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ABSTRACT

Alzheimer’s disease, the most prevalent type of efgia, affects the life of elderly, to such extdmit it
impairs the ability to perform routine functionswasll. The impairment of normal functions not oalffects

the patients but the family members as well. Idifficult to make a definitive diagnosis; hence som
clinical and psychological tools are used to diagnthe disease. MRI can be used effectively inrdgard

as well. However in the recent years, much worklieen done to devise a biochemical marker which can
be effective for definitive and early diagnosis. Yoid beta and CSF tau proteins have been the most
successful by far in confirming the Alzheimer's elise pathology. Other biomarkers such as neuronal
markers are also important as they particularlystie pathology in brain. It is recommended by biail
Institute on Aging to include amyloid beta and neaskof neuronal pathology in tools for clinical gisis

of the disease; even so, more work is requiredijregard. It is expected that in future, thesekera will

be essential to diagnose the disease.

Keywords: Amyloid Beta, Neuronal Markers, CSF Tau, Serum, [@hile Plaques

1. INTRODUCTION According to another report every 71 sec, someone
develops Alzheimer's disease. And the rate doubles
roughly every 10 years after age 65 (WAD, 2011).
Alzheimer's disease is one of the underlying causes
of dementia. Dementia is the term used to indicate

alone, out of th? 5.2 million people over age @8{esing  jmpaired brain functions and encompass symptones lik
from Alzheimer’s disease, 3.4 million are women Aargl memory loss, confusion, difficulty in performingutine

million are men (CG, 2007; Association, 2012). OUB6  (55ks, “loss of intellectual functions and impaired

milliqn peop[e With_ dementia, 28 million still have _judgment. But, this condition is a symptom of many
receive a diagnosis and hence are unable to receivgngerlying neurological disorders including Alzheiris
treatment. Symptoms of the disease appear usudly a gisease, vascular dementia (Strokes and TIA'S),
the age of 60. Earlier diagnosis can help peopie phead  pementia with Lewy Bodies (DBL), Parkinson’s diseas
and make decision about future. Additionally, thend Frontotemporal Dementia (FTD), Normal-Pressure
their families can receive timely practical inforioa, Hydrocephalus (NPH) and Delirium/Depression.
advice and support. Through an earlier diagnosig 4an  Alzheimer disease is the most prevalent underlgagse
get access to available drug and non-drug therap&s of dementia and is clinically evident when there is
may help to improve their cognition and enhancerthe gradual loss of higher brain functions includingaobe
quality of life. Alzheimer's disease is the sixdading in behavior and mood. The symptoms may progress to
cause of death (AA, 2012). Alzheimer’s disease0%7 disorientation and aphasia (difficulty in language)
prevalent in all cases of dementia. Researchedicptbat indicating cortical dysfunction, agnosia (impairrhén
global prevalence will increase four folds by 2050. recognizing object and people), apraxia (impairedom
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In 2001, eleven million people suffered from
Alzheimer’s disease worldwide (Gadit, 200However
this number has increased tremendously. In Unitate$
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function) and significant of all, memory impairment
With disease progression patients suffer disabaiby
immobility as well. The brain of such patients sisow
gross cortical atrophy with compensatory ventricula
enlargement. The morphologic features include
Neurofibrillary Tangles (NFTs), neuritic (senilelpgues
(SPs), neuronal loss and amyloid angiopathy.
Neurofibrillary tangles are filamentous bundles in

early and clinical phases of Alzheimer's diseasatidR
with other isoforms of Amyloid Beta that are 14, 1%
and 37, 38 and 39 are also useful (Froschl., 2010).
Autopsies of Alzheimer's disease patients revedtesl
sensitivity of A31-42 to be 79% and specificity to be 61%
while assessing a diagnostic discrimination of ADnf
NADD(non-Alzheimer's dementia) (Rohet al., 2009).
AB-42 is also found elevated in plasma of Familial

cytoplasm of the neurons displacing or encompassingilzheimer Disease (FAD) Mutation Carriers (MCs) and

