the manufacturer’s instructions. Calibrators for plasma Aβ40, Aβ42 and NFL were run in 

duplicates, while sample dilutions (which were run in singlicates) were diluted fourfold for plasma NFL 

and Aβ42, and eightfold for Aβ40. Duplicates of two quality control (QC) samples were run at the 

beginning and end of each assay plate for NFL. The concentration of one QC sample was 12.1pg/ml, 

with a repeatability and intermediate precision of 20.2%, while the other QC sample had a concentration 

of 115.8pg/ml, a repeatability of 14.6% and an intermediate precision of 14.9% (161). 

In short, for the measurement of plasma Aβ, plasma samples collected previously were diluted, 

combined and incubated with paramagnetic beads coated in an antibody specific to the N-terminus of 

both Aβ40 and Aβ42, as well as two different biotinylated antibodies specific to the C-terminus of Aβ. 

After washing, the captured beads were incubated with streptavidin β-galactosidase conjugate. The 

beads were washed again, then resuspended in β-D-galactopyranoside substrate solution. For the 

measurement of plasma NFL, paramagnetic beads coated in a capture antibody specific to the conserved 

rod domain of NFL, were similarly diluted, combined and incubated with plasma samples. After 

washing and an initial incubation with blocking solution, the beads were washed again and incubated in 

a biotinylated detection antibody. Detection and measurement of plasma Aβ40, Aβ42 and NFL were 

performed on the SIMOA disc (162). 

Figure 8. Example of an imaged western blot being quantified with ImageJ. The yellow box 

above the row of protein bands represents the background selection. 

Background selection 
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2.6.7. Statistical analyses 

 

All statistical analyses were accomplished using the Statistical Package for Social Sciences (SPSS) 

(Version 26). Two-tailed significance at an alpha of 0.05 was used for all analyses. 

Descriptive statistics for the continuous variables age, MMSE scores, education years, left and right 

hippocampal volumes and NAL, which included the means and standard deviations, were calculated for 

the NAL- and NAL+ groups. Chi-square tests were utilised for gender, APOE ε4 allele status and 

subjective memory complainers (SMC) between NAL- and NAL+ groups.  

The sum of the identified tau bands (t-tau), and the sum of the identified p-tau ser202/thr205 bands (p-

tau) were calculated, and the ratio of p-tau/t-tau was generated. The ratio of the APP isoforms 105-

115kDa with 80-100kDa (APPr) was also calculated, as well as the ratio of high molecular weight tau 

bands >80kDa (HMW) to low molecular weight tau bands <80kDa (LMW) (HMW/LMW). 

Continuous variables were assessed for normality and equality of variances using distribution 

histograms and the Levene’s test, where a bell curve distribution on the histogram and a p value of >0.05 

on the Levene’s was deemed to be normally distributed and met assumptions to employ parametric tests. 

Non-normal data was log-transformed. General linear models (GLM) were employed to compare APP, 

APPr, ADAM10, BACE1, tau, t-tau, HMW/LMW tau, p-tau ser202/thr205, p-tau and p-tau/t-tau 

between groups of interest (NAL- vs NAL+, and SMC- vs SMC+) with and without adjusting for 

covariates age, gender and APOE ε4 allele status. Spearman’s bivariate correlations were used to assess 

correlations of APP, APPr, ADAM10, BACE1, tau, t-tau, HMW/LMW tau ratio, p-tau ser202/thr205, 

p-tau and p-tau/t-tau ratio with 1) NAL, 2) cognitive performance assessed by verbal and visual episodic 

memory, working memory and executive function and global cognitive performance, 3) plasma Aβ40, 

Aβ42 and, Aβ42/40  ratio, and 4) plasma NFL levels.  

Receiver operating characteristic (ROC) curves were generated using R within RStudio for all interested 

proteins, to determine their diagnostic ability for NAL+.  
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Chapter 3: Results 
 

 

3.1. Participant demographics 
 

The demographic characteristics of study participants is presented in Table 3. There were no 

significant differences in gender, age, MMSE scores, SMC, left hippocampal and right hippocampal 

volumes between the NAL- and NAL+ groups. There was a statistically significant difference in the 

frequency of APOE ε4 carriers (p=0.003) between the NAL- and NAL+ groups, where the NAL+ 

group had a higher frequency of ε4 allele carriers (n=14/17), compared to the NAL- group (n=3/17). 

 

 

 

 

 

 

 
Table 3. Participant demographics 

 Overall cohort 

(n=60) 

NAL-, <1.35 

(n=30) 

NAL+, ≥1.35 

(n=30) 

p 

Gender (M/F) 16/44 10/20 6/24 0.382 

Age (years, mean ± SD) 78.13 ± 5.28 77.00 ± 5.29 79.27 ± 5.11 0.097 

n APOE ε4 carriers (%) 17 (28.33) 3 (10) 14(46.67) 0.003* 

MMSE (mean ± SD) 28.60 ± 1.17 28.5 ± 1.20 28.7 ± 1.15 0.512 

SMC, (yes/no) 13/47 5/25 8/22 0.532 

NAL SUVR 1.43 ± 0.39 1.08 ± 0.04 1.77 ± 0.24 - 

Left HV % 0.196 ± 0.019 0.196 ± 0.018 0.195 ± 0.020 0.816 

Right HV % 0.201 ± 0.019 0.202 ± 0.019 0.199 ± 0.019 0.565 

 

Table 3. Demographic characteristics for the study participants. Comparisons of participant demographic 

characteristics were made between NAL- (SUVR < 1.35) and NAL+ (SUVR ≥ 1.35). P-value was significant 

between NAL- and NAL+ groups for APOE ε4 allele status (p=0.003). *p<0.05. Abbreviations: NAL, 

neocortical amyloid-beta load; APOE, Apolipoprotein E;  MMSE, Mini-Mental State Examination; SUVR, 

standard uptake value ratio; HV, hippocampal volume; SMC, subjective memory complainer. 



30 

 

3.2. Description of platelet APP, ADAM10, BACE1 and tau 
 

The presence and intensity of the platelet proteins APP, ADAM10, BACE1 and tau were determined 

with western blots and quantified with ImageJ.  

 

3.2.1. APP, ADAM10 and BACE1 in platelet samples 

In the platelets, three APP isoforms were observed (Figure 9A); a faint, ~105-115kDa fragment and, 

two darker and lower molecular weight bands of ~ 80kDa and 100kDa (113,127). In the WT mouse 

brain sample, no bands were observed (Figure 9B), while in the APP23 mouse brain sample, two APP 

fragments of ~ 80-100kDa and ~105-115kDa were detected (Figure 9B). The platelet samples showed 

β-actin bands of ~40kDa (Figure 9C). The WT mouse brain sample showed a β-actin band at ~40kDa, 

while the APP23 mouse brain sample revealed a fainter ~40kDa β-actin. (Figure 9D), The β-actin band 

for the APP23 mouse brain sample was observed more clearly after increasing the contrast (Figure 9E).   

In the platelets, a single ADAM10 band of ~ 65kDa was identified (130,163,164) (Figure 10A). In the 

WT and APP23 mouse brain samples, two intense ADAM10 bands at ~75kDa and ~80kDa were 

observed, as well as a lighter ~60kDa band (Figure 10B). The platelet samples showed β-actin bands of 

~40kDa (Figure 10C). The WT mouse brain sample showed a β-actin band at ~40kDa, while the APP23 

mouse brain sample revealed a fainter ~40kDa β-actin. (Figure 10D), The β-actin band for the APP23 

mouse brain sample was observed more clearly after increasing the contrast (Figure 10E).  

Multiple BACE1 bands in the platelets, which consistently appeared across all samples, were detected 

from varying imaging exposure times; bands at ~200kDa (3-10secs) (Figure 11A), ~160kDa (3-50secs) 

(Figure 11B), ~110kDa (3-50secs) (Figure 11B), ~80kDa (3-50secs) (Figure 11B) and ~60kDa (120-

160secs) (Figure 11C). The WT and APP23 mouse brain samples showed three BACE1 bands at 

~80kDa, ~75kDa and ~60kDa (Figure 11E). The platelet samples showed β-actin bands of ~40kDa 

(Figure 11D). The WT mouse brain sample showed a β-actin band at ~40kDa, while the APP23 mouse 

brain sample revealed a fainter ~40kDa β-actin. (Figure 11F), The β-actin band for the APP23 mouse 

brain sample was observed more clearly after increasing the contrast (Figure 11G).  

3.2.2. Tau in platelet samples 

 

Multiple immunoreactive tau bands (139)) were observed across all platelet samples, ranging from 

~30kDa to ~200kDa (Figure 12A). Of particular interest were tau fragments ~200kDa, ~110kDa, 

~80kDa, ~60kDa, ~55kDa, ~50kDa and, ~33kDa in size, which appeared to be consistently expressed 

across all platelet samples (Figure 12A). The WT and APP23 mouse brain samples showed an intense 

band at ~50kDa, and a lighter band at ~60kDa (Figure 12B). The platelet samples showed β-actin bands 

of ~40kDa (Figure 12C). The WT mouse brain sample showed a β-actin band at ~40kDa, while the 
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APP23 mouse brain sample revealed a fainter ~40kDa β-actin. (Figure 12D), The β-actin band for the 

APP23 mouse brain sample was observed more clearly after increasing the contrast (Figure 12E).   

3.2.3. Phosphorylated tau in platelet samples  

Multiple bands of varying molecular weights were observed for p-tau ser202/thr205 (Figure 13A). Of 

particular interest were bands of approximate molecular weights 200kDa, 80kDa, 55kDa and 33kDa, 

which appeared to be consistently expressed across all platelet samples (Figure 13A). In the WT and 

APP23 mouse brain samples, a single, intense band at ~55kDa was seen (Figure 13B). The platelet 

samples showed β-actin bands of ~40kDa (Figure 13C). The WT mouse brain sample showed a β-actin 

band at ~40kDa, while the APP23 mouse brain sample revealed a fainter ~40kDa β-actin. (Figure 13D), 

The β-actin band for the APP23 mouse brain sample was observed more clearly after increasing the 

contrast (Figure 13E).   
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Figure 9. Representative western blots for APP isoforms. All APP isoforms were detected with the 22C11 

antibody (Merck). The C57BL/6J WT (20µg) and APP23 (5µg) mouse brain samples were included as positive 

controls. A) In the platelet samples (20µg), a large faint band at ~105-115kDa and two smaller darker bands at ~80-

100kDa were detected. B) The WT mouse brain sample showed no bands, while the APP23 mouse brain sample 

showed a strong band at ~80-100kDa, and a fainter, larger band at ~110kDa. C) The platelet samples showed β-

actin bands at ~40kDa. D) The WT mouse brain sample showed a β-actin band at ~40kDa, while the APP23 mouse 

brain sample revealed a fainter ~40kDa β-actin. E) β-actin band was observed more clearly in the APP23 mouse 

brain sample after increasing the contrast. It should be noted that β-actin is not a great loading control in mouse 

brain samples. Abbreviations: IC, internal control; NAL+, high neocortical amyloid-beta; NAL-, low neocortical 

amyloid-beta; APP, amyloid precursor protein; WT, wild type; APP23, amyloid precursor protein 23 transgenic 

mouse; β-actin, beta-actin. 
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Figure 10. Representative western blots for ADAM10. Bands were detected with the ADAM10 antibody 

(Merck). The C57BL/6J WT and APP23 mouse brain samples were included as positive controls. A) The 

platelet samples observed a single band at ~65kDa. B) The WT mouse brain sample (20µg)  and APP23 mouse 

brain samples (5µg) observed three bands at ~80kDa, ~75kDa and ~60kDa. C) The platelet samples showed 

β-actin bands at ~40kDa. D) The WT mouse brain sample showed a β-actin band at ~40kDa, while the APP23 

mouse brain sample revealed a fainter ~40kDa β-actin. E) β-actin band was observed more clearly in the APP23 

mouse brain sample after increasing the contrast. It should be noted that β-actin is not a great loading control 

in mouse brain samples. Abbreviations: IC, internal control; NAL+, high neocortical amyloid-beta; NAL-, low 

neocortical amyloid-beta; ADAM10,  A Disintegrin and metalloproteinase; WT, wild type; APP23, amyloid 

precursor protein 23 transgenic mouse;  β-actin, beta-actin. 
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Figure 11. Representative western blots for BACE1. All BACE1 bands were detected with the BACE1 

antibody (Thermo Fisher) at different exposure times. The C57BL/6J WT (20µg) and APP23 (5µg) mouse brain 

samples were included as positive controls. The platelet samples (20µg) showed bands at different exposure 

times: A) ~200kDa (3-10secs), B) ~160kDa, ~110kDa and ~80kDa (40-60secs), and C) ~60kDa (80-120secs). 

