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Introduction and epidemiology:

All causes dementia are progressively increasing across
the globe and according to statistics in 2015, the
number of people with dementia was predicted to be 47
million worldwide [1]. As we know, Alzheimer’s
disease (AD) constitutes 55-60% of dementia etiology
and it is a gradually progressive neurodegenerative
disease, not only affect the cognitive function of the
patient but also affect the functional status and
interferes his/her independence. So, by time and disease
progression there is a strong positive association
between disease severity and the necessity for
caregiving. Recent researches showed that 60-70% of
caregivers are women and most of them are informal or
unpaid caregivers with escalating need for structured
support system either to themselves and/or their
patients.

Additionally, the financial and economic burden of
informal caregiving was highly exceeding the cost of
professional caregiving in daycare and nursing home
facilities. In a study done by Hurd and his colleagues in
2013, it was found that the average cost of informal
caregiving reaches $56 290 annually per patient [2] and
the total number is expected to be massively increased
because the approximate number of family caregivers is
expected to reach 37 million by 2050 with more than
85% increase from 2000[3].

The role of an informal caregiver (i.e. a person who
provide care to a person with a disability, not in a
professional context) is a probable source of
considerable  psychosocial stress. Patients with
cognitive impairment may depend progressively upon
his/her informal caregivers, most commonly would be a
family members, those caregivers either choose their
current role with free well or found to be obligated to
do, and usually help their relatives with dementia in
their activities of daily living, as well as potential
facing a challenging behavior e.g. BPSD (Behavioral
And Psychological Symptoms of Dementia) and safety
issues. In addition to escalating levels of stress, family
dementia caregivers express increased levels of anxiety

and a wide range of depressive symptoms [4].

Regarding a specific definition for caregiver burden,
there is no approved one regarding the International
Classification of Diseases, Ninth Revision (ICD-9) or
ICD-10 code [5] but, in a longitudinal study of
husbands and wives as caregivers, Zarit and colleagues
offered a useful definition: “The extent to which
caregivers perceive that caregiving has had an adverse
effect on their emotional, social, financial, physical,
and spiritual functioning.”[6]. The previous definition
highlights  the  multidimensional  perception of
caregiving on care providers and also that caregiving is
a unique experience perceived differently from one to
another[7]. Many caregiving situations probably cause
burden and distress for caregivers (e.g., the need for
heavy assistance with activities of daily living, social
isolation, and financial deprivation as a result of illness
and caregiving), but different thresholds exist for
triggering caregiver burden. On the other hand,
Caregiving in certain situations could be emotionally
rewarding because it might tighten family bonds, honor
past service the caregiver received from the person now
needing care, and save family resources [8].

Caregiver burden is a term used to describe a weight or
load which could be distinguished to the subjective and
objective burden. Objective burden refers to the
physical assistance provided by caregivers in the form
of caregiving tasks that are performed. Subjective
burden refers to the psychological, social, and
emotional impact on caregivers as a consequence of
objective burden [9]

Predictors of caregiving distress:

Caregiver’s stress is better to be described as a
multidimensional difficulty [10]. Well-being usually
formulated from a balance and dynamic interaction
between variable stressors and available resources. This
mixture is unique from one caregiver to the next and
dynamic over time. Therefore, multidimensional
approaches are more effective than one-dimensional
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programs because the latter is more likely to tackle one
particular caregiver’s problem [11].

BPSD are accounted to be one of the major sources of
distress for the caregivers [12], [13]and considered to
be a strong prediction of breakdown of care at home
[14] but it is the ‘BPSD-related distress’, rather than
the presence of BPSD themselves [15] because frequent
BPSD are not essentially the most distressing factor for
caregivers [16].

Additionally, in the context of understanding caregiver
burden, Campbell et al. (2008) described that neither
cognitive function, level of dependence nor the
presence of BPSD are significant predictors of
caregiver burden. Rather, caregiver psychosocial
factors, such as a sense of competence, quality of
relationship with their relative and personality
(neuroticism), are the principal predictors of burden
[17].