nucleus. In the pyramidal cells, they appear as'fl’ while

in rounder cells they appear as ‘globos tangles’
(Frosch et al., 2010). Senile (neuritic) plaques present
outside the neuron, appear as spherical bodiesngear
dilated and tortuous neuritic processes aroundnayio#
beta core which contains some abnormal proteins lik
amyloid beta plaques which are derived through the
processing of Amyloid Precursor Protein (APP)
(Froschet al., 2010;Harveyet al., 2006). The aggregates
of amyloid beta obtained from processing of APP are
difficult to degrade which consequently activate
inflammatory cascade that lead to oxidative injanyd
alterations in phosphorylation (Frosethal., 2010). Familial
causes or genetic mutations involved in diseadeoluagy

this level might decline with disease progressiefole
developing overt dementia. The ratio of42 to AB40
was also found reduced in the CSF of non demented M
(mutation carriers) (Ringmaat al., 2008).

1.2. CSF-Tau

CSF-tau, a microtubule-associated protein,
although sensitive, indicating acute injury follogi
plague formation, but high CSF-tau is also present
vascular dementia, resulting in a lower specificity
Increased CSF-tau is present during the whole eoofr's
the disease in Alzheimer’s disease which suggéatsitt
may be present before the onset of clinical deraenti
(Andreasenat al., 1998; Zetterberget al., 2003; Araiet

is

include mutations on chromosomes 21, 14 and 1. Riskdl- 1995; Mattssoret al., 2009). Tau is also helpful in

factors for AD are advanced age, lower intelligersrsall

head size, history of head trauma and female gendefr

(Cummingset al., 1998; Yaari and Corey-Bloom, 2007).

1.1. Biochemical Markers for Early Diagnosis of
Alzheimer’s Disease
1.1.1. Amyloid Beta

Amyloid beta comprises of 36-43 amino acids that is
derived from the Amyloid precursor protein. It haany
isoforms including 1,14,15,16 and 37, 38 and 39,480

discriminating patients of Alzheimer's disease with
ontotemporal demenfia Moreover, elevations of t-tau
(total tau) and p-tau (phosphorylated tau) 181, the
isoforms of Tau protein, are sensitive indicatofs o
presymptomatic disease (Ringmenal., 2008).CSF P-
tau231P is found to serve as an in vivo surrogate
biomarker of neurofibrillary pathology in Alzheimer
disease (Buerget al., 2006).

1.3. Combination of Amyloid Beta and CSF Tau

Abnormal levels of the CSF tau and amyloid beta

Some functions of amyloid beta have been discoverechroteins in the cerebrospinal fluid are observed in

including protection against oxidative stress (Z&bial.,
2002; Baruch-Suchodolsky and Fischer, 2009), aaiva
of INK and MAPK enzymes (Bogoyevitcltet al.,
2004), regulation of cholesterol transpofivao and
Papadopoulos, 200%nhancement of synaptic plasticity
and memory (Puzzo and Arancio, 2012.). It alsotfans
as atranscription factor (Maloney and Lahiri, 20ahd
has anti-microbial activity (Sosciat al., 2010) which
shows significant association with pro-
inflammatory activity of Amyloid beta. The oligonseof
amyloid beta are postulated to cause neurotoxioity
attacking through ligand-binding complexes at dpeci
synapses (Klein, 2012Ap 42 levels are decreased in
cerebrospinal fluid of Alzheimer's disease patient
(Froschet al., 2010). However, B-40 is unchanged. In