D) The platelet samples showed β-actin bands at ~40kDa. E) The WT and APP23 mouse brain samples showed 

bands at ~80kDa, ~75kDa and ~60kDa. F) The WT mouse brain sample showed a β-actin band at ~40kDa, 

while the APP23 mouse brain sample revealed a fainter ~40kDa β-actin. G) β-actin band was observed more 

clearly in the APP23 mouse brain sample after increasing the contrast. It should be noted that β-actin is not a 

great loading control in mouse brain samples.  Abbreviations: IC, internal control; NAL+, high neocortical 

amyloid-beta; NAL-, low neocortical amyloid-beta; BACE1, beta-secretase; WT, wild type; APP23, amyloid 

precursor protein 23 transgenic mouse;  β-actin, beta-actin. 
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Figure 12. Representative western blots for tau. All tau bands were detected with the Tau-5 antibody 

(Merck). C57BL/6J WT (40µg) and APP23 (5µg) mouse brain samples were included as positive controls. A) 

The platelet samples (40µg) showed consistent bands at ~200kDa, ~110kDa, ~80kDa, ~60kDa, ~55kDa, 

~50kDa and, ~33kDa. B) The WT and APP23 mouse brain samples showed tau bands at ~60kDa and ~55kDa. 

C) The platelet samples showed β-actin bands at ~40kDa. D) The WT and APP23 mouse brain samples showed 

a β-actin a band at ~40kDa, while the APP23 mouse brain sample showed a fainter β-actin ~40kDa. E) β-actin 

band was observed more clearly in the APP23 mouse brain sample after increasing the contrast. It should be 

noted that β-actin is not a great loading control in mouse brain samples. Abbreviations: IC, internal control; 

NAL+, high neocortical amyloid-beta; NAL-, low neocortical amyloid-beta; WT, wild type; APP23, amyloid 

precursor protein 23 transgenic mouse;  β-actin, beta-actin. 
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Figure 13. Representative western blots for p-tau ser202/thr205. All p-tau ser202/thr205 bands were 

detected with the AT8 antibody (Thermo Fisher). The C57BL/6J WT (40µg) and APP23 (5µg) mouse brain 

samples were included as positive controls. A) The platelet samples (40µg) showed consistent bands at 

~200kDa, ~80kDa, ~55kDa, and, ~33kDa. B) The WT and APP23 mouse brain samples showed a p-tau 

ser202/thr205 band at ~55kDa. . C) The platelet samples showed β-actin bands at ~40kDa. D) The WT and 

APP23 mouse brain samples showed a β-actin band at ~40kDa, while the APP23 mouse brain sample showed 

a fainter β-actin ~40kDa. E) β-actin band was observed more clearly in the APP23 mouse brain sample after 

increasing the contrast. It should be noted that β-actin is not a great loading control in mouse brain samples. 

Abbreviations: IC, internal control; NAL+, high neocortical amyloid-beta; NAL-, low neocortical amyloid-

beta; WT, wild type; APP23, amyloid precursor protein 23 transgenic mouse; p-tau ser202/thr205, 

phosphorylated tau at serine 202/threonine 205; β-actin, beta-actin. 

 

3.3. Associations of platelet proteins with AD risk factors age, gender and APOE ε4 

allele status 
 

Statistical analyses were performed to determine whether the AD risk factors age, gender and APOE ε4 

allele status were significantly associated with the platelet proteins. No significant associations were 

found between the platelet proteins and age (Appendix A). However, with gender (Table 4, Figure 14), 

APP 105-115kDa (p=0.005), APPr (p=0.006), BACE ~60kDa (p=0.003), tau ~50kDa (p=0.010), p-tau 

ser202/thr205 ~200kDa (p<0.0001) and p-tau ser202/thr205 ~33kDa (p=0.025) were significantly lower 

in the females compared to the males. Tau ~55kDa (p=0.055) and BACE1 ~80kDa (p=0.092) saw a 

trend of lower mean levels in the females over males, while t-tau (p=0.054) and p-tau (p=0.065) showed 

trends of increased mean levels in females compared to males.  

With APOE ε4 allele carrier status, only BACE1 ~200kDa was significantly lower in the APOE ε4 allele 

carriers compared to the non-carriers (p=0.010), while a trend of increased mean levels of BACE1 

~110kDa (p=0.088) was observed in the APOE ε4 allele carriers (Table 5, Figure 15). The significance 

remained for BACE1 ~200kDa after adjusting for covariates age and gender (pa=0.014), while the trend 

also continued for BACE1 ~110kDa (pa=0.061).  
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Table 4. Comparison of platelet proteins between males and females 

Platelet proteins Total (n=60) Male (n=16) Female (n=44) p 

APP 105-115kDa 0.37 ± 0.61 0.78 ± 1.07 0.22 ± 0.15 *0.005 

APP 80-100kDa 2.17 ± 1.71 2.90 ± 2.78 1.90± 1.01 0.309 

APPr 0.l6 (0.16) 0.26 (0.24) 0.12 (0.10) *0.006 

ADAM10 1.52 ± 0.65 1.59 ± 0.53 1.50 ± 0.70 0.648 

BACE1 ~200kDa 2.04 ± 0.30 2.11 ± 0.27 2.02 ± 0.31 0.322 

BACE1 ~160kDa 0.56 ± 0.26 0.52 ± 0.29 0.58 ± 0.25 0.481 

BACE1 ~110kDa 0.80 ± 0.30 0.83 ± 0.23 0.79 ± 0.33 0.636 

BACE1 ~80kDa 0.72 ± 0.39) 0.86 ± 0.47 0.67 ± 0.34 0.092 

BACE1 ~60kDa 0.69 ± 0.37 0.92 ± 0.38 0.60 ± 0.33 *0.003 

Tau ~ 200kDa 0.91 ± 0.38 1.04 ± 0.34 0.86 ± 0.38 0.108 

Tau ~ 110kDa 0.29 ± 0.18 0.34 ± 0.14 0.28 ± 0.19 0.290 

Tau ~ 80kDa 0.50 ± 0.28 0.56 ± 0.26 0.48 ± 0.28 0.364 

Tau ~ 55kDa 1.88 ± 0.81 2.21 ± 0.95 1.75 ± 0.73 0.055 

Tau ~ 50kDa 0.51 ± 0.21 0.64 ± 0.28 0.46 ± 0.16  *0.010 

Tau ~ 33kDa 0.45 ± 0.26 0.55 ± 0.35 0.41 ± 0.22 0.168 

HMW/LMW tau 0.59 ± 0.21 0.55 ± 0.14 0.60 ± 0.23 0.412 

T-tau 5.16 ± 2.15 4.57 ± 1.80 5.91 ± 2.17 0.054 

P-tau ser202/thr205 ~ 200kDa 1.03 ± 0.48 1.51 ± 0.52 0.91 ± 0.39 ***<0.0001 

P-tau ser202/thr205 ~80kDa 0.81 ± 0.43 0.67 ± 0.20 0.85 ± 0.47 0.210 

P-tau ser202/thr205 ~ 55kDa 1.01 ± 0.39 1.03 ± 0.29 1.01 ± 0.42 0.888 

P-tau ser202/thr205 ~33kDa 0.25 ± 0.15 0.34 ± 0.16 0.23 ± 0.15 *0.025 

P-tau 3.10 ± 1.13 2.57 ± 0.92  3.26 ± 1.14 0.065 

P-tau/t-tau 0.57 ± 0.17 0.59 ± 0.20 0.57 ± 0.16 0.791 

 

Table 4. Comparison of platelet proteins between males and females. APP 105-115kDa, APPr, BACE1 

~60kDa, tau ~50kDa, p-tau ser202/thr205 ~200kDa and, p-tau ser202/thr205 ~33kDa are significantly lower 

in females compared to males. All data are mean ± standard deviation. *p<0.05, ***p<0.0001. 

Abbreviations: NAL, neocortical amyloid-beta load; APP, Amyloid precursor protein; APPr, amyloid 

precursor protein ratio; ADAM10, a Disintegrin and metalloproteinase; BACE1, beta-secretase. 

HMW/LMW, high molecular weight/low molecular weight; t-tau, sum of all tau bands; p-tau ser202/thr205, 

phosphorylated tau at serine202/threonine205; p-tau; sum of all phosphorylated tau bands at serine 

202/threonine 205 bands; p-tau/t-tau, sum of phosphorylated tau at serine 202/threonine 205/sum of all tau 

bands. 
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Figure 14. Comparison of platelet proteins between males and females. Significantly lower levels of A) 

APP 105-115kDa (p=0.005), B) APPr (p=0.006), C) BACE1 ~60kDa (p=0.003), D) tau ~50kDa, E) p-tau 

ser202/thr205 ~200kDa (p=<0.0001) and F) p-tau ser202/thr205 ~33kDa (p=0.025) were seen in females 

compared to males. *p<0.05, ***p<0.0001. Abbreviations: APP, Amyloid precursor protein; APPr, Amyloid 

precursor protein ratio; BACE1, beta-secretase; p-tau ser202/thr205, phosphorylated tau at 

serine202/threonine205; Au, Arbitrary units.  
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Table 5. Associations of platelet proteins with APOE ε4 allele status  

Platelet proteins Total  

(n=60) 

APOE ε4 – 

(n=43) 

APOE ε4 + 

(n=17) 

p pa 

APP 105-115kDa 0.37 ± 0.61 0.42 ± 0.71 0.23 ± 0.14 0.279 0.547 

APP 80-100kDa 2.17 ± 1.71 2.19 ± 1.92 2.10 ± 1.04 0.849 0.871 

APPr 0.16 ± 0.16 0.18 ± 0.18 0.12 ± 0.08 0.263 0.482 

ADAM10 1.5 ± 0.65 1.53 ± 0.66 1.50 ± 0.67 0.908 0.949 

BACE1 ~200kDa 2.04 ± 0.30 2.11 ± 0.32 1.89 ± 0.17 *0.010 *0.014 

BACE1 ~160kDa 0.56 ± 0.26 0.54 ± 0.24 0.62 ± 0.31 0.290 0.367 

BACE1 ~110kDa 0.80 ± 0.30 0.75 ± 0.22 0.92 ± 0.44 0.088 0.061 

BACE1 ~80kDa 0.72 ± 0.39 0.70 ± 0.38 0.77 ± 0.41 0.527 0.308 

BACE1 ~60kDa 0.69 ± 0.37 0.70 ± 0.39 0.65 ± 0.34) 0.642 0.888 

Tau ~ 200kDa 0.91 ± 0.38 0.94 ± 0.40 0.084 ± 0.31 0.361 0.595 

Tau ~ 110kDa 0.29 ± 0.18 0.27 ± 0.11 0.37 ± 0.28 0.111 0.137 

Tau ~ 80kDa 0.50 ± 0.28 0.48 ± 0.24 0.56 ± 0.35 0.321 0.211 

Tau ~ 55kDa 1.88 ± 0.81 1.91 ± 0.85 1.79 ± 0.72 0.590 0.938 

Tau ~ 50kDa 0.51 ± 0.21 0.53 ± 0.23 0.44 ± 0.15 0.152 0.407 

Tau ~ 33kDa 0.45 ± 0.26 0.48 ± 0.30 0.39 ± 0.14 0.245 0.366 

T-tau 5.61 ± 2.15 5.71 ± 2.32 5.39 ± 1.75 0.614 0.872 

HMW/LMW tau 0.59 ± 0.21 0.57 ± 0.20 0.63 ± 0.22 0.315 0.414 

P-tau ser202/thr205 ~ 200kDa 1.03 ± 0.48 1.04 ± 0.47 1.01 ± 0.53 0.825 0.792 

P-tau ser202/thr205 ~80kDa 0.81 ± 0.43 0.84 ± 0.46 0.76 ± 0.36 0.517 0.411 

P-tau ser202/thr205 ~ 55kDa 1.01 ± 0.39 1.04 ± 0.42 0.96 ± 0.33 0.537 0.635 

P-tau ser202/thr205 ~33kDa 0.25 ± 0.15 0.26 ± 0.16 0.23 ± 0.13 0.456 0.692 

P-tau 3.10 ± 1.12 3.17 ± 1.160 2.95 ± 1.06 0.510 0.701 

P-tau/t-tau 0.57 ± 0.17 0.58 ± 0.18 0.56 ± 0.15 0.679 0.913 

 