Furthermore, personality characteristics of the
caregiver were found to impact BPSD-related distress
through burden as a mediator [18] and that is constant
with the study concluded that several psychosocial
characteristics related to the caregivers themselves
were principally influenced the scale of burden
perception to caregiver distress. Caregiver reports of
relationship quality, guilt feeling, perceived sense of
competence, reactivity to BPSD and burden predicted
the association between BPSD frequency and BPSD-
related distress[19].

In addition to that, some researchers address other
vulnerable caregivers to distress like advanced age of
caregivers [20], women [21] and same residency with
the patient experience greater burden than male
caregivers , younger age and those who live apart from
the care-recipient numerous studies have reported that
spousal caregivers experience the highest level of
burden [22], which could be explained by former
causes, social isolation and withdrawal from social
activity are considered to be major predictors of
caregiver burden and outcomes of caregiver burden
[23]. Lastly, lack of choice in becoming a caregiver
associated with caregiver burden [24].

There is a controversy regarding the gender difference
as a risk factor for caregiver distress, in an early
systematic review done in 2008, which studied 93
articles discussing the gender difference, most of them
conclude that female gender is tended to experience
more psychological distress and utilization of more
resources but in terms of worry and anxiety there were
a contradicting findings [25]. Furthermore, several
studies have reported no gender differences [26]. There
is lack of knowledge on gender differences in
continuous caregiving affecting distress and wellbeing
of dementia caregivers but in many cultures, the women
are considered as caregivers and men as breadwinners.
It is considered as their duty to care for the family.

In a very interesting study regarding patients with
Parkinson Disease as a neurodegenerative disease like

AD and their caregivers it was found that Caregiver-
burden showed steady escalating levels with longer
duration, advanced severity and disability of the
disease, in particular manifestation of cognitive
impairment, depression, confusion and hallucinations,
as well as falls which are associated with the greatest
impact on caregiver quality of life, and more attention
should be paid to caregivers’ emotional and physical
health, particularly in advancing PD with psychiatric
complications and falls. Their surprising finding also
demonstrates that patients’ and caregivers’ depression
and quality of life scores are closely related,
highlighting the importance of viewing patient and
caregiver as one unit. Management of caregiver distress
as mentioned before should be multidimensional as the
psychosocial aspects of caregivers, should be included
in the management of PD in order to improve patient
and caregiver lives and to decrease the probability of
nursing home placement [27].

Outcomes of caregiver distress:

Unfortunately, caregiver burden and psychosocial
distress have an extensive range of clinical pictures and
consequences like, anxiety, Suicidal thoughts, financial
stress [28], increased risk of mortality as chronic
exposure to caregiver burden identified as an
independent predictor of caregiver mortality with a
63% increased risk of death [29] and this is suggested
to be due to broad range of metabolic and
psychological detrimental implications. Also, family
caregivers who experience higher levels of stress could
have a reduction in their life expectancy by 10 years
[30] as well as increased risk of work absence and
social life withdrawal.

For instance, caregiver distress could be associated
with either intentional or non-intentional weight loss,
with or without loss of appetite as a feature of classical
depression and/or anxiety, financial distress and/or
chronic fatigue; sleep deprivation is one of the most
popular drawbacks of caregiving of dementia patients
who have disruption of the sleep-wake cycle or
suffering from BPSD.

Additionally, depression which has a bidirectional
relationship with caregiver burden with a resultant poor
self-care and of ignoring self-health [31], inability to
continue regular employment, Caregiving may preclude
regular employment; when more than 1 potential
caregiver exists, the family member who is not
regularly employed is more likely to assume the
caregiving role.

Nevertheless, as regard, the biological impact of
caregiving burden, a recent systematic review,
identified 151 papers, including papers examining
differences between informal caregivers of people with
dementia and controls as well as interferences aimed at
the moderation of the biological burden of chronic
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caregiving stress. Results showed that stress-related
hormones like cortisol levels were increased in
caregivers in a majority of studies considering the
measurement of this biomarker. On the other hand,
there was mixed evidence for differences in
epinephrine, norepinephrine (NE) and other markers of
cardiovascular risk factors. There was a high level of
heterogeneity in immune system measures. Caregivers
performed more poorly on attention and executive
functioning tests. While memory performance was
variable. Examined interventions to lessen stress
improved cognition but showed miscellaneous outcome
on cortisol. Given the rising need for family caregivers
worldwide, the implications of these findings can no
longer be neglected [32].

