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l. INTRODUCTION

AD is a complicated neurodegenerative conditiorthef brain that causes cognitive
and behavioral symptoms. It is distinguished by fvenation in the brain of two aberrant
protein deposits: beta-amyloid plagues and tauléandau protein, which is normally found
in healthy neurons, suffers aberrant modificatidiesming twisted filaments that clump
together to create tau tangles [1]. These tanglesfere with neuron communication and
contribute to cell malfunction and death. In costrabeta-amyloid plaques are aberrant
deposits of beta-amyloid protein fragments thatf@retween nerve cells [2]. These plaques
disrupt neuronal function and are a defining featof AD. The macroscopic pathology of
AD is characterized by a considerable reductionartical size, with particularly noticeable
abnormalities in the medial cortex [1], [3]. Affect brain regions show symptoms of
inflammation, granulovacuolar degeneration, andpresence of peculiar structures known
as Hirano bodies under a microscope. AD is a semnobal health issue, affecting around 40
million people globally, and is expected to gronely 20 years until 2050 [4], [5]. In the
United States, around 6 million people aged 65 alu@r have AD, with an estimated
500,000 new cases each year. The global preval@hdementia among those aged 60 and
up ranges from 2% to 8.5% [5]. Despite substastiadlies, effective Alzheimer's treatments
remain elusive. One of the most difficult issuesAD research is the early and precise
diagnosis of the condition because therapies ame iil@ly to be beneficial if started early,
while neuropathological alterations are modest [Bliid-based biomarkers, such as CSF
markers, blood-based markers, and developing sglivaicators, have the potential to
improve AD understanding, aid in early diagnosisnitor disease progression, and evaluate
treatments. These biomarkers provide non-invasihe accessible methods for evaluating
disease-related changes [7]. This chapter seekgrdeide a comprehensive review of
significant fluid-based biomarkers in AD and invgate their roles in early diagnosis,
disease monitoring, and therapy evaluation, as a®ldiscuss obstacles and potential in
improving precision in treatment [4].

Il. BIOMARKER

Biomarkers are quantifiable compounds or indicetipresent in biological samples
like blood, urine, or tissue that can provide infation about a biological process, condition,
or illness [8]. A biomarker could be molecules, tps, genetic material, and imaging
features. Biomarkers have a wide range of usessindge diagnosis, particularly in disease
identification, characterization, and monitoring.[8iomarkers play an important role in
clinical settings by assisting healthcare praciiis in making accurate and timely diagnoses.
They give objective and quantitative measuremdnrds aid in the differentiation of distinct
diseases or subtypes, the assessment of diseasetyseand the prediction of therapy
response [6], [8]. Biomarkers allow for earlier eise detection, guiding appropriate
therapeutic actions, and evaluating therapy efficatheir significance stems from their
ability to increase diagnostic accuracy, improvegoa care, and, ultimately, improve clinical
results [8].
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Figure 1: The histopathological changes in AD. Senile placarescomposed of aggrega
AP peptide, while neurofibrillary tangles consisffibfillar deposits of -Tau.
neuroinflammation, synaptic dysfunction, and neegmheratiot

lIl. FUNCTIONS OF BIOMARKERS

Biomarkers play an essential role in medical resgeand clinical pracce. They are
employed in disease diagnostics, assisting hea#theaperts in determining whether
specific disease or condition exists in an indiaid[6]. Biomarkers give useful diagnos
information, allowing for prompt and accurate diagis. Biomarkers influence dise¢
prognosis. They can provide information about tkely course and prognosis of an iline
such as disease progression, sevi and responsiveness to treatmgjt This information
aids in therapy planning and patient managemerdamBikers play an important role
treatment selection and monitoring. They aid in sieéection of the best treatment fo
specific patient based on their biomarker profigiomarker: also help monitor th
effectiveness of the chosen treatment, allowingisidjents to be made if need[6], [8].
Biomarkers are essential in the field of therameufievelopment. They aid in tl
identification of potential pharmacological targethe issessment of drug safety &
effectiveness, and the monitoring of treatmenta$feluring clinical trial [9]. Biomarkers
are extremely important in the development of nkerdpies and medications. Biomark
are also useful for riskssessment, as y provide information about a person's likelihodc
getting a specific disease or condition. This kremgle aids in the implementation of -
mitigation measures and early intervention inwes. Biomarkers, in general, serve
important role in impreing healthcare outcomes and promoting medicakreb(6].
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IV. FLUID BASED BIOMARKERS

