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ABSTRACT

Alzheimer’s disease (AD) is classified as one of neurodegenerative disease caused by neuronal death. It is character-
ized as memory impairment, including the inability to produce new memories. Since AD has low treatment effec-
tiveness, proteomics research opens possibilities for advancement. Proteomics is the study of proteomes produced 
by the disease-bearing host to identify and understand diseases. In this case, to investigate the use of protein as a 
reliable molecular entity and their involvement in AD. Therefore, this review focused on three main applications of 
proteomics; the potential use of proteomics as a diagnostic tool for AD, the use of proteomics to assess the treatment 
progression of AD and the advancement in AD research. The review discussed three research areas utilizing the pro-
teomics approach: ageing, behavioural, and demographic research of AD populations. Proteomic approaches have 
also been shown to be effective to discover the biomarkers for infectious diseases, cancers, heart diseases, and neuro-
logical disorders. Although much work remained to be done, the proteomics approach is an interesting method to be 
carried out in detecting AD at an earlier stage and will be very useful for AD treatment and management in the future.    
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INTRODUCTION

Alzheimer’s Disease (AD)
Neurodegenerative disease covers many diseases 
caused by neuronal death (1), which can be inherited or 
sporadic. This disease leads to structural and functional 
loss of neurons, leading to other myriads of symptoms 
(2). Alzheimer’s disease (AD) is one example of a typical 
neurodegenerative disease that affects around 46 million 
individuals globally (3, 4), especially among the elderly 
(5). AD usually manifests clinically with initial amnesia 
characterized by the inability to form new memories, 
reflecting dysfunction of the medial temporal lobe (MTL) 
episodic memory system (6). An individual with AD is 
not only unable to produce new memories (6) but also 
loses the ability to conduct daily activities independently 
due to the decline in the executive function of the brain 
(7). In Malaysia, the prevalence of dementia is around 
0.126% in 2020 and is estimated to increase up to 
0.454% in 2050 (3). The low prevalence is associated 
with the fact that most Malaysian families did not seek 
medical follow-up or diagnoses for their affected family 

members, contributing to the potential under-reporting 
of AD and dementia in Malaysia (3).

The progression of AD is proportionate to the age of 
individuals (8). AD can manifest differently in different 
individuals. Mild signs of AD include difficulties 
in retaining memory, challenges the cognitive and 
intellectual abilities, reflects the difficulty in managing 
money and judgment, which collectively resulted in poor 
quality of life (9, 10).  In a later stage, AD patients require 
full-time assistance as they experience more severe 
cognitive alterations such as restlessness, confusion, 
obstacles in the control of movement and normal daily 
body functions as well as difficulty with the command of 
language and thoughts (4) which also affected the quality 
of life of family members and their carer. The discovery 
of neurodegenerative mechanisms that leads to AD 
pathology was able to outline the causes, mechanism, 
and plausible treatment. Nevertheless, researchers still 
have yet to identify the cure for this ailment (4). 

Research on the pathogenesis of AD is still ongoing, 
as the cause of the disease development is still 
ambiguous (11). Some of the more established causes 
and pathogenesis of AD include the beta-amyloid 
(Aβ) plaques and the neurofibrillary tangles of tau 
protein (NFT). This pathogenesis ultimately leads to a 
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progressive loss of synapses and neuronal death (12). 
However, AD is not exclusively caused by plagues and 
tangles formation. Studies had also uncovered other 
pathways which are associated with the development 
of the disease, including disturbances in glucose 
regulation and lipid transport, as well as the progression 
of neuroinflammation (13). There are various protein 
formations and genes associated with these causes 
of disease progression, leading to various research 
approaches to study AD pathogenesis. In the study of 
proteins, proteomics is one of the promising approaches 
currently available.  

Proteomics
The word protein was invented first in 1838 and since 
then, it had evolved from the study of a molecule to 
the study of the proteome (14). Proteomics emerged 
from the genomic knowledge of the Human Genome 
Project in 1997. The proteome is a whole collection of 
proteins created or changed by an organism or device. 
This formation and modification depend on the various 
internal and external factors that are experienced by 
the cell or organism (15). Interest in proteomes stems 
from the synthesis of intracellular protein, function, and 
specific patterns of behaviour (14). 

According to Grant & Blackstock (16), it has been proposed 
that using proteomics to study protein complexes and 
signalling pathways provides a better way to explain 
the interaction of proteins to create cellular machines 
(17). Proteomics is typically considered to be much 
more complicated than genomics because, unlike the 
uniform nature of an organism’s genome, its proteome 
varies according to cell types and development across 
time (14). 

Proteomics is crucial in providing relevant single data 
set characterizing a biological system (14, 18). Although 
transcription of data from DNA provides information 
on gene expression at the mRNA level, it is still not 
sufficient to understand the finalization of these levels 
(19). Proteomic studies detect and identify diseases 
from the earlier stages, and provide prognosis, and 
assessments of the disease development. Proteomics 
also can be referred to as large-scale laboratory protein 
analysis and is used for protein purification and mass 
spectrometry (14).

Proteomics also plays an important role in novel 
drug development (14) through peptides and proteins 
identification, and posttranslational amendments, 
measurement of the amount of the protein, 
characterizations of proteins structures, and protein 
interactions (20). The research field of clinical proteomics 
aims to discover biomarkers panels that consist of multiple 
proteins to characterize diseases (21). Furthermore, the 
advancement in proteomic technologies has allowed 
this field of study to be integrated into pharmaceutical 
development and research in new drug discovery (22).  

Proteomics can be classified into three subgroups as 
illustrated in Figure 1. Firstly, functional proteomics 
revolves around two key points: the explanation 
of the biological role of unknown proteins and the 
description of molecular cellular mechanisms (23). 
Secondly, expressional proteomics uses high throughput 
technologies to separate, identify and quantify protein 
expression levels (24). Thirdly, structural proteomic 
involves high throughput X-ray Crystallography/
Modelling or NMR Spectroscopy/Modelling based 
method (25). Two-dimensional Gel Electrophoresis 
(2-DE) is the oldest and most common method of 
protein detection, display, purification, recognition, 
and quantification used in proteomics research. 
Optimized protocols were able to isolate and identify 
more than 2,000 proteins and up to 10,000 proteins 
in a 20x25 cm gel. Nevertheless, the method can also 
be time-consuming and could only detect high protein 
abundance (usually the top 30%) (26).

Figure 1: Proteomics classification

BASIC METHOD IN PROTEOMIC

Various methods are available in proteomics 
such as western blot, ELISA, flow cytometry, and 
immunohistochemistry. Out of all these methods, the 
western blot is the most used method in proteomic 
studies due to its ability to isolate, track proteins, and 
detect multiple proteins at once and its sensitivity 
compared to chemiluminescence. Additionally, this 
method allows the isolation of proteins from cells 
through size separation, solid support transition, and 
marking the target protein using antibodies (27). This 
technique uses electrophoresis gel to separate mixtures 
of proteins by creating a band for each protein. This 
is followed by the incubation of the membrane with 
primary antibodies and subsequently the secondary 
antibody.  In this review, we are focusing on the mass 
spectrometry (MS) approach used in proteomic studies 
related to AD.

Mass Spectrometry as A Proteomic Molecular Approach
Most of the current proteomic procedures use the MS 
technique in profiling the complex samples although 
more variety of MS-based proteomic methods has 
emerged to perform relative quantitation of many proteins 
(28). Ho et al. (29) carried out proteomics studies to 
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theoretical approach to functional practice throughout 
the year (34, 35, 36). In addition, proteomics is often 
capable of identifying various proteins along with 
specific cell components such as post-synaptic densities 
and membrane proteins which relate to the normal 
physiology of an organism (37, 38). Figure 2 shows 
the common workflow for proteomic analyses which 
involves different samples until bioinformatic analysis.

distinguish the proteomic patterns in post-mortem grey 
matter brain tissue of male bipolar disorder (BD) subjects 
with and without psychosis history. Identification and 
quantification analysis of the tissue proteome were 
done using mass spectrometry. They were able to find 
significance in 11 proteins and suggested that samples 
of BD with psychosis history showed an upregulation of 
neuronal processes and neuronal proliferation. On the 
other hand, the study was unable to detect any proteomic 
changes in subjects’ mental states immediately prior to 
death. 

Another proteomic study was carried out by Jacob et 
al. (30) to identify the early biomarkers of myocardial 
injury. They included patients who underwent 
planned myocardial injury (PMI) using septal alcohol 
ablation and patients who are undergoing emergency 
cardiac catheterization for spontaneous myocardial 
injury (SMI). The results of the proteomic profiling 
found changes in 376 target proteins in blood for PMI 
patients and 29 protein changes in SMI patients. They 
were also able to identify many novel markers that are 
intracellular protein that was not previously identified 
in the peripheral circulation. However, this expanded 
proteomics platform is uncertain where the exclusion 
proteins possibly altered both in myocardial injury and 
catheterization (30).

Similarly, the proteomic study is not only limited 
to humans but also to animal models to gain more 
understanding of various diseases. In clinical 
diagnosing, proteomics has been commonly applied in 
various models such as humans, rats, and mice (31). A 
chronic animal model study using rats was conducted 
by Zhang et al. (32) to investigate chronic pancreatitis-
reported changes in urine proteins. They were able to 
identify fifty differential proteins as early as 2 weeks 
after injection when no specific pathological changes 
occurred. In week 3 and week 4, a few other proteins 
were differentially expressed and identified as abnormal 
in human chronic pancreatitis. Although they can detect 
proteins that act as biomarkers in the early phase of the 
disease, however, several proteins are associated with 
other diseases, such as pancreatic injury (32). 