Lastly, There is accumulating evidence that having a
healthy and psychologically stable caregiver is
associated with better outcome in terms of morbidity,
mortality and quality of life of the patient [33], on the
other hand, caregiver distress is a major predictor for
institutionalization [34].

Moderators of caregiver distress:

There are a lot of conflicting results about effective
measures which could moderate the caregiver burden.
For instance, cognitive behavioral therapy interventions
(CBTs) as one of the most popular interventions to
alleviate caregiver burden, in a systematic review and
meta-analysis done in 2016 it was found that, CBTs for
family or Informal Caregivers had a negligible effect
and number of suggestions could be hypothesized to
explain this negligible effect, and it is suggested that
future researches and studies should move beyond
concurrent standard CBT methods and point towards
recent advances in the basic affective sciences in order
to better appreciate and treat the psychological distress
experienced by informal caregivers [35].

Additionally, in the clinical trial, data were analyzed
from 308 family caregivers: 153 caregivers underwent
5 weeks of structured psychosocial intervention and a
3-month conversation group on the caregiver’s burden
and satisfaction in dementia care, which was followed
up over 6 and 12 months and 155 control caregivers
who did not. Repeated measures were carried out 6 and
12 months later.

Caregivers who underwent the psychosocial
intervention  (5-week  program and  3-month
conversation group) reported significantly lower

tension and frustration after 6 months, and this trend
remained after 12 months. These findings emphasize
the importance of identifying family caregivers early in
the caring process to optimize well-being. This study
demonstrates that psychosocial intervention with a
clearly defined aim that includes giving information
and having a conversation group have significant,
positive effects on burden and satisfaction for

caregivers of people with dementia[36].

Regarding the role of spirituality to moderate caregiver
burden, it was found that, many family members which
became informal caregivers usually turn to spirituality
for support and that religiosity may be an essential part
of how caregivers could accept the reality of their own
relative become affected with serious cognitive
impairment. In particular, our data indicate that
religiosity is negatively associated with symptoms of
depression and is also related to how caregiving family
members feel about and care for themselves.
Collaborative partnerships between mental health
professionals and religious and spiritual communities
represent a powerful and culturally sensitive resource
for meeting the needs of family caregivers of persons
with serious mental illness[37]

Stress-induced chronic inflammation:

During the last few decades, numerous studies have
been explored the impact of chronic psychological
stress on enhancing the probability of chronic low
grade of inflammatory response using experimental
protocols to examine this hypothesis in mediators of
inflammation after response to short-term laboratory
stressors designed to simulate transient stresses of daily
life. Early findings suggest that acute stress induces
reliable changes in both enumerative and functional
aspects of the immune system, including increases in
both  circulating and stimulated markers of
inflammation [38]. Subsequently, those individuals who
are exposed to increased levels of inflammatory
cytokines have a higher probability of chronic systemic
inflammation, with  possibly greater risk for
inflammatory disease [39].

A possible mechanism to explain these phenomenon, in
a recent animal model clinical trial it was found that
chronic exposure to mild stress activates microglia via
monoamine neurotransmitters e.g., NE released by
sympathetic neurons in the locus coeruleus [40] which
provides the primary source of NE to the forebrain,
mediates memory and attention [41]and it is highly
sensitive to stress and emotional challenge[42]. This
chronic sympathetic overstimulation by the repeated
psychological challenge in mice leads to induction of
microglial proinflammatory genes, such as IL-1B and
TNF-a at an early stage while activates IL-6 at a late
stage, and CD14 and Cx3crl throughout the stress
procedure [43].