order to find a biomarker which is more specific, d

Ab42/AB40 ratio was calculated and found to be wisef
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individuals with known Alzheimer’'s disease and thus
these two proteins have been investigated for their
diagnostic utility (CCHP, 2011). CSF P-tau is 83%
sensitive and hence can be used to diagnose ajutg i
and is 75% specific reflecting its remarkable agg@mn
with the disease, while [A42 has a sensitivity and
specificity of 93% (Zetterberg&t al., 2003; BRLS,
2011; Karolinska, 1998). An optimal cutoff of 234 p
mL™* for total tau has 85% sensitivity and 84% spaityfic
(BRLS, 2011)while an optimal cutoff of 361 pg mt-has
sensitivity and specificity of 72 and 69% respesdijvfor
distinguishing Alzheimer's disease from Frontotenapo
Dementia (FTD) and Dementia with Lewy Bodies (DLB)
(BRLS, 2011). There is an association off-42
abnormalities with increased rate of cognitive ohegl
isease progression and risk of conversion to Atabes
disease. This association was not found for tau
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abnormalities in CSF. Abnormal levels foB-#42 (<495
pg mL™?) and tau (>356 pg mt) were accompanied by
increased (but imprecise) risks for
Alzheimer’s disease (BRLS, 2011).

Mild Cognitive Impairment, a brain-function
syndrome is related to aging, but does not interieith
routine tasks. The period when memory loss
significant in MCI, suggest conversion of MCI to
Alzheimer’s disease. Pathological levels di-#2, total
tau and phosphorylated tau (p-tau) that a2ein CSF
biomarkers predict MCI (Mild cognitive Impairment)
conversion to AD and indicate the stable form of IMC
(Parnettiaet al., 2005; Andreasen, 200(tudies have
shown that for the discrimination of AD from ND (mo

demented) control subjects, measurement of a set o

markers including A1-42, ApoAl and HPX improved
diagnostic performance over that obtained by
measurement of f1-42 alon&® Ratio of phosphorylated
tau to A3-42 is significantly increased in patients with
AD and has high diagnostic accuracy in distinguighi
patients with Alzheimer’'s disease from healthy coint
subjects with sensitivity of 86% and specificity ®f%.
CSF ratio of phospho-tau topA2 is more useful and
can be recommended as an aid for evaluating inasd

reductions, while one study reports an increasaoin
epinephrine metabolites (Boller, 2002). F2-isopanst

progression toan oxidative stress marker, is found to be elevateate

CSF of preclinical FAD MCs (Familial Alzheimer’'s
Disease mutation carriers) and indicates that dxiela
stress occurs following mis metabolism of amyloid

is precursor protein (Ringmaat al., 2008).

1.6. Plasma Biomarkers

The markers detected in plasma, for early diagnosis
of Alzheimer’s disease, have also been studiechhué
met little success. These include alpha-2 macratitob
and complement factor H, which show increased

xpression. These are also present in senile paque
imilarly alpha-lantitrypsin and alpha-lantichyrpstn
and decrease levels of ApolipoproteinAl in blood
plasma and serum are some markers which need to be
studied further (Baueet al., 1991; Strohmeyeet al.,
2002; Maeset al., 2006; Matsubaraet al., 1990;
Liebermanret al., 1995).

1.7. Inflammatory Markers

An inflammatory response in Alzheimer’s disease has

suspected of dementia due to Alzheimer's diseasebeen observed that includes complement activation,

(Karolinska, 1998Maddalenaet al., 2003; Sobovet al.,
2004; Blennowet al., 2001; Humpel, 2011).

1.4. Amyloid-Beta Derived Difusible Ligands

Proteins named Amyloid Beta-Derived Diffusible
Ligands (ADDLs) are known to have a negative eftdct
the synapse. The ADDLs contribute to the buildup of
amyloid beta protein plaques and this is thoughtawee
a direct effect on cells that store memories aratgss
information. ADDLs are so small (20,000 times finer
than a human hair) and so diluted that, up till ntdvey
have been impossible to find in the living. So, etimod
has been devised using Amyloid beta-derived diffigsi
ligands in which both gold and magnetic nanopratein
that bind to them are studied. Some of the nanemst
also bind to a section of DNA which acts like a
biochemical barcode. This can then be read in otaler

detect where ADDLs are concentrated. By using a

magnet, the ADDLs attached to the magnetic
nanoproteins, can be removed (Kennard, 2005).