MS is the most basic technique used to study proteomics 
which could provide useful information in peptide 
identification (18). More advanced technologies are 
on the rise to collaborate with MS-based research in 
proteomics (20). The main purpose of proteomics is 
to analyse the protein spectrum, biological function, 
and detection of novel drug targets and diagnostic 
markers. Therefore, the proteomic study is widely used 
to investigate clinical diagnoses such as infectious 
diseases, cancers, heart diseases, and neurological 
disorders (33). It also shows diverse protein expression, 
role, connectivity, and localization in different neuron 
phenotypes. As proteomics are known to utilize a very 
complicated screening technology, it transitions from a 

Figure 2: Proteomics analysis workflow 

A review done by Huang et al. (28), discussed various 
approaches that use MS-proteomics to detect cancer 
markers in patients. Multiple MS methodologies such as 
2-DE and chromatography-based proteomics, Shotgun 
based proteomics, Selected Reaction Monitoring (SRM)-
based proteomics, Sequential window acquisition of all 
theoretical mass spectra (SWATH)-based proteomics, 
and Multiplexed MS/MS were discussed on the 
application method in cancer marker detection. These 
methods have been applied to discover the biomarkers 
for numerous types of cancers such as gastric, pancreatic, 
liver cancers, colorectal cancer, lung cancer, breast 
cancer, melanoma, and urinary cancer (28). In cognitive 
research, many studies were done specifically on 
neurodegenerative diseases such as AD and Parkinson’s 
disease which include either the identification of 
biomarkers or a systemic review of previous studies (39, 
40, 41).

In Malaysia for instance, proteomics studies had been 
carried out in various fields such as phytotherapy 
research (42), AD (43), breast cancer research (44), 
as well as research on snake venom proteomics (45).  
The main features of AD using molecular studies are 
Aβ and NFT containing hyperphosphorylated Tau. 
The existence of Aβ peptides and NFT are used to 
categorize the stage and intensity of the disease. With 
the advancements and innovations in both genomics 
and proteomics, fundamental insights into the 
pathogenesis of AD have been discovered. Many of 
the recent works and study of AD focuses on profiling 
deep brain proteomes (46), dissecting sub-proteomes 
and investigating complex protein post-translational 
modifications (PTM) patterns (47), as well as identifying 
new biomarkers (48). Proteomics study is helpful for 
early disease detection and to monitor the progress 
of AD in an individual. It also has a vital role in the 
drug and therapy development of AD as proteomic 
techniques can be used to characterize proteome, and 
proteins at any stage. This allows for further mapping 
of pathways and protein-protein interaction in AD. 
Advancement has been made towards profiling in AD 
and the discovery of potential biomarkers (refer to Figure 
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1 in 47), As the field of proteomics advances, it brings 
hope to further understanding of neurodegeneration 
in AD and the discovery and development of curative 
treatments and/or drugs (47).

PROTEOMICS APPLICATIONS IN AD RESEARCH

There are various practicalities of using the proteomics 
approach in research regarding AD, either globally or 
in Malaysia. In this review, we discussed three main 
potential applications of the proteomics approach in AD 
research. The first application is by using proteomics as 
a biomarker and a clinical tool to identify and diagnose 
individuals with AD. Secondly, the proteomic approach 
could also be useful to track the treatment progression 
of AD and to identify the effectiveness of any potential 
pharmaceutical or nutraceutical therapy for AD. Lastly, 
proteomics is a reliable method to further understand 
and uncover the pathogenesis of AD. 

Biomarkers for AD Diagnosis
One potential application for the proteomics approach 
in AD is the use of certain proteins as biomarkers. 
Biomarkers are important in AD detection as they 
have the potential for a validated and high-accuracy 
AD diagnosis, disease tracing in AD patients, and act 
as avoid error in diagnosing a person with AD. AD 
biomarkers have several types, divided according to 
their interaction with diagnostic tools as well as the 
source of the bodily fluids from which the biomarkers 
are extracted. The former is the imaging biomarkers, 
which interacted with neuroimaging probes which then 
are detected by diagnostic neuroimaging devices such 
as positron emission tomography (PET). The latter is the 
fluid biomarker, which is further divided into 3 types: 
cerebrospinal fluid (CSF), urine, and blood biomarkers 
(49).

CSF and urine-based fluid biomarkers
The CSF-based biomarkers, as the name suggests, are 
extracted from the cerebrospinal fluid of an individual. 
The three main CSF biomarkers, the Aβ42, total tau 
and phosphorylated tau signify the most researched 
proteins expressed during AD pathogenesis (49). These 
‘established’ CSF biomarkers had high sensitivity scores 
of more than 95% and high specificity scores of more 
than 85%, according to Sharma & Singh. (50). Other 
research, on the other hand, found the association of 
AD pathogenesis with other CSF biomarkers like YKL-
40, interleukin (IL)–6, IL-7, IL-8, IL-15, IP-10, monocyte 
chemo-attractant protein 1 (MCP-1), intercellular 
adhesion molecule 1 (ICAM-1), vascular adhesion 
molecule 1 (VCAM-1), placental growth factor, and 
FMS-like tyrosine kinase 1 (FLT-1) (51).  

According to Llano et al. (52), Vereinigte Glanzstoff-
Fabriken (VGF or VGF nerve growth factor inducible) 
peptides are lowered in CSF of patients with AD which 
leads to cognitive impairment or a more advanced 

cognitive decline. On the other hand, high levels of VGF 
were associated with steeper subsequent longitudinal 
cognitive decline, especially in AD patients (53). VGF or 
VGF nerve growth factor inducible plays a vital role in 
synaptic function, synaptic plasticity, and hippocampal 
memory consolidation (54). Higher VGF protein level 
was associated with cognitive stability. Besides, the 
changes in the expression of discrete VGF fragments 
can be used as an indicator in different neurological 
and psychiatric conditions (55). Another study by 
Busse et al. (56) using the flow cytometry method has 
found an increased number of VGF-expressing T cells 
in AD patients compared to older healthy controls. 
Similarly, all VGF peptides using gel chromatography 
+ immunohistochemistry methods were reduced in 
the AD samples (57). Together with other diagnostic 
tools such as PET (positron emission tomography), CSF 
biomarkers proved to be highly effective in AD detection 
and pathogenesis monitoring (38). However, the high 
cost and invasiveness of the procedures warrant a more 
effective strategy for AD detection and diagnosis (58).
Urine-based biomarkers are also one of the potential 
sources of AD biomarkers. For example, a urine-based 
assay for the detection of AD biomarkers, known as the 
AD reaction titre in urine, had been designed to be used 
in clinical settings. It detects a type of protein called 
the neural thread protein (NTP), which is expressed 
abundantly in AD compared to normal individuals 
(59). A study conducted by Ma et al. (60) found that the 
NTP level was higher in individuals with mild cognitive 
impairment (MCI), showing plausible early detection 
of MCI. The urine-based biomarker is advantageous in 
the sense that it is perhaps the least invasive and causes 
the least discomfort in terms of the sampling collection. 
However, it has some limitations where the variability 
of data in detection across multiple studies has not been 
standardised to be used in clinical settings. Despite 
this, some researchers suggested the use of urine-based 
biomarkers to be complemented with other approaches 
due to their advantages in AD diagnosis (61).

Blood-based AD biomarkers: A potential milestone for 
AD fluid biomarkers
Due to the cost-invasiveness issues of CSF-based 
biomarkers and data variability issues of urine-based 
biomarkers, research interest had taken a turn to another 
type of biomarker; the blood-based biomarkers. The 
attractive benefits of using blood-based biomarkers 
over the other types can be observed in terms of the 
cost, invasiveness, and reliability of the biomarkers. The 
cost-benefit analysis of blood is a frequent sampling of 
bodily fluid in a patient; hence a systematic medical 
follow-up could be established by periodical blood 
testing of AD biomarkers (49). However, the search to 
establish potential proteome biomarkers from blood 
present a huge challenge due to the variability of protein 
molecules in blood related to AD, as well as the complex 
dynamics of these molecules in their regulation in AD 
patients. Some molecules in the brain are too large to 
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cross the blood-brain barrier, leading to a decreased 
concentration in the blood (38). Some molecules such 
as multiple interleukins (IL), interferon-gamma (IFN-g), 
tumour necrosis factor-alpha (TNF-α), chemokines, 
selectins, integrins (62) S100B, neuron-specific enolase 
(NSE), protein breakdown products (protein BDPs), 
glial fibrillary acidic protein (GFAP), ubiquitin carboxy-
terminal hydrolase L1 (UCHL1) and myelin basic protein 
(MBP) (63) coincided with the pathogenesis of other 
disorders apart from AD, making a specific assay for AD 
biomarkers challenging (38).

A mere 13 years back, Thambisetty & Lovestone (64) 
pointed out the fact that there is a lack of proteomic 
approach in the identification of blood-based AD 
biomarkers. However, there was an increasing trend 
of identifying some viable proteins to be used for this 
purpose. Despite the obstacles highlighted previously, 
research had elucidated some candidate blood-based 
biomarkers that could be used for AD diagnosis.  For 
example, several Malaysian researchers explored the 
potential use of blood-based biomarkers for AD detection 
in 2019 (43). The researchers conducted a meta-analysis 
across 22 papers and focused on six potential blood 
biomarkers which consistently showed a relationship 
with AD pathogenesis, whether in terms of upregulation 
or downregulation. They are the alpha-2-macroglobulin 
(α2M), pancreatic polypeptide (PP), apolipoprotein A-1 
(ApoA-1), afamin, insulin growth factor binding protein-2 
(IGFBP-2), and fibrinogen-γ-chain (Table I). Within the 
same year, the same team of researchers published 
another paper to uncover the potential use of fibrinogen 

proteins for AD blood biomarkers. The study utilized 
the 2-DE method for the proteome’s detection, and MS 
was used to analyse the blood samples taken from AD, 
non-AD, and mild cognitive impairment subjects. They 
found that two fibrinogen isoforms, fibrinogen-β-chain, 
and fibrinogen-γ-chain exhibited increased levels in AD 
compared to non-AD subjects (43). Fibrinogen-γ-chain 
was also found to have a significant negative correlation, 
though weak, with the level of cognitive decline, further 
making a case for the blood biomarkers. 

