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Core biomarkers amyloid beta (Aβ) and Tau have been considered as key neuropathological hallmarks of Alzheimer's

disease. However, they did not sufficiently reflect clinical severity and therapeutic response, proving the difficulty of the

Aβ- and Tau-targeting therapies in clinical trials. Along with these core biomarkers, non-Amyloidbeta-Tau

pathophysiological biomarkers (Neurodegeneration-related biomarkers, biomarkers for neuroinflammation and

phagocytosis of an innate immune system, lipid metabolism biomarkers) could serve as advanced reporters for early

diagnosing AD, predicting AD progression, and monitoring the treatment response.
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1. Introduction

Alzheimer’s disease (AD) is characterized as a progressive neurodegenerative disorder that causes memory deficits and

cognitive impairment. Pathologically, AD is associated with the formation of senile plaques and neurofibrillary tangles in

the brain by the accumulations of aggregated amyloid-β (Aβ) and Tau proteins, which are considered as central hallmarks

in AD .

2. Importance of Non-Aβ-Tau Biomarkers in Monitoring Alzheimer’s
Disease

Currently, AD diagnoses are having to face enormous challenges in which the clinical symptoms occur decades after

accumulating neuropathological modifications . It is well known that extracellular Aβ deposition and the intracellular

hyperphosphorylation of Tau proteins are general considerations for AD’s diagnostic biomarkers and various hypotheses

have been put forth to shed light on the pathogenesis from multi-omics studies . Aβ monomers generally consist of 36–

43 amino acids; however, the Aβ42/40 ratios in CSF, usually measured by immunoassays or Aβ positron emission

tomography (PET) imaging are most broadly evaluated that reflect Aβ aggregation and subsequent senile plaques

formation . In parallel with amyloidosis, Tau, a microtubule-binding protein phosphorylated and accumulated into

neurofibrillary tangles (NFT), is reflected as a second biomarker for AD . In terms of AD prediction, total Tau (T-tau), as

well as Tau phosphorylated at threonine 181 (P-tau), are the core CSF predictors . In normal physiological conditions, Aβ

functions to regulate learning and memory, neurogenesis, angiogenesis and repair leaks in the blood–brain barrier (BBB),

etc., while Tau protein also holds several nerve-related essential roles such as myelination, axonal transport, neuronal

excitability, microtubule dynamics, so on . Nevertheless, various in vitro studies revealed that upon the challenge of

synthetic Aβ42, the observable results in the human induced pluripotent stem cell iPSC-derived neuron demonstrated

several neuronal deficits such as neuronal death, ER stress or synaptotoxicity . Furthermore, the high Aβ42/40 ratio can

robustly induce Tau hyperphosphorylation and perhaps neurodegeneration . In turn, Mclnnes’s group indicated that the

interaction between Tau and synaptogyrin-3 lessened synaptic neurotransmitter release, as well as attenuated protein

translation and nuclear transcription, consequently associated with neuronal dysfunction and cognitive decline . From

these reasons, Aβ and Tau species are the main targets of numerous studies to develop biosensors that allow the

detection in both invasive samples such as CSF, plasma  and non-invasive samples such as saliva and

urine .

Based on conventional understanding about AD pathology, numerous laboratory studies and clinical trials made intensive

attempts to disrupt the refractory of AD via Aβ and Tau targeting . Many studies are under different phases of evaluation;

unfortunately, almost completed ones have been comprehensively futile because of facing primary cognitive outcomes,

especially in phase III trial . To further investigate an efficacious therapeutic target, remaining pathological alterations

in the brain were considered, including inflammation, neurodegeneration, lipid metabolism, synaptic dysfunction, protein
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clearance, and mitochondrial dysfunction . These modifications directly regulate preclinical AD toward

persistent and multifaceted AD dementia . Therefore, molecules associated with the multifaceted nature of AD

pathophysiological progression have been considered as novel biomarkers in AD (Figure 1).

Figure 1. Pathophysiological processes including Amyloid beta, Tau and candidate non-Aβ-Tau biomarkers for

Alzheimer’s disease.

Neurodegeneration-related biomarkers: New promising candidates for AD diagnosis. Neurodegeneration is not only

inevitable but also exacerbated in AD progression , as various neuronal and synaptic-related proteins which are most

associated with brain development have been suggested to be involved in the first step of AD progression, and their

function precedes neuronal loss, thus allowing them to be considered as CSF biomarkers for AD. Typically, visinin-like

protein 1 (VLP-1) can seep out from dented neurons and act as a vital calcium sensor protein. VLP-1 was shown to be

significantly increased in AD, suggesting it as a useful biomarker that correlates with the degree of dementia. Currently,

combined analyses of Aβ, P-tau, and VLP-1 have been performed and were reported to increase the accuracy of AD

diagnosis . Furthermore, growth-associated protein, which is another synaptic protein involved in the regulation of

axonal outgrowth, synaptic plasticity, and learning and memory functions, was found to be present at higher levels in

