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Abstract. Biomarkers are molecules that behave as of biological states. Ideally, they should have high sensitivity, specificity,
and accuracy in reflecting the total disease burden. The review discusses the current status of biomarkers used in neurological
disorders. Neurodegenerative diseases are a heterogeneous group disorders characterized by progressive loss of structure and
function of the central nervous system or peripheral nervous system. The review discusses the main biomarkers that have
predictive value for describing clinical etiology, pathophysiology, and intervention strategies. Preciseness and reliability are one
of important requirement for good biomarker. As a result of the analysis of literature data, it was revealed that beta-amyloid,
total tau protein and its phosphorylated forms are the first biochemical biomarkers of neurodegenerative diseases measured in
cerebrospinal fluid, but these markers are dependent upon invasive lumbar puncture and therefore it’s a cuambersome process
for patients. Among the various biomarkers of neurodegenerative diseases, special attention is paid to miRNAs. MicroRNAs,
important biomarkers in many disease states, including neurodegenerative disorders, make them promising candidates that may
lead to identify new therapeutic targets. Conclusions. Biomarkers of neurological disease are present optimal amount in the
cerebrospinal fluid but they are also present in blood at low levels. The data obtained reveal the predictive value of molecular
diagnostics of neurodegenerative disorders and the need for its wider use.
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Introduction

A biomarker is an indicator molecule of a biological
as well as pathological condition or pharmacological
response to a therapeutic intervention. It can be a simple
laboratory test or as complex as a pattern of genes or
proteins. In real practical point of view, the biomarker
would specifically and sensitively reflect a disease
condition and could be used for diagnosis as well as
for disease monitoring during and following therapy.
Biomarkers with molecular approach can be divided
into 3 broad categories [1]:

1. Biomarker that track disease progression over
time and correlate with known clinical measures;

2. That detects the effect of a drug.

3. In clinical trials it behaves as surrogate endpoints.

Characteristics of a biomarker
for neurologic disorders.

1. Biomarker should be minimally invasive or non-
invasive and produces reproducible results.

2. There are thousands of biomarkers of various
diseases including neurologic disorders, but not all of
them have been validated.

3. Biomarkers in blood can provide early indicators of
disease and help in understanding the pathomechanism
of disease as well as determine prognosis.

4. Besides bestowing to diagnosis, biomarkers helps
in the integration of diagnosis with therapy and are
useful for monitoring the course of disease as well as
response to treatment.

5. Some biomarkers are potential targets for
discovering new drugs for neurologic disorders and
are useful for clinical trials during drug development.
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Historical background

Bence Jones protein in urine one of the first
biomarker used in was used in mid-19th century.
During the early 1960s the term «biomarker,» or
biochemical biomarkers started showing its presence
in the literature in connection with metabolites and
biochemical abnormalities associated with several
diseases. During the last decade of the 20th century,
discovery of biomarkers was accelerated by mass
spectrometry used for analysis of biological samples
for biomarkers, applications of proteomics for molecular
diagnostics, and disclosure of metabolomics for the
study of biomarkers. In the blood the best known protein
biomarkers are troponin (for myocardial infarction),
carcinoembryonic antigen (CEA) for different types of
cancer, aminotransferases such as ALT and AST (for
liver diseases) and the prostate-specific antigen (PSA)
for prostate cancer [2]. In year 2000 completion of
sequencing of the human genome opened the way for
discovery of gene biomarkers.

Since 2005, biomarkers play a major role in the field
of biotechnology and biopharmaceutical industries. Now
a day the term «molecular biomarkers» is commonly
used to any molecular modification of a cell on DNA,
RNA, and metabolite or protein level.

Of the thousands of biomarkers that have been
discovered, most remain to be validated. A biomarker
is valid if:

1) It can be measured in a test system with well-
established performance characteristics.

2) Evidence for its clinical significance has been
established.