Although there is a lot of potential for blood-based 
biomarkers for the diagnosis of AD, several obstacles 
need to be highlighted. Firstly, in some study like 
Rehiman et al. (65) utilized only a small sample size 
in the research, raising questions on how the result 
of this study would apply to a broader population of 
AD individuals. Secondly, the findings from different 
research laboratories also were not standardised, causing 
a problem of replicate of the results (66). Thus, like the 
urine-based biomarkers, more work needs to be done to 
establish a standard for using AD clinical blood-based 
biomarkers. This standard should address aspects like 
the type of blood biomarkers most reliable and suitable 
to be used and their ranges in AD patients and normal 
populations.   

Treatment Progression of AD
Based on the proteomics study, many proteins have 
been discovered to play a role and are related to AD, 
as mentioned before. Even though current drugs or 
medications are not 100% effective (67, 68), that doesn’t 

Table I: Several potential blood-based biomarkers for early detection of AD

Protein Biomarker Expression of the protein in AD patients Research Team

Alpha-2-macroglobulin (α2M) Increased Thambisetty et al., 2011 (69)

Insulin growth factor binding protein-2 (IGFBP-2) Increased

Decreased

Doecke et al., 2012 (70)

Hertze et al., 2014 (71)

Apolipoprotein E (ApoE) Decreased Doecke et al., 2012 (70)

Afamin Decreased Kitamura et al., 2017 (72)

Pancreatic polypeptide (PP) Increased Gupta et al., 2017 (73)

Apolipoprotein A-1 (ApoA-1) Decreased

Increased

Kitamura et al., 2017 (72)

Rehiman et al., 2020 (43)

Fibrinogen β chain Increased Sun et al., 2020 (74)

Phosphorylated Tau-217 (P-tau217) Increased

Increased

Palmqvist et al., 2020 (75)

Barthélemy et al., 2020 (76)

Fibrinogen-γ-chain Increased

Decreased

Rehiman et al., 2020 (65)

Shi et al., 2021 (77)

Glial fibrillary acidic protein (GFAP) Increased Chatterjee et al., 2021 (78)

Neurofilament light chain (NFL) Increased Park et al., 2022 (79)
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stop researchers to continue their research to find the 
best therapeutic agent to prevent, attenuate or stop AD 
(11). The currently available drugs in the treatment of AD 
do not slow down the progression but only temporarily 
alleviate the symptoms of this disease (80). Donepezil, 
galantamine, rivastigmine, tacrine, and memantine are 
commercial drugs that have been approved to treat AD 
but showed low efficiency in treating AD (81). New 
therapeutic intervention is needed to treat the effect of 
this disease. Various experiments using the proteomics 
approach have been carried out to study the effectiveness 
of novel therapeutic drugs. The increasing number of 
agents to be tested up to phase 3 in clinical trials can be 
seen over the years (82). A list of drugs that have been 
in phase 3 for clinical trials from 2016 to 2021 has been 
presented in table 1 in the review paper by Abubakar et 
al. (82) where the agents were divided into 3 categories: 
disease-modifying biologic, disease-modifying small 
molecule, and symptom-reducing small molecule. 

Exploration for new therapeutic agents for AD not only 
from the existing and commercial drugs but also from 
natural substance (83, 84). A study by Hamezah et al. (83) 
has demonstrated the effect of tocotrienol-rich fraction 
(TRF) extracted from palm oil which represents vitamin 
E analogues provides a greater neuroprotective effect 
compared to other forms of vitamin E. APPswe/PS1dE9 
double transgenic (TG) mice (AβPP/PS1), a mouse model 
of AD were used in this study. The researcher examines 
the effect of TRF on the proteome profile of wild type 
(WT) and TG mice brain regions (hippocampus, medial 
Prefrontal Cortex, and striatum) by using ultra-high-
performance liquid chromatography (UHPLC) coupled 
to Q Exactive HF Orbitrap mass spectrometry. There 
were 4 groups of treatments including control which 
received only water to WT and TG mice, 1 group (TG 
mice) which received palm oil stropped of Vitamin E 
(PO) and 1 group received TRF (TG mice). All mice 
were supplemented daily with water, PO, and TRF for 
10 months via oral lavage and were subjected to the 
behavioural test. Comparison of proteome profiling 
between WT control group and TG control group, 
and also between TG mice receiving PO and TG mice 
receiving TRF was done. Higher expression of amyloid 
beta A4 protein (APP) and receptor-type tyrosine-
protein phosphatase alpha (PTPRA) was shown in TG 
mice hippocampus compared with the WT mice. While 
decreased expression of these proteins was found in the 
TG mice supplemented with TRF. The findings from this 
study demonstrated changes in proteins in specific area of 
the TG mice brain for groups supplemented with TRF and 
TRF also modulated APP and PTPRA protein expression 
in TG mice hippocampus. These findings suggested the 
potential use of TRF supplement in neuroprotection with 
further study on the effect of TRF associated with AD 
(83). Another study on a natural substance by Rahman 
et al., (84) suggested that Ganoderma lucidum, a 
medicinal mushroom, has a modulatory effect on AD. 
The researcher used AD Wistar male rats which were 

prepared by infusing with Aβ protein into the cerebral 
ventricles. The AD rats were fed with G. lucidum hot 
water extract and the brain samples were obtained for 
analysis. By using the proteomics approach, the protein 
was extracted from the hippocampi, and homogenization 
was done. This was followed by protein separation and 
quantification, statistical analysis, and bioinformatic 
analysis. The analysis of functional interaction among 
protein networks was done to obtain information in 
deciphering any bio-molecular system. The findings 
showed that modulatory effect of G. lucidum was 
via highly interactive differential protein expression, 
restoration process of the disrupted protein-protein 
interacting network and maintenance of integrated 
pathways. The proteins that involved are tubulin, 
β-actin, dihydropyrimidinase-related protein 2 (DRP-2), 
keratin, GFAP, Rho A proteins, septin, cofilin, gelsolin 
and dynamin. These findings highlighted the possibility 
of incorporating G. lucidum as an ameliorating AD 
agent by emphasizing the importance of determining the 
therapeutic dosage, toxicity, and safety (84).

Advancement of AD Research
Even though there are progressions in treatment, 
however, there is still no cure for AD (68, 85), and 
medications given to the patient now are not 100% 
effective (68). The main reason that contributes to the 
failure is due to the involvement of numerous proteins 
and various biological pathways (67). The proteomic 
analysis of the brain has limitations regarding the sample 
and the analytical approach (86), where there is still 
a considerable gap in the study of molecular changes 
for AD pathogenesis; therefore, this approach cannot 
stand alone. Other applications and approaches such as 
genetic, transcriptomic, proteomic (86) and even brain 
imaging (38, 49, 87) should be run in parallel for a better 
prognosis of AD (20). Currently, deep proteomic studies 
have focused on profiling the brain and biofluids. This 
will provide a deeper and enhanced understanding 
of molecular alterations and characteristics of AD. 
Studies via different pathways or mechanisms over the 
years which include the Aβ cleavage and degradation, 
apolipoprotein E (ApoE)-cholesterol pathway and 
NFT accumulation, acetylcholine production, Wnt 
signalling pathway, Ubiquitin mediated proteolysis, 
apoptosis, calcium signalling pathway, Notch signalling 
pathway, MAPK signalling pathway, abnormal ceramide 
accumulation, reactive oxidation process, neurotrophin 
signalling pathway, cell cycle, mTOR signalling 
pathway, lipid pathway, insulin pathway, inflammation 
pathway, FGF7/FRFR2/PI3K/AKT pathway, Janus kinase/
signal transducer and activator of the transcription 
pathway (JAK/STAT) and nerve growth factor metabolic 
pathway (NGF) (82) via the applications of proteomics 
methods in various factors of AD gives us further insight 
into the understanding of AD mechanisms (88).

Ageing Research in AD
Ageing is one of the most relevant biological processes 
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and significant risk factor for neurodegeneration in 
diseases like AD (89). Therefore, proteomic applications 
in investigating the effect and changes on the brain 
and also identifying factors and mechanisms of ageing 
should be considered (47). Each brain region carries a 
different function and role, therefore investigation at the 
proteome level of brain proteins changes in relations 
to age will provide essential data that will enable us 
to understand the interactions and conditions of these 
proteins in the ageing process (90, 91). Hamezah et 
al. (8) has conducted a study precisely in this regard to 
profile the proteomes in the brains of ageing rats. This 
study identified altered age-related proteins important 
for oxidative phosphorylation, glutathione metabolism, 
and calcium signalling pathway in the hippocampus, 
medial prefrontal cortex (mPFC), and striatum. These 
results showed that the changes mostly affected the 
hippocampus region, which is important in regulating 
learning and memory. The overall findings suggested 
that alterations in these processes and brain atrophy in 
the hippocampus, mPFC, and striatum may be involved 
in cognitive and locomotor impairments in aged rats (8). 
Besides ageing research on animal, studies have also 
been carried out at proteome level on human’s ageing 
brain. Manavalan et al., (92) conducted a study to 
compare the proteome in the cerebellum with the 
proteome at the hippocampus and parietal cortex using 
aged human brain tissues (80 to 98 years old; control 
group) and from patient with AD. A total of 31 altered 
proteins were identified in the investigated brain area 
particularly Gelsolin (GSN), Tenascin-R (TNR) and 
AHNAK. These proteins could potentially act as novel 
biomarkers of ageing-related neurodegeneration. GSN 
is hypothesized to fight against neurodegeneration and 
downregulation of TNR expression might be one specific 
direct cause of impaired cognitive abilities in AD. 
In other recent research, proteomic methods have been 
used by Duda et al., (93) to determine the quantitative 
analysis of protein expression in hippocampus, cortex 
and cerebellum using 1-month and 12-month-old 
mice. More than 1760 proteins were affected by ageing 
in hippocampus and various forms of hippocampal 
neuronal plasticity were also significantly altered in 
middle-aged animals.