Table 5. Associations of platelet proteins with APOE ε4 allele status. BACE1 ~200kDa is significantly 

lower in APOE ε4 (APOE ε4 +) carriers compared to non-carriers (APOE ε4 –). *p<0.05. Abbreviations: 

NAL, neocortical amyloid-beta load; APP, Amyloid precursor protein; APPr, amyloid precursor protein 

ratio; ADAM10, a Disintegrin and metalloproteinase; BACE1, beta-secretase, HMW/LMW, high molecular 

weight/low molecular weight; t-tau, sum of all tau bands; p-tau ser202/thr205, phosphorylated tau at 

serine202/threonine205; p-tau, sum of all phosphorylated tau bands at serine 202/thr205; p-tau/t-tau, sum of 

phosphorylated tau bands at serine 202/threonine 205/sum of all tau bands. 
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Figure 15. Comparison of APOE ε4 allele status with BACE1 ~200kDa. A) BACE1 ~200kDa is 

significantly lower in APOE ε4 carriers compared to non-carriers (p=0.010). p*<0.05. Abbreviations: BACE1, 

beta-secretase; APOE, Apolipoprotein E; Au, Arbitrary units.  

 

3.4. Comparison of platelet proteins between NAL- and NAL+ groups 
 

Associations of platelet proteins between NAL- and NAL+ have been presented in Table 6 and are 

graphically depicted in Figure 16. APPr was not significantly different between NAL- and NAL+ groups 

and instead showed a non-significant trend of lower mean levels of APPr in the NAL+ group (p=0.092). 

However, this trend disappeared after adjusting for the covariates age, gender and APOE ε4 allele status 

(pa=0.156). The APP 105-115kDa upper isoform was significantly lower in the NAL+ group compared 

to the NAL- group (p=0.024). This significance remained after adjusting for the covariates (pa=0.035). 

ADAM10 showed a non-significant trend of lower mean levels in the NAL+ groups (p=0.087), with the 

trend remaining after covariate adjustments (pa=0.092). The BACE1 band of ~200kDa was significantly 

lower in the NAL+ group (p=0.020), however, this significance disappeared after adjusting for the 

covariates (pa=0.255). 

When the tau bands were compared between NAL- and NAL+ participants, tau ~50kDa band and tau 

~33kDa both presented significantly lower mean levels in the NAL+ groups compared to NAL- 

(p=0.036 and p=0.015). However, only the ~33kDa band remained significant after covariate adjustment 

(pa=0.027). When the ratio of HMW/LMW tau was analysed, there was a significant increase in the 

mean levels in the NAL+ group compared to the NAL- group (p=0.018), even after adjusting for 

covariates (pa=0.030).  

P-tau ser202/thr205 ~200kDa showed significantly lower levels in the NAL+ group compared to the 

NAL- group (p=0.032), while p-tau ser202/thr205 ~80kda band was not significantly different between 

the two groups (p=0.127). However, when adjusted for covariates, p-tau ser202/thr205 ~200kDa became 

non-significant (pa=0.345), while the ~80kDa band showed a p-value of pa=0.033. P-tau showed a trend 

of decreased mean levels in the NAL+ group (p=0.091), but this trend was removed after adjusting for 

the covariates (pa=0.155).  
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Table 6. Associations of platelet proteins between NAL- and NAL+ 

 

Platelet Proteins Total 

(n=60) 

NAL- (<1.35) 

(n=30) 

NAL+ (≥1.35) 

(n=30) 

p pa 

APP 105-115kDa 0.36 ± 0.61 0.54 ± 0.82 0.19 ± 0.13 *0.024 *0.035 

APP 80-100kDa 2.17 ± 1.70 2.54 ± 2.16 1.79 ± 0.99 0.271 0.149 

APPr 0.16 ± 0.16 0.20 ± 0.21 0.12 ± 0.09 0.092 0.156 

ADAM10 1.52 ± 0.65 1.67 ± 0.57 1.38 ± 0.71 0.087 0.092 

BACE1 ~200kDa 2.04 ± 0.30 2.13 ± 0.35 1.95 ± 0.22 *0.020 0.255 

BACE1 ~160kDa 0.56 ± 0.26 0.51 ± 0.21 0.62 ± 0.29 0.130 0.112 

BACE1 ~110kDa 0.80 ± 0.30 0.79 ± 0.23 0.81 ± 0.37 0.768 0.228 

BACE1 ~80kDa 0.72 ± 0.39 0.75 ± 0.42 0.69 ± 0.36 0.567 0.370 

BACE1 ~60kDa 0.69 ± 0.37 0.71 ± 0.35 0.66 ± 0.40 0.592 0.228 

Tau ~ 200kDa 0.90 ± 0.38 0.92 ± 0.39 0.90 ± 0.37 0.859 0.767 

Tau ~ 110kDa 0.30 ± 0.18 0.26 ± 0.11 0.33 ± 0.23 0.168 0.388 

Tau ~ 80kDa 0.50 ± 0.28 0.50 ± 0.26 0.51 ± 0.30 0.902 0.731 

Tau ~ 55kDa 1.88 ± 0.81 1.99 ± 0.89 1.77 ± 0.73 0.294 0.341 

Tau ~ 50kDa 0.51 ± 0.21 0.57 ± 0.24 0.45 ± 0.16 *0.036 0.096 

Tau ~ 33kDa 0.45 ± 0.26 0.54 ± 0.32 0.36 ± 0.15 *0.015 *0.027 

T-tau 5.61 ± 2.15 5.98 ± 2.35 5.19 ± 1.86 0.181 0.331 

HMW/LMW tau 0.59 ± 0.21 0.52 ± 0.16 0.65 ± 0.23 *0.018 *0.030 

P-tau ser202/thr205 ~ 200kDa 1.03 ± 0.48 1.16 ± 0.48 0.88 ± 0.46 *0.032 0.345 

P-tau ser202/thr205 ~80kDa 0.81 ± 0.43 0.90 ± 0.48 0.72 ± 0.34 0.127 *0.033 

P-tau ser202/thr205 ~ 55kDa 1.01 ± 0.39 1.02 ± 0.37 1.01 ± 0.42 0.931 0.880 

P-tau ser202/thr205 ~33kDa 0.25 ± 0.15 0.27 ± 0.18 0.22 ± 0.12 0.242 0.715 

P-tau 3.10 ± 1.13 3.35 ± 1.13 2.83 ± 1.08 0.091 0.155 

P-tau/t-tau 0.57 ± 0.17 0.59 ± 0.18 0.56 ± 0.16 0.500 0.492 

 

Table 6 shows the comparison of platelet proteins between NAL- and NAL+ participants. Significantly lower 

mean levels in NAL+ are seen with APP 105-115kDa, BACE1 ~200kDa, tau ~50kDa, tau ~33kDa and, p-tau 

ser202/thr205 ~200kDa. Significantly higher mean levels of HMW/LMW tau ratio are seen in NAL+ compared 

to NAL-. *p<0.05, pa = after adjusting for covariates age, gender and APOE ε4 allele status. Abbreviations: NAL, 

neocortical amyloid-beta load; NAL-, low neocortical amyloid-beta load; NAL+, high neocortical amyloid-beta 

load; APP, Amyloid precursor protein; APPr, amyloid precursor protein ratio; ADAM10, a Disintegrin and 

metalloproteinase; BACE1, beta-secretase; HMW/LMW, high molecular weight/low molecular weight; t-tau, sum 

of all tau bands; p-tau ser202/thr205, phosphorylated tau at serine202/threonine205; p-tau, sum of all 

phosphorylated tau bands at serine 202/threonine 205; p-tau/t-tau, sum of phosphorylated tau bands at serine 

202/threonine 205/sum of all tau bands. 
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Figure 16. Comparison of platelet proteins between NAL- and NAL+ groups. Box plots show significantly 

lower mean levels in NAL+ for A) APP 105-115kDa (p=0.024), B) BACE1 ~200kDa (p=0.020), C) Tau 

~50kDa (p=0.036), D) Tau ~33kDa (p=-0.015) and, F) p-tau ser202/thr205 ~200kDa (p=0.032). Significantly 

higher mean levels of E) HMW/LMW tau ratio (p=0.018) are seen in NAL+ compared to NAL-. p*<0.05. 

Abbreviations: APP, amyloid precursor protein; APPr, APP 105-115kDa/108-110kDa ratio; BACE1, beta-

secretase; HMW/LMW, high molecular weight/low molecular weight; p-tau ser202/thr205, phosphorylated tau 

at serine 202/threonine 205; NAL, neocortical amyloid-beta load; NAL-, low neocortical amyloid-beta load; 

NAL+, high neocortical amyloid-beta load; Au, Arbitrary units.  

 

 

 

3.5. Correlation between platelet proteins and NAL 

 

Correlations are described in Table 7 and are graphically depicted in Figure 17. The APP 105-115kDa 

isoform showed an inverse correlation with NAL (p=0.008), as did the APPr (p=0.005) and the BACE1 

~200kDa band (p=0.012). BACE1 ~60kDa saw a negative trend (p=0.081) with NAL. Tau ~50kDa was 

inversely correlated with NAL (p=0.0015) as was tau ~33kDa (p=0.024). The HMW/LMW tau ratio 

saw a positive correlation with NAL (p=0.003). P-tau ser202/thr205 ~200kDa band showed an inverse 

correlation with NAL (p=0.001). When the platelet proteins were stratified based on NAL (Figure 18), 

APP 105-115kDa (p=0.001), APPr (p=0.011), tau ~50kDa, (p=0.001) and p-tau ser202/thr205 ~200kDa 
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(p=0.003) were inversely correlated with NAL within the NAL-, group. HMW/LMW tau ratio was 

positively correlated with NAL within the NAL- group (p=0.022) No significant correlations were 

observed between the platelet proteins and NAL within the NAL+ group. 

