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Alzheimer’s disease (AD) is a devastating neurodegenerative disorder characterized by progressive cognitive
decline and memory loss. Early and accurate diagnosis of AD is crucial for implementing timely interventions and
developing effective therapeutic strategies. Proteome-based biomarkers have emerged as promising tools for AD

diagnosis and prognosis due to their ability to reflect disease-specific molecular alterations.

Alzheimer’s disease biomarkers proteomics microarray bioinformatics

| 1. Amyloid-Beta (AB) Peptides and Tau Protein

Current disease models show that Amyloid-beta in either non-fibrillary, soluble, oligomer, or plague form initiates
tau misfolding and assembly through a pathophysiological cascade that helps in its spread throughout the cortex,
causing neuronal system failure, neurodegeneration, and cognitive decline [Ll. The amyloid precursor protein (APP)
and Presenilin mutations cause the accumulation of pathological amyloid- protein (AB) species in the brain
resulting in early-onset Alzheimer’s disease (AD) pathogenesis 2. Normally, the beta and gamma-secretase
enzymes generate soluble amyloid-beta fragments by cleaving the Amyloid-Precursor (APP) protein. However, a
mutated condition in the APP gene forms insoluble AR fragments that eventually convert into clumps. These toxic
AB species manipulate the normal tau phosphorylation regulating the function of protein kinases and
phosphatases, inducing tau misfolding, and tangle formation . AR pathogenicity requires tau toxicity as the tau
mediates synaptic dysfunctioning and neuronal cell death, thereby enhancing memory deterioration and cognitive
impairment in AD [, It is hypothesized that amyloid beta generation is initiated during the early stages of
Alzheimer’s disease, and eventually uprises forming plaque deposits that progressively increase in size and
downregulate glutamatergic transmission and damage the associated synapses . A network dysfunction is
generated at the site, close to deteriorated synapses where the microglial cells exhibit a response to remove the
damaged synapses and prevent further damage. However, as the amyloid- plaque deposition spreads across
multiple regions in the brain, the synaptic damage becomes more prominent and spreads, causing tau
hyperphosphorylation, tau dissociation from microtubules, and the tau entangle formation, which promotes axon
loss and neurodegeneration [¢. These changes in normal brain activity and functioning link with memory loss,
cognitive impairments, and brain connectivity dysregulation in a stage-dependent manner, suggesting they may be
useful for tracking disease progression. Yan Li et al., 2022, established the discovery of probable amyloid-beta

plaques from the CSFAB,,40 ratio, suggesting their potential as a biomarker for AD detection . Hansson et al.,
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2019, also focused on determining the effect of pre-analytical handling of biomarkers of AD and the quantity
retrieved (8. Similarly, Lih-Fen Lue et al., 2017, emphasized finding these Amyloid-beta and tau proteins in the
blood. However, in clinical practice, CSF biomarker analysis involves sampling from patients with atypical or mixed
presentation of dementia, making the diagnosis complex, thereby highlighting the importance of AD discrimination

from other neurodegenerative processes 2.

| 2. Apolipoprotein E (APOE)

Apolipoprotein or ApoE, a 34 kDa glycoprotein with a 299 amino acid long polypeptide chain is a blood—brain
barrier (BBB) impermeable protein, present in significant amounts in the central nervous system due to expression
of astrocytes, microglia, vascular mural cells, choroid plexus cells 29, In the CNS, ApoE plays a prominent role in
axonal growth and synapse formation, which are crucial for learning, memory generation, and neuronal repair by
delivering cholesterol to nerve cells. It is associated with the low-density lipoprotein receptor (LDLR), and LDLR-
related protein 1 (LRP1) so as to maintain lipid homeostasis via lipid transport from one tissue or cell type to
another 2, Three varied APOE alleles exist in the human body, namely: the €2 (APOE2), €3 (APOE3), and ¢4
(APOE4). They are distinctive from each other by the varying cysteine and arginine amino acids at the positions
112 and 158 (apoE2: Cys112/Cys158; apoE3: Cysl112/Argl58; apoE4: Argl12/Argl58) and they contrastingly
regulate the cholesterol levels for y-secretase activity and Ap production 22, Genome-wide association studies
deduced €4 allele polymorphism of APOE as a significant genetic risk factor that deposits with AR in amyloid
plaques causing late-onset AD 22l The apoE4 hinders the LRP1 (low-density lipoprotein receptor-related protein 1)
receptor-mediated AP clearance as it weakly associates with AR causing hindrance in the uptake of APR/ApoE
complexes in neurons 4. In a normalized state, neuronal apoE4 promotes tau phosphorylation and cell death by
modulating microglial activation, however, impaired apoE4 dysregulates homeostatic microglial functioning playing
a role in amyloid plaque degradation due to its reduced affinity to TREM2 (triggering receptor expressed on
myeloid cells 2) receptors expressed by microglial cells 13, Recent research demonstrated that ApoE4,
independent of AB, elicits an inflammatory pathway causing neurovascular dysfunction, including blood—brain
barrier collapse, leakage of blood-derived toxic proteins into the brain, and shortened small vessel length 18, Thus,
obtaining APOE genotype status has been commended as a necessity for AD therapy as it is a determining factor
of AD risk exerting influence on multiple disease pathways 7. Ying et al., 2021 focus on the elevated CSF ApoE
association with longitudinal changes in AD biomarkers including Amyloid-beta and others 18 Other work by
Matthew Paul et al., 2022, focused on finding the imbalance between the different glycoforms of ApoE monomers
in AD that cause hindrance with its biological function, contributing to the progression of the disease 2. However,
the presence of a lower amount of APOE4 in CSF, along with a limited sample volume of CSF, lowers the
sensitivity of APOE4 detection assays. Thus, for future inventory purposes and drug development for AD, studies
need to explore the therapeutic tools for analyzing and modifying certain parameters of ApoE, such as its structure