1.5. CSF Monoamine Metabolites

elevated C-Reactive Protein (CRP), elevated pro-
inflammatory cytokines (including IL-1-beta, IL-BNF-

I+, TGF-12, S100-12), chemokine alterations (IL{8)P-
l-alpha, MIP-1-beta, MCP-1) and microglial actigati
(Molloy et al., 2009). Release of inflammatory mediators
occurs in Alzheimer’s disease. Several proteinsasdd
due to inflammatory process in Alzheimer’s diseeap

be used as biomarker. These proteins were detétted
previous studies using ELISA, as well as proteomics
approaches (Frosadt al., 2010) The study of cytokines
produced during inflammation in Alzheimer's disease
have also shown inconsistent results. For exan@ss;
interleukin-6 (IL-6) levels have been reported te b
increased, decreased, or unchanged in Alzheimer’'s
disease (Pirttilat al., 1994).

1.8. Transport Binding Proteins

Albumin, a well known transport binding protein
interacts with A in several ways. Albumin is present in
Senile Plaques (SP) and prevents the formation pf A
macroaggregates and protects red blood cell lyses,
evidence also indicates that in plasma the majofitf3

The CSF monoamine metabolites have been studiedapproximately 89%) is bound to albumin. Othep A

to a great extent, but the results are still canfusAt
autopsy there is a marked decrease in total brarn n
epinephrine, serotonin and dopamine, but in vivo

transport proteins include vitamin D-binding protei
which has no known relation to AD or dementia.
Transthyretin, a carrier protein found in serum Q8%F,

measures of the metabolites do not show consistenis actually responsible for transporting Thyroxifi4)

decreases. Most studies show normal levels, som& sh
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and retinol binding protein in a state when it @ihd to
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retinol (Ingenbleek and Young, 1994). It is prodiidsy production of DHEA. Hence it was inferred that reeld
choroid plexus in CSF and by liver in serum. Trayistin production of DHEA by oxidation in blood is relatéal
has been found to form stable complexes wighpaptides  degree of cognitive impairment found in Alzheimer’s
from CSF and may inhibit aggregation of B.A disease. Also this test allowed for differentiahgtiosis

Apolipoprotein E (ApoE) and ApoJ are the main limigin ~ of Alzheimer’s disease at an early stage (Rob&1,12
carriers for /8. Some studies show a decrease in ApoE Mullins, 2011;Rammouzt al., 2011).

isoforms in Alzheimers (Finehostal., 2007).
1.11. Serum Markers

_ ) Hooshmandkt al. (2010) studied the relation between
Urinary neural thread (Neural Thread Protein; NTP), serum  levels of homocysteine (tHcy) and

a urinary biomarker test is a sensitive markerexgihg  holotranscobalamin (holoTC), the active fraction of
acute injury in the course of disease and 90.1%ifpe  vitamin B12 and risk of developing Alzheimer’s.
for diagnosis of probable Alzheimer’'s disease (BRLS Homocysteine is one of the biochemical tests which
2011). Elevated levels of AD7c-NTP (Alzheimer's included in the policy for diagnosing Alzheimer’s
disease 7c- Neural Thread Protein) isoform candem s disease (Aetna, 1999).

