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Alzheimer’s disease is one of the most common age-related neurodegenerative disorders. The main theory of
Alzheimer’s disease progress is the amyloid- cascade hypothesis. One of the factors, which might play a key role
in senile plaques and tau fibrils generation due to Alzheimer’s disease, is inflammaging, i.e., systemic chronic low-
grade age-related inflammation. The activation of the proinflammatory cell phenotype is observed during aging,
which might be one of the pivotal mechanisms for the development of chronic inflammatory diseases, e.g.,

atherosclerosis, metabolic syndrome, type 2 diabetes mellitus, and Alzheimer’s disease.

inflammation neurodegeneration aging Alzheimer’s disease

| 1. Introduction

Aging is a complex, dynamic, multistage, and inevitable biological process that leads to a gradual decrease in the
adaptive capacity of the body. It is characterized by the development of so-called age-related pathology and an
increased probability of death. At the biological level, aging results from various molecular and cellular damage that
accumulates over time . The number of elderly and senile people is steadily growing from year to year; therefore,
among them, the proportion of patients with age-associated diseases, which are socially significant and increase
the healthcare burden, is increasing. These diseases include type 2 diabetes mellitus (T2DM), atherosclerosis,
cardiovascular, and neurodegenerative diseases, including the most common type of dementia, which is
Alzheimer’s disease (AD). The mechanism of its development is still unclear; however, there is growing data on the
relationship of AD with chronic inflammatory diseases, as well as age-associated inflammation, called

inflammaging.

| 2. Aging and Inflammation

The average age of the population of European countries is the highest in the world, and it is increasing. According
to WHO forecasts, from 2020 to 2030, the share of people over 60 within the world population will increase by
34%. By 2050 the number of people aged 80 and over will triple, reaching 426 million 1.

Despite the existence of many theories of aging, none of them fully reveals the fundamental mechanisms
underlying this complicated process [&. Theories on aging can be conditionally divided into two main groups:
evolutionary and accidental cell damage. The first group includes theories according to which aging is a

programmed process that an organism has acquired during evolution. For example, there are theories of
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antagonistic pleiotropy, adaptive-regulatory, disposable soma, telomeric, immunological, etc. The second combines
theories that consider the accumulation of accidental damage as the main cause of aging. Examples of such

theories are intoxication, mitochondrial, epigenetic, apoptosis, accumulation of mutations, etc. (3104,

In the process of aging, 3 types of changes are observed. The primary one is associated with disorders in the
genome, such as a high frequency of mutations, shortening of telomeres (Hayflick limit), epigenetic changes, such
as methylation and acetylation of DNA sections, and, as a result, a violation of protein homeostasis in cells. The
second type of age-associated change is secondary, realized due to the occurrence of primary ones. This group
includes mitochondrial dysfunction and cellular senescence &, The third type of changes are integrative, such as
depletion of the pool of stem cells and disturbances in intercellular interactions €. It is customary to distinguish

three types of aging—natural or physiological, premature or pathological, and delayed.

Regardless of the initial mechanisms, the aging of the body is accompanied by systemic chronic low-grade
inflammation, which in foreign literature is referred to as inflammaging, i.e., inflammation associated with age .
Inflammaging was described in all mammalian species, including laboratory rodents, rhesus monkeys & and
humans [&. Some authors associate physiological and pathological aging with the hyperproduction of
proinflammatory cytokines and inflammatory mediators produced by innate immune cells 9. Inflammaging is
supposed to reduce life expectancy, especially if combined with age-associated diseases such as T2DM,
cardiovascular, oncological and neurodegenerative diseases, including AD 1. In these diseases, concomitant

obesity is often observed, against the background of which the severity of inflaming increases 22,

