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ABSTRACT

The neuronal and neurobiological basis of cognitive dysfunction accompanying neurodegenerative
processes forms an important focal point of research interest in neuroscience. The so-called, mild cognitive
impairment refers to a syndrome of neuropsychological deficits, which exceed normal cognitive effects of
aging, but actually are subclinical in nature. The syndrome is associated with an elevated tau protein level.
Neurodegeneration markers, such as tau proteins and B-amyloids, but also hypocretins (orexins), in the
liquor cerebrospinalis have gained a great significance for the detection and clinical monitoring of diseases
like Alzheimer's disease and narcolepsy as well possibly in other forms of cortical dementia. The objective of
this study is a better understanding of the functional interrelations between orexin and tau in transmitter

regulation and in cognitive impairment and dementia.
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INTRODUCTION:

Orexin (OX) or hypocretin are neuropeptides
which function largely to regulate the sleep-wake
cycle and feeding behaviour and possibly in neural
regulation®. OXs are products of the cleavage of a
130 amino acid precursor protein also known as
prepro-orexin (PPO) to form two distinct proteins
from one precursor molecule. Initially the 33
amino acid N-terminal is cleaved, forming pro-
orexin; this is then cleaved by pro-hormone 22
convertases giving rise to one molecule each of
orexin-A (OXA) and orexin-B (OXB) 2. Sleep
disorders are reported in Parkinson’s disease, and
dementia with Lewy Bodies and Alzheimer’
Disease. Whilst the pathophysiology of sleep
disorders in these diseases remains unclear, it has
been linked with reduced hypocretin levels in
other sleep disorders such as narcolepsy. On the
other hand in 1983, it was discovered that tau
could be phosphorylated at multiple sites by
various protein kinases, including cyclic-AMP-
dependent protein kinases and casein kinase type-
1. Further studies showed that tau is a
phosphoprotein and that phosphorylation
negatively regulates its ability to stimulate MT
assembly and are implicated in the senile
dementia of the Alzheimer’s. Both the orexin and
tau proteins could be potential neurodegenerative

markers. This review article evaluates the role of
tau proteins and orexin in dementia per se and
allied syndromes.

Orexin receptors and affinities: OXA and OXB
peptides bind to two different receptors: orexin
receptor 1 (OX1R) and orexin receptor 2 (OX2R);
both of which are GPCRs. OX1R is 425 amino acids
and OX2R is 444 amino acids, sharing 66 %
sequence identity. Both receptors are strongly
conserved amongst mammals and have almost
94% homology between human and rats®. OXs
have different affinities for the receptors; OX1R
binds OXA with very high affinity (IC50: 20nM in a
competitive binding assay) but it exhibits a much
lower affinity for OXB of 420nM *. OX2R shows less
discrimination between the OXs and they both
have similarly high affinities of IC50 38nM (OXA)
and 36nM (OXB)>®.

Expression and distribution of orexin receptors:
The most intense areas of OX producing neurons
are around the paraventricular Nucleus (PVN),
arcuate nucleus and tuberomammillary nucleus.
OX2R is mostly expressed in the PVN, cerebral
cortex and nucleus accumbens. OX1R is highly
expressed in the hippocampal formation, dorsal
raphe and locus cereuleus’. They are co-expressed
in the ventromedial hypothalamic nucleus,
posterior hypothalamus, dorsomedial nucleus,
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hippocampal formation, thalamic nuclei and
subthalamic Nuclei®. These specific areas of dense
orexinergic  neurons fire rapidly during
wakefulness, at a much slower rate during non-
rapid eye movement (REM) and not at all in REM”.
It is believed that OX exerts its effects on
wakefulness by acting upon histaminergic neurons
through OX2R. When injected in rats OX
experience prolonged periods of wakefulness and
this is less pronounced when the histamine H;
receptor antagonist pyrilamine is also
administered '>*'. Other areas of OXR expression
include the testes and adrenal glands, however
only small amounts of OXR expression are found
here™.

Recent results are
showing reduced
of hypocretin in

Orexin and dementia:
consistent  with  studies
cerebrospinal fluid levels
Parkinson’s disease cases™>**and similar findings in
experimental animal models . It has been
shown that a reduction of neocortical hypocretin-
immunoreactive fibers and neurons in Dementia
with Lewy Bodies cases compared to Alzheimer’s
disease and control. As most of the hypocretin is
produced in the lateral hypothalamus *°, these
hypocretin-immunoreactive  neurons in the
neocortex may represent uptake from projecting
fibers. Alternatively, the presence of hypocretin in
these neurons may indicate it is being produced by
them, this is consistent with a study reporting the
presence of pre-pro hypocretin mRNA in pyramidal
neurons in the hippocampus under basal
conditions and during epilepsy®® suggesting that
hypocretin may be made in cell populations other
than the lateral hypothalamus.

Tau phosphorylation and alzheimer’s disease:

Tau (tubulin-associated unit) proteins are isolated
from porcine brain extracts as a heat-stable, highly
soluble protein essential for microtubule (MT)
assembly. Following the initial discovery of tau,
two research studies reported the process of tau
purification and its physical and chemical
properties, including the ability of tau to become
phosphorylated®’. Fig.2 depicts the importance of
Tau propogation in aging induced dementia as well
as in the dementia of Alzheimer’s type. This
abnormal behavior is enhanced by conformational
changes and misfoldings in the normal structure
of tau that leads to its aberrant aggregation into
fibrillary structures inside the neurons of
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demented individuals **?. Thus, most of the
altered pools of tau protein in the disease are
redistributed and aggregated in both the somato-
dendritic compartment and isolated processes of
affected neurons. Alterations in the amount or the
structure of tau protein can affect stabilization of
microtubules and other processes related to this
protein.