in both cerebrospinal fluid and urine of patientghw Serum p97 is a secreted protein which is expressed
early or moderately severe Alzheimer’s diseasetard by amyloid plague and is associated with reactive
CSF and urinary levels of AD7c-NTP have been shownmicroglia in AD. Serum p97 concentration is incezhs
to correlate with the severity of dementia. A reska even in mild Alzheimer’s disease which makes itfuise
show that the newest configuration of the AD7c-NTP in the differential diagnosis of Alzheimer's disedsom
assay, called “7c Gold”, has greater than 90% teitgi ~ Other dementias at early stage. It is known that &
and specificity for detecting early Alzheimer's efise.  localizes with the transferrin receptor in brairpidary
AD7C-NTP concentration in probable AD cases was endothelium, which shows the possibility that tbiikle
comparable to cases of early Alzheimer's diseage T P97 protein can cross the blood-brain barrier by
data confirmed the specificity of AD7C-NTP as anlyea interacting with the transferrin receptor. p97 pdes a
biochemical marker of Alzheimer's disease (Boller, route for cellular uptake of iron from Fe-citrateat does
2000; Ghanbargt al., 1998a; Aetna, 1999t is also not require transferrin. It is reported that theatration
found that the competitive ELISA-format AD7C-NTP Of the soluble form of p97 in cerebrospinal fludtwo to
test in urine is an accurate method for detectiiyex  four times more than in serum .Therefore, elevatiop97
NTP levels and could be used as a biochemical markein the brain result in the increased serum p97
for diagnosis of Alzheimer's disease (Aetna, 1999; concentration through the CSF route. As, p97 ialiped
Ghanbariet al., 1998b; Levyet al., 2007; Monte and to microglial cells associated with amyloid plaqueas

1.9. Urinary Biomarkers

Wands, 2002). Alzheimer’s disease, an elevgteq serum p97 corm'cm_tr
can be regarded as a substitutive marker of Alz&esm

1.10. Serum and Blood Markers disease. Despite theoretically being effective hibves

1.10.1. DHEA- a Blood Test: difference between clinical diagnosis and classifor.

, i Serum p97 concentration reflect nonspecificity and
A Hormone, Dehydro-Epiandrosterone (DHEA) is an jhcomplete  sensitivity of the laboratory measure,

endogenous steroid hormone (Moal., 2006) produced  harefore, efficacy is still ambiguous (Kienal., 2001).

by gonads, brain (Schulmaet al., 2007) and adrenal  gerym 24S-OH-cholesterol (24S-hydroxycholesterol),
glands and is most abundant of circulating steroidy product of cholesterol oxidized enzymatically, is
hormones. It is a metabolic intermediate in the gynihesized in the brain. It has found to be aly @aarker
biosynthesis of steroid hormones (Scott, 1996)r&in  for Alzheimer's disease. Glial fibrillary acidic gtein

it has been known to be helpful for memory function gytoantibody (a major fibrous protein of multiptesosis
(Evanset al., 2006).DHEA is present in high levels in  plaque) level is suggested to be a late marker for
the brain and possesses a wide range of biologicaheurodegeneration (Teunisseral., 2001).

effects. This hormone was therefore selected foodbl Patients with type Il diabetes and Alzheimer's
test for early diagnosis of Alzheimer's diseaseeTh disease express metalloproteases, but their expmeiss
researchers promoted the production of DHEA, by more complex for understanding as these proteins ha
oxidation, in blood taken from non-Alzheimer’s peaiis. different pattern of expression between AD and Apet
However, it was seen that oxidation of blood from Il Diabetes patients and among patients and healthy
Alzheimer’'s disease patients did not show increasecontrols (Orlacchiet al., 2008).
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Neuronal and glial derived proteins (such as S100B  Protein Kinase C (PKC) is found in autonomic
and NSE) have also been studied in this regardal Gli ganglia and CNS. In autonomic ganglia, it induces
derived protein S100B (S100 calcium binding pro@jn  excitatory post-synaptic potentials, while in CNSis
is responsible for, proliferation of melanoma gells also responsible for memory apart from the exaitato
neurite extension stimulation of function. A recent study suggests the possibilitatt
C&*fluxes, astrocytosis and axonal proliferation, PKC dependent phosphorylation may be involved in an
inhibition ~ of PKC-mediated phosphorylation ~ and early stage of plaque formation. Two evidences ettpp

inhibition of microtubule assembly. In a developing this. First, diffuse plaques, which precede theeapance
brain it functions as a neurotrophic factor androeal I Alzheimer’'s disease. Second, the decline oflkweé

survival protein. Hence, serum levels of S100B areparticulate PKC and the reduced PKC-dependent P86
studied as a marker for brain functional conditmmd ~ Phosphorylation that were found in the cortex of
serum NSE levels reflect morphological status in.AD clinically non-demented individuals along with doa
Serum NSE levels are unchanged while serum leviels odiffuse plaques (Masliaét al., 1991).