Experiments conducted by Cabral-Miranda et al. (94) on 
different age of mice were to determine global proteomic 
changes in hippocampal tissue due to ageing factor. 
Quantitative proteomics were performed on tissues of 
ageing hippocampus and molecular alterations were 
studied; with neuronal plasticity-related proteins being 
the most affected. The proteomic data analysis found out 
that the overexpression of one particular transcription 
factor, called the spliced X-box Binding Protein 1 (XBP1s) 
change the expression of important proteins that are 
essential in the organization of synapse and regulation 
of neurotransmitters. This change of proteomes which 
occurs as an individual ages, concluded the study, 
ensure the preservation of the normal synapse and 

neurotransmitters (94).  

Demographic Research of AD population
In present times, we can find individuals who have 
aged successfully (phenomenon known as ‘successful 
ageing’), and this shows a promising strategy on 
controlling the ageing effect towards cognition (94). 
Ageing successfully depends highly on the various 
individuals’ physiological, physical, and psychological 
characteristics (96). The condition of ‘successfully 
ageing’ brings about the definition of coming to age 
without impairment or deficiency in cognitive functions 
(97). 
 
One of the reasons for the failure of AD drug treatment 
is that the genes involved in AD based on human 
genome studies have not yet been revealed (67) which 
we believed contributes to specific-demographic genes 
coded for AD. The study of the genetics of AD is very 
important to delineate the protein-product involvement 
at specific pathways or mechanisms to minimise the 
failure of drugs chosen (68).
Previous findings evaluating the role of cytokines 
inflammation might play a central role in the 
pathogenesis and progression of AD in Caucasian 
populations (98). A study in 2016 (85) found higher 
levels of cytokines and larger fold change in the AD 
patients of the Malaysian population. The levels of the 
non-classical pro-inflammatory, CXCL-10, and anti-
inflammatory, IL-13, cytokines at appropriate cut-off 
points were also highly specific and sensitive for AD 
patients in Malaysia. However, in this study, they did not 
analyse the data based on ethnicity in Malaysia where 
out of 39 participants of the AD group, 5 are Malay, 26 
are Chinese and 8 are Indian. 

In 2019, another group of researchers in Malaysia run 
an experiment that only focus on the Malay population 
for the first time (95). They investigated the effect of age 
on the protein profile of 160 Malay individual plasma 
samples using several neuropsychological tests to assess 
their cognitive competencies. Most of the significantly 
expressed proteins were upregulated in Group 30 and 
Group 40 while Group 50 and Group >60 showed 
downregulation of those proteins, indicating a significant 
shift in protein expression with age, particularly between 
Group 40 and Group 50. The results signified a critical 
separation point in distinguishing the younger (Group 
30 and 40) from the older Malay individuals (Group 
50 and > 60), supporting the hypothesis that ageing 
contributes to cognitive competency, and that the degree 
of cognitive decline varies across different populations, 
with influence from environmental factors. However, 
since there are no experiments have been done on other 
ethnicities in Malaysia therefore no comparison can be 
made. 

The various findings might be a result of ethnic 
differences, differences in age and sex, and variations in 
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lifestyle  and diet (85). Understanding the differentially 
expressed proteins in different demographics will 
enable more defined therapeutic measures in improving 
cognitive competencies specific to the community. Data 
from the studies can also be referenced for biomarkers 
to create suitable interventions for individuals in that 
specific community and demographic.

Behavioural Research in AD
AD impairs memory and learning-related behavioural 
performances of the affected person as it involves 
degeneration of associated neurons in the hippocampus 
(99, 100). A study conducted by Rahman et al., 
2019 (89) focused on memory and learning-related 
behavioural performances using an eight-armed radial 
maze and hippocampal proteomics of AD rats. AD rats 
took longer time to explore the maze than the control, 
indicating spatial learning and memory impairment. In 
AD brains, higher protein expression was found such 
as copper/zinc superoxide dismutase (SOD), glutathione 
peroxidase (GPX), peroxiredoxin, and glutathione-
S-transferase (GST), causing disruption in energy 
production and oxidative stress (OS) management (101). 
This inter-relationship reinforces the OS and alters 
energy metabolism links of AD pathogenesis. AD rats 
also showed memory deficits when tested in a spatial 
water maze (WMZ) and proteomic differences in dorsal 
CA1 young AD rats. However, levels of phosphorylated 
tau, reactive astrocytes and microglia were significantly 
increased in aged AD rats and correlated with the WMZ 
learning index (LI) (102). 
 
Since the aetiology of AD is multifactorial, other 
animal models with other symptoms, such as anxiety, 
depression (103) and diabetes related to AD (104) 
have also been studied. Triple transgenic mice of AD 
(3xTg-AD) treated with melatonin have been evaluated 
via open field test, elevated plus maze test, forced 
swimming test, and tail suspension test. The researchers 
discovered that glutathione S-transferase P 1 (GSTP1) (an 
anxiety-associated protein) and complexin-1 (CPLX1) 
(a depression-associated protein) which related to AD 
were significantly down-regulated in the hippocampus 
of 3xTg-AD mice (103). The role of methylglyoxal 
(MGO) in the pathogenesis of AD in a rat model has also 
been evaluated via behavioural and proteomic studies 
(104). MGO is a toxic by-product of glycolysis which 
is high in diabetes patients. The elevated plus-maze 
(EPM) behavioural study indicated that MGO induces 
anxiety. Hippocampal proteomics demonstrated that 
MGO-treated rats regulate proteins involved in calcium 
homeostasis, mitochondrial functioning, and apoptosis, 
which may affect neurotransmission and neuronal 
plasticity. The hippocampal tau phosphorylation level 
was increased in MGO-treated rats. This study provides 
insight into the role of MGO in the diabetes-associated 
development of AD.

CONCLUSION

This mini review summarized AD and how the proteomic 
approach plays an important role in understanding the 
disease at a molecular level. Based upon the review, 
different types of AD biomarkers discovery have led to 
a more improved understanding of the pathogenesis of 
AD. Proteomics studies allow researchers to identify and 
analyze the triggering protein pathways and thus discover 
an appropriate therapeutic intervention to overcome 
this disease (105). Besides that, the advancement of MS-
based method has improved the analysis of proteome in 
AD. AD is a neurogenerative disease which developed 
from multifactorial components beyond genetics such 
as age, behavior, and demographic factors that either 
influence or are influenced by the proteome profile of an 
individual (106, 108, 108). However, more proteomic 
studies together with other approaches are needed in 
the future especially on cognitive perspective to deepen 
the understanding of AD.

REFERENCES
 
1. Moujalled, D., Strasser, A., & Liddell, J. R. (2021). 

Molecular mechanisms of cell death in neurological 
diseases. Cell Death & Differentiation 2021 28:7, 
28(7), 2029–2044. doi:10.1038/s41418-021-
00814-y

2. Pang, S. Y. Y., Teo, K. C., Hsu, J. S., Chang, R. 
S. K., Li, M., Sham, P. C., & Ho, S. L. (2017). 
The role of gene variants in the pathogenesis 
of neurodegenerative disorders as revealed by 
next generation sequencing studies: A review. 
Translational Neurodegeneration, 6(1), 1–11. 
doi:10.1186/S40035-017-0098-0/TABLES/3

3. Nuri, T. H. M., Hong, Y. H., Ming, L. C., Joffry, S. M., 
Othman, M. F., & Neoh, C. F. (2017). Knowledge 
on Alzheimer’s Disease among Public Hospitals 
and Health Clinics Pharmacists in the State of 
Selangor, Malaysia. Frontiers in Pharmacology, 
8(OCT), 739. doi:10.3389/FPHAR.2017.00739

4. Magalingam, K. B., Radhakrishnan, A., Ping, N. 
S., & Haleagrahara, N. (2018). Current Concepts 
of Neurodegenerative Mechanisms in Alzheimer’s 
Disease. BioMed Research International, 2018. 
doi:10.1155/2018/3740461

5. Nichols, E., Szoeke, C. E. I., Vollset, S. E., Abbasi, 
N., Abd-Allah, F., Abdela, J., Aichour, M. T. E., 
Akinyemi, R. O., Alahdab, F., Asgedom, S. W., 
Awasthi, A., Barker-Collo, S. L., Baune, B. T., 
Béjot, Y., Belachew, A. B., Bennett, D. A., Biadgo, 
B., Bijani, A., Bin Sayeed, M. S., … Murray, C. J. 
L. (2019). Global, regional, and national burden of 
Alzheimer’s disease and other dementias, 1990–
2016: a systematic analysis for the Global Burden of 
Disease Study 2016. The Lancet Neurology, 18(1), 



Mal J Med Health Sci 19(5): 317-330, Sept 2023 325

88–106. doi:10.1016/S1474-4422(18)30403-4
6. Jagust, W. (2018). Imaging the evolution and 

pathophysiology of Alzheimer disease. Nature 
Reviews Neuroscience, 19(11), 687–700. 
doi:10.1038/S41583-018-0067-3

7. Long, J. M., & Holtzman, D. M. (2019). Alzheimer 
Disease: An Update on Pathobiology and Treatment 
Strategies. Cell, 179(2), 312–339. doi:10.1016/J.
CELL.2019.09.001