and homeostasis maintaining property, thereby producing changes in pathological AD progression.

| 3. Clusterin (CLU) and Other Chaperone Proteins
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Alzheimer’s disease (AD) is a persistent and distressing neurological condition affecting older-age populations
more frequently. Some proteins, such as clusterin (CLU) or apolipoprotein J (APQJ), have been found to be
associated with dementia, neurological inflammation, and oxidative stress during such AD conditions (291, Clusterin,
encoded by the CLU gene located on the p21-p12 locus on chromosome 8 of humans, is an omnipresent and
obstinately produced protein renowned as a molecular chaperone expressed by a variety of tissues and body fluids
(21 1t is the third-most important genetic risk element for late-onset AD, with a number of variants. The interaction
and binding properties of clusterin with AR appear to influence aggregation and enhance AR clearance, hinting
toward the neuroprotective effect [22l. Clusterin inhibits aggregation and helps LRP2 (megalin) in removing AB. Tau
pathology spreads from cell to cell in a manner similar to prion disease that also may be regulated by extracellular
chaperones like Clusterin 231, Using CLU-deficient animals as models of amyloidosis, the relationship between
CLU and AP may be discovered in vivo 24, In contrast to controls, people with Alzheimer’s disease (AD) have
higher levels of the mRNA, or messenger ribonucleic acid, of CLU in various parts of the cerebral tissue (brain),
according to a study. Further, higher amounts of CLU proteins were also observed in both the hippocampus and
frontal cortical regions of post-mortem AD brains [22]. A study using SH-SY5Y cells exposed to AD patients’ CSF
shows the cytoprotective ability of Clusterin alone, and also in combination with extracellular chaperones it
preserved and protected the cells from damage [28. Under physiological circumstances, CLU reduces aggregates
and mediates AP clearance. The co-culture studies on rat hippocampus astrocytes and neurons revealed that
Clusterin incubation reduces AB-induced astrocytic calcium intake, resulting in diminished ROS formation and
caspase 3 activations 4. A more recent experiment using APP/PS1-mutated mice revealed that Clusterin
knockout increases amyloid angiopathy while reducing bleeding and inflammation by shifting Ap deposition from
plague to deposit in the cerebrovascular fluid. In a cellular model, Clusterin inhibited the development of Tau fibrils
but promoted the formation of Tau oligomers to initiate the aggregation of endogenous Tau. Pre-aggregated Ap3 was
incubated with Clusterin, and this reduced the amount of amyloid that human primary astrocyte cultures and
microglia ingested from preparations of fibrils and oligomers [28. However, this transporter, CLU, is also operative
at the blood—-brain barrier (BBB), which serves as a physical barrier between the outside and inside of the brain.

CLU-linked molecular pathways at the BBB's interface are involved in the development and progression of AD.

| 4. Inflammatory Markers and Complement Proteins

It has been found that AD pathology even includes other factors excluding AR and NFTs, that are majorly involved
in neuronal impairment. The increased expression of pro-inflammatory cytokines in the brain tissues and the blood
samples of AD patients confirmed the association of inflammation in the advancement of various diseases
including neurodegenerative diseases 22, Angharad et al., 2019, worked on finding a plasma biomarker that aids
early diagnosis, stratification, prediction of disease course, or monitoring response to therapy in AD 2%, Astrocytes,
microglia, cytokines, and chemokines, which are part of the nervous system'’s innate immune reaction known as
neuroinflammation, are crucial in the pathogenesis of AD’s early stages Figure 1 Bl The accumulated AP
oligomers stimulate the microglia, initiating the release of pro-inflammatory mediators like glial fibrillary acidic
protein (GFAP), neurotoxins, and free radicals 2. These compounds elicit oxidative stress, thereby promoting