SlOOB_are significantly reduced hence a _positive 1.13. Genetic Markers

correlation between S100B levels and AD severity an

negative correlation between NSE levels and moggjical The protein, ApoE, is present on chromosome 19 in a

AD has been discovered (Chavesal., 2010). group with Apolipoprotein C1 and the Apolipoprotein
C2. ApoE has three isoforms, ApoE2, ApoE3 and

1.12. Neuronal Markers ApoE4. ApoEe3 is the normal protein, while Apo

Contactin, a neuronal membrane protein is known toand A.pO.EEA' are the dysfuncti_onal pro_teins. There is an
y association between the apolipoprotein E (apoEhEAp

have a role in communication between neurons aiad gl S PR
. ¢4 genotype and Alzheimer's disease. Several other
and the observed molecular weight and sequence

coverage was found consistent with a contactinnfiexg. r%\zgcl)ftngﬁecl)é Ai\sofii n%retc?lsé)cé)v:\:ggrlé%r’eiéi tg(rj A'i'ng?
Neuronal Pentra_xm Receptor (NPR), anc_)ther neuronal o Alzheimer's. ApOE:3 protect from
membrane protein was suggested to be involveddn th

. ) phosphorylation  while  ApoE4 increases the
clearance of synaptic debris, although the exauttion phosphorylation of tau (Karolinska, 1998; Andreasen

of this marker was not clear (Finehatal., 2007)al-  2002) the positive and negative predictive values a
Antichymotrypsin  (ALACT) was observed either jnadequate to confirm apoE genotyping as a diagnost
increased or unchanged in CSF samples of Alzhefmer’ tgst for Alzheimer's.

disease patients (Matsubastaal., 1990; Harigayat al., CLU gene, present on chromosome 8 produces the
1995; Pirttilaet al., 1994). However some contradictory protein Clusterin. Clusterin has variety of funoowhich
results show that more studies are required terie  include regulation of cell lysis mediated by connpéant,
possibility of ALACT to be tagged as an effective programmed cell death, membrane recycling andcedlll-
biomarker (Woonet al., 2007). Alzheimer disease adhesion. It also acts as complement inhibitdpiritls to
associated protein ADAP, another neuronal marker isand  from  complexes  with, ~ immunoglobulins,
found to have three major ALZ-50 subunits includig ~ complement components, heparin, beta amyloid, bagcte
68.This assay requires ALZ-50 and a rabbit antibody!iPids, leptin, paraoxonase. Clusterin though hﬂmf’f
raised against a highly ADAP enriched brain protein functions, but the main function important in Aliher’s

fraction. It is suggested to be a helpful diagrostarker ~ disease is the elimination of the major componeit o
for AD (Ghanbariet al., 1990). Some postmortem amyloid plaques. CLU gene is also a newly testet ge

studies have shown reduction in cholinergic indices this regard, constituting about 9 percent of Al >

) ; . cases and CR1, thought to be responsible for aout
including ~Choline  Acetyl -~ Transferase  (CAT), percent of cases. Positive results for the new tigene
acetylcholinesterase (AChE) and many cholinergic \ariations are said to increases a carrier’s rigkisgase by