Cell aging is associated with the impossibility of exiting the G1 or G2/M phase of the cell cycle. This process is
accompanied by abrupt changes in cell size, shape, and vacuolization of the cytoplasm, as well as functional
properties, including an impaired rate of decline, rearrangement of the nucleus and chromatin, and resistance to
the apoptosis signal 3. However, these cells remain functionally active and produce a certain proinflammatory
secretion, known is SASP (senescence-associated secretory phenotype), which is characteristic of aging cells.
SASPs include proinflammatory cytokines (IL-1a, IL-1(B, IL-6, IL-8, TNFa), chemokines (CCL2, CCL5, CCL20),
growth factors (TGF, EGF, bFGF, HGF, VEGF), metalloproteinases (MMP-1, -3, -10, -12, -13, -14), extracellular
matrix components (fibronectin, collagen, laminin), aging-associated beta-galactosidase (SA-B-Gal), etc. The
composition and intensity of SASP expression depend on the cell type, the triggers that led to its activation, and the
time elapsed from its onset. With age, the level of expression of the proinflammatory secretome SASP
progressively increases, which leads to the accumulation of products of cellular metabolism. These include free
radicals, extracellular ATP, nuclear non-histone protein HMGBL1 (high-mobility group protein B1), uric acid, products
of the impaired metabolism of phospholipids, and cell membrane proteins, which are ceramides, cardiolipin,
lipofuscin, and amyloid-B (Ap), proteins with irregular spatial organization, such as a-synuclein and tau protein,
fragments of mitochondrial and nuclear DNA. All this leads to the activation of proinflammatory reactions and the
development of low-grade chronic inflammation 241, An imbalance in the production of pro- and anti-inflammatory
cytokines due to cellular aging leads to the formation of a “senile” phenotype and the development of age-
associated diseases [121. Along with proinflammatory reactions in the aging body, the activation of anti-inflammatory

mechanisms is observed. According to the literature, compared with young and middle-aged people, older people
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have an increased level of both proinflammatory cytokines such as IL-1, IL-2, IL-6, IL-8, IL-12, IL-15, IL-17, IL-18,
IL-22, IL-23, TNF-a, and IFN-y, and anti-inflammatory ones like IL-1Ra, IL-4, IL-10, IL-37, and TGF-B1. The
imbalance is a probable cause of the development of inflammatory diseases [2€!.

It was shown that the expression of NF-kB, a nuclear factor that activates the production of proinflammatory
cytokines, increases with age in humans and laboratory animals [2Z. Compared with mature laboratory rodents, the
skin, liver, kidneys, cerebellum, cardiomyocytes, and gastric mucosa NF-kB binding to DNA regions is more stable,
which determines its prolonged effect on the expression of target genes 181, Skin fibroblasts of elderly people and
patients with a genetic form of premature aging, known as childhood progeria (Hutchinson-Gilford syndrome), are

characterized by a high level of NF-kB activation (12,

With age, the efficiency of eliminating senescent cells by immunocompetent cells decreases, partly due to
involutive changes in the immune system. As a result, the number and duration of functioning of SASP-secreting
cells increases, ultimately leading to the aging of tissues and the body altogether, and also increases the risk of

developing age-related diseases, and AD in particular 22,

Thus, cellular aging is a risk factor for developing age-related diseases, including neurodegenerative ones. There
are many theories of aging; however, despite the differences in the initial mechanisms underlying these theories,
ultimately, cellular aging is characterized by the activation of the proinflammatory phenotype of SASP-producing
cells. A shift in the balance of SASP towards proinflammatory cytokines may be one of the key mechanisms for the
development of chronic inflammatory diseases associated with age, such as atherosclerosis, metabolic syndrome,
T2DM, and AD.