AD is an advancing neurodegenerative condition irdjsished by a gradu
deterioration of cognitive function and the losste#gmory[10]. The timely identification an
precise diagnosis of AD are crucial to facilitateompt intervention and enhance ient
outcomes. In recent times, there has been a growiagest in the utilization of flu-based
biomarkers as potential diagnostic aids for [11]. Fluidbased biomarkers, including C:
markers, bloodased markers, and arising salivary markers,e become increasing
important in the diagnosis of AD. In the contextG$F, certain biomarkers such g$&, -
tau, and phosphorylated tar-tau exhibit modified concentrations among indiviguaith
AD, thereby facilitating the distinction between Asnd other types of demeni{12]. Blood-
based biomarkers provide a readily available adtieva for the diagnosis of AD, though w
potentially lower sensitivity compared to CSF maskeln recent times, scholars he
initiated investigations into saary "alterations in the central nervous sys[13]. Although
still in the preliminary stages of the investigatisalivary biomarkers such ag42 and -tau
exhibit potential for future diagnostic applicattom AD. In general, biomarkers based
fluid samples offer novel opportunities for early smelcise diagnosis, potentially resulting
improved approaches for treatment and the overaliagement of this neurodegenera
disorder [14].

1. CSF Biomarkers:
e CSF t- tau and ptau: The identification of biomarkeysnamely -tau and p-tau, in

CSF provides significant implications for the diagis and comprehension of £
[15], [16]. Elevated levels of-tau have been regularly seen in individuals withI?
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and those diagnosed with AD, in comparison to imtigls who do not exhibit
cognitive impairments [17]. The detection of tmsrnease is possible even during the
initial phases of AD and exhibits a very consistpattern over a period of time.
Significantly, the levels of t-tau exhibit a stroegrrelation with memory function,
rendering it a significant indicator in the evaloatof cognitive decline [12], [18]

In contrast, it has been observed that p-tau, tndisvariant of the tau protein, has
markedly elevated concentrations in CSF among iddals diagnosed with AD in
comparison to those who are deemed healthy [19.cBmpelling aspect of p-tau lies
in its robust correlation with the fundamental @aghnic mechanisms of AD,
including the development of NFTs within the brdmcontrast to t-tau, which serves
as an indicator of axonal damage, p-tau is moresetyo associated with the
characteristic aspects of AD progression [19], [dBle association between p-tau and
the pathophysiology of AD renders it a more depblelandicator for the early
detection of the condition [14]

It is noteworthy that recent research has demdsstridnat p-tau exhibits a superior
discriminatory ability in distinguishing betweendimiduals with AD and those
without the condition, compared to t-tau, when e&tihg diagnostic accuracy [14],
[21] Consequently, the utilization of CSF biomasesuch as p42 (associated with
amyloid plaques), t-tau, and p-tau, presents a stolliagnostic instrument. The
aforementioned combination demonstrates a sertgitizie of 95% and a specificity
rate of 83% in its ability to predict the onsetAd [22]-[24] Through the integration
of these biomarkers, researchers and physicianseqipped with a comprehensive
and precise set of tools to diagnose, monitor,cmdprehend the advancement of AD
[13]

* AP Peptides: AB peptides play a critical role as CSF biomarkerg\ih research,
specifically indicating the presence of amyloidgquia accumulation in the brain [15].
Considerable research has been conducted on GSbeptides, specifically 42,
AB40, and the B42/AB40 ratio, to explore their potential as biomarkiersAD [15],
[24]. AB peptides are generated through the proteolyticgasing of the APP and
constitute the principal constituents of amyloicaqules. Numerous studies have
consistently provided evidence that a reductionCi8F levels of f42 and an
elevation in the B42/AB40 ratio are closely linked to the accumulationaofyloid
plagues in the brain, thus serving as strong imndisaof AD pathology [12].
Moreover, the integration of CSFBA2 measurements with tau biomarkers has
demonstrated enhanced diagnostic precision, platiguduring the initial phases of
ADI[25]