In contrast, blocking of sympathetic activity by
propranolol and guanethidine counteracted [43],
whereas [-adrenergic stimulation by isoproterenol

amplified [44], the stress-induced upregulation of pro-
inflammatory cytokines, such as IL-1pB, in the brain.
Also, chronic stress affects synaptic functions of
microglia and promotes microglial secretion of IL-1 B,
IL-18 and TNF-a [45], [46], which dose-dependently
affected neuronal plasticity[47].
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Additionally, in another animal model experiment done
in 2014, it is found that, chronic exposure to different
types of stress exaggerates the microglial activation and
subsequent death of dopaminergic neurons after
inflammatory challenge to ventral midbrain suggesting
the critical role of stress for progression of
neurodegenerative disorders like Parkinson disease [48]
and so, applying measures that aim to reduce stress may
have a role to slow the disease progression.

In humans, inflammatory response to psychosocial
stress was escalated in patients with major depression
exposed to early-life stress[49]. Moreover, perivascular
macrophages and the proportion of primed versus
resting microglia in the white matter of dorsal anterior
cingulate cortex (dACC) — apart from the frontal cortex
regulating decision-making, emotion and mood [50]—
were increased in severe depression with suicidal
ideation [51]. A recent meta-analysis on post-mortem
human brains demonstrated associations of suicidal
behavior with inflammatory cytokines, kynurenine
pathway and microgliosis in the orbitofrontal cortex, a
brain region involved in suicidal vulnerability[52].Such
findings identify the kynurenine pathway as a potential
therapeutic target for both neurodegenerative and
stress-related neuropsychiatric disorders [53]. This was
further highlighted by a recent evidence that both
blocking the skeletal kynurenine pathway and reducing
plasma kynurenine protected mice from stress-induced
depression, thereby opening therapeutic avenues for the
treatment of depression by targeting this pathway
without the need to cross the blood-brain barrier (BBB)
[54].

A large number of research studies that examined the
impact of continuous exposure to caregiver stress, job
stress and burnout, low socioeconomic status,
catastrophic life events, lack of social support,
loneliness, and so forth and subsequent implication on
the circulating serum levels of inflammatory cytokines.
Many of those research studies have demonstrated that
chronic stress increases the pro-inflammatory cytokine
[57],[59].

There are fewer studies about chronic stress impacting
on the cytokines compared to studies about that on
chronic hormones, especially that the cytokines
involved are relatively limited, including IL-1, IL-2,
IL-6, TNF-a, INF-y, EGF, VEGF, TGF-a, and so forth,
while other cytokines are less involved. This might be
because there are few cytokines at high circulating
levels in vivo, compared to other stress hormones,
especially in asymptomatic individuals [57].

For instance, in a meta-analysis of more than 300
studies about chronic stress, and they have found an
increased production of IL-6 and INF-y during the
chronic stress, compared with the control groups [58].
Hence, it is obvious that there is a conflict between the
mechanism of chronic stress acting on inflammatory

cytokines and the outcomes observed in quite a few
studies. These inconsistencies are suggested to be
results of the type, duration and intensity of stressors,
detection methods, and individual differences[59].

Different cytokines responses to chronic stress:

In a recent meta-analysis done in 2017 [60], examined
34 studies that measured circulating inflammatory
markers and 15 studies that measured stimulated the
production of inflammatory markers before and after
exposure to laboratory stressful challenge. Results
showed significant  stress-related increases in
circulating interleukin IL-1B, IL-6, IL-10, and TNF-a
with high statistical significance (p < .001), but not IL-
1ra, IL-2, interferon-y, or C-reactive protein. For
stimulated inflammatory markers, results showed
stress-related increases in IL-1p when measured 20-120
min post-stress (p < .001), and in IL-4 and interferon-y
when measured 0-10 min post stressor (p < .001). These
results extend findings from a prior meta-analysis [38]
show reliable increases in circulating IL-6, IL-1p, IL-
10 and TNF- o and stimulated IL-1B, IL-4 and
interferon-y in response to acute stress. It is possible
that these responses contribute to associations between
exposure to life challenges and vulnerability to
inflammatory disease.