| 3. Inflammaging and Alzheimer’s Disease

Inflammation plays a crucial role in the pathogenesis of various neurological disorders and in mediating interactions
between the immune and nervous systems, which may be the key to preventing or delaying the onset of most CNS
diseases. Local inflammation in the CNS is observed in amyotrophic lateral sclerosis, multiple sclerosis,
Parkinson’s disease, and AD 21, Among the potential mechanisms contributing to chronic inflammation in the CNS
in AD, the neuroinflammation hypothesis is dominant. In accordance with this, DAMPs formed during cell damage
activate TLR4 on glial cells, which induces inflammatory reactions 22, Activation of TLRs leads to the assembly of
NLRP3, which plays a pivotal role in chronic inflammation in obesity, IR, T2DM, and neurodegenerative diseases.
An increase in the level of muramyl dipeptide, which is a component of the bacterial cell wall, was detected in the
blood of old mice [22], and a compensatory increase in miR-223 siRNA 24 which inhibits NLRP3 translation 22 in

response to developing chronic inflammation, was also observed 28],

DAMPs are formed in the inflammatory process due to caspase-dependent necrotic cell death, known as
necroptosis, which may be one of the mechanisms of inflammaging 4. Royce et al. 281 showed that the level of
markers of necroptosis, which is phosphorylated and non-phosphorylated mixed lineage kinase domain, like

pseudokinase (MLKL) in white adipose tissue in mice, increases 3-fold with age. Age-related activation of
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necroptosis markers was accompanied by an increase in the production of IL-6, TNF-a, and IL-13 and several
chemokines [281. According to Caccamo et al. (28] an increase in the expression of necroptosis markers was
observed in the brain of AD patients, and the activation of necroptosis in APP/PS1 transgenic mice with AD
increased cognitive impairment. Inhibition of necroptosis by necrostatin-1 (a blocker of TNF-la-dependent
necrosis) in APP/PS1 mice resulted in a decrease in the number of amyloid plaques, the production of
proinflammatory cytokines TNF-a and IL-1B, and an improvement in cognitive functions 2. This indicates an
association between age-related activation of necroptosis and the development of neurodegenerative diseases,

including AD.

One of the processes that also determines the development of inflammaging is autophagy/mitophagy, the
destruction of damaged organelles/mitochondria and protein aggregates by the cell, which is impaired with age 22
891 Accumulations of damaged organelles in cells as a result of inadequate autophagy, as well as mitochondrial
DNA formed by mitochondria not subjected to mitophagy, are considered DAMPs and are recognized by PRRs of
immunocompetent cells B2l The interaction of DAMPs with PRRs activates the transcription of IL-6, TNF-a, IL-
1B, MMP-8, and NLRP3, being key regulators of inflammation B3l34] the increase of which leads to caspase

activation and pyroptosis 22!,

According to the literature, microglia activation according to the proinflammatory M1 phenotype is observed with
aging. It combines with an increase in the production of proinflammatory cytokines by these cells, including IL-1[3,
TNF-a, and IL-6 B8], Microglial cells activated via the M1 pathway are found around amyloid plaques and neurons
containing neurofibrils in AD B4, Microglia recognizes AB through a number of receptor complexes, including
CD14, TLR2, TLR4, a6P1 integrin, CD47, and CD36, and are capable of phagocytizing amyloid 28, On the one
hand, the accumulation of AB in the brain of AD patients may be associated with impaired phagocytosis of amyloid
by microglia 2. On the other hand, as a result of inflammaging, prolonged activation of microglia by a
proinflammatory phenotype can initiate the formation of AR along the amyloid pathway and neurodegeneration 49,
Activation of microglia in AD is combined with mitochondrial dysfunction, decreased oxidative phosphorylation, and
the activation of glycolysis 1. However, despite the huge number of works devoted to the study of the
pathogenesis of AD, it has not yet been possible to establish whether glia-associated inflammation in AD is a cause

or a consequence of neurodegeneration.

Thus, processes such as cellular aging, leading to senescence of the immune and nervous systems, mitochondrial
dysfunction, SASP production, activation of auto- and mitophagy, development of hypoxia, and the activation of

HIF1-dependent signaling pathways all play an important role in the development of inflammaging (Figure 1).
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Figure 1. Role of inflammaging in AD development.
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