8. Hamezah, H. S., Durani, L. W., Yanagisawa, D., 
Ibrahim, N. F., Aizat, W. M., Bellier, J. P., Makpol, 
S., Ngah, W. Z. W., Damanhuri, H. A., & Tooyama, 
I. (2018). Proteome profiling in the hippocampus, 
medial prefrontal cortex, and striatum of aging 
rat. Experimental Gerontology, 111(May), 53–64. 
doi:10.1016/j.exger.2018.07.002

9. Gaubert, F., & Chainay, H. (2021). Decision-Making 
Competence in Patients with Alzheimer’s Disease: 
A Review of the Literature. Neuropsychology 
Review, 31(2), 267–287. doi:10.1007/S11065-
020-09472-2

10. Joe, E., & Ringman, J. M. (2019). Cognitive symptoms 
of Alzheimer’s disease: Clinical management and 
prevention. BMJ, 367. doi:10.1136/BMJ.L6217

11. Botchway, B. O., Okoye, F. C., Chen, Y., Arthur, W. 
E., & Fang, M. (2022). Alzheimer Disease: Recent 
Updates on Apolipoprotein E and Gut Microbiome 
Mediation of Oxidative Stress, and Prospective 
Interventional Agents. Aging and Disease, 13(1), 
87. doi:10.14336/AD.2021.0616

12. Butterfield, D. A., & Halliwell, B. (2019). Oxidative 
stress, dysfunctional glucose metabolism and 
Alzheimer disease. Nature Reviews Neuroscience, 
20(3), 148–160. doi:10.1038/S41583-019-0132-6

13. Yamazaki, Y., Zhao, N., Caulfield, T. R., Liu, C. C., 
& Bu, G. (2019). Apolipoprotein E and Alzheimer 
disease: pathobiology and targeting strategies. 
Nature Reviews Neurology, 15(9), 501–518. 
doi:10.1038/s41582-019-0228-7

14. Aslam, B., Basit, M., Nisar, M. A., Khurshid, 
M., & Rasool, M. H. (2017). Proteomics: 
Technologies and Their Applications. Journal 
of Chromatographic Science, 55(2), 182–196. 
doi:10.1093/CHROMSCI/BMW167

15. Jungblut, P. R., Holzhütter, H. G., Apweiler, 
R., & Schlüter, H. (2008). The speciation of the 
proteome. Chemistry Central Journal, 2(1), 1–10. 
doi:10.1186/1752-153X-2-16/FIGURES/6

16. Grant, Seth G. N.; Blackstock, Walter 
P. (2001). Proteomics in Neuroscience: 
From Protein to Network. The Journal of 
Neuroscience, 21(21), 8315–8318. doi:10.1523/
jneurosci.21-21-08315.2001 

17. Westermarck, J., Ivaska, J., & Corthals, G. L. (2013). 
Identification of Protein Interactions Involved 
in Cellular Signaling. Molecular & Cellular 
Proteomics: MCP, 12(7), 1752. doi:10.1074/MCP.
R113.027771

18. Cox, J., & Mann, M. (2007). Is Proteomics the New 

Genomics? Cell, 130(3), 395–398. doi:10.1016/J.
CELL.2007.07.032/ATTACHMENT/6E54EAEC-
2B6E-4481-9C6E-697819079E83/MMC3.XLS

19. Cristea, I. M., Gaskell, S. J., & Whetton, A. 
D. (2004). Proteomics techniques and their 
application to hematology. Blood, 103(10), 3624–
3634. doi:10.1182/BLOOD-2003-09-3295

20. Sidoli, S., Kulej, K., & Garcia, B. A. (2017). Why 
proteomics is not the new genomics and the future 
of mass spectrometry in cell biology. Journal 
of Cell Biology, 216(1), 21–24. doi:10.1083/
JCB.201612010

21. Suppers, A., van Gool, A. J., & Wessels, H. J. C. T. 
(2018). Integrated Chemometrics and Statistics to 
Drive Successful Proteomics Biomarker Discovery. 
Proteomes 2018, Vol. 6, Page 20, 6(2), 20. 
doi:10.3390/PROTEOMES6020020

22. Yokota, H. (2019). Applications of proteomics 
in pharmaceutical research and development. 
Biochimica et Biophysica Acta (BBA) - Proteins 
and Proteomics, 1867(1), 17–21. doi:10.1016/J.
BBAPAP.2018.05.008

23. Kolch, Walter; Pitt, Andrew (2010). Functional 
proteomics to dissect tyrosine kinase signalling 
pathways in cancer., 10(9), 618–629. doi:10.1038/
nrc2900

24. Pan, J., Hu, Y., Sun, S., Chen, L., Schnaubelt, M., 
Clark, D., Ao, M., Zhang, Z., Chan, D., Qian, 
J., & Zhang, H. (2020). Glycoproteomics-based 
signatures for tumor subtyping and clinical outcome 
prediction of high-grade serous ovarian cancer. 
Nature Communications, 11(1). doi:10.1038/
s41467-020-19976-3

25. Kondrat F.D.L., Struwe W.B., Benesch J.L.P. 
(2015) Native Mass Spectrometry: Towards High-
Throughput Structural Proteomics. In: Owens R. 
(eds) Structural Proteomics. Methods in Molecular 
Biology, vol 1261. Humana Press, New York, NY. 
doi:10.1007/978-1-4939-2230-7_18 

26. Wright, E. P., Partridge, M. A., Padula, M. P., 
Gauci, V. J., Malladi, C. S., & Coorssen, J. R. 
(2014). Top-down proteomics: enhancing 2D gel 
electrophoresis from tissue processing to high-
sensitivity protein detection. Proteomics, 14(7-8), 
872-889. doi:10.1002/pmic.201300424

27. Mahmood, T., & Yang, P. C. (2012). Western blot: 
technique, theory, and trouble shooting. North 
American Journal of Medical Sciences, 4(9), 429–
434. doi:10.4103/1947-2714.100998

28. Huang, R., Chen, Z., He, L., He, N., Xi, Z., Li, Z., 
Deng, Y., & Zeng, X. (2017). Mass spectrometry-
assisted gel-based proteomics in cancer biomarker 
discovery: Approaches and application. 
Theranostics, 7(14), 3559–3572. doi:10.7150/
THNO.20797

29. Ho, A. M. C., Cabello-Arreola, A., Markota, M., 
Heppelmann, C. J., Charlesworth, M. C., Ozerdem, 
A., Mahajan, G., Rajkowska, G., Stockmeier, C. A., 
Frye, M. A., Choi, D. S., & Veldic, M. (2020). Label-



Mal J Med Health Sci 19(5): 317-330, Sept 2023326

Malaysian Journal of Medicine and Health Sciences (eISSN 2636-9346)

free proteomics differences in the dorsolateral 
prefrontal cortex between bipolar disorder 
patients with and without psychosis. Journal of 
Affective Disorders, 270, 165–173.doi:10.1016/J.
JAD.2020.03.105

30. Jacob, J., Ngo, D., Finkel, N., Pitts, R., Gleim, 
S., Benson, M. D., Keyes, M. J., Farrell, L. A., 
Morgan, T., Jennings, L. L., & Gerszten, R. E. 
(2018). Application of large-scale aptamer-
based proteomic profiling to planned myocardial 
infarctions. Circulation, 137(12), 1270–1277. 
doi:10.1161/CIRCULATIONAHA.117.029443

31. Fountoulakis, M. (2004). Application of proteomics 
technologies in the investigation of the brain. 
Mass Spectrometry Reviews, 23(4), 231–258. 
doi:10.1002/MAS.10075

32. Zhang, L., Li, Y., & Gao, Y. (2018). Early changes 
in the urine proteome in a diethyldithiocarbamate-
induced chronic pancreatitis rat model. Journal 
of Proteomics, 186, 8–14. doi:10.1016/J.
JPROT.2018.07.015

33. Henriksen, K., O’Bryant, S. E., Hampel, H., 
Trojanowski, J. Q., Montine, T. J., Jeromin, A., 
Blennow, K., Lönneborg, A., Wyss-Coray, T., 
Soares, H., Bazenet, C., Sjögren, M., Hu, W., 
Lovestone, S., Karsdal, M. A., & Weiner, M. W. 
(2013). Blood-Based Biomarker Interest Group. The 
future of blood-based biomarkers for Alzheimer’s 
disease. Alzheimers Dement. 2014 Jan;10(1):115-
31. doi: 10.1016/j.jalz.2013.01.013. Epub 2013 
Jul 11. PMID: 23850333; PMCID: PMC4128378.