 

Table 7. Correlations between platelet proteins and NAL (SUVR) 

Platelet Proteins rs(p) 

APP 105-115kDa -0.337 *(0.008) 

APP 80-100kDa -0.139 (0.289) 

APPr -0.357 *(0.005) 

ADAM10 -0.210 (0.108) 

BACE1 ~200kDa -0.333 *(0.012) 

BACE1 ~160kDa 0.158 (0.228) 

BACE1 ~110kDa -0.165 (0.209) 

BACE1 ~80kDa -0.107 (0.415) 

BACE1 ~60kDa -0.227 (0.081) 

Tau ~ 200kDa -0.049 (0.715) 

Tau ~ 110kDa 0.055 (0.679) 

Tau ~ 80kDa 0.008 (0.954) 

Tau ~ 55kDa -0.153 (0.249) 

Tau ~ 50kDa -0.316 *(0.015) 

Tau ~ 33kDa -0.293 *(0.024) 

T-tau -0.144 (0.299) 

HMW/LMW tau 0.383 *(0.003) 

P-tau ser202/thr205 ~ 200kDa -0.440 *(0.001) 

P-tau ser202/thr205 ~80kDa -0.053 (0.706) 

P-tau ser202/thr205 ~ 55kDa -0.010 (0.944) 

P-tau ser202/thr205 ~ 33kDa -0.182 (0.187) 

P-tau -0.215 (0.199) 

P-tau/t-tau 
 

-0.090 (0.518) 

 

Table 7 shows the correlations of platelet proteins with NAL. Significant correlations are seen with 

APP 105-115kDa, APPr, BACE1 ~200kDa, tau ~50kDa, tau ~33kDa, HMW/LMW tau ratio and, p-tau 

ser202/thr205 ~200kDa. *p<0.05. Abbreviations: NAL, neocortical amyloid-beta load; SUVR, 

standardised uptake value ratio; APP, amyloid precursor protein; APPr, APP 105-115kDa/108-110kDa 

ratio; ADAM10, a Disintegrin and metalloproteinase; BACE1, beta-secretase; HMW/LMW, high 

molecular weight/low molecular weight; t-tau, sum of all tau bands; p-tau ser202/thr205, phosphorylated 

tau at serine 202/threonine 205; p-tau, sum of all phosphorylated tau bands at ser202/thr205; p-tau/t-tau, 

sum of phosphorylated tau bands at serine 202/threonine 205/sum of all tau bands. 
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Figure 17. Correlation of NAL with platelet proteins in all participants. Significant negative correlations 

with NAL are observed with A) APP 105-115kDa, B) APPr, C) BACE1 ~200kDa, D) tau ~50kDa, E) tau 

~33kDa and, G) p-tau ser202/thr205 ~200kDa. A significant positive correlation is seen with F) HMW/LMW 

tau ratio and NAL. Abbreviations: NAL, neocortical amyloid-beta load; SUVR, standardised uptake value ratio; 

APP, amyloid precursor protein; APPr, APP 105-115kDa/108-110kDa ratio; BACE1, beta-secretase; 

HMW/LMW, high molecular weight/low molecular weight; p-tau ser202/thr205, phosphorylated tau at serine 

202/threonine 205; Au, Arbitrary units.  
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Figure 18. Correlations between platelet proteins and NAL, after stratification of participants based on 

NAL status. Significant correlations were seen in the NAL- group between NAL and A) APP 105-115kDa, C) 

APPr, G) tau ~50kDa, K) HMW/LMW tau ratio and, M) p-tau ser202/thr205 ~200kDa. No significant 

correlations were observed in the NAL+ group for the platelet proteins (B, D, F, H, J, L, N). Abbreviations: 

NAL, neocortical amyloid-beta load; SUVR, standardised uptake value ratio; APP, amyloid precursor protein; 

APPr, amyloid precursor protein isoform ratio; BACE1, beta-secretase; p-tau ser202/thr205, phosphorylated 

tau at site serine 202/threonine 205; HMW/LMW, high molecular weight/low molecular weight; Au, Arbitrary 

units. 

 

 

 

 

3.6. Evaluation of platelet proteins in distinguishing between NAL- and NAL+ 
 

APP 105-115kDa, tau ~33kDa and HMW/LMW tau ratio were evaluated as potential indictors to predict 

NAL status. A ‘base model’ was generated, which included the AD risk factors age, gender and APOE 

ε4 allele status. This ‘base model’ was compared with the model comprising of the ‘base model’ + the 

inclusion of APP 105-115kDa, tau ~33kDa and HMW/LMW tau ratio (Figure 19). The area under the 

receiver operating characteristic (ROC) curve (AUC) for the ‘base + APP 105-115kDa, tau ~33kDa and 

HMW/LMW tau ratio model’ (AUC = 83.44%, accuracy = 80%, specificity = 80% at sensitivity = 80%) 

outperformed the ‘base model’ (AUC = 77%, accuracy = 73.35%, specificity = 66.7% at sensitivity = 

80%) in distinguishing NAL+ from NAL- participants.  
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Figure 19. Receiver operating characteristic curves for the prediction of NAL- vs NAL+ participants. The 

area under the ROC curve (AUC) for the ‘base + APP 105-115kDa, tau ~33kDa and HMW/LMW tau ratio 

model’ (AUC = 83.44%, accuracy = 80%, specificity = 80% at sensitivity = 80%) outperformed the ‘base 

model’ (AUC = 77%, accuracy = 73.35%, specificity = 66.7% at sensitivity = 80%) in distinguishing NAL+ 

from NAL- participants. Abbreviations: APP, amyloid precursor protein; HMW/LMW, high molecular 

weight/low molecular weight; NAL, neocortical amyloid-beta load; ROC, receiver operating characteristic.  

 

 

 

3.7. Correlations between platelet proteins and cognitive performance 
 

Cognitive performance was assessed using 1) the verbal and visual episodic memory and, 2) the working 

memory and executive function domains. Additionally, global cognitive performance comprising 

MMSE, verbal and visual episodic memory and, working memory and executive function, was assessed. 

  

3.7.1. Correlations between platelet proteins and verbal and visual episodic memory  

 

There were significant inverse correlations between tau ~80kDa (p=0.018), tau ~110kDa (p=0.027) and 

the HMW/LMW tau ratio (p=0.043) with verbal and visual episodic memory (Table 8, Figure 20). 

Following stratification of the data into NAL- and NAL+, no significant correlations were seen between 

the platelet proteins and verbal and visual episodic memory. A negative trend, however, was observed 

with tau ~80kDa (rs=-0.333, p=0.072).  
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Table 8. Correlations between platelet proteins and verbal and visual and episodic memory 

Platelet Proteins rs(p) 

ADAM10 0.084 (0.538) 

APP 105-115kDa -0.050 (0.717) 

APP 80-100kDa -0.055 (0.686) 

APPr 0.043 (0.751) 

BACE1 ~200kDa 0.135 (0.319) 

BACE1 ~160kDa -0.197 (0.146) 

BACE1 ~110kDa -0.103 (0.451) 

BACE1 ~80kDa -0.110 (0.421) 

BACE1 ~60kDa -0.092 (0.499) 

Tau ~ 200kDa -0.012 (0.925) 

Tau ~ 110kDa -0.288 *(0.027) 

Tau ~ 80kDa -0.308 *(0.018) 

Tau ~ 55kDa 0.000 (1.000) 

Tau ~ 50kDa -0.061 (0.648) 

Tau ~ 33kDa -0.159 (0.230) 

T-tau -0.123 (0.375) 

HMW/LMW tau -0.264 *(0.043) 

P-tau ser202/thr205 ~ 200kDa -0.024 (0.861) 

P-tau ser202/thr205 ~80kDa -0.179 (0.195) 

P-tau ser202/thr205 ~ 55kDa -0.086 (0.535) 

P-tau ser202/thr205 ~ 33kDa -0.119 (0.391) 

P-tau -0.121 (0.382) 

P-tau/t-tau 0.004 (0.979) 

 

Table 8 shows the correlations between platelet proteins and verbal and visual episodic memory. The 

composite z-scores of verbal and visual episodic memory were calculated from the mean of the z-scores of 

RAVLT List A, RAVLT short delay, RAVLT long delay, LM I, LMII, RCFT 3 min and RCFT 30 min. 

Significant correlations were present with tau ~110kDa, tau ~80kDa and HMW/LMW tau ratio *p<0.05. 

Abbreviations: APP, amyloid precursor protein; APPr, APP 105-115kDa/108-110kDa ratio; ADAM10, a 

Disintegrin and metalloproteinase; BACE1, beta-secretase; HMW/LMW, high molecular weight/low 

molecular weight; t-tau, sum of all tau bands; p-tau ser202/thr205, phosphorylated tau at serine 

202/threonine 205; p-tau, sum of all phosphorylated tau bands at serine202/threonine 205; p-tau/t-tau, sum 

of phosphorylated tau bands at serine 202/threonine 205/sum of all tau bands; LT, Rey Auditory Verbal 

Learning Test; LM, Logical Memory; RCFT, Rey Complex Figure Test. 
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Figure 20. Correlations between platelet proteins and verbal and visual episodic memory. The composite 

z-scores of verbal and visual episodic memory was calculated from the mean of the z-scores of RAVLT List 

A, RAVLT short delay, RAVLT long delay, LM I, LMII, RCFT 3 min and RCFT 30 min. Verbal and visual 

episodic memory inversely correlates with A) tau ~110kDa, B) tau ~80kDa and, C) HMW/LMW tau ratio. 

Abbreviations: HMW/LMW, high molecular weight/low molecular weight; RAVLT, Rey Auditory Verbal 

Learning Test; LM, Logical Memory; RCFT, Rey Complex Figure Test; Au, Arbitrary units. 

 

 

3.7.2. Correlation between platelet proteins and working memory and executive function 

 

No significant correlations were seen between platelet proteins and working memory and executive 

function in any of the study participants (Appendix B).  
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3.7.3. Correlation between platelet proteins and global cognitive performance 

 

Overall global cognitive performance was assessed from the global composite z-scores calculated from 

the mean z-scores of MMSE, verbal and visual episodic memory, and working memory and executive 

function. Only the HMW/LMW tau ratio showed a significant inverse correlation with global cognitive 

performance (p=0.047) (Table 9, Figure 21). When the data was stratified into NAL- and NAL+, the 

HMW/LMW tau ratio did not significantly correlate with global cognitive performance in either NAL- 

or NAL+.  
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Table 9. Correlations of global cognitive performance with platelet proteins 

 

Platelet Proteins rs (p) 

APP 105-115kDa 0.030 (0.817) 

APP 80-100kDa 0.027 (0.839) 

APPr 0.114 (0.387) 

ADAM10 0.116 (0.377) 

BACE1 ~200kDa 0.163 (0.212) 

BACE1 ~160kDa -0.095 (0.470) 

BACE1 ~110kDa -0.049 (0.710) 

BACE1 ~80kDa 0.033 (0.803) 

BACE1 ~60kDa 0.025 (0.852) 

Tau ~ 200kDa 0.093 (0.482) 

Tau ~ 110kDa -0.166 (0.209) 

Tau ~ 80kDa -0.191 (0.147) 

Tau ~ 55kDa 0.096 (0.470) 

Tau ~ 50kDa 0.020 (0.881) 

Tau ~ 33kDa -0.049 (0.713) 

T-tau 0.019 (0.892) 

HMW/LMW tau -0.259 *(0.047) 

P-tau ser202/thr205 ~ 200kDa 0.133 (0.337) 

P-tau ser202/thr205 ~80kDa -0.139 (0.317) 

P-tau ser202/thr205 ~ 55kDa -0.046 (0.744) 

P-tau ser202/thr205 ~ 33kDa -0.084 (0.547) 

P-tau -0.019 (0.891) 

P-tau/t-tau -0.005 (0.973) 

 

Table 9 shows the correlation of global cognitive performance with platelet proteins. Global cognitive 

performance was assessed from the global composite z-scores calculated from the mean z-scores of MMSE, 

verbal and visual episodic memory, and working memory and executive function. Only HMW/LMW tau ratio 

was significantly inversely correlated with global cognitive performance. *p<0.05. Abbreviations: APP, 

amyloid precursor protein; APPr, APP 105-115kDa/108-110kDa ratio; ADAM10, a Disintegrin and 

metalloproteinase; BACE1,beta-secretase; HMW/LMW, high molecular weight/low molecular weight; t-tau, 

sum of all tau bands; p-tau ser202/thr205, phosphorylated tau at serine 202/threonine 205; p-tau, sum of all 

phosphorylated tau bands at serine202/threonine 205; p-tau/t-tau, sum of phosphorylated tau bands at serine 

202/threonine 205/sum of all tau bands. 
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Figure 21. Correlation between HMW/LMW tau ratio and global cognitive performance. Global cognitive 

performance was assessed from the global composite z-scores calculated from the mean z-scores of MMSE, 

verbal and visual episodic memory, and working memory and executive function. HMW/LMW tau ratio 

significantly inversely correlated with global cognitive performance. Abbreviations: HMW/LMW, high 

molecular weight/low molecular weight. 