inflammatory processes in neurons. The MAPK (Mitogen-activated protein kinase) pathway also promotes
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neurodegeneration by synchronizing with NF-kB (nuclear factor kappa-light-chain-enhancer of activated B cells)
increasing pro-inflammatory cytokine production, leading to enhanced APP processing that hyper-phosphorylates
the tau protein forming neurofibrillary tangles and eventually collapses the BBB (blood—brain barrier) B3l In AD,
exaggerated immune reactivity of p38 MAPK initiates cytokine production via direct phosphorylation of transcription
factors and enhanced mRNA translation coding for pro-inflammatory cytokines 4. Once the AR peptides
accumulate during AD, an immune reaction in the brain initiates the activation and release of inflammatory markers
such as TNF-a, IL-1, and IL-6, and the activation of specialized brain cells. Inflammatory markers such as tumor
necrosis factor (TNF), interleukin-6 (IL-6), chitinase-3-like protein 1 (CHI3L1 or YKL-40), and acute phase C
reactive protein (CRP) were found to have effects on the brains or peripheral regions of dementia patients B3, The
activated inflammatory cells further produce complement components within the CNS. In vitro, studies show direct
activation of the classical pathways via AB1-42 and Clqg binding. This Clqg binds to AB and tau, possibly
contributing to neuroinflammation and neurodegeneration [B8. Thus, this pro-inflammatory cascade can function as

a channel promoting neuroinflammation and neurodegeneration ],
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Figure 1. Pathological hallmarks of Alzheimer’s disease, including amyloid plagues, neurofibrillary tangles, and

synaptic dysfunction.

5. Other Potential Proteomic Biomarkers for Alzheimer’s
Disease
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Apart from the majorly prevalent biomarkers, alpha-Synuclein (a-SN), a pervasive 140 amino acid protein of 18-20
kDa molecular weight is found to be associated with AD. SNCA (Synuclein Alpha), encodes the o-SN, found
profusely at the presynaptic terminal of neurons (28l Early-onset AD (EOAD) patients have higher a-SN levels in
their CSF, thereby showcasing a probable relation between SNCA gene polymorphisms and AD pathophysiology.
0-SN possessing chaperone-like activity might play a role in the regulation of synaptic plasticity, neuronal
differentiation, and up-regulation of dopamine release 2. It is primarily associated with synuclein-associated
pathologies such as Parkinson’s disease (PD) and dementia with Lewy bodies (DLB), where its misfolding and
aggregation play a vital role in the neurodegeneration pathogenesis. DLB is neurodegenerative dementia
characterized by the presence of abnormal aggregates of a-SN protein, termed Lewy bodies, in the brain 49, The
other associated biomarkers, like the APOEe4 variant, significantly increase the risk of DLB. a-SN deposition or
Lewy-related pathology is prominent in AD cases where patients experience visual hallucinations or symptoms that
are often associated with Parkinson’s disease. In protein misfolding diseases, the accumulation of a-SN clogs the
cellular machinery, disrupting the protein homeostasis network 4. The early stage abnormal o-SN deposition at
the presynaptic site in the brain shows its prominent presence in the early events of AD pathogenesis. a-SN
directly interacts with AR and tau, promoting aggregation, thereby worsening the cognitive decline 2. The
abundance of a-SN at the center of AB plaques has been verified by immunolabeling using an a-SN antibody,
confirming its influence in the formation of A plaques. Increased levels of soluble a-SN monomeric and oligomeric
proteins have been found in the temporal region of the AD brain [43. NMR imaging has discovered the selective
interaction of the monomeric form of tau with the C-terminal region of the a-SN monomer, thereby elevating its
oligomerization and subsequent fibril formation 4. Previous studies have been successful in establishing a
relationship between a-SN and AD-associated genes such as APP, PSEN1, and APOE. Elevated a-SN levels in
AD could facilitate A oligomerization, tau phosphorylation, activation of kinases, dissociations of tau and tubulin,
and tau aggregation. Furthermore, the association of a-SN with genetic factors, such as APP, PSEN1, and APOE,
could accelerate AD pathology 2. Apart from this, altered brain protein phosphorylation is a hallmark of AD, and
phosphoproteomics offers an opportunity to identify the associated markers. Butterfield et al., 2019, reported two
major types of kinases, serine/threonine- and tyrosine-kinases, that catalyzes phosphorylation of serine and
threonine and tyrosine residues, respectively, and have a significant role in protein misfolding and aggregation.
Along with kinases, protein phosphatases that remove protein-bound phosphate groups were also involved in the
phosphorylation of proteins and, consequently, contributed to regulation of protein function 8!, Thus, more precise
and accurate identification of AD-associated probable factors may help in developing novel therapies or modifying

the existing treatments for AD patients.
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