Neurodegenerative diseases are mainly identified
by progressive loss of cognitive function, dementia,
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and problems with movements. It leads to the loss of
structure or function of neurons, which might also,
causes death of neurons [3—7]. Neurodegenerative
diseases, such as Alzheimer’s disease (AD), Parkinson’s
disease (PD), Amyotrophic Lateral Sclerosis (ALS);
Multiple Sclerosis (MS); Huntington’s disease (HD);
MachadoJoseph disease; Amyloid Polyneuropathy.
With extended life expectancy worldwide, neurological
disorder increases in the coming years. Nowadays,
patients are treated on the basis of symptoms, and
currently no effective known drugs are available to
reverse or stop the progression of the diseases. For
early and predictive diagnosis of neurodegenerative
diseases enormous efforts are under way [8—10].
Beta-amyloid (Af), total tau and its phosphorylated
forms (p-tau) are the firsts biochemical biomarkers of
neurodegenerative diseases measured in cerebrospinal
fluid (CSF), but, these markers are dependent upon
invasive lumbar puncture and therefore it’s a
cumbersome process for patients [11—13], so there
is a urgent need for new biomarkers in more easily
accessible body fluids such as peripheral blood. Cortisol
is the one of potential biomarker for neurodegenerative
disease and also used for stress evaluation.

Cortisol

Cortisol is a steroid hormone that is mainly
produced by the adrenal glands (cortex region), and
by a complex network of neuroendocrine cascade
(coordinated from the brain via a signaling system)
known as the hypothalamic pituitary adrenal (HPA)
axis. The HPA axis is a key player by which the brain
can exert control over physiological activity, which it
does in normal everyday activity and also in response
to stress. Cortisol crosses the blood—brain barrier
easily; owing to its lipophilic character [14]. Binding
of cortisol receptors which are present on the most of
the bodily cell to specific intracellular receptors which
affects multiple and diverse systems, ranging from
regulation of the metabolic, immune, cardiovascular and
cognitive systems [15]. This important function makes
cortisol a crucial hormone to protect overall health and
well-being. When these receptors are activated bind to
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«hormone response elements» in the DNA and regulate
the transcription of target genes [16].

Cortisol also increases blood pressure, blood
sugar levels, and has an immunosuppressive action.
Hydrocortisone (synthetic cortisol) as an antagonist
used in the treatment of allergies and inflammation as
well as substitute supplementation in cortisol production
deficiencies. Cortisol is metabolized by the 11-beta
hydroxysteroid dehydrogenase system (11-beta HSD).
Any alteration in 11-beta HSD 1 has been suggested
to play a pivotal role in the pathogenesis of obesity,
hypertension, and insulin resistance which ultimately
lead to osteoporosis, digestive problems, hormone
imbalances, cancer, heart diseases and diabetes.

Apart from cortisol, changes in the levels and
activities of neurotrophic factors have been observed,
such as brain-derived neurotrophic factor (BDNF).

Brain-Derived Neurotrophic Factor

BDNF is the a secretory protein, dimeric growth
factor present in most human tissues, including
neurons where it helps to support their survival and
encourage neuro- and synaptogenesis and it that help
to build new brain cells and it keeps your existing brain
cells strong [17]. BDNF belongs to the member of
the neurotrophin family (growth factors) along with
nerve growth factor (NGF); neurotrophins-3 (NT-3),
NT4/5 and NT-6. It is synthesized in the endoplasmic
reticulum (ER) as a 32—35 kDa precursor protein (pro
BDNF) that then moves to the Golgi apparatus and
trans-Golgi network (TGN) where pro-BDNF is sorted
by vesicles and transported into post-synaptic dendrites.
The terminal domain of pro-BDNF is cleaved by a
distinct protein convertase enzyme to form 13 kDa
biologically active mature BDNF (mBDNF) [18, 19].