* Neurogranin (Ng): Ng is a protein located in the postsynaptic reggbmeurons,
which is involved in the modulation of synaptic igity, plasticity, and long-term
potentiation (LTP) through the regulation of catoimediated signaling pathways
[26]. Synaptic impairment makes neurogranin a @abSF biomarker for AD. Ng in
the CSF indicates synaptic loss, making it a uséifagnostic for disease severity. It
distinguishes AD from other dementias and predictslerate cognitive MCI to AD
[27]. Ng exhibits a strong association with synajbitiss in individuals diagnosed with
AD and its expression is predominantly observedhm cortex, hippocampus, and
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amygdala which are particularly susceptible to Alated pathology. The levels of
neurogranin in CSF exhibit an elevation in peopkgdosed with MCI and AD in
comparison to normal individuals [28]. Combining Mgth established biomarkers
like AB42, t-Tau, and p-tau improves diagnostic accurany sensitivity, helping
diagnose early AD and measure therapy responsge[2g] Ng application is difficult
since measurement needs sophisticated laboratothodss limiting its clinical
application. Defining normal and abnormal Ng levislgifficult due to the lack of
established cutoff values and inter-laboratory fogeneity.

2. Blood-Based Biomarkers:Blood-based biomarkers present a potentially futipith for
the identification of AD. In contrast to the study CSF, blood tests provide the
advantages of reproducibility, convenience, anduced invasiveness, rendering them
appropriate for extensive early identification awdeening initiatives [20]. While blood-
based biomarkers are generally considered to k& desurate than CSF indicators,
current research endeavors to enhance their satysénd specificity in diagnosing AD
[22]. Prominent plasma proteins sucho@81, CFH, al-antitrypsin,al-antichymotrypsin,
and Apolipoprotein A1 demonstrate modified exprassiin individuals with AD in
comparison to control subjects [29]. However, tkistence of obstacles remains due to
the utilization of diverse analytical techniqueayigtions in anticoagulant selection, and
discrepancies in storage settings [30]. Extensegearch has been conducted on plasma
AB, a crucial constituent of cerebral plaques. Thaulte of studies investigating the
detection of plasma [A using enzyme-linked immunosorbent assay (ELISAhilak
variability. Several studies have reported a moeééstation in 842 or A340 levels in
patients with AD, however, other research has faumdignificant differences compared
to control groups. It is worth noting that any edteon in the B42/AB40 ratio may
potentially serve as an indicator of AD risk [29].

Promisingly, a group of 18 plasma proteins effestivdistinguished those with
AD and anticipated the start of AD in those with MGuggesting the potential for
preclinical diagnosis, but with the need for aduhtil refinement [14], [25]. The
integration of blood-based biomarkers with otherthndologies has the potential to
augment their precision and effectiveness in evwmgdhe risk and advancement of AD
[25].

e Neurofilament Light Chain (NfL): NfL has emerged as a potentially valuable
biomarker for AD research, as it has shown prormsdetecting neurodegeneration
and axonal damage using blood-based analysis. i@semce of this substance in the
bloodstream is indicative of the degeneration afraes, facilitating the monitoring of
the progression and severity of the sickness [Bii§. non-invasive nature of NfL has
the potential to increase disease management aedsmsent of therapy response in
the context of AD, hence offering the possibilityimproved diagnosis and patient
outcomes [32], [33]. Studies suggest higher Nflelsvin individuals with AD, and
these levels are associated with cognitive dedmdboth Alzheimer's and other
neurodegenerative diseases [34].

Plasma NFL may serve as a promising biomarker dgnitive decline. Although the
potential of NfL is extensive, some problems needbé addressed [33]. These
challenges include the standardization of measuteahniques across different
laboratories. However, additional longitudinal @®é is required to confirm its
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predictive capacity for the progression of dememtipatients with MCI and AD [32],
[34].

* Plasma A3 and Tau: Blood-based assays have the potential to servelasitsites for
CSF biomarkers, as they can detect plasma leved$42, pTaul81, and NfL using
ultra-sensitive single-molecule array (Simoa) tefd$]. AD patients can be
distinguished through the measurement of the plaspda/AB40 ratio. However, it is
important to note that the accuracy of this metisaabt as high as that of CSF testing
[9]. There is a favorable association between bletadi levels and the likelihood of
AD, indicating that blood t-tau levels can accusateredict tau-PET status across
different cognitive stages [31], [36]. In the fiedl CSF analysis, the measurement of
p-tau217 using the standard ELISA demonstratesrsuggerformance compared to
p-taul81l in predicting the status of Aand differentiating AD from other kinds of
dementia [31]. Additionally, plasma p-tau231 showsomising accuracy in
discriminating between individuals with AD and iwidiuals with non-AD. It is worth
mentioning that the autoptic investigation of irdivals with AD have demonstrated a
discernible rise in plasma p-tau231 concentratiefore the increase observed in p-
taul81 [31], [33], [36].