34. Graves, P. R., & Haystead, T. A. J. (2002). Molecular 
Biologist’s Guide to Proteomics. Microbiology 
and Molecular Biology Reviews, 66(1), 39. 
doi:10.1128/MMBR.66.1.39-63.2002

35. Hedl, T. J., Gil, R. S., Cheng, F., Rayner, S. L., 
Davidson, J. M., Luca, A. De, Villalva, M. D., Ecroyd, 
H., Walker, A. K., & Lee, A. (2019). Proteomics 
approaches for biomarker and drug target discovery 
in als and ftd. Frontiers in Neuroscience, 13(JUN), 
548. doi:10.3389/FNINS.2019.00548/BIBTEX

36. Yanagida, M. (2002). Functional proteomics; 
current achievements. Journal of Chromatography 
B: Analytical Technologies in the Biomedical and 
Life Sciences, 771(1–2), 89–106. doi:10.1016/
S1570-0232(02)00074-0

37. Föcking, M., Dicker, P., Lopez, L. M., Hryniewiecka, 
M., Wynne, K., English, J. A., Cagney, G., & Cotter, 
D. R. (2016). Proteomic analysis of the postsynaptic 
density implicates synaptic function and energy 
pathways in bipolar disorder. Translational 
Psychiatry, 6(11), e959. doi:10.1038/TP.2016.224

38. Whitelegge, J. P. (2013). Integral Membrane 
Proteins and Bilayer Proteomics. Analytical 
Chemistry, 85(5), 2558–2568. doi:10.1021/
AC303064A

39. Hampel, H., O’Bryant, S. E., Molinuevo, J. L., 
Zetterberg, H., Masters, C. L., Lista, S., Kiddle, S. 
J., Batrla, R., & Blennow, K. (2018). Blood-based 

biomarkers for Alzheimer disease: mapping the 
road to the clinic. Nature Reviews Neurology, 
14(11), 639–652. doi:10.1038/S41582-018-0079-
7

40. Morgan, A. R., Touchard, S., Leckey, C., O’Hagan, 
C., Nevado-Holgado, A. J., Barkhof, F., Bertram, 
L., Blin, O., Bos, I., Dobricic, V., Engelborghs, 
S., Frisoni, G., Frölich, L., Gabel, S., Johannsen, 
P., Kettunen, P., Kłoszewska, I., Legido-Quigley, 
C., Lleó, A., … Mount, H. (2019). Inflammatory 
biomarkers in Alzheimer’s disease plasma. 
Alzheimer’s & Dementia, 15(6), 776–787. 
doi:10.1016/J.JALZ.2019.03.007

41. Santaella, A., Kuiperij, H. B., Van Rumund, A., 
Esselink, R. A. J., Van Gool, A. J., Bloem, B. R., 
& Verbeek, M. M. (2020). Inflammation biomarker 
discovery in Parkinson’s disease and atypical 
parkinsonisms. BMC Neurology, 20(1), 1–8. 
doi:10.1186/S12883-020-1608-8/FIGURES/2

42. Mumtaz, M. W., Hamid, A. A., Akhtar, M. 
T., Anwar, F., Rashid, U., & Al-Zuaidy, M. H. 
(2017). An overview of recent developments in 
metabolomics and proteomics – phytotherapic 
research perspectives. Https://Doi.Org/10.1080/21
553769.2017.1279573, 10(1), 1–37. doi:10.1080/
21553769.2017.1279573

43. Rehiman, S. H., Lim, S. M., Lim, F. T., Chin, A. V., 
Tan, M. P., Kamaruzzaman, S. B., Ramasamy, K., & 
Abdul Majeed, A. B. (2020). Fibrinogen isoforms as 
potential blood-based biomarkers of Alzheimer’s 
disease using a proteomics approach. International 
Journal of Neuroscience, 0(0), 1–12. doi:10.1080/
00207454.2020.1860038

44. Al-Wajeeh, A. S., Salhimi, S. M., Al-Mansoub, M. 
A., Khalid, I. A., Harvey, T. M., Latiff, A., & Ismail, 
M. N. (2020). Comparative proteomic analysis of 
different stages of breast cancer tissues using ultra 
high performance liquid chromatography tandem 
mass spectrometer. PLOS ONE, 15(1), e0227404. 
doi:10.1371/JOURNAL.PONE.0227404

45. Lee, L. P., Tan, K. Y., & Tan, C. H. (2021). Snake 
venom proteomics and antivenomics of two 
Sundaic lance-headed pit vipers: Trimeresurus 
wiroti (Malaysia) and Trimeresurus puniceus 
(Indonesia). Comparative Biochemistry and 
Physiology Part D: Genomics and Proteomics, 40, 
100875. doi:10.1016/J.CBD.2021.100875

46. Bai, B., Wang, X., Li, Y., Chen, P. C., Yu, K., Dey, 
K. K., Yarbro, J. M., Han, X., Lutz, B. M., Rao, S., 
Jiao, Y., Sifford, J. M., Han, J., Wang, M., Tan, H., 
Shaw, T. I., Cho, J. H., Zhou, S., Wang, H., … 
Peng, J. (2020). Deep Multilayer Brain Proteomics 
Identifies Molecular Networks in Alzheimer’s 
Disease Progression. Neuron, 105(6), 975-991.e7. 
doi:10.1016/J.NEURON.2019.12.015

47. Bai, B., Vanderwall, D., Li, Y., Wang, X., Poudel, 
S., Wang, H., Dey, K. K., Chen, P. C., Yang, 
K., & Peng, J. (2021). Proteomic landscape 
of Alzheimer’s Disease: novel insights into 



Mal J Med Health Sci 19(5): 317-330, Sept 2023 327

pathogenesis and biomarker discovery. Molecular 
Neurodegeneration 2021 16:1, 16(1), 1–16. 
doi:10.1186/S13024-021-00474-Z

48. Salama, M., Shalash, A., Magdy, A., Makar, M., 
Roushdy, T., Elbalkimy, M., Elrassas, H., Elkafrawy, 
P., Mohamed, W., & Abou Donia, M. B. (2018). 
Tubulin and Tau: Possible targets for diagnosis 
of Parkinson’s and Alzheimer’s diseases. PLOS 
ONE, 13(5), e0196436. doi:10.1371/JOURNAL.
PONE.0196436

49. Maji, S. K., Anoop, A., Singh, P. K., & Jacob, R. 
S. (2010). CSF Biomarkers for Alzheimer’s Disease 
Diagnosis. International Journal of Alzheimer’s 
Disease, 2010. doi:10.4061/2010/606802

50. Sharma, N., & Singh, A. N. (2016). Exploring 
Biomarkers for Alzheimer’s Disease. Journal of 
Clinical and Diagnostic Research: JCDR, 10(7), 
KE01. doi:10.7860/JCDR/2016/18828.8166

51. Janelidze, S., Mattsson, N., Stomrud, E., 
Lindberg, O., Palmqvist, S., Zetterberg, 
H., Blennow, K., & Hansson, O. (2018). 
CSF biomarkers of neuroinflammation and 
cerebrovascular dysfunction in early Alzheimer 
disease. Neurology, e867–e877. doi:10.1212/
WNL.0000000000006082

52. Llano, D. A., Devanarayan, P., & Devanarayan, V. 
(2019). VGF in Cerebrospinal Fluid Combined With 
Conventional Biomarkers Enhances Prediction of 
Conversion From MCI to AD. Alzheimer Disease 
and Associated Disorders, 33(4), 307–314. 
doi:10.1097/WAD.0000000000000328

53. Van Steenoven, I., Noli, B., Cocco, C., Ferri, G. L., 
Oeckl, P., Otto, M.,... & Teunissen, C. E. (2019). 
VGF peptides in cerebrospinal fluid of patients with 
dementia with Lewy bodies. International Journal 
of Molecular Sciences, 20(19), 4674. doi:10.3390/
ijms20194674

54. Wingo, A. P., Dammer, E. B., Breen, M. S., Logsdon, 
B. A., Duong, D. M., Troncosco, J. C., ... & Wingo, 
T. S. (2019). Large-scale proteomic analysis of 
human brain identifies proteins associated with 
cognitive trajectory in advanced age. Nature 
Communications, 10(1), 1-14. doi:10.1038/
s41467-019-09613-z

55. Quinn, J. P., Kandigian, S. E., Trombetta, 
B. A., Arnold, S. E., & Carlyle, B. C. (2021). 
VGF as a biomarker and therapeutic target in 
neurodegenerative and psychiatric diseases. 
Brain Communications, 3(4). doi:10.1093/
BRAINCOMMS/FCAB261

56. Busse, S., Steiner, J., Glorius, S., Dobrowolny, 
H., Greiner-Bohl, S., Mawrin, C., Bommhardt, 
U., Hartig, R., Bogerts, B., & Busse, M. (2015). 
VGF expression by T lymphocytes in patients 
with Alzheimer’s disease. Oncotarget. 2015 
Jun 20;6(17):14843-51. doi: 10.18632/
oncotarget.3569. 

57. Cocco, C., D’Amato, F., Noli, B., Ledda, A., 
Brancia, C., Bongioanni, P., & Ferri, G. L. (2010). 

Distribution of VGF peptides in the human cortex 
and their selective changes in Parkinson’s and 
Alzheimer’s diseases. Journal of Anatomy, 217(6), 
683-693. doi:10.1111/j.1469-7580.2010.01309.x

58. Lista, S., O’Bryant, S. E., Blennow, K., Dubois, B., 
Hugon, J., Zetterberg, H., & Hampel, H. (2015). 
Biomarkers in Sporadic and Familial Alzheimer’s 
Disease. Journal of Alzheimer’s Disease, 47(2), 
291–317. doi:10.3233/JAD-143006

59. Goodman, I. J. (2008). Practical utility of 
urinary assay in the diagnosis of Alzheimer’s 
disease: AlzheimAlertTM. Expert Review 
of Molecular Diagnostics, 8(1), 21–28. 
doi:10.1586/14737159.8.1.21

60. Ma, L., Chen, J., Wang, R., Han, Y., Zhang, J., 
Dong, W., Zhang, X., Wu, Y., & Zhao, Z. (2015). 
The level of Alzheimer-associated neuronal thread 
protein in urine may be an important biomarker 
of mild cognitive impairment. Journal of Clinical 
Neuroscience, 22(4), 649–652. doi:10.1016/J.
JOCN.2014.10.011

61. Jin, H., & Wang, R. (2021). Alzheimer-Associated 
Neuronal Thread Protein: Research Course and 
Prospects for the Future. Journal of Alzheimer’s 
Disease, 80, 963–971. doi:10.3233/JAD-201273

62. Ziemann, U., Wahl, M., Hattingen, E., & Tumani, 
H. (2011). Development of biomarkers for 
multiple sclerosis as a neurodegenerative disorder. 
Prog Neurobiol. 2011 Dec;95(4):670-85. doi: 
10.1016/j.pneurobio.2011.04.007. Epub 2011 Apr 
16. PMID: 21524682.