CSF . Particularly, neurofilament light (NfL) polypeptide, an axonal cytoskeleton composition, is leaked from axonal

injury into brain interstitial fluid, then tracked into CSF and blood . Previous studies reported that NfL concentration is

elevated approximately 16 years before the judgment of disease onset. Measuring the NfL level can be taken place in

CSF and blood samples for hypometabolism and neurodegeneration, especially with changing cognitive scores. For these

reasons, NfL elevated rates express as a great feature for the cost-effective and non-invasive diagnostic measurement of

a broad range of neurodegeneration diseases, as well as clinical progression in pre-symptomatic of AD .

Neuroinflammation and phagocytosis of an innate immune system: Potential therapeutic targets. The propagation

of phagocytosis and the inflammatory process, which are involved in the initiation and exacerbation of AD, are among the

most attractive events for AD physiological behavior identification . Indeed, microglia—brain resident macrophages—

are responsible for microenvironmental surveillance, the clearance of debris and pathogens, and sustaining the secretion

of proinflammatory mediators . Additionally, conclusive evidence demonstrated that inflamed molecules, such as those

in iNOS production, tend to speed up Αβ aggregation and senile plaques formation, ultimately leading to a precarious

vicious cycle . Of note, a triggering receptor expressed on myeloid cells 2 (TREM2), which is highly expressed in

microglia, modulates plaque-surrounding microglial activities including survival, proliferation, cytokine release as well as

biosynthetic metabolism . Nevertheless, compelling evidence has revealed that the levels of the ectodomain of TREM2,

which was proteolytic cleaved and liberated to generate extracellular soluble TREM2 (sTREM2), were elevated in the CSF

in AD stage-dependent milieu . sTREM2 not only recapitulated full-length TREM2-like functions but also contributes

to recruiting microglia to the plaques. Significantly, Ewers group’s outcomes denoted that higher CSF sTREM2 levels are

responsible for less cognitive decline in hippocampal volume . Accordingly, higher CSF sTREM2 concentration may

act as a biomarker representing the amelioration of pathological progression at the AD’s symptomatic stage . Besides

microglia, another star-shaped glial cell—astrocytes—also play essential roles in Aβ phagocytosis and degradation,

strengthening trophic nerves as well as generating a safety barrier between Aβ accumulation and neurons. However, a

result reported that upon the chronic stress, astrocytes overexpress β-secretase (BACE1), which induce Aβ

overproduction . β2-microglobulin, intercellular adhesion molecule 1 (ICAM1), progranulin and chitinase-3-like protein 1

(CHI3L1/YKL-40) also participate in neuroinflammation, thus, affecting AD pathology . YKL-40 was expressed in

activated astrocytes and microglia  whose level is associated with an enhanced early AD continuum and exacerbated

neuroinflammation; thus, it exerts the features of a promising biomarker for AD . Furthermore, molecules related to the
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uptake and degradation of unfolded Aβ and hyperphosphorylated Tau, have received much more interest as potential

biomarkers. Typically, transthyretin (TTR) or clusterin, are those that are elevated in CSF, and act as a molecular

chaperon that can directly bind to the Aβ molecule to prevent Aβ accumulation and the resultant attenuated Aβ-associated

cellular toxicity . Hence, these factors perform protective activities against the excessive Aβ load, thereby serving as a

potential candidate for stage and state AD diagnosis.

Lipid metabolism biomarkers. Lipid metabolites are highly associated with AD progression; thus, they have been

investigated as promising disease biomarkers . The first biomarker that markedly increases the risk for developing AD is

ApoE, the molecule that is involved in the normal catabolism of triglyceride-rich lipoproteins and exhibits immunoreactivity

in Aβ deposits and NFTs. ApoE is a glycoprotein that is highly expressed in the brain. This glycoprotein contains 299

amino acids and is classified into three common isoforms in humans that differ in their structures . ApoE regulates

the isoform-dependent removal of Aβ, via Aβ lipoprotein complexes endocytosis, by influencing proteolytic degradation of

Aβ and facilitating its transport across BBB . In addition, ApoE has been shown to influence microglial activation states

and cellular responses in a TREM2-dependent way; especially ApoE-knockdown in mice blocks microglial phagocytic

function to Aβ . Numerous studies imply that ApoE4 harmfully accelerates Aβ aggregation by interacting with Aβ to

promote Aβ aggregation and to stabilize Aβ oligomers. On the other hand, other pieces of evidence showed that ApoE2

exerts a protective function in AD . Therefore, the quantification of isoform-dependent ApoE levels is promising as a

CSF diagnostic biomarker.
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