BDNF is involved in the function and survival
of cholinergic neurons in the basal forebrain [20,
21]. In whole blood, serum, or plasma have reported
significantly lower BDNF levels in patients with
major depression [22—23], schizophrenia [24],
bipolar disorders [25], autism spectrum disorders
or mild cognitive impairment (MCI) [26, 27]. It has
been described in a number of other neurodegenerative
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disorders, including Huntington disease, Alzheimer
disease and Parkinson disease. BDNF is stored in
platelets, and their concentration in plasma and serum
may not be an accurate value because of platelet
activation and degranulation. Moreover, most of the
earlier studies have used conventional enzyme-linked
immunosorbent assays (ELISAs) for the estimation of
BDNF levels in CSF in neurodegeneration disorder and
their concentrations found below the linear range of the
assay, raising doubt as to the validity and accuracy of
the reported disease differences [28, 29]. The normal
range of mean plasma BDNF values was ~92.5 pg/ml
(8.0—927.0 pg/ml). It was higher in women, and
decreased with advancing age in both genders [30].
It is a physical reaction to the issues that confront us.
Whilst our brain continues to perceive these situations
as threats, stimulating an onslaught of biochemical
reactions inside us, we have the ability to halt it.

N-acetylaspartate

N-acetylaspartate (NAA) level is a neuronal
marker or biomarker of functional integrity and
vitality in neurons, thus its concentration correlates
with neuronal density and neuronal function [31—
33]. NAA which is synthesized from aspartate and
acetyl-coenzyme A in neurons play an important
role in biochemical features of CNS metabolism.
NAA has two primary roles, as a facilitator of
energy metabolism in neuronal mitochondria [34]
and a source of acetate for fatty acid and steroid
synthesis necessary for axonal myelination by
oligodendrocytes [35, 36]. NAA moves from
neurons to the cytoplasm of oligodendrocytes, where
apartoacylase (ASPA) cleaves the acetate moiety
for the synthesis of fatty acid and steroid and this
fatty acids and steroids acts as building blocks for
myelin lipid synthesis. The fatal leukodystrophy
Canavan disease is caused by mutation in the gene
for ASPA, for which there is currently no effective
treatment. Acetylation of l-aspartic acid leads to
the formation of NAA, which is present in optimal
concentrations (more than 10mM) in mammalian
brain and particularly in neurons. It has role in the
Neuronal osmolyte that is involved in fluid balance
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in the brain. Source of acetate for lipid and myelin
synthesis in oligodendrocytes, the glial cells those
myelinate neuronal axons.

Daily turnover of NAA is regulated through an
intercompartmental cycle involving extracellular fluids
among neurons, oligodendrocytes, and astrocytes [37].
Evidence suggests a continuous NAA efflux from
neurons to blood circulation, and in physiological
conditions, low serum NAA level relates to its rapid
glomerular filtration in the kidneys [38, 39]. A slightly
decreased NAA level in the brain is a normal part of
aging, particularly in older men [40, 41]. In contrast,
pathological decreases shows in the brain of patients
with Alzheimer disease, Parkinson disease, and
multiple sclerosis (MS) by in vivo proton (1 H)—
magnetic resonance spectroscopy or by postmortem
histopathological evidence [42—43]. Low NAA level
was found in cortical brain regions of patients with
ALS [44—A47].

Serum Amyloid P-Component

Serum Amyloid P-Component (SAP, PTX2) is a
member of the pentraxin family 25kDa homopentameric
discoid arrangement of five non-covalently bound
subunits glycoprotein first identified as the pentagonal
constituent of in vivo pathological deposits called
«amyloid» similar to C-reactive protein (PTX1), it
is secreted by the liver and a found in plasma at a
concentration of approximately 31 mg/L [48]. SAP is
a highly conserved an acute phase protein molecule and
it is a precursor of amyloid component P which is found
in basement membrane and associated with amyloid
deposits that may play an important role in innate
immunity modulates immunologic responses, inhibits
elastase, in human SAP and CRP share 66 % homology
and the gene for SAP is located on chromosome number
1. One of the unique properties of SAP that it binds both
to amyloid plaques and to tau tangles, stabilizing and
protecting them against the body’s normal clearance
mechanism for abnormal protein deposits. The structure
of SAP (and CRP) pentamers is a flat disk with a hole in
the middle [49, 50], containing two Ca"" atoms bound
to it, and the pentamer thus has 10 Ca*™ atoms on one
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side of the disk. Ca™ helps in the binding of a variety
of molecules including apoptotic debris, bacterial
polysaccharides, amyloid deposits, and bacterial
toxins [51, 52]. Phagocytic cells such as monocytes
and macrophages then bind the SAP, CRP and engulf the
debris or other material the pentraxin has bound [53].
Further very interesting results provides a research of
amyloid precursor protein (APP).