 

 

3.8. Associations of platelet proteins between SMC- and SMC+  
 

Associations are described in Table 10 and graphically presented in Figure 22. Tau ~55kDa (p=0.004), 

t-tau (p=0.018), p-tau ser202/thr205 ~200kDa (p=0.047) and p-tau (p=0.022) were significantly higher 

in the SMC+ group and, remained significant after adjusting for covariates age, gender and APOE ε4 

allele status. Trends of higher mean levels in the SMC+ group were observed for tau ~80kDa and tau 

~50kDa (p=0.053 and p=0.052 respectively). However, after adjusting for age, gender and APOE ε4 

allele status, both tau ~80kDa and tau ~50kDa displayed significantly higher mean levels in the SMC+ 

group (p=0.027 and p=0.033 respectively). P-tau ser202/thr205 ~55kDa showed a trend of higher 

mean levels in the SMC+ group (p=0.061), with this trend remaining after adjusting for the covariates 

(p=0.072).  
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Table 10. Associations of platelet proteins between SMC- and SMC+  

Platelet proteins     Total 

   (n=60) 

    SMC-  

   (n=13) 

SMC+ 

 (n=47) 

p pa 

APP 105-115kDa 0.39 ± 0.63 0.23 ± 0.15 0.43 ± 0.69 0.353 0.346 

APP 80-100kDa 2.22 ± 1.75 1.80 ± 0.93 2.33 ± 1.89 0.373 0.366 

APPr 0.17 ± 0.16 0.14 ± 0.09 0.17 ± 0.18 0.527 0.556 

ADAM10 1.56 ± 0.66 1.57 ± 0.72 1.55 ± 0.65 0.921 0.909 

BACE1 ~200kDa 2.05 ± 0.31 2.06 ± 0.31 2.05 ± 0.31 0.920 0.744 

BACE1 ~160kDa 0.56 ± 0.26 0.53 ± 0.25 0.57 ± 0.27 0.617 0.550 

BACE1 ~110kDa 0.81 ± 0.31 0.72 ± 0.16 0.83 ± 0.33 0.274 0.194 

BACE1 ~80kDa 0.73 ± 0.40 0.66 ± 0.34 0.75 ± 0.41 0.489 0.421 

BACE1 ~60kDa 0.71 ± 0.38 0.67 ± 0.35 0.72 ± 0.39 0.699 0.667 

Tau ~ 200kDa 0.91 ± 0.38 0.78 ± 0.22 0.95 ± 0.40 0.288 0.198 

Tau ~ 110kDa 0.29 ± 0.18 0.23 ± 0.05 0.31 ± 0.20 0.143 0.062 

Tau ~ 80kDa 0.50 ± 0.28 0.37 ± 0.10 0.54 ± 0.30 0.053 *0.027 

Tau ~ 55kDa 1.88 ± 0.81 1.35 ± 0.43 2.03 ± 0.84 *0.004 *0.002 

Tau ~ 50kDa 0.51 ± 0.21  0.41 ± 0.15 0.54 ± 0.22 0.052 *0.033 

Tau ~ 33kDa 0.45 ± 0.26 0.35 ± 0.15 0.48 ± 0.28 0.123 0.130 

T-tau 5.61 ± 2.15 4.27 ± 1.08 5.96 ± 2.23 *0.018 *0.012 

HMW/LMW tau 0.59 ± 0.21 0.66 ± 0.25 0.57 ± 0.19 0.158 0.181 

P-tau ser202/thr205 ~ 200kDa 1.03 ± 0.48 0.77 ± 0.35 1.10 ± 0.49 *0.047 *0.025 

P-tau ser202/thr205 ~80kDa 0.81 ± 0.43 0.64 ± 0.50 0.86 ± 0.41 0.145 0.170 

P-tau ser202/thr205 ~ 55kDa 1.01 ± 0.39 0.82 ± 0.34 1.06 ± 0.39 0.061 0.072 

P-tau ser202/thr205 ~33kDa 0.25 ± 0.15 0.19 ± 0.14 0.27 ± 0.16 0.122 0.141 

P-tau 3.10 ± 1.12 2.41 ± 1.06 3.28 ± 1.08 *0.022 *0.006 

P-tau/t-tau 0.57 ± 0.17 0.55 ± 0.16 0.58 ± 0.17 0.651 0.673 

 

Table 10 shows the comparisons of platelet proteins between SMC- and SMC+. Tau ~55kDa, t-tau, p-tau 

ser202/thr205 ~200kDa and, p-tau were significantly higher in the SMC+ group compared to the SMC- group, 

before and after adjusting for covariates age, gender and APOE ε4 allele status. Tau ~80kDa and tau ~50kDa 

were significant only after adjusting for covariates. Abbreviations: APP, amyloid precursor protein; APPr, APP 

105-115kDa/108-110kDa ratio; ADAM10, a Disintegrin and metalloproteinase; BACE1, beta-secretase; 

HMW/LMW, high molecular weight/low molecular weight; t-tau, sum of all tau bands; p-tau ser202/thr205, 

phosphorylated tau at serine 202/threonine 205; p-tau, sum of all phosphorylated tau bands at 

serine202/threonine 205; p-tau/t-tau, sum of phosphorylated tau bands at serine 202/threonine 205/sum of all 

tau bands; SMC-, non-subjective memory complainers; SMC+, subjective memory complainers. 
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Figure 22. Associations of platelet proteins between SMC+ and SMC-. Significantly higher mean 

levels in the SMC+ group were seen with A) tau ~55kDa (p=0.004) B) t-tau (p=0.018), C) p-tau 

ser202/thr205 ~200kDa (p=0.047) and D) p-tau (p=0.022). Abbreviations: t-tau, sum of all tau bands; 

p-tau ser202/thr205, phosphorylated tau at serine 202/threonine 205; p-tau; sum of all phosphorylated 

tau bands at serine 202/threonine 205; SMC-, non-subjective memory complainers; SMC+, subjective 

memory complainers; Au, Arbitrary units.  

 

 

3.9. Correlations between platelet proteins and plasma Aβ 
 

Correlations are presented in Table 11. No significant correlations were observed between platelet 

proteins and plasma Aβ40 and Aβ42. However, an inverse trend was seen between p-tau ser202/thr205 

~55kDa (p=0.065) and plasma Aβ42. P-tau ser 202/thr205 ~55kDa presented a significant inverse 

correlation with plasma Aβ42,/ Aβ40 ratio (p=0.029) (Figure 23). When the data was stratified into NAL- 

and NAL+, p-tau ser202/thr205 ~55kDa presented a non-significant inverse trend with plasma Aβ42,/ 

Aβ40 in NAL+ (rs=-0.385, p=0.069). 



55 

 

 

 

 

 

 

 

Table 11. Correlations between platelet proteins and plasma Aβ 

 
Platelet Proteins Plasma Aβ40 – rs (p) Plasma Aβ42 – rs (p) Plasma Aβ42,/Aβ40 – rs (p) 

APP 105-115kDa -0.081 (0.543) -0.035 (0.793) 0.009 (0.947) 

APP 80-100kDa -0.159 (0.232) -0.089 (0.506) -0.028(0.838) 

APPr -0.012 (0.929) 0.022 (0.869) 0.037 (0.789) 

ADAM10 -0.052 (0.696) 0.030 (0.825) 0.045 (0.744) 

BACE1 ~200kDa 0.085 (0.528) 0.006 (0.964) -0.088 (0.519) 

BACE1 ~160kDa 0.139 (0.298) 0.028 (0.835) -0.172 (0.206) 

BACE1 ~110kDa -0.170 (0.201) -0.123(0.357) 0.020 (0.882) 

BACE1 ~80kDa -0.040 (0.768) -0.089 (0.505) -0.197 (0.146) 

BACE1 ~60kDa 0.061 (0.648) 0.141 (0.292) 0.045 (0.743) 

Tau ~ 200kDa 0.100 (0.461) 0.127 (0.346) 0.049 (0.723) 

Tau ~ 110kDa 0.118 (0.383) 0.148 (0.272) -0.022 (0.873) 

Tau ~ 80kDa 0.088 (0.517) 0.096 (0.479) -0.051 (0.712) 

Tau ~ 55kDa 0.025 (0.855) -0.079 (0.557) -0.205 (0.133) 

Tau ~ 50kDa -0.008 (0.950) 0.059 (0.663) -0.014 (0.921) 

Tau ~ 33kDa -0.067 (0.623) 0.074 (0.585) 0.149 (0.277) 

T-tau -0.103 (0.469) -0.146 (0.303) -0.121 (0.403) 

HMW/LMW tau 0.094 (0.487) 0.202 (0.131) 0.129 (0.348) 

P-tau ser202/thr205 ~ 200kDa -0.114 (0.420) 0.023 (0.873) 0.143 (0.323) 

P-tau ser202/thr205 ~80kDa 0.141 (0.319) 0.110 (0.438) -0.152 (0.292) 

P-tau ser202/thr205 ~ 55kDa -0.139 (0.324) -0.258 (0.065) -0.309 *(0.029) 

P-tau ser202/thr205 ~ 33kDa 0.021 (0.882) 0.016 (0.909) 0.012 (0.934) 

P-tau -0.034 (0.809) -0.010 (0.946) -0.095 (0.512) 

P-tau/t-tau 0.120 (0.397) 0.087 (0.540) -0.014 (0.923) 

 

Table 11 shows correlations between platelet proteins and plasma Aβ. P-tau ser202/thr205 ~55kDa is 

significantly correlated with plasma Aβ42,/Aβ40. *p<0.05. Abbreviations: APP, amyloid precursor protein; APPr, 

APP 105-115kDa/108-110kDa ratio; ADAM10, a Disintegrin and metalloproteinase; BACE1, beta-secretase; 

HMW/LMW, high molecular weight/low molecular weight; t-tau, sum of all tau bands; p-tau ser202/thr205, 

phosphorylated tau at serine 202/threonine 205; p-tau, sum of all phosphorylated tau bands at 

serine202/threonine 205; p-tau/t-tau, sum of phosphorylated tau bands at serine 202/threonine 205/sum of all 

tau bands. 
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Figure 23. Correlation between p-tau ser202/thr205 ~55kDa with plasma Aβ42,/ Aβ40 ratio. A 

significant negative correlation was shown between plasma Aβ42,/Aβ40 and p-tau ser202/thr205 ~55kDa. 

Abbreviations: Aβ, amyloid-beta; p-tau ser202/thr205, phosphorylated tau at serine 202/threonine 205; Au, 

Arbitrary units. 

 

 

3.10. Correlations between platelet proteins and plasma NFL 
 

No significant correlations or trends were observed between plasma NFL and the platelet proteins 

(Appendix C).  
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Chapter 4: Discussion 

 

 

The current study aimed to investigate whether the selected platelet proteins known to be involved in 

the molecular pathology of AD, namely APP, APPr, ADAM10, BACE1, tau, t-tau, HMW/LMW tau 

ratio, p-tau ser202/thr205, p-tau and p-tau/t-tau ratio are associated with neocortical amyloid-beta load, 

cognitive performance and self-reported memory complaints, and how they compare with known 

potential plasma biomarkers such as amyloid-beta and neurofilament light chain levels. To summarise 

the most significant findings from this thesis, APP 105-115kDa and tau ~33kDa were significantly lower 

in the NAL+ group compared to the NAL- group, while HMW/LMW tau ratios were significantly higher 

in the NAL+ group compared to the NAL- group before and after adjusting for major AD risk factors 

namely age, gender and APOE ε4 allele status. Interestingly, platelet proteins APP 105-115kDa, tau 

~33kDa and HMW/LMW tau ratio, in combination with AD risk factors age, gender and APOE ε4 allele 

status, distinguished between the NAL+ and NAL- individuals with an accuracy, sensitivity and 

specificity of 80%. Further on comparing platelet proteins between memory complainers and non-

complainers, significantly higher mean levels of tau ~55kDa and p-tau ser202.thr205 ~200kDa were 

observed in the memory complainers before and after adjusting for the covariates age, gender and APOE 

ε4 allele status. Upon investigating the association between the platelet proteins and cognitive 

performance, the HMW/LMW tau ratio inversely correlated significantly with verbal and visual episodic 

memory and, overall global cognitive performance. Lastly, on investigating associations between 

platelet proteins and the extensively studied blood marker, plasma Aβ42/Aβ40 ratio, a significant inverse 

correlation with p-tau ser202/thr205 ~55kDa was observed.  