However, caregivers who experience high levels of
stress have demonstrated lower immune reactivity in
response to challenges than non-caregivers controls
[61]. In particular, in caregivers of persons with
dementia, altered levels of IL-1, elevations of IL-6, and
differences in rates of IL-6 increase over time have
been found [55], [62]. Caregivers of persons with
cancer, however, likely have heightened stress
responses (or activation of physiologic stress
pathways), condensed into a shorter time span.

Controversial evidence regarding serum levels of
inflammatory cytokines in response to stress:
Chronic Stress may also lead to down-regulation of
Pro-inflammatory Cytokines in some circumstances:

Chronic psychosocial burden is shown to be
associated with continued activation of stress hormones
like Glucocorticoids (GCs) and catecholamines (CAS)
release that act on their classic cytoplasmic/nuclear
receptors on Antigen Presenting Cells (APCs) to
suppress the production of IL- 12 that considered the
main inducer of Thl responses. So, Thl to Th2 shift
will be promoted; therefore, the proinflammatory
cytokines secretion will be suppressed, which are
served as the main reason that the activated HPA axis
and SNS axis inhibit the pro-inflammatory state [63].

In vitro studies, a negative dose-dependent
relationship between GCs and pro-inflammatory
cytokines was found, such as IL-6 and IL-8 [64].
Additionally, in a study done to examine the effect of
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caregiving on parents of children suffering from cancer,
it was found that GCs inhibit production of IL-1p8, IL-
6, and TNF-a as well and this finding was present in
both case and control group [65]. As regard the signal
transduction level, GCs and CAs also inhibit the
inflammation related pathways, including NF-kB, AP-
1, JAK-STAT and MAPKSs [66]. In conclusion, there is
a repeated observation that chronic stress up-regulates
different hormones, such as CRH, ACTH, GCs, and
CAs [67], supporting that chronic stress down regulates
the pro-inflammatory cytokines.

Additionally, an animal model study about the effect of
chronic exposure to stress, it was found that, cytokines
imbalance with clear shift of T-helperl (Th1) cytokines
such as INF-y to T-helper2 (Th2) cytokines like IL-4
and IL-10 due constant elevation of GCs and alteration
of HPA axis with another interesting finding, that this
Thl to Th2 shift is associated with increased
probability of cancer progression like cancer colon for
instance [68].

Thl cells primarily secrete IL-2, IL-6, TNF-a, and
INF-y, which activate cytotoxic T cells, natural killer
cells, and macrophage and further promote the cellular
immunity, whereas Th2 cells secrete a different set of
cytokines, primarily IL-4, IL-10, and IL-13, which
promote humoral immunity. Therefore, Thl to Th2
shift is associated with decreased immune system
surveillance mechanism and balance [69], [70].

The biological and metabolic impact of chronic
inflammation:

There is seminal evidence that chronic elevation of
inflammatory cytokines has major consequences and
impact on both biological and psychological status of
the patients.

For instance, overexpression of proinflammatory
cytokines has been associated with several
neuropsychiatric disorders, such as anxiety, sleep
disturbance[71], depression [72][73] and
neurodegenerative  diseases, including AD and
Parkinson’s disease [74].

Patients with major depressive disorder (MDD) exhibit
both increased immune activation and dysregulated
activity of neuronal plasticity, neurogenesis [26] and
abnormal cellular immunity [75].In addition to a recent
meta-analysis have reported significant upregulation of
IL-1b, IL-6, and TNF-a, in both serum and plasma of
patients with depression [76].As regard IL-1p which is
one of the key cytokines in neuroinflammation that
show increased levels after chronic exposure to stress,
produces a reduction in neurogenesis in the adult
hippocampus, and this effect is associated with the
development of anhedonia(one of the key features of
depressive symptoms)[77]. In contrast, administration
of an IL-1B receptor antagonist abolishes both the
antineurogenic and the anhedonic behavioural effects of

chronic  unpredictable stress [78].  Moreover,
dysregulation of adult hippocampal neurogenesis is
crucial to the development of depressive behavior and
the ability to cope with stress [79] and that is constant
with the emerging evidence suggests that, during an
inflammatory response, cytokines influence the
neurogenic niche and regulate neural progenitor cells
(NPCs) proliferation and neurogenesis, particularly in
the context of psychiatric and neurodegenerative
conditions [80].