3. Salivary Biomarkers: Salivary biomarkers exhibit considerable potentiat the
detection of AD, albeit being in the nascent phadetevelopment. Saliva, due to its non-
invasive collection method and abundant presenceproteins, nucleic acids, and
metabolites, presents itself as a promising diagmagedium [37]. It is worth mentioning
that persons with AD display discernible variationssalivary levels of A peptide, tau
protein, and microRNA in comparison to those wheiargood condition. Elevated levels
of tau and B42 in saliva have been linked to the presence ofi@d deposition and
cognitive deterioration in individuals with AD [38The simplicity of collecting saliva
enables frequent monitoring and facilitates londjital research, hence assisting in the
assessment of therapy responses. Salivary bionsahare the potential to distinguish
AD from other neurodegenerative disorders, hentemeing the precision of diagnostic
procedures [37], [39]. The identification, validatj and standardization of salivary
biomarkers present significant challenges, necdssit careful consideration of potential
confounding factors such as nutrition, medicatiosage, and mouth health.
Notwithstanding these challenges, the use of sglididomarkers in standard AD
diagnosis and care has the potential to improvevishghlized therapies by utilizing
indicators of amyloid cascade and axonal injurgdm valuable knowledge [37].

Studies examining the salivary ratio of p-tau tau; levels ofa-synuclein, and
the neuroprotective mediator heme oxygenase-1 haskled significant findings.
However, the practical application of these finding therapeutic settings has not been
fully achieved at now (Ferrer et al., 2005).

4. Urinary Biomarkers: Urine is a highly valuable biofluid that can be egfively
employed as a viable source of biomarkers to disgmeurodegenerative disorders [40].
Nevertheless, urine has traditionally been consiflean unsuitable biomarker for
neurodegenerative illnesses due to its anatomicshrite from the CNS, which is a
primary site of pathology for these diseases. $hts it apart from other biofluids such as
CSF and plasma [40], [41]. Recent research hasmpies$ a counterargument to this
prevailing belief, suggesting that urine may possastapped potential when analyzed
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using metabolomic and proteomic methodologies. &lgh osteopontin, gelsolin, and
insulin-like growth factor-binding protein 7 haveedn identified in the urine of
individuals with AD in early studies, there is k#ilhurdle in obtaining the desired level of
specificity and sensitivity [42]. It is worth meatiing that the hyperphosphorylation of
tau, which plays a crucial role in the developmeifD, has been detected in the urine
exosomes of individuals affected by this condit[d8]. The potential of technological
developments in urine analysis to facilitate thentification of new biomarkers is
significant, as it allows for the full charactettive of RNA, gene, protein, and metabolite
components [44]. Certain biomarkers, such as ddrmealdehyde and 8-OHdG, exhibit a
correlation with the severity of diseases, henaggsesting their potential as predictive
indicators [44]. However, it is important to contluedependent validation to establish
their reliability and accuracy. As scientific intigstions progress, the previously
overlooked potential of urine as a valuable resemiobiomarkers for neurodegenerative
diseases becomes more evident [42]-[44].

V. CONCLUSION

Over the last two decades, fluid-based biomarkersAD have shown promise for
early diagnosis, disease-specific therapy, andadesamnonitoring, even without disease-
modifying medications. This progress shows the iignze of fluid-based biomarkers like
CSF, blood, and salivary indicators in AD reseaachl treatment. These biomarkers have
transformed our understanding of AD biology, enalplaccurate and early diagnosis, disease
progression tracking, and treatment evaluation. Tbhmbination of non-invasive, cost-
effective blood analysis with biomarkers improvesgdosis accuracy and longitudinal
biologic monitoring. Emerging non-amyloid CSF oroddl biomarkers may be next-
generation AD indicators, although they need maleation. Using blood-based biomarkers
for clinical application could lead to advancemantsdiagnosis and therapy. Amyloid or tau-
based techniques can improve diagnosis and leadvidreatments. These novel biomarkers
help design tailored AD treatments and disease-yiadi approaches. With improved
analytical capabilities, biomarker research camadmore efficient clinical trials and optimize
biomarker-guided techniques, resulting in theinsleas incorporation into AD diagnosis and
care in clinical practice. Future biomarker prdfjlprecision-guided medications, and a better
knowledge of AD's complex terrain promise a newiernadividualized AD therapy.
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