Orexin receptors and phospholipase C mediated
pathway:

OXRs are linked to the phospholipid breakdown
mediated signal transduction. OXRs initiate
increases in intracellular calcium in many cell types
including CHO, HEK and neuro-2a ***.This
activation occurs through activation of PLC
potentially through Gq coupling. PLC is a family of
cytosolic phosphoinositide specific enzymes whose
main target is PIP,. Cleavage by PLC generates DAG
and IP;, IP; then binds endoplasmic reticulum
based IP; receptors and facilitates the release of
calcium into the cytosol 2**’.This depletion of
calcium causes the membrane to allow a calcium
influx to replace the diminished stores and this can
regulate calcium responsive ion channels, enzymes
and proteins. This depolarisation also activates
voltage gated calcium channels. OX1R and OX2R
strongly activate PLC in several different cell types
including CHO, HEK and the neuronal neuro-2a cell
line *®. However it is not well understood whether
the downstream effects of this elevated PLC is to
increase calcium or to elevate DAG for potential
PKC elevation.

Interaction of tau proteins and orexin in
neurodegenerative disorders: Human studies of
CSF samples collected via lumbar catheters in
young healthy volunteers have revealed peak CSF
AB concentrations in the evening and lower
concentrations overnight 2°. A slight correlation
between AB4; and hypocretin-1 levels was
reported in 6 patients with AD and 6 healthy
controls, with no between-group difference in CSF
hypocretin-1 levels and its circadian amplitude. In
contrast, no association between AR, and
hypocretin-1 was reported in either control
subjects or patients with AD in a larger study, but
with low hypocretin-1 levels in 9 female patients
with LBD**-*'. Higher CSF t-tau protein levels mark
the AD neurodegeneration. Increased t-tau levels
represent a sign of rapid cognitive decline because
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they have been faster more pronounced neuronal
degeneration, supporting the transition from early
to more advanced disease stages’>*®. CSF
hypocretin levels were directly correlated with t-
tau protein levels in AD***>. This finding suggests
that higher hypocretin levels may be related to
rapid tau-mediated degeneration in AD. The
pathogenesis of AD may therefore involve
dysregulation of the hypocretins system, with over
expression of hypocretins output and function,
and Hypocretin (orexin) pathology in Alzheimer’s
disease. Evidence that CSF hypocretin-1 may be
related to CSF Tau and pTau.These associations
might be independent of AD, but It can be
speculated that high hypocretin-1 concentrations
contribute to symptoms and pathophysiology of
AD. Clearly, these data need replication in larger
patient samples characterized with regard to sleep
and in-depth neuropsychological assessment. In
healthy control subjects and in prodromal AD*. In
addition, further research regarding signalling
pathways induced by hypocretin-1 may elucidate
the molecular mechanisms the relationship
between hypocretin-1 and Tau/pTau. Considering
preclinical data ¥, mediating hypocretin receptors
could be potential drug target for the prevention
or treatment of tau pathology.

Sandwich ELISA technique for estimation of Tau
protein phosphorylation at serine 199:
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Tau phosporylation at multiple brain sites was
initially studied in a well designed by Pierre and
Nunez *. In recent years both ELISA and non —
ELISA based assay for Tau have been described. A
monoclonal capture antibody specific for TAU has
been coated onto the wells of the 96-well plate
provided. The thermo fisher scientific ELISA kit is
ideal for this estimation. During the first
incubation, standards of known TAU [pS199]
content and unknown samples are pipetted into
the wells and the TAU antigen binds to the
immobilized antibody. After washing, a rabbit
antibody specific for TAU phosphorylated at serine
199 is added to the wells. During the second
incubation, this antibody serves as a detection
antibody by binding to the immobilized TAU
protein captured during the first incubation. After
washing, a horseradish peroxidase labeled anti-
rabbit IgG is added. This binds to the detection
antibody to complete the four member sandwich.
After a third incubation and washing to remove all
the unbound enzyme, a substrate solution
tetramethylbenzidine (TMB) is added, which is
acted upon by the bound enzyme to produce
color. The intensity of this colored product is
directly proportional to the concentration of TAU
[pS199] present in the original specimen and the
optical density can be read on a standard
microplate reader. The total assay incubation time
is only 4 hours (Refer Fig.1).

Figure 1: Western blotting with anti-tau antibody (S-199). Picture courtesy Abcam biotechnology company, USA.
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Figure 2: Tau propogation and neurodegeneration. (Fig.reprinted Courtesy: Erik S Musiek & David M Holtzman.Three dimensions
of the amyloid hypothesis: time, space and 'wingmen' Nature Neuroscience. 800-806 (2015).

Conclusions:

It is now largely accepted that clinical
manifestations of dementia are due to the
neuronal loss occurring in those areas of the brain
associated with cognitive functions of the patients.
Fibrillary inclusions are reported to be the main
cause for cell death. It appears that both orexin
receptor down regulation and degradation of the
hypocretin appears to contribute to the pathology
of dementia. Extrapolation of recent studies to the
real onset of the disease in humans is still
considered accurate for some researchers. In this
regard, few of reports analyzing the brain of AD
patients come to an agreement that fibrillary
aggregation of tau is the best co-relator with the
onset and progression of dementia. It is mostly
accepted that abnormal  posttranslational
modifications, that is, hyperphosphorylation,
acetylation, glycation, nitration, truncation, and
others, are responsible for altered tau structure
and orexin peptides in AD and cortical forms of
dementia. Moreover, accurate determination of
both altered tau protein and hypocretin in the
cerebrospinal fluid and other body fluids may
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provide better expectation to predict the onset
and evolution of dementia.
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