63. Jeter, C. B., Hergenroeder, G. W., Hylin, M. J., 
Redell, J. B., Moore, A. N., & Dash, P. K. (2013). 
Biomarkers for the diagnosis and prognosis of mild 
traumatic brain injury/concussion. J Neurotrauma. 
2013 Apr 15;30(8):657-70. doi: 10.1089/
neu.2012.2439. PMID: 23062081.

64. Thambisetty, M., & Lovestone, S. (2010). Blood-
based biomarkers of Alzheimer’s disease: 
challenging but feasible. Biomark Med, 4(1), 65–
79. doi: 10.2217/bmm.09.84

65. Rehiman, S. H., Lim, S. M., Neoh, C. F., Majeed, A. 
B. A., Chin, A. V., Tan, M. P., Kamaruzzaman, S. B., 
& Ramasamy, K. (2020). Proteomics as a reliable 
approach for discovery of blood-based Alzheimer’s 
disease biomarkers: A systematic review and meta-
analysis. Ageing Research Reviews, 60, 101066. 
doi:10.1016/J.ARR.2020.101066

66. Altuna-Azkargorta, M., & Mendioroz-Iriarte, M. 
(2021). Blood biomarkers in Alzheimer’s disease. 
Neurología (English Edition), 36(9), 704–710. 
doi:10.1016/J.NRLENG.2018.03.006

67. Doig, A. J., Del Castillo-Frias, M. P., Berthoumieu, 
O., Tarus, B., Nasica-Labouze, J., Sterpone, F., et 
al. (2017). Why Is Research on Amyloid-β Failing 
to Give New Drugs for Alzheimer’s Disease? ACS 
Chem. Neurosci. 8 (7), 1435–1437. doi: 10.1021/
acschemneuro.7b00188

68. Ibrahim, N. H., Yahaya, M. F., Mohamed, 



Mal J Med Health Sci 19(5): 317-330, Sept 2023328

Malaysian Journal of Medicine and Health Sciences (eISSN 2636-9346)

W., Teoh, S. L., Hui, C. K., & Kumar, J. (2020). 
Pharmacotherapy of Alzheimer’s Disease: Seeking 
Clarity in a Time of Uncertainty. Front. Pharmacol. 
11:261. doi: 10.3389/fphar.2020.00261

69. Thambisetty, M., Simmons, A., Hye, A., Campbell, 
J., Westman, E., Zhang, Y., Wahlund, L. O., 
Kinsey, A., Causevic, M., Killick, R., Kloszewska, 
I., Mecocci, P., Soininen, H., Tsolaki, M., Vellas, 
B., Spenger, C., & Lovestone, S. (2011). Plasma 
Biomarkers of Brain Atrophy in Alzheimer’s 
Disease. PLOS ONE, 6(12), e28527. doi:10.1371/
JOURNAL.PONE.0028527

70. Doecke, J. D., Laws, S. M., Faux, N. G., Wilson, 
W., Burnham, S. C., Lam, C. P., Mondal, A., Bedo, 
J., Bush, A. I., Brown, B., De Ruyck, K., Ellis, K. A., 
Fowler, C., Gupta, V. B., Head, R., Macaulay, S. L., 
Pertile, K., Rowe, C. C., Rembach, A., … Martins, 
R. N. (2012). Blood-Based Protein Biomarkers 
for Diagnosis of Alzheimer Disease. Archives of 
Neurology, 69(10), 1318–1325. doi:10.1001/
ARCHNEUROL.2012.1282

71. Hertze, J., Nägga, K., Minthon, L., & Hansson, O. 
(2014). Changes in cerebrospinal fluid and blood 
plasma levels of IGF-II and its binding proteins in 
Alzheimer’s disease: An observational study. BMC 
Neurology, 14(1), 1–8. doi:10.1186/1471-2377-
14-64/TABLES/4

72. Kitamura, Y., Usami, R., Ichihara, S., Kida, H., 
Satoh, M., Tomimoto, H., Murata, M., & Oikawa, 
S. (2017). Plasma protein profiling for potential 
biomarkers in the early diagnosis of Alzheimer’s 
disease. doi:10.1080/01616412.2017.1281195, 
39(3), 231–238. 

73. Gupta, V. B., Hone, E., Pedrini, S., Doecke, J., 
O’Bryant, S., James, I., Bush, A. I., Rowe, C. C., 
Villemagne, V. L., Ames, D., Masters, C. L., & 
Martins, R. N. (2017). Altered levels of blood 
proteins in Alzheimer’s disease longitudinal study: 
Results from Australian Imaging Biomarkers Lifestyle 
Study of Ageing cohort. Alzheimer’s & Dementia: 
Diagnosis, Assessment & Disease Monitoring, 8, 
60. doi:10.1016/J.DADM.2017.04.003

74. Sun, Y., Li, Q., Liu, W., & Zhang, B. (2020). 
Relationship between fibrinogen level 
and its regulatory gene with Alzheimer’s 
disease and vascular dementia. Journal of 
International Medical Research, 48(2), 1–12. 
doi:10.1177/0300060520902578

75. Palmqvist, S., Janelidze, S., Quiroz, Y. T., 
Zetterberg, H., Lopera, F., Stomrud, E., Su, Y., 
Chen, Y., Serrano, G. E., Leuzy, A., Mattsson-
Carlgren, N., Strandberg, O., Smith, R., Villegas, 
A., Sepulveda-Falla, D., Chai, X., Proctor, N. 
K., Beach, T. G., Blennow, K., … Hansson, 
O. (2020). Discriminative Accuracy of Plasma 
Phospho-tau217 for Alzheimer Disease vs Other 
Neurodegenerative Disorders. JAMA - Journal of 
the American Medical Association, 324(8), 772–
781. doi:10.1001/JAMA.2020.12134

76. Barthélemy, N. R., Horie, K., Sato, C., & Bateman, 
R. J. (2020). Blood plasma phosphorylated-tau 
isoforms track CNS change in Alzheimer’s disease. 
Journal of Experimental Medicine, 217(11). 
doi:10.1084/JEM.20200861

77. Shi, L., Buckley, N. J., Bos, I., Engelborghs, S., 
Sleegers, K., Frisoni, G. B., Wallin, A., Lléo, A., 
Popp, J., Martinez-Lage, P., Legido-Quigley, C., 
Barkhof, F., Zetterberg, H., Visser, P. J., Bertram, 
L., Lovestone, S., & Nevado-Holgado, A. J. 
(2021). Plasma Proteomic Biomarkers Relating to 
Alzheimer’s Disease: A Meta-Analysis Based on 
Our Own Studies. Frontiers in Aging Neuroscience, 
13. doi:10.3389/FNAGI.2021.712545/FULL

78. Chatterjee, P., Pedrini, S., Stoops, E., Goozee, K., 
Villemagne, V. L., Asih, P. R., Verberk, I. M. W., 
Dave, P., Taddei, K., Sohrabi, H. R., Zetterberg, 
H., Blennow, K., Teunissen, C. E., Vanderstichele, 
H. M., & Martins, R. N. (2021). Plasma glial 
fibrillary acidic protein is elevated in cognitively 
normal older adults at risk of Alzheimer’s disease. 
Translational Psychiatry, 11(1). doi:10.1038/
S41398-020-01137-1

79. Park, J. E., Gunasekaran, T. I., Cho, Y. H., Choi, 
S.-M., Song, M.-K., Cho, S. H., Kim, J., Song, 
H.-C., Choi, K. Y., Lee, J. J., Park, Z.-Y., Song, 
W. K., Jeong, H.-S., Lee, K. H., Lee, J. S., & Kim, 
B. C. (2022). Diagnostic Blood Biomarkers in 
Alzheimer’s Disease. Biomedicines, 10(1), 169. 
doi:10.3390/biomedicines10010169

80. Ross, C., Taylor, M., Fullwood, N., & Allsop, D. 
(2018). Liposome delivery systems for the treatment 
of Alzheimer&rsquo;s disease. International Journal 
of Nanomedicine, 13, 8507–8522. doi:10.2147/
IJN.S183117

81. Yahaya, M. A. F., Zolkiffly, S. Z. I., Moklas, M. A. 
M., Hamid, H. A., Stanslas, J., Zainol, M., & Mehat, 
M. Z. (2020). Possible Epigenetic Role of Vitexin 
in Regulating Neuroinflammation in Alzheimer’s 
Disease. Journal of Immunology Research, 2020, 
1–7. doi:10.1155/2020/946921010.1155/2020/94
69210

82. Abubakar, M. B., Sanusi, K. O., Ugusman, A., 
Mohamed, W., Kamal, H., Ibrahim, N. H., Khoo, 
C. S., & Kumar, J. (2022). Alzheimer’s Disease: 
An Update and Insights Into Pathophysiology. 
Front. Ageing Neurosci. 14:742408. doi: 10.3389/
fnagi.2022.742408

83. Hamezah, H. S., Durani, L. W., Yanagisawa, D., 
Ibrahim, N. F., Aizat, W. M., Makpol, S., Wan 
Ngah, W. Z., Damanhuri, H. A., & Tooyama, I. 
(2019). Modulation of Proteome Profile in AβPP/
PS1 Mice Hippocampus, Medial Prefrontal Cortex, 
and Striatum by Palm Oil Derived Tocotrienol-
Rich Fraction. Journal of Alzheimer’s Disease, 
72(1), 229–246. doi:10.3233/JAD-181171

84. Rahman, M. A. (2020). Ganoderma lucidum 
Modulates Neuronal Distorted Cytoskeletal 
Proteomics and Protein-Protein Interaction in 



Mal J Med Health Sci 19(5): 317-330, Sept 2023 329

Alzheimer’s Disease Model Animals. Archives in 
Neurology & Neuroscience, 9(3). doi: 10.33552/
ANN.2020.09.000713

85. Mohd Hasni, D. S., Lim, S. M., Chin, A. V., Tan, 
M. P., Poi, P. J. H., Kamaruzzaman, S. B., Majeed, 
A. B. A., and Ramasamy, K. (2017). Peripheral 
cytokines, C-X-C motif ligand10 and interleukin-13, 
are associated with Malaysian Alzheimer’s disease. 
Geriatr Gerontol Int, 17: 839– 846. doi: 10.1111/
ggi.12783.