Beta Amyloid

Beta Amyloid is a peptide of 36—43 amino acids
produced by - and y-secretases of APP. In normal
physiological condition, more than 90 % of A3 is in
the form of AB,, which is soluble while less than 5 % is
generated as the longer form of AB,, which is insoluble;
it appears to be the main constituent of amyloid plaques
in the brains of Alzheimer’s disease patients. The
most important isoforms are Af3-40 and A[3-42; the
smaller form is produced by cleavage that takes place
in the endoplasmic reticulum, while the longer form is
produced by cleavage in the trans-Golgi network. A-42
is the more fibrillogenic and therefore associated with
disease states and thought to be especially toxic. Af
aggregation is considered to be the primary reason for
the neurotoxicity in the classic view, and Af} oligomers
are the most neurotoxic form [54].

Beta-amyloid is a small piece of a larger protein
called «amyloid precursor protein» primarily present
in central nervous system, but it is also expressed in
peripheral tissues such as in circulating cells is a type
1 membrane glycoprotein that plays an important
role in biological activities, including neuronal
development, signaling, intracellular transport, and
other aspects of neuronal homeostasis. APP consists of
a single membrane-spanning domain, an extracellular
glycosylated N-terminus is long and a shorter
cytoplasmic C-terminus. It is one of three members
of a larger gene family in humans that protein clump
together to form plaques in the Alzheimer’s brain that
collect between neurons and disrupt cell function. The
APP isoforms can be detected in platelets membrane.
The intact 150 kDa weight APP is divided into two
forms after platelet activation [55]. The ratio of forms
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with molecular weight 120—130 kDa and of 110 kDa
weight are called «platelet APP isoform ratio,» and
in AD and mild cognitive impairment (MCI) its ratio
decreases not in other dementias [56, 57]. The next
candidate biomarker is galanine.

Galanin

Galanin is a 29- or 30-amino acid neuroendocrine
peptide, isolated in 1983 Tatemoto with collegues [58],
found in both the central and peripheral nervous systems
and shows a number of physiological effects, acting
mainly as an inhibitory, hyper-polarizing neuromodulator
by Merchenthaler et al (1993) [59]. The sequence of
amino acid in galanin is highly conserved (almost
90 % among species), indicating the importance of the
molecule, it has its N-terminal glycine and its C-terminal
alanine. The N-terminal end of galanin is crucial for
its biological activity and the first 15 amino acids are
conserved in all species (the tuna fish being the exception;
[60]). The C-terminus is believed to primarily serve as a
protector against proteolytic attacks [61, 62]. Galanin has
number of important biological role in the body, such as
regulation of food intake, metabolism and reproduction,
regulation of neurotransmitter and hormone release,
nociception, intestinal contraction and secretion, and in
nervous system it response to injury. This type of action is
controlled by several galanin receptor subtypes.GALR1,
GALR 2, and GALR 3; they are mostly expressed in
gastric and intestinal smooth muscle cells, in the pancreas,
and in the CNS [63]. In the CNS, galanin release several
neurotransmitters. The ability of galanin to inhibit
acetylcholine release together with the observation of
hyper innervation of galanin fibers in the Alzheimer’s
disease patients suggests a possible role for galanin in
this disorder. Galanin is an inhibitory, hyperpolarizing
neuropeptide that inhibits neurotransmitter release. The
galanin receptor is often co-localized with classical
neurotransmitters such as acetylcholine, dopamine,
serotonin and norepinephrine and also with other
neuromodulators such as Vasoactive Intestinal Peptide,
Neuropeptide Y and Substance P. Besides proteins,
microRNAs (miRNAs) have also demonstrated their
potential as non-invasive biomarkers from blood and
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serum for a wide variety of human pathologies [64].
In many disease states altered expression of miRNA,
including neurodegeneration, and increasing relevance
of miRNAs in biofluids in different pathologies has
prompted the study of their possible application as
neurodegenerative diseases biomarkers aim to identify
new therapeutic targets.