Furthermore, Neurogenesis is a complex
neurobiological process by which new neurons are
generated from neural stem cells (NSCs)[81].

Approximately 700 new neurons are added to the adult
human hippocampus daily, suggesting that adult
hippocampal neurogenesis has a critical role in
mediating human brain functions, such as memory
formation and cognition [82], [83].

Unfortunately, this essential dynamic neurogenesis
process has very restricted capabilities in the adult life
to fix and repair any damage in CNS tissue [84]. NSCs
and NPCs undergo a dynamic state of stimulation to
divide, maturate, differentiate and proliferate. On the
hand, any disturbance in the internal environment of the
brain or any neurodegenerative pathological, infection
or injurious condition, for instance, will escalate and
activate a cascade of molecular and cellular pathways
that lead to microglial activation and priming with the
subsequent uprising of inflammatory state and elevated
levels of cytokines [85]. Cytokines can have a
substantial role in the brain: they can confer immune
protection, clearing the system from dead and damaged
neurons, on the other hand, they can exert a certain
detrimental effect on the neural plasticity[75].By
contrast, activation of peripheral inflammation is
associated with increased expression of cytokines in the
neurogenic niches [86], which directly impairs
hippocampal-dependent forms of synaptic plasticity
[87], potentially leading to cognitive impairment [88].
Moreover, those proinflammatory cytokines distribute
to the peripheral circulation and stimulate the
hepatocytes to secrete acute-phase reactive reactants
(such as CRP, serum amyloid A, Haptoglobin), and
trigger the HPA axis, interrelate with the neural
transmitters, and induce behavioral changes: the *
sickness behavior ” (such as easy fatigability,
depressive mood, and cognitive decline). All the above
reactions subserve the metabolic demand of
inflammation [89]. At the cellular levels, NF-[I1B is
activated by kinds of pathways to boost the
proinflammatory  mediators  secretion, including
proinflammatory cytokines (IL-101, IL-6, TNF-[J, IFN-
1), chemokines, Cellusr Adesion Molecules, and Acute
Phase Proteins [89].

Persistent elevation of inflammatory cytokines is
associated with many biological changes on the
neurotransmitter physiological pathways inside the
CNS, dopamine and serotonin for instance, might
undergo suppression and reuptake blockade and
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escalating the probability of having depressive
symptoms [90] in addition to disruption of synaptic
plasticity through altered release of (BDNF) [91].
Finally, the concerns about the relationship between
inflammation and ageing have been raised in the
current years. IL-6, TNF-[1, and IL-1(1, and other pro-
inflammatory cytokines are overexpressed in variety of
age-related diseases and are positively associated with
age.
From chronic psychosocial
neuroinflammation trajectory:
Accumulating evidence and research have been
suggested the induction of series of changes and
dysregulation that affects the immune system after
chronic exposure to stress with subsequently altered
mood and personal behaviour [92].
For instance, chronic exposure to stress like
psychosocial burden may activate a “transcriptional
fingerprint” on the peripheral leucocytes and hence up-
regulation of pro-inflammatory transcriptional control
pathways like NF-kB [93][94] and that mechanism
participates into elevated peripheral levels of
inflammatory cytokines like IL-6, IL-1B and TNF-a in
the blood of subjects with affective disorders [95].
On the other hand, one of the most common
neurodegenerative disorders like AD with the chief
pathological finding of abnormal Ap accumulation and
tau tangles showing up the microglial sensitivity to
inflammatory stimuli [96]. These supposed phenomena
of “microglial priming“ characterized by the production
of cytokines IL-1, IL-18 and TNF-o and release of
nitric oxide [97] and that is may exacerbate AP
accumulation and neuronal loss, resulting in a cycle of
microglial priming and release of pro-inflammatory
cytokines, with a subsequent escalation of
neurodegeneration [97].In a study conducted on more
than 74,000 AD participants, showing over-
representation ~ of  immune-inflammatory  genes
contributes to AD[98].

distress to

This ‘vicious cycle’ of neuroinflammation and
neurodegeneration may enhance microglial pro-
inflammatory activation and impair their ability to clear
AB. Over the past two decades, many therapeutic trials
on various AD immunotherapies have been developed
to remove AP plaques, inhibit AP aggregation and
deposition, or reduce the production of AP in the brain
via inhibition of o-secretase and y-secretase, trialled
both pre-clinically and clinically. Although antibodies
directed against AP can successfully clear plaques and
reverse cognitive deficits in mouse models, all these
strategies, however, failed in clinical trials [99],[100].