No studies to the investigator’s knowledge, has explored APP and APPr in individuals considered to be 

at high risk of AD, categorised by neocortical Aβ load. However, previous findings have shown that 

APPr (ratio of the upper APP band to the lower APP band) is decreased in MCI and AD compared to 

healthy controls, indicating that this platelet APP ratio is altered in the early stages of the disease 

(124,126,130,135,165). This difference in the ratio between groups could imply that either the upper 

APP band is decreased in MCI/AD compared to healthy controls or, the lower APP band is increased in 

MCI/AD compared to healthy controls. In the current study, the former is observed, as the APP 105-

115kDa upper band showed a significant decrease in the NAL+ group over the NAL- group, even after 

adjusting for covariates age, gender and APOE ε4 allele status. However, the significantly reduced mean 

levels of the APP 105-115kDa isoform between NAL groups, may come as a reflection of the significant 

gender differences observed. Hence, the gender disparity in this current study needs to be addressed in 

a larger cohort with a more even distribution of genders, such as the Australian Imaging, Biomarker & 

Lifestyle Study of Ageing (AIBL) cohort of over 1200 participants followed longitudinally every 18 

months over 13 years, to determine whether this promising finding is truly significant. Additionally, the 

22C11 monoclonal antibody used in the current study to detect the APP isoforms, is not specific to APP 
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alone, as it can also bind to the homologous amyloid precursor-like proteins (APLP) (166). Therefore, 

the APP isoforms detected in the present study need to be confirmed with a more specific APP antibody, 

such as the Y188 antibody (167). Furthermore, the molecular weight range of the APP 105-115kDa 

isoform differs slightly from previous literature, where reports of a higher isoform of APP ~120-130kDa 

were made (110,145). However, the pattern of APP separation in this study remains the same, such that 

there is a higher fainter band, and two lower, darker bands (110,114). Discrepancies in the APP isoform 

molecular weights observed between previous studies and the current project, may be related to the 

variation in gels, running buffer and, molecular weight ladder used for SDS-PAGE. 

Although APPr was not significantly reduced in the NAL+ group over the NAL- group, there was a 

decreased trend in the NAL+ group, which appears to follow the expected direction of lower APPr in 

MCI/AD individuals. The decrease in the mature platelet APP 105-115kDa and APPr, may be attributed 

to alterations in mature APP processing in AD. This can be supported by previous reports that have 

shown that APP trafficking is different in AD compared to controls, for which AD patients withhold 

more APP at the platelet membrane surface (125). Alternatively, long term tissue storage could have 

possibly resulted in degradation of the higher molecular weight bands. This possibility can be addressed 

using freshly obtained blood platelets.  

In contrast to the present study, Bush et al (168) detected no significant differences in platelet APPr 

with the 22C11 antibody between sporadic AD and normal controls. However, it should be 

acknowledged, that the study was published almost 30 years ago, and therefore, it is possible that not all 

patients diagnosed as AD were AD patients, given the introduction of the gold standard biomarkers of 

the disease is fairly recent (169) and clinical diagnosis per se can range from 70 to 80% accuracy at best. 

Further contradictions to the present study’s observation of reduced APP and APPr in NAL+, can be 

described in the investigations of platelet APPr in familial AD cases. For example, platelet APPr was 

studied in a cohort of PSEN1 mutation carriers who were cognitively normal at the time, but were 

expected to develop AD in 3-25 years from the time of the study (170). The authors speculated that, 

because PSEN1 mutation carriers have elevated brain Aβ years before cognitive decline (171), platelet 

APPr would be reduced. However interestingly, APPr was not significantly different between PSEN1 

groups. While the authors expected this outcome (seeing as how the results from their study were 

analogous to a previous sporadic AD study for which the degree of APP alterations was proportional to 

cognitive performance (6)), another study involving PSEN2 mutation carriers suggested that PSEN2 

mutation carriers did not have reduced platelet APPr before or after clinical AD (172). Therefore, the 

differences in platelet APPr levels between those observed in the familial studies, and the current study, 

may be attributed to the slight differences in APP processing between sporadic and familial AD cases, 

and not from alterations in APP splicing (170). In support of this theory, reverse-transcription 

polymorphism chain reaction (RT-PCR) experiments with platelet messenger RNA (mRNA) levels of 

APP,695, APP751 and APP770 showed no difference in the three APP mRNA levels between sporadic 

AD and healthy controls (126).  
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Furthermore, correlation analyses revealed that APPr was significantly inversely correlated with the 

continuous NAL variable measured as a standardised uptake value ratio. In other words, decreasing 

APPr correlated with increasing NAL. The same significance was also observed for APP 105-115kDa. 

Although this aligns with the study’s hypothesis, it should be highlighted that when the data were 

stratified by NAL groups to account for the clustering of data points observed, significance observed for 

both APP 105-115kDa and APPr were only present in the NAL- group. Plausible reasons to explain this 

may relate firstly, to the sample sizes (n=30). Secondly, the correlations observed for both APP 105-

115kDa and APPr before stratifying the data, were extremely skewed. This skewness was perhaps 

driving the significance towards the NAL- group, as the same pattern of data distribution was seen in 

the NAL- group. 

ADAM10 observed a trend of decreased mean levels in NAL+ compared to NAL- and was still prevalent 

after adjusting for age, gender and APOE ε4 allele status. Although not significant, this trend agrees 

with previous literature that states platelet ADAM10 is reduced in AD as compared to healthy controls 

(7,130,164). However, a key difference between the current study’s findings to those previously 

witnessed, lie importantly with the classification of the investigated cohort. The studies that saw 

significant ADAM10 reductions, included individuals who were more advanced from the preclinical 

stage, as opposed to the KARVIAH cohort, wherein the subjects were preclinical and did not 

demonstrate alterations in cognitive performance.  

The current study detected multiple BACE1 immunoreactive bands when analysed by western blot. The 

band at ~60kDa most likely represents the full length, immature form of BACE1 found in platelets (130). 

No reports to the investigator’s knowledge thus far, however, have described the presence of the other 

detected BACE1 bands in platelets. Yet, in a study examining the expression of BACE1 in transfected 

kidney cell lines, a BACE1 band of ~70kDa was observed (175), which may reflect the band at ~80kDa. 

BACE1 is known to contain several N-linked glycosylation sites (176), therefore, it was proposed that 

the ~70kDa band (and therefore the ~80kDa band in this study) is a N-linked glycosylated BACE1 

product. This study observed faint BACE1 immunoreactive species including the ~60kDa and ~80kDa 

bands, in comparison to a much larger, and intriguing BACE1 band of ~200kDa. No reports have 

previously described this BACE1 band in platelets. One theory to potentially explain this fascinating 

BACE1 species, postulates that the fainter, lower BACE1 proteins observed in this study may be 

aggregating to create the higher, and more intense BACE1 ~200kDa (177). BACE1 ~200kDa was seen 

to be significantly lower in NAL+ when compared to NAL-, disagreeing with the initial hypothesis, and 

the general assumption that BACE1 is elevated in sporadic AD patients of platelets and other biological 

tissue (178,179). However, because this band deviates from the expected molecular weight, it can be 

suggested that this hypothetically aggregated form may be disrupting, or inhibiting, the  secretase's 

proteolytic activity of cleaving APP towards the toxic Aβ. In support of this idea, a recent study similarly 

demonstrated a high molecular weight BACE1 band that migrated at ~200kDa in microsomes from wild 

type mouse brain (177). The ~200kDa BACE1 complex reported in that study also suggested that this 

was an aggregation of the normal, lower molecular weight BACE1 secretase. Interestingly, the study 
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also identified a much larger BACE1/γ-secretase megacomplex of ~500kDa. On comparing the 

proteolytic activity of both BACE complexes, the BACE1 ~200kDa complex showed reduced activity 

when compared to the ~500kDa megacomplex. This provides for a plausible explanation for the BACE1 

~200kDa observed in this study, where perhaps the decreased levels of this BACE1 protein in the NAL+ 

group may reflect decreased APP proteolytic activity in the NAL+ group compared to the NAL- group. 

This HMW BACE1 species may also be a BACE1 trimer that has been previously seen in living 

HEK293T cells at ~200kDa (180). However, future studies to investigate the true identity of the BACE1 

~200kDa need to be performed. This may perhaps include utilising an anti-Presenilin 1 antibody that 

specifically recognises the Presenilin complexes that constitute the γ-secretase, to clarify whether or not 

the BACE1 ~200kDa complex contains γ-secretase. Additionally, mass-spectrometry would be 

beneficial in elucidating the exact molecular weight of the BACE1 ~200kDa complex. Perhaps a more 

convincing explanation for this unusually HMW BACE1 species, rests in the polyclonal nature of the 

BACE1 antibody utilised in this study. Polyclonal antibodies offer greater sensitivity, however, tend to 

demonstrate lower specificity, as they are capable of recognising different proteins with similar epitopes 

(181). However, a previous study that used this same BACE1 antibody in their analysis of platelet 

BACE1, did not report  BACE1 protein species greater than 60kDa in MCI participants (130). Yet it 

can be argued that the representative western blot for BACE1 provided in that study was cropped, 

questioning whether they observed HMW BACE1, but did not report on it. While this may be possible, 

the non-specificity of the polyclonal BACE1 antibody can be challenged upon observing the 

immunodetection of BACE1 from the WT and APP23 mouse brain samples included in this study. Both 

mouse brain samples showed a band at ~60kDa, which most likely represents the immature precursor 

BACE1 protein, and a larger ~80kDa  band representing the mature BACE1 (182). Therefore, the 

antibody appears specific, hence leaving to contemplate the identity of the BACE1 ~200kDa species. 

However, it should be noted that upon adjusting for age, gender and APOE ε4 allele status, the 

significant difference of this BACE1 protein between the NAL groups, disappeared, most likely as a 

result of the significant effect APOE ε4 allele status had on BACE1 ~200kDa. This leads to speculate 

whether this BACE1 ~200kDa retains any biological significance in the APP processing pathway, and 

AD pathology.  

Microtubule assembly in platelets is postulated to maintain the cell’s integrity, structure and discoid 

shape (183). It is thus conceivable, that tau phosphorylation and oligomerisation can destabilise and 

disassemble the platelet microtubule’s infrastructure. In light of this, the current study investigated 

whether tau was associated with NAL. Corroborating previous studies (8,139,140) multiple tau 

immunoreactive species with differing molecular weights ranging between 33kDa and 200kDa were 

detected in all samples within the current study. Bands of particular interest included LMW tau bands 

of ~33kDa, ~50kDa, ~55kDa and ~60kDa, as well as HMW tau bands of ~80kDa, 110kDa and ~200kDa. 

Interestingly, only the lowest detected tau bands (~33kDa and ~50kDa), were significantly lower in the 

NAL+ group compared to the NAL- group. However, the ~50kDa tau species lost significance following 

adjustment for age, gender and APOE ε4 allele status. Nevertheless, while none of the HMW tau bands 
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appeared to be significantly associated with NAL, most of the HMW species demonstrated higher mean 

levels in the NAL+ group. However, the LMW platelet tau observed in this study were significantly 

reduced in the NAL+ group, leading to speculate why this may be so, given that CSF tau is considerably 

higher in AD patient’s compared to controls (184). However, it could be posited that the HMW tau 

oligomers correspond to aggregates of the LMW tau bands (139), which may explain for the decreased 

levels of the LMW tau species in the NAL+ group compared to the NAL- group, as well as the significant 

inverse correlations observed for both tau ~50kDa and ~33kDa with NAL.  