Circulating miRNAs as biomarkers of nervous
system diseases

During evolutionary process miRNAs remain
conserved, and their expression may be constitutive or
spatially and temporally regulated. Increasing efforts to
identify the specific targets of miRINAs lead to speculate
that miRNAs can regulate more than of human genes.
Specific miRNA subsets were expressed in specific brain
area and in neuronal and glial cell subtypes [65]. In the
transcriptional networks of the human brain miRNAs
play important roles, and in many pathological conditions
changes in brain-specific miRNA expression occurs,
depression and epilepsy among them. Recently, several
groups have proposed the use of microRNAs (miRNAs)
circulating in plasma or serum for ND detection [66—67].
miRNAs are small molecules (~22 nucleotides) that
play important roles in gene regulation by binding to
complementary regions of messenger transcripts and
repressing their translation or regulating their degradation
[68, 69]. Sequence complementarity analysis shows an
individual miRNA can regulate more than 100 messenger
RNAs (mRNAs), and an mRNA thus behaves as potential
biomarkers for multiple cellular processes. Over 2000
miRINAs have been discovered in human cells to date, and
many of these miRNAs are specific to or overexpressed
in certain organs, tissues, and cells [70—87]. Some
miRNAs, including those that are cell-specific, can be
enriched in particular cellular compartments, such as
neurites and synapses [88—94]. miRNAs can be secreted
or excreted into the extracellular space [95—98] and are
detectable in plasma and serum [99].

Conclusion

In the serum and plasma circulating miRNAs
reveal stability and are able to cross the blood-brain
barrier, thus provide great potential as non-invasive and
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quantitative biomarkers. To register the full importance
of miRNA biomarkers for nervous system diseases,
tools are required for the routine analysis of miRNAs
from clinical samples.

In the coming years, the need of blood based new
biomarker to support the diagnosis of different brain
disorders and to help detect progression and response
to therapies.
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Buomapkepbl B UarHoCTUKe HelipoaereHepaTUBHbIX 3a60neBaHuM

C.C. Xak =~ X

VHCTUTYT MeJULIMHCKUX HayK uMeHU VIHaupel lanay, e. Ilamua, buxap, MHOus
< sshaq2002@yahoo.co.in