The failure of these immunotherapy trials suggests that
targeting AP alone may not be enough to prevent or
slowdown AD progression, as multiple mechanisms are
involved in AD pathogenesis, and their relative
contributions may vary at different stages of the
disease, among which neuroinflammation is a key

component [101].

Inflammaging and neuroinflammation :
Inflammation in CNS or what is called
Neuroinflammation is a widely spreading phenomenon
in all kinds of neurodegenerative conditions, such as
Amyotrophic Lateral Sclerosis, Parkinson’s disease,
Alzheimer’s disease and Primary Progressive Multiple
Sclerosis, which has a progressive detrimental impact
on neurocognitive function. The etiology of many of
those diseases is primarily sporadic, without specific
cellular or soluble components can contribute to
inflammatory response [102].

Despite the different trajectory pattern of each
neurodegenerative disease is behaving,
neuroinflammation is almost always a prominent
feature in the disease progression. At the moment, in
certain cases, it was believed that localized
neuroinflammatory response considered as a reflection
of the ongoing chronic systemic inflammatory
condition.

In addition to, the immunological privileged pattern of
CNS and on bases of the destructive behavior of the
neuroinflammation on the brain parenchyma, led to the
common view that entry of circulating immune cells to
the CNS could only escalate the parenchymal damage,
and therefore, many trials have been tested to use
systemic  anti-inflammatory drugs to  mitigate
neuroinflammation in neurodegenerative diseases
[103].

Microglia, are resident macrophage located in the
CNS which playing a crucial role in the immune
defence of this system [104] that phagocytosing toxic
elements in the CNS[105], previously named by the
Spanish neuroscientist, Pio del Rio Hortega about a
century ago [105]. Activated microglia, like peripheral
macrophages, are often classified into inflammatory
(M1) and alternatively activated (M2) phenotypes
[106]. However, these cells show high levels of
diversity and plasticity and their classification into an
M1 or M2 polarized state may be an oversimplification
[107]. Recently, it has been proposed that microglia
switch in a continuous fashion between phenotypes
[108].

M1 phenotype is activated and stimulated by means
of interferon (IFN)-y and LPS stimulation while, M2
phenotype by means of interleukin IL-4, IL-10, and IL-
13 [109]. M1 microglia are associated with the
production and release of pro-inflammatory cytokines,
namely TNF-a, IL-6, IL-23, IL-1pB, IL-12, nitric oxide
In addition to chemokines[110]. In contrast, M2
microglia possess anti-inflammatory profile and
potentiate production of IL-10 and TGF- B, and
extracellular matrix molecules [111].In addition, it has
been proposed that M1 microglia predominate at the
site of injury under pathological situations, whereas M2
microglia appear later at a stage more related to repair



Hassanin HI. EJGG.2016; 3(1):1-10

phase [112].

It is important to mention that, commonly known
neurodegenerative disorders, AD, for instance, exhibit
mixed profile of activation of both phenotypes M1 and
M2 [113]. Nevertheless, elderly people show
dysfunction and dystrophia in the immune cells in CNS
[112], which includes local changes of cytokine
expression [114].

Furthermore, chronic inflammation and the delirium
accompanying severe systemic infection have been
shown to be risk factors for AD in the elderly, and vice
versa, several risk factors for AD are also inducers of
systemic inflammation [115]. As a consequence, levels
of cytokines, their receptors and other proteins
associated with immune responses in blood and CSF of
AD patients have been frequently investigated to
uncover mechanisms of neuroinflammation in dementia
or in the context of biomarker research.