Although the HMW tau in this current study were not significantly different between NAL groups, 

previous reports of platelet tau have implied that mean levels of HMW tau were significantly higher in 

AD individuals compared to controls (8,139,140). The same pattern of significance has also been 

described in other biological tissue, such as the hippocampus and entorhinal cortex of human AD brains 

(185) and CSF (186). Similarly, LMW tau has been observed to be decreased in AD platelets (8,139,140) 

and detected in CSF of AD patients (187). Contributing to these intriguing findings, the levels of platelet 

HMW/LMW tau ratio was significantly higher in NAL+ compared to NAL-, which is in agreeance with 

the study’s initial hypothesis. This significance was still evident even after adjusting for covariates, 

suggesting that the AD risk factors age, gender and APOE ε4 allele status did not influence the observed 

finding. Similar observations of increased HMW/LMW tau ratio have also been seen in platelets 

(8,139,140), and in human AD brain tissue (185), leading to speculate the potential clinical utility of 

this ratio, and the singular tau species as preclinical AD indicators. Yet, similar to the reasoning 

hypothesised for APP and BACE1, the unexpected significant correlation of HMW/LMW tau ratio 

observed in the NAL- group when the data were stratified, may be explained by 1) the small sample 

size, or 2) the change in data distribution. However, given that tau is regarded as a longitudinal marker 

for AD progression (188–190), and brain Aβ pathology (NAL) is considered as a reliable cross-sectional 

marker to identify AD (191,192), further investigations of the correlation between NAL and the tau 

species and the HMW/LMW tau ratio, should be considered, to elucidate these platelet proteins as 

potential indicators for cognitive state.  

Alterations in memory presents one of the earliest cognitive changes in ageing, and is pathologically 

relevant with AD (193). Verbal and visual episodic memory is described as a long-term memory subset, 

where information can be stored for an infinite amount of time (194). Working memory, on the other 

hand, refers to the storage of information required to perform immediate and complex cognitive tasks 

(195). An average of both memory domains, with the addition of MMSE, creates a measure for overall 

global cognitive performance. Because neuropsychological testing is considered one of the initial 

assessments for diagnosing AD, it appeared logical to investigate whether there was an association 

between measures of cognitive performance and the platelet proteins. Tau ~80kDa, tau ~110kDa and 

the HMW/LMW tau ratio inversely correlated with verbal and visual episodic memory, while 

HMW/LMW tau ratio inversely correlated with overall global cognitive performance. These findings, 

in particular the HMW/LMW tau ratio, are in line with two previous studies wherein one study reported 

that the HMW/LMW the tau ratio in platelets was positively associated with brain atrophy (12), while 
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the other study reported that the HMW/LMW tau ratio in platelets was positively associated with disease 

severity (8). Whilst the data appear promising from these studies, and seem to agree with the current 

results, a difference exist between the studies with the techniques used to determine cognitive 

performance. While the current thesis measured cognitive severity based on the average z-scores of 

verbal and visual episodic memory and working memory and executive function, using a combination 

of the neuropsychological tests MMSE, RAVLT, LM I and II, DSST and D-KEFS, Farias et al. (8) 

evaluated the severity of cognition of the study’s participants using MMSE and the global deterioration 

scale (196). Additionally, while the current study used the AD risk factors age, gender and APOE ε4 

allele status as potential predictors of cognitive state, Farias et al  (8) used ‘years of education’. Years 

of education as an AD risk factor remains highly debated, with some literature suggesting lower 

education is associated with increased dementia risk, whilst others debated the association (as reviewed 

in (197)). Therefore, the legitimacy of the reported correlation and the predictability of platelet 

HMW/LMW tau ratio as a biomarker for AD in that study, requires further investigations.  

To the authors current knowledge, no previous studies have explored the relationship between platelet 

tau and cognitive performance as measured by verbal and visual episodic memory and, working memory 

and executive function. However, it has been extensively shown that tau accumulation in the medial 

temporal lobe of the brain strongly associates with episodic memory in cognitively unimpaired 

individuals classified with high brain amyloid-beta load (198–200). Additionally, it was reported that 

MCI and AD individuals showed a decline in working memory compared to controls (201). 

Furthermore, because tau is regarded as a longitudinal measure of neurodegeneration severity, and 

cognitive decline advances with increasing AD severity (188–190), the association between platelet tau 

and cognitive performance was expected.  

Abnormally phosphorylated tau is a main characteristic in AD development, and therefore may offer a 

comparable, if not, improved diagnostic tool for AD, compared to tau (191). Particularly, p-tau 

ser202/thr205, detected with the well characterised monoclonal AT8 antibody that is used to assign 

Braak stages based on NFT occurrences (146). Hence, the association between NAL and phosphorylated 

tau was investigated in the current study. The p-tau ser202/thr205 ~200kDa band was significantly lower 

in NAL+ compared to NAL-. However, the significance disappeared after adjusting for age, gender and 

APOE ε4 allele status, for which the significant association observed between p-tau ser202/thr205 

~200kDa and gender, was likely responsible for this disappearance. In contrast, p-tau ser202/thr205 

~80kDa, was significantly lower in NAL+ after adjusting for the same covariates. When the p-tau 

ser202/thr205 species were correlated with NAL, only the p-tau ser202/thr205 ~200kDa species was 

significantly inversely correlated, however, like with the previously mentioned platelet proteins, the 

significant relationship was observed only in the NAL- following data stratification by NAL+/- status. 

This may again be due to the discontinuity of the data when divided, the small sample size, and the 

correlation between two variables speculated to have different pathogenic mechanisms in AD. The AT8 

antibody used to detect p-tau at site ser202/thr205, has been previously reported to show an 

immunoreactive band ranging between ~50-80kDa in human brain tissue (202,203). Tau species with 
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molecular weights similar to the aforementioned were observed in the study, such as the ~55kDa and 

~80kDa. A higher, ~200kDa p-tau ser202/thr205 band detected by AT8 in this study, has similarly been 

observed in AD brains (185). No literature identified by the investigator thus far, has examined the 

presence, or potential alterations of p-tau ser202/thr205 in human platelets using western blot analysis. 

One study however, examined p-tau ser202/thr205 in platelets of AD patients compared to normal 

controls using ELISA (11). In contrast to the current study, p-tau ser202/thr205 was found to have 

similar levels in both the AD and control participants. Such differences in study outcomes may be related 

to the type of protein assay used. Results obtained by ELISA are a signal that reflects the sum of all 

protein species detected by a single antibody and is therefore unable to identity the molecular weights 

of each protein detected. In contrast, western blots have the advantage of providing a visual 

representation of the proteins of interest and can therefore more confidently identify which proteins may 

be of relevance to the project’s aims.  

While p-tau ser202/thr205 is used to assign Braak stages based on NFT occurrences (146), it has been 

postulated that this phosphorylated tau may not be a reliable marker for early AD classification. This 

hypothesis can be supported by a previous study that showed p-tau ser202/thr205 was only significantly 

increased in the Braak stages V/VI (203), insinuating that p-tau ser202/thr205 may be elevated in the 

more severe stages of the disease, and therefore may be more suitable as a late-stage AD biomarker. 

Phosphorylated tau at serine 181 (p-tau181) contrastingly, has been shown to be significantly higher in 

the CSF of cognitively normal Aβ positive participants compared to cognitively normal Aβ negative 

individuals (204). Therefore, it may be assumed that decreased levels of p-tau ser202/thr205 could not 

be observed in the current study, due to the cognitively normal state of the participants. However, 

alterations of p-tau ser202/thr205 could potentially be observed in the later stages of the disease for this 

cohort. Therefore, it would be worthwhile to explore the levels of p-tau181 in the current study’s cohort 

to examine whether this phosphorylated tau is increased in the cognitively normal NAL+ group 

compared to the cognitively normal NAL- group. Additionally, it would be beneficial to explore the 

levels of p-tau ser202/thr205 in the current study’s cohort longitudinally, to observe whether p-tau 

ser202/thr205 alters with declining cognition.  

P-tau ser202/thr205 ~55kDa inversely correlated with plasma Aβ42/Aβ40 ratio. Although the correlation 

was modest (rs =-0.309), the significance is questionable, as this p-tau immunoreactive species was not 

significantly associated with NAL, cognitive performance, or any other variable investigated. Therefore, 

it is possible that this observation may be a false positive due to multiple statistical tests or, may have 

arisen from the smaller sample size and methodological technicalities of plasma Aβ quantification. 

However, it has been previously reported that high CSF p-tau and low plasma Aβ were observed in MCI 

subjects (205), while another study found that lower plasma Aβ42/Aβ40 ratio were associated with 

elevated tau deposition in the bilateral frontal lobe (206). Although none of these previous findings were 

observed in platelets, let alone involved the ser202/thr205 phosphorylated tau, it provides some degree 

of support for the present finding. On another note, the significance of this inverse correlation with 

plasma Aβ42/Aβ40 ratio, may be attributed to the more ultrasensitive single molecule array (SIMOA) 
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assay used to measure plasma Aβ42/ Aβ40 (207). The findings for this currently remain speculative, and 

further studies are required to understand why p-tau ser202/thr205 ~55kDa and plasma Aβ42/ Aβ40 

correlate, or why a false positive was potentially observed.  

Subjective memory complaint represents concerns reported by study participants, patients or their 

informants believing their cognitive functions have declined, and such worries are more common 

amongst the elderly (208). As the KARVIAH study participants assessed in this study comprised of 

older age individuals with 22% SMCs, the current study compared platelet proteins between SMC- and 

SMC+. It was observed that tau ~55kDa, t-tau, p-tau ser202/thr205 ~200kDa and p-tau were 

significantly higher in the SMC+ compared to the SMC- before and after adjusting for covariates, 

implying the significance observed was independent of the AD risk factors. No studies known to the 

investigator have explored the direct relationship between SMC and platelet tau and p-tau 

ser202//thr205. However, various studies have demonstrated that SMC are potentially capable of 

predicting cognitive decline in the elderly considered to be cognitively normal (209,210). Additionally, 

a number of longitudinal studies have suggested that SMC is a symptom of pre-MCI, and may be a 

useful indicator for predicting dementia onset (209,211,212).  

However, while the current study observed significant associations between SMC with the platelet 

proteins, it should be noted that the use of SMC as a variable possesses two main limitations. The first 

limitation is that a self-reported assessment (MAC-Q) was used to classify individuals as SMCs and was 

therefore subject to information bias. Secondly, the number of SMC+ (n=47) in this study greatly 

outnumbered those as SMC- (n=13). Therefore, the significance observed may have been 

unintentionally skewed towards the SMC+. Nevertheless, considering tau, t-tau and p-tau are thought 

of as longitudinal markers that reflect disease severity, it can be suggested that inverse correlations 

between SMC and t-tau and p-tau may provide an indication of AD onset in individuals at risk of AD, 

and as a way to monitor cognitive decline. However, future studies of a longitudinal design will be 

required to provide a further understanding of the relationship between SMC and platelet proteins as a 

measure for cognitive decline.  

Taken together, the platelet proteins found to be most significantly associated with NAL (APP 105-

115kDa, tau ~33kDa and HMW/LMW tau ratio), showed a higher accuracy, specificity and sensitivity 

when combined with a base model comprising of the AD risk factors age, gender and APOE ε4 allele 

status (80%), compared to the base model alone (73.35%). The findings suggest that the combination of 

these selected proteins with AD risk factors may provide diagnostic potential for distinguishing NAL+ 

individuals from NAL- individuals. Although not including tau, a previous study interpreted the 

diagnostic potential of APPr  in distinguishing MCI and AD (213). The authors concluded that APPr 

may potentiate as a surrogate marker for AD progression, however, acknowledged that the diagnostic 

accuracy (74%) was relatively low, and therefore required further investigations in larger cohorts. 

However, while the current study reported greater specificity and sensitivity than that of study 

previously mentioned, it should be noted that the study design was a longitudinal one, whereas the 
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current study was cross-sectional. Therefore, this difference in experimental design may have influenced 

the levels of proteins observed, therefore, affecting its overall diagnostic potential.  