AnHoTanusa. BromMapkeps! nipe/CTaBIsIOT OO0 MOEKYIIBI, SIB/ISIOLIMECS WHAUKaTOpaMy OUOIOrHUeCKUX COCTOSTHUH.
B uzieane OHU JO/DKHBI MMETb BBICOKYIO UYBCTBUTE/BHOCTb, CIIelU(UIHOCTb U TOUHOCTh B OTPa’keHUH 001[ero OpeMeHH
6one3Hu. B 0630pe 06cykzaeTcs TeKylllee COCTOsIHHE OMOMapKepOB, UCIIO/b3yeMbIX TIPH HEBPOJIOTUYeCKUX PacCTPOHCTBAX.
HelipogereHepatuBHble 3a00/ieBaHMs TIPEJCTAB/ISIOT COO0H reTeporeHHy0 IpymITy 3ab0/ieBaHNH, XapaKTepU3YIOIUXCs TIPO-
rpeccHupyrolel IoTepei CTPYKTyphl M QYHKIMY I[[eHTPaJbHOM HePBHOW CHCTeMbl W/ Mepudepryeckoil HepBHOW CHCTEMBI.
B 0630pe 06cyXar0Tcsi OCHOBHBIE OMOMapKepbl, KOTOPbIE UMEIOT MPOrHOCTUUECKYHO LIeHHOCTb /ISl OTIMCAHHUS K/TMHUUeCKOH
3THOJIOTYH, TATOGU3UOJIOTHY U CTpaTervii BMelIaTebCTB. TOUHOCTE U HaZIeXKHOCTb SIBJISTIOTCSL OJHAM U3 Ba)KHBIX TPeOOBaHUN
K xopolieMy Oviomapkepy. B pe3ysbTaTe aHamu3a UTepaTypHBIX JaHHBIX BBISBIEHO, UTO OeTa-aMUION I, oOIIuii Tay 6esioK U
ero (ocdopunpoBaHHbie GOPMBI SBISOTCS MEPBHIMUA OMOXMMHUUECKUMU OMOMapKepamMu Helpo/iereHepaTUBHbIX 3a00/1eBaHuMH,
M3MepsieMBbIMU B CITMTHHOMO3TOBOH KU/IKOCTH, HO BBISIBJIEHHE 3THX MapKepOB BO3MOKHO C MIOMOLLbIO MHBa3UBHOH JTIOMOATbHOM
MYHKLWH, U SBJIsIeTCsl 0OpeMeHHTeTbHBIM TIPOLieccoM /1S areHToB. Cpeay pa3iuuHbIX OMoMapKepoB HelpoyiereHepaTHBHBIX
3abosieBaHui, ocoboe BHUMaHuUe yzesnseTcs MUKpPOPHK. MukpoPHK — BakHble 6riOMapKepbI ITpU MHOTHX 00/1e3HeHHBIX
COCTOSIHUSIX, BKJTIOUasi Helpo/iereHepaTUBHbIE PaCCTPOMCTBA, SB/ISIOTCS MHOTO00EA0MMMI KaHAUJATaMH, KOTOPbIe MOTYT
TIPUBECTH K BBISIBJIEHHIO HOBBIX TepareBTHUeCKUX MUlLlleHed. BeiBozibl. BoMapKepbl HEBPOIOTHUYECKUX 3a00/1eBaHHI MPUCYTCTBYIOT
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B OINTHMAa/IbHOM KOJTMUECTBe B CIIMHHOMO3TOBOU JKUAKOCTH, HO TaK)Ke MTPUCYTCTBYIOT B KDOBU B HEOOJTBIIINX KOJTMUECTBAX.
ITonyueHHbIe JaHHbIE BBISIB/SIIOT IPOTHOCTUUECKYHO LIEHHOCTb MOJIEKY/ISIPHOM JUarHOCTUKU HelpojereHepaTUBHbIX PACCTPOMCTB
¥ HeobX0AUMOCTh 60J1ee IMPOKOro ee UCII0/Ih30BaHMUs.

KroueBblie ¢j1i0Ba: OrioMapKephl, HelpoereHeparusi, aMuaoun, Tay 6emok
HNudopmanys o puHancupoBanuu. ABTOP He 1Mo/ydasn GUHAHCOBOH MOAIEPIKKHU /ISl UCCIe0BAHUS U TTyO/IMKALIAK CTAThH.
Bxkiag apropos. C.I11. Xak — KOHIIeNLIMs UCC/IeJOBaHus, COOP JJAaHHBIX M HallMCaHHe PYKOITHUCH.
HMudopmanus 0 KOHQIUKTEe HHTEPeCcoB. ABTOD 3asiB/IsIeT, UTO He NMeeT HUKAKUX CBs3el WM yuyacThsi B KaKOW-11b0 opra-
HU3alMK WK OPraHu3aliy C Kakoi-m1bo (hMHAHCOBOM 3aMHTEPECOBAHHOCTRIO B MpeIMETe WM MaTeprasiax, 00CyK/jaeMbIxX
B 9TOM PYKOITHCH.
JTUUecKoe yTBep)KAeHue — HelIPUMEeHUMO.
BiiaropapHocTu. VickpeHHsist 6/1arojapHOCTb COTPYAHUKaM Kadepbl OMOXMMHUM 3a TPejoCTaB/IeHHY0 UH(HOPMALHIO.
HNudopMupoBaHHoe cOriacue Ha my0THKAIMI0 — HEITPUMEHKMO.
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