neurons. Moreover, these changes were correlated, 1o 209% which is quite less than the 50 to 10@eue
with cognitive decline measured clinically (BRLS, increase produced by the APOE marker (Duncan, 2009)
2011). Even then, the results of cholinergic masker In 1993 Schellenberg demonstrated linkage of the
studies in the CSF have been disappointing. Measuredisease to the long arm of chromosome 14. Five
of AChE have been found normal or reduced, mutations in a novel gene from this region (S182)yen
suggesting ambiguity (Boller, 2001). later identified in several cases of early onsatilial
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Alzheimer's Disease (FAD). S-182 was later renamedburdened with amyloid oligomers. Also, neuron-sfieci
presenilin 1gene or PS-1gene the resulting protéin  cyclooxygenase 2 (COX-2) is up regulated specifical
which has 467 amino acids and multiple transmengran in the cells burdened with amyloid beta plaguese Th
domains. Presenilin 1 is a core protein of the ltiegu researchers inferred that these inflammatory markan
presenilin complex. Presenilin is responsible for be used to diagnose early eng\lzheimer's disease
mediating the regulation of proteolytic event byryaa (Ferrettiet al., 2012). Muller and Zheng in their latest
secretase (and several other proteins), which isreview have also established some important aspdcts
responsible for production of beta amyloid, whiotthe Amyloid Precursor Protein (APP). The cleavage oPAP
accumulated form, produces amyoid plaques. Mora tha by B-secretase (BACE) at the amino terminus df A
50 AD-causing mutations up till now have been yields large soluble ectodomians called Ai?lBad APP
demonstrated in the PS-1 gene (Andreasen, 2000), thsB. The primary neuronal cultures have been shown to
autosomal dominant familial forms of Alzheimer’'s have high expression @fsecretase and hence, increased
disease are discovered in three different geneticproduction of APPgand AB. The AAPR is toxic and is
mutations: Mutations of the Amyloid Precursor known to bind to death receptor DR6, mediating axon
Protein (APP) gene on chromosome 21, genespruning and degeneration (Miller and Zheng, 2011).
encoding Presenilin 1 (PS1) on chromosome 14 and

presenilin 2 (PS2) on chromosome 1. Mutations & th 2. CONCLUSION
Amyloid PrecursoiProtein (APP), Presenilin 1 (BB ) _ ) )
and Presenilin 2 (P3 geneshat result in autosomal Despite extensive work on early diagnosis of

dominant familial AD were identifieth the early part ~ Alzheimer’s disease, the 2012 Alzheimer’s diseassf
of the decade (Diaz-Arrastia and Baskin, 2001;and figures suggest further research on implemgntin
Ringmanet al., 2008). biochemical markers as necessary tools for diagnafsi
Neuronal sortilin receptor gene has also been estudi the disease. However, these markers are recomménded
in this regard. The resulting protein is a neuronal € Nnew guidelines and amongst the discussed
apolipoprotein E receptor. Genetic variants of the b|oma_rkers, markers for neuro_nal injury and beta-
neuronal sortilin-related receptor with A-type rafse amyloid are suggested for early diagnosis of Alatesis

(SORL1, also called LR11 or SORL A) have been found ,?Iszer}lifz.er’;rhdeizgasgeivr\llto %EL(jeeellnsetz ega\;ﬁe c?;zgl;):zed
to be risk factors for the development of Alzheitwer ges, P

. . . stage of Alzheimer's disease, MCI (Mild cognitive
Disease (AD). Significant relation between CSE A- : . P
42) levels and the SORL1 SNPs 23 and 24 wer impairment) due to Alzheimer's disease and the, last

. P : . €dementia due to Alzheimer's disease. No biomarker f
identified in the AD group (Kingt al., 2011). In addition

; the pre-clinical stage is recommended; rather naamek
to known candidate genes, APOE, TOMM40 and onejs required to set any biomarker as the criteria fo

hypothetical gene LOC100129500 partially overlappin - gjagnosis. However, biomarkers are recommended for
APOE; one novel gene, EPC2 and certain other genesc| due to Alzheimer’s disease stage but more visrk
were associated with CSF biomarkers that are elate  required in this regard too. In future, these bidaes

AD. But these findings require further cohort sesli  will be essential to diagnose Alzheimer's disease a
(Swaminathan and Shen, 2011). suggested by National Institute on Aging (NIA) and

1.14. Recent Advances in Alzheimer's Disease Alzheimer's disease Association (Association, 2012)
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