This study may be limited firstly, in the modest sample size used (NAL+, n=30 and NAL-, n=30). Yet, 

given the scope of this study with respect to time limitations, the numbers were sufficient to generate 

pilot data. However, it is acknowledged that a larger sample size would provide more robust findings 

and would perhaps be able to distinguish any potential false positives observed in this study. 

Additionally, the current study did not adjust for multiple comparisons in the analyses and determined 

statistical significance on a less stringent p value of 0.05, rather than a more constricted p value of 0.001. 

However, due to the study’s small sample size, such considerations were not feasible, and as such, future 

studies with larger cohorts should address these factors.  

Another possible limitation in the current study’s design may rest in the fact that the samples analysed 

were selected from the extremities of both NAL- and NAL+ groups. Although this was done to ensure 

that the maximum amount of significance was observed, it may have unintentionally skewed the data. 

In doing so, potential data points that could have provided greater significance to the observed findings, 

were left out. However, all the participants screened in this study have an MMSE ≥26 , therefore, the 

range of cognitive differences was highly restricted, leading to emphasise the fact that the significance 

between cognition and platelet proteins, may still hold importance. Knowingly, future studies should 

include larger cohorts with more equal numbers of NAL- and NAL+ individuals.  

It is also recognised that this study was of cross-sectional design, which restricted investigations of 

platelet proteins to a single time-point only in individuals determined to be at high risk of AD (i.e. 

NAL+), or low risk (NAL-). A longitudinal exploration of the platelet proteins for the study participants, 

and especially cognitive performance over time, will be more informative. 

In relation to the methodology of the study, western immunoblotting is an established technique for the 

detection and semi-quantification of proteins. Its strength lies in its ability to specifically detect a single 

analyte from a complex mass of proteins, and is routinely implemented in all laboratories due to its 

technical simplicity and inexpensiveness (214). However, it should be acknowledged that the feasibility 

of performing a western blot in a clinical setting, is not ideal, with the process taking 1-2 days to 

complete. Additionally, western blot has low throughput, due to the limited number of samples loaded 

per gel. This therefore is undesirable for large-scale sample screening. Furthermore, the technique is 

subject to potential false positives and quantification errors, but this limitation can be overcome with 

the inclusion of appropriate standards. Taking these limitations into account, many of the multiple 

immunoreactive tau and p-tau ser202/thr205 species observed in this current study, may be a result of 

unspecific antibody binding. Particularly, the AT8 antibody, known to recognise the ser202/thr205 site 

of p-tau, was found by one study to have a similar phosphorylation profile with other p-tau sites, such 

as p-tau threonine 231, p-tau serine 199, p-tau tyrosine 18 and p-tau serine 422 (203). This suggests that 

antibody cross-reactivity may have occurred, as the p-tau sites described are in close proximity to one 

another (203). One solution to assess specificity would be to absorb out immunoreactivity with a specific 
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peptide to which the antibody was raised against. However, the WT and APP23 mouse brain positive 

controls, only demonstrated one dark band at ~55kDa, leading to speculate whether the p-tau 

ser202/thr205 signals observed in the platelets, demonstrate AD biological relevance.  

With regards to tau, the antibody used was the same in previous tau AD platelet papers (8,139,140). 

However, transcriptomic studies on normal human platelets reported no evidence of tau in the platelet 

proteome (215,216) leading to suspect that perhaps the immunoreactive tau bands observed are not tau, 

and might represent artefacts. Yet, an independent group who investigated the presence and levels of 

age-related proteins in platelets from healthy human subjects, detected the presence of tau (217). It 

should also be noted, that the identification of tau in platelets from the abovementioned studies (not 

including the transcriptomic studies), together with the current study, used western blot measurement 

method. It is therefore imperative that other methods of quantification be implemented to validate the 

identities of the tau immunoreactive species, before studying further platelet tau as a potential biomarker 

for individuals at potential risk of AD. Techniques such as mass spectrometry or SIMOA, may provide 

a more sensitive and specific means of identification, however, the clinical practicality of western 

blotting and mass spectrometry will not be ideal, if it is to be implemented as a population wide screening 

method for detection of tau and the other platelet proteins. Therefore, more sensitive assays for the 

specific antigens of interest in platelets using the SIMOA platform may need to be developed.    

 

 

Conclusion 

 

The increasing population of elderly individuals has markedly increased the worldwide prevalence of 

AD cases. Despite this, there is yet no strong peripheral biomarker capable of definitively diagnosing 

AD ante-mortem that is inexpensive, non-invasive, reliable and readily available for population wide-

screening. The findings from this thesis presents several platelet proteins that appear as potentially 

promising biological indicators for diagnosing preclinical AD categorised by cognitively normal high 

risk NAL+ individuals. In addition to its diagnostic potential, it can be envisioned that the platelet 

proteins may provide clinical relevance in monitoring therapeutic interventions and lifestyle habits. 

However, it must be recognised that future studies using mass spectrometry, need to be performed to 

validate the tau immunoreactive species identified in the current project. Additionally, further 

clarifications of the platelet proteins and its involvement with cognitive severity, need to be explored in 

larger sample sizes of longitudinal designs. Nevertheless, the current study has undoubtedly expanded 

the existing knowledge on platelet protein-related alterations in individuals at potential risk of AD, and 

has additionally provided further insights into the pathophysiological mechanisms contributing to the 

progression of AD. 
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Appendix 

 

 

Appendix A. Correlations of platelet proteins with age 

Platelet proteins rs (p) 

APP 105-115kDa 0.005 (0.971) 

APP 80-100kDa 0.042 (0.747) 

Total APP 0.020 (0.878) 

APPr -0.097 (0.463) 

ADAM10 -0.018 (0.894) 

BACE1 ~200kDa -0.083 (0.528) 

BACE1 ~160kDa -0.052 (0.693) 

BACE1 ~110kDa -0.020 (0.881) 

BACE1 ~80kDa 0.067 (0.609) 

BACE1 ~60kDa -0.003 (0.985) 

Tau ~ 200kDa 0.013 (0.920) 

Tau ~ 110kDa 0.096 (0.468) 

Tau ~ 80kDa 0.177 (0.180) 

Tau ~ 55kDa 0.151 (0.252) 

Tau ~ 50kDa 0.037 (0.780) 

Tau ~ 33kDa -0.132 (0.321) 

T-tau 0.045 (0.746) 

HMW/LMW tau 0.085 (0.524) 

P-tau ser202/thr205 ~ 200kDa -0.100 (0.473) 

P-tau ser202/thr205 ~80kDa 0.036 (0.798) 

P-tau ser202/thr205 ~ 55kDa 0.206 (0.136) 

P-tau ser202/thr205 ~33kDa 0.062 (0.658) 

P-tau 0.055 (0.692) 

P-tau/t-tau -0.008 (0.952) 

 

Appendix A shows the correlation of age with platelet proteins. No significant associations were seen with 

the age and the platelet proteins. Abbreviations: NAL, neocortical beta-amyloid load; APP, Amyloid precursor 

protein; APPr, amyloid precursor protein ratio; ADAM10, a Disintegrin and metalloproteinase; BACE1, beta-

secretase. HMW/LMW, high molecular weight/low molecular weight; t-tau, sum of all tau bands; p-tau 

ser202/thr205, phosphorylated tau at serine202/threonine205; p-tau, sum of all phosphorylated tau bands at 

serine202/threonine 205; p-tau/t-tau, sum of all phosphorylated tau bands at serine 202/threonine 205/sum of 

all tau bands. 
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Appendix B. Correlations of platelet proteins with the composite z-scores of working memory and 

executive function 

Platelet Proteins rs (p) 

APP 105-115kDa 0.055 (0.686) 

APP 80-100kDa 0.064 (0.641) 

APPr 0.075 (0.581) 

ADAM10 0.041 (0.762) 

BACE1 ~200kDa 0.141 (0.301) 

BACE1 ~160kDa 0.038 (0,780) 

BACE1 ~110kDa -0.069 (0.612) 

BACE1 ~80kDa 0.049 (0.717) 

BACE1 ~60kDa 0.040 (0.768) 

Tau ~ 200kDa 0.012 (0.930) 

Tau ~ 110kDa -0.124 (0.349) 

Tau ~ 80kDa -0.107 (0.421) 

Tau ~ 55kDa -0.007 (0.959) 

Tau ~ 50kDa -0.010 (0.939) 

Tau ~ 33kDa 0.022 (0.870) 

T-tau 0.013 (0.928) 

HMW/LMW tau -0.117 (0.379) 

P-tau ser202/thr205 ~ 200kDa 0.208 (0.131) 

P-tau ser202/thr205 ~80kDa -0.007 (0.958) 

P-tau ser202/thr205 ~ 55kDa -0.105 (0.449) 

P-tau ser202/thr205 ~ 33kDa -0.048 (0.733) 

P-tau 0.065 (0.641) 

P-tau/t-tau 0.108 (0.435) 
 

Appendix B shows the correlations between platelet proteins and a composite score for working memory 

and executive function. No significant correlations were seen  the composite z-scores of working memory and 

executive function with the platelet proteins. The composite z-scores for working memory and executive 

function were calculated from the summation of z-scores of Digit span backward, DSST, and D-KEFS Category 

Fluency and Switching Tasks. Abbreviations: APP, amyloid precursor protein; APPr, APP 105-115kDa/108-

110kDa ratio; ADAM10, a Disintegrin and metalloproteinase;BACE1, beta-secretase; HMW/LMW, high 

molecular weight/low molecular weight;  t-tau, sum of all tau bands; p-tau ser202/thr205, phosphorylated tau 

at site serine 202/threonine 205;  p-tau, sum of all phosphorylated tau bands at serine202/threonine 205; p-tau/t-

tau, sum of all phosphorylated tau bands at serine 202/threonine 205/sum of all tau bands; DSST, Digit Symbol 

Substitution Test; D-KEFS, Delis-Kaplan Executive Function System. 
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Appendix C: Correlations of  plasma NFL with platelet proteins 

 

Platelet Proteins rs (p) 

APP 105-115kDa -0.184 (0.159) 

APP 80-100kDa -0.156 (0.234) 

APPr -0.155 ( 0.237) 

ADAM10 -0.213 (0.103) 

BACE1 ~200kDa -0.013 (0.920) 

BACE1 ~160kDa -0.089 (0.497) 

BACE1 ~110kDa -0.187 (0.152) 

BACE1 ~80kDa -0.083 (0.529) 

BACE1 ~60kDa -0.118 (0.370) 

Tau ~ 200kDa 0.062 (0.640) 

Tau ~ 110kDa 0.190 (0.148) 

Tau ~ 80kDa 0.160 (0.227) 

Tau ~ 55kDa 0.104 (0.433) 

Tau ~ 50kDa 0.137 (0.301) 

Tau ~ 33kDa -0.061 (0.648) 

T-tau 0.017 (0.901) 

HMW/LMW tau 0.122 (0.359) 

P-tau ser202/thr205 ~ 200kDa -0.069 (0.619) 

P-tau ser202/thr205 ~80kDa 0.199 (0.148) 

P-tau ser202/thr205 ~ 55kDa 0.208 (0.131) 

P-tau ser202/thr205 ~ 33kDa 0.204 (0.126) 

P-tau 0.189 (0.171) 

P-tau/t-tau 0.181 (0.191) 

 

Appendix C shows the correlations of  plasma NFL with the platelet proteins. No significant 

correlations or trends were observed. Abbreviations: APP, amyloid precursor protein; APPr, APP 105-

115kDa/108-110kDa ratio; ADAM10, a Disintegrin and metalloproteinase; BACE1,beta-secretase; 

HMW/LMW, high molecular weight/low molecular weight;  t-tau, sum of all tau bands; p-tau ser202/thr205, 

phosphorylated tau at site serine 202/threonine 205; p-tau, sum of all phosphorylated tau bands at 

serine202/threonine 205; p-tau/t-tau, sum of all phosphorylated tau bands at serine 202/threonine 205/sum 

of all tau bands; NFL, neurofilament light chain. 
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