Neuroinflammation might increase the probability
of cognitive impairment:

For many years since in 1991, pathogenic mutations
in the amyloid protein precursor (APP) in rare cases of
familial AD were discovered [116], then the “amyloid
cascade hypothesis” was proposed and came to the light
[117]. According to this hypothesis, production of toxic
AP aggregates is the major pathway in the pathogenesis
of AD. The discovery of AD-related mutations in
presenilinl and 2[118], which are catalytic subunits of
the y-secretase complex involved in APP cleavage and
AP production [119], further supported the hypothesis.

The amyloid-inflammatory cascade hypothesis also
comes in front after repeated research suggestions of
the presence of inflammatory cytokines both locally in
the brain and peripherally in the serum blood. For
instance, in the metanalysis done by Walter and his
colleagues in 2010 about comparing the cytokine
concentrations in both CSF and peripheral blood of
Alzheimer patients [120] it was found that, in
peripheral blood, there were significantly higher
concentrations of IL-6 , (p < .00001),TNF-0. (p < .01),
N, IL-1B, (p < .00001), TGF-B, (p <.0006), IL-12, (p <
.00001), and IL-18, (p<.03), but on the other hand not
of IL-4, IL-8, IL-10, interferon-y, or C-reactive protein
in AD subjects compared with control subjects. There
were significantly higher concentrations of TGF-B, (p
<.006), but not IL-6, TNF-a, and IL-1B in the CSF of
AD subjects compared with control subjects. Beside
other studies high pointed the elevated levels of
cytokines in the CSF as risk factors for deterioration of
mild cognitive impairment to the dementia stage of AD
or as a sign of disease progression and more
deterioration of cognitive function[121].

Furthermore, the neurodegenerative trajectory of
AD in the brain tissue shows cytokines, complement
defence, acute phase reactants, a manifestation of

microglia priming and activation as well as elevated
levels of TNF-a in cerebrospinal fluid [122].

Also, in another study that aimed to track different
trajectories of inflammatory markers and cognitive
impairment over 10 years especially (IL-6) and (CRP)
trajectory components (slope, variability, and baseline
level) and among 1,323 adults, age 70 to 79 years. It
was found that, extreme CRP variability was
significantly associated with cognitive decline (HR 1.6,
95% CI: 1.1-2.3) and the association remained among
women (HR=1.8; 95% CI: 1.1, 3.0) and among those
with no APOE e4 allele (HR=1.6; 95% CI: 1.1, 2.5).
There were no significant associations between slope or
baseline level of CRP and cognitive decline, nor
between IL-6 and cognitive decline [124]. One possible
explanation of that, CRP variability may reflect a
greater burden of vascular and metabolic disease, and
perhaps signify conditions that are more poorly
controlled [124].

Moreover, in terms of using anti-inflammatory

therapeutics as adjunctive options in AD, many studies
especially in animal models like the study done by Jun
Yin in 2017 examined the relationship between
neuroinflammation and disease progression in AD, in
that study the researchers used JC-124, which a small
molecule that inhibits NOD-Like Receptor Protein 3
(NLRP3) inflammasome, inhibits the caspase-1
cleavage and activation in the TYJCRND8 mice. NLRP3
is a core molecule in the pathway of neuroinflammation
which leads to the final elaboration of IL-1p and IL-18
that considered potent activators of inflammatory
profile in the brain. The results analysis conclude that
inhibition of (NLRP3) and caspase-1 cleavage
effectively reduced amyloid deposition and alleviated
AD-associated deficits [123].
Those finding and after exploration of the pivotal role
of microglia in AB phagocytosis and clearance, we have
a strong potential evidence of the concordance role of
neuroinflammation in potentiation and even worsening
of neurodegenerative course of AD. In particular, the
failure of a clinical study of AP vaccination,
immunotherapies with the antibodies, and other studies
with AP targeted drugs strongly suggest that the
amyloid hypothesis at least does not provide a
sufficient basis for the development of therapeutic
drugs[125]. Even some clinical trials of using AP
vaccination showed that elimination of AP had no
effect on the spread of tau pathologies or the
progression of AD.
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