86. Papassotiropoulos, A., Fountoulakis, M., 
Dunckley, T., Stephan, D. A., & Reiman, E. M. 
(2006). Genetics, transcriptomics, and proteomics 
of Alzheimer’s disease. J Clin Psychiatry. 2006 
Apr;67(4):652-70. doi: 10.4088/jcp.v67n0418. 
PMID: 16669732; PMCID: PMC2259384. 

87. Shimizu, S., (2022). Imaging Life. siemens-
healthineers.com/NMNS

88. Drummond, E., & Wisniewski, T. (2019). Using 
Proteomics to Understand Alzheimer’s Disease 
Pathogenesis. In Alzheimer’s Disease (pp. 
37–51). Codon Publications. doi:10.15586/
ALZHEIMERSDISEASE.2019.CH3

89. Xia, X., Jiang, Q., McDermott, J., & Han, J. D. J. 
(2018). Aging and Alzheimer’s disease: Comparison 
and associations from molecular to system 
level. Aging Cell, 17(5), e12802. doi:10.1111/
ACEL.12802

90. Genon, S., Reid, A., Langner, R., Amunts, K., & 
Eickhoff, S. B. (2018). How to Characterize the 
Function of a Brain Region. Trends in Cognitive 
Sciences, 22(4), 350–364. doi:10.1016/J.
TICS.2018.01.010

91. Li, Y., Li, Y., Yu, H., Yu, H., Chen, C., Chen, C., Li, 
S., Zhang, Z., Xu, H., Zhu, F., Liu, J., Liu, J., Spencer, 
P. S., Dai, Z., & Yang, X. (2020). Proteomic Profile of 
Mouse Brain Aging Contributions to Mitochondrial 
Dysfunction, DNA Oxidative Damage, Loss of 
Neurotrophic Factor, and Synaptic and Ribosomal 
Proteins. Oxidative Medicine and Cellular 
Longevity, 2020. doi:10.1155/2020/5408452

92. Manavalan, A., Mishra, M., Feng, L., Sze, S. K., 
Akatsu, H., & Heese, K. (2013). Brain site-specific 
proteome changes in aging-related dementia. 
Experimental & Molecular Medicine 2013 45:9, 
45(9), e39–e39. doi:10.1038/emm.2013.76

93. Duda, P., Wójcicka, O., Wisniewski, J. R., & 
Rakus, D. (2018). Global quantitative TPA-based 
proteomics of mouse brain structures reveals 
significant alterations in expression of proteins 
involved in neuronal plasticity during aging. Aging, 
10(7), 1682–1697. doi:10.18632/AGINH.101501

94. Cabral-Miranda, F., Tamburini, G., Martinez, 
G., Medinas, D., Gerakis, Y., Miedema, T., 
Duran-Aniotz, C., Ardiles, A. O., Gonzalez, C., 
Sabusap, C., Bermedo-Garcia, F., Adamson, 
S., Vitangcol, K., Huerta, H., Zhang, X., 
Nakamura, T., Sardi, S. P., Lipton, S. A., Kenedy, 
B. K., … Affiliations, *. (2020). Control of 

mammalian brain aging by the unfolded protein 
response (UPR). BioRxiv, 2020.04.13.039172. 
doi:10.1101/2020.04.13.039172

95. Bakar, Z. H. A., Damanhuri, H. A., Makpol, S., 
Kamaruddin, W. M. A. W., Sani, N. F. A., Hamzah, 
A. I. Z. A., Aripin, K. N. N., Rani, M. D. M., Noh, 
N. A., Razali, R., Mazlan, M., Hamid, H. A., 
Mohamad, M., & Ngah, W. Z. W. (2019). Effect 
of Age on the Protein Profile of Healthy Malay 
Adults and its Association with Cognitive Function 
Competency. Journal of Alzheimer’s Disease, 
70(s1), S43–S62. doi:10.3233/JAD-180511

96. Whitson, H. E., Cohen, H. J., Schmader, K. E., 
Morey, M. C., Kuchel, G., & Colon-Emeric, C. 
S. (2018). Physical Resilience: Not Simply the 
Opposite of Frailty. Journal of the American 
Geriatrics Society, 66(8), 1459. doi:10.1111/
JGS.15233

97. Gopinath, B., Kifley, A., Flood, V. M., & Mitchell, 
P. (2018). Physical Activity as a Determinant of 
Successful Aging over Ten Years. Scientific Reports 
2018 8:1, 8(1), 1–5. doi: 10.1038/s41598-018-
28526-3

98. Swardfager, W., Lanctôt, K., Rothenburg, L., 
Wong, A., Cappell, J., & Herrmann, N.(2010). A 
meta-analysis of cytokines in Alzheimer’s disease. 
Biol Psychiatry 2010; 68: 930–941. doi: 10.1016/j.
biopsych.2010.06.012.

99. Mu, Y., & Gage, F. H. (2011). Adult hippocampal 
neurogenesis and its role in Alzheimer’s disease. 
Molecular Neurodegeneration, 6(1), 1–9. 
doi:10.1186/1750-1326-6-85/TABLES/1

100. Li, M., Lyu, J. H., Zhang, Y., Gao, M. L., Li, R., Mao, 
P. X., Li, W. J., & Ma, X. (2020). Efficacy of Group 
Reminiscence Therapy on Cognition, Depression, 
Neuropsychiatric Symptoms, and Activities of 
Daily Living for Patients With Alzheimer Disease. 
Journal of Geriatric Psychiatry and Neurology, 
33(5), 272–281. doi:10.1177/0891988719882099

101. Rahman, M. A., Hossain, S., Abdullah, N., 
& Aminudin, N. (2019). Brain proteomics 
links oxidative stress with metabolic and 
cellular stress response proteins in behavioural 
alteration of Alzheimer’s disease model rats. 
AIMS Neuroscience, 6(4), 299. doi:10.3934/
NEUROSCIENCE.2019.4.299

102. Bac, B., Hicheri, C., Weiss, C., Buell, A. Vilcek, N., 
Spaeni, C., Geula, C., Savas, J. N., & Disterhoft, 
J. F. (2022). The TgF344-AD Rat: Behavioral 
and Proteomic Changes Associated with Ageing 
and Protein Expression in a Transgenic Rat 
Model of Alzheimer’s Disease. Neurobiology of 
Ageing. 2022. ISSN 0197-4580, doi:10.1016/j.
neurobiolageing.2022.12.015.

103. Nie, L., Wei, G., Peng, S., Qu, Z., Yang, Y., Yang, 
Q., Huang, X., Liu, J., Zhuang, Z., & Yang, X. (2017). 
Melatonin ameliorates anxiety and depression-
like behaviors and modulates proteomic changes 
in triple transgenic mice of Alzheimer’s disease. 



Mal J Med Health Sci 19(5): 317-330, Sept 2023330

Malaysian Journal of Medicine and Health Sciences (eISSN 2636-9346)

Biofactors. 2017 Jul 8;43(4):593-611. doi: 10.1002/
biof.1369. Epub 2017 Jun 13. PMID: 28608594.

104. Patil, G., Kulsange, S., Kazi, R., Chirmade, T., Kale, 
V., Mote, C., Aswar, M., Koratkar, S., Agawane, 
S., & Kulkarni, M. (2022). ACS Pharmacology 
& Translational Science doi: 10.1021/
acsptsci.2c00143

105. Amiri-Dashatan, N., Koushki, M., Abbaszadeh, 
H. A., Rostami-Nejad, M., & Rezaei-Tavirani, 
M. (2018). Proteomics Applications in Health: 
Biomarker and Drug Discovery and Food Industry. 
Iranian Journal of Pharmaceutical Research: IJPR, 
17(4), 1523. doi:10.22037/IJPR.2018.2306

106. Al Shweiki, M. R., Steinacker, P., Oeckl, P., 
Hengerer, B., Danek, A., Fassbender, K., Diehl-
Schmid, J., Jahn, H., Anderl-Straub, S., Ludolph, 
A. C., Schönfeldt-Lecuona, C., & Otto, M. (2019). 
Neurofilament light chain as a blood biomarker to 
differentiate psychiatric disorders from behavioural 

variant frontotemporal dementia. Journal of 
Psychiatric Research, 113, 137–140. doi:10.1016/J.
JPSYCHIRES.2019.03.019

107. Dodig-Crnković, T., Hong, M. G., Thomas, 
C. E., Häussler, R. S., Bendes, A., Dale, M., 
Edfors, F., Forsström, B., Magnusson, P. K. E., 
Schuppe-Koistinen, I., Odeberg, J., Fagerberg, 
L., Gummesson, A., Bergström, G., Uhlén, M., & 
Schwenk, J. M. (2020). Facets of individual-specific 
health signatures determined from longitudinal 
plasma proteome profiling. EBioMedicine, 57, 
102854. doi:10.1016/J.EBIOM.2020.102854

108. Gebert, N., Cheng, C. W., Kirkpatrick, J. M., Di 
Fraia, D., Yun, J., Schädel, P., Pace, S., Garside, 
G. B., Werz, O., Rudolph, K. L., Jasper, H., Yilmaz, 
Ö. H., & Ori, A. (2020). Region-Specific Proteome 
Changes of the Intestinal Epithelium during Aging 
and Dietary Restriction. Cell Reports, 31(4), 
107565. doi:10.1016/J.CELREP.2020.107565


