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ABSTRACT: Alzheimer’s disease (AD) is a neurodegenerative disease causing the most frequent form of dementia
in old age. AD etiology is still uncertain and deposition of abnormal proteins in the brain along with chronic
neuroinflammation have been suggested as pathogenic mechanisms of neuronal death. Infections by exogenous
neurotropic virus, endogenous retrovirus reactivation, infections by other microbes, and air pollutants may either
induce neurodegeneration or activate brain inflammation. Up to 8% of the human genome has a retroviral origin.
These ancient retroviruses, also called human endogenous retroviruses, are associated with a clinical history of
several neurodegenerative diseases. Under persistent stress, such as chronic infections and inflammation, neurons,
and microglia cells may enter a state of division inactivation called cell senescence. Senescent cells are resistant to
apoptosis and can release pro-inflammatory molecules promoting the functional decline of tissues and organs and also
activate silent viruses. Infections and mutations induced by pollutants can lead to the expression of different endogenous
retroviruses, which may contribute to several different diseases, including AD-associated neurodegeneration. Here I
discuss that infection by exogenous pathogen, activation of endogenous retrovirus or retrotransposons and pollutants
might induce neuronal senescence and cause persistent brain neurodegeneration. Therefore, cell senescence appears
to be an emerging mechanism that might contribute to AD neurodegeneration. Finally, treatment of AD patients with
senolytic drugs, e.g., compounds able to kill senescent cells, might show a positive effect on AD progression.

KEYWORDS: Neuronal senescence; inflammation; exogenous virus and pollutants insults; retrovirus activation;
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1 Introduction
Neurodegenerative disorders affecting the brain or spinal cord, are associated with neuronal loss and

neuroinflammation, which lead to a progressive decline in cognitive and/or motor functions [1].
Sporadic Alzheimer’s disease (AD) is an age-related neurodegenerative disease and amyloid protein

deposits and neurofibrillary tangles are considered pathology hallmarks of the AD brain [2]. However, these
abnormal proteins also accumulate in the brain of the elderly without cognitive impairment [3] and the
disease’ s etiology is still under investigation.

Cellular senescence (CS) has been suggested as an emerging mechanism associated with different
neurological diseases. In fact, under persistent stress, neurons, and astroglia cells may enter an abnormal
cell function characterized by inactivation of cellular division, resistance to apoptosis, and secretion of
pro-inflammatory molecules, i.e., the senescence-associated secretory phenotype (SASP). Senescent cells
promote tissue functional decline and have been recently involved in neurodegeneration and dementia [4].
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This mini-review discusses the role of different factors such as virus infections, endogenous retrovirus
activation, and environmental pollutants in brain senescence and neurodegenerative alterations associated
with AD.

2 Brain Infection and Senescence
Human Herpes simplex virus (HSV-1) has been implicated in AD [5]. Viruses of the Herpes family

enter frequent cycles of reactivation and latency, persistently activate immune responses, and are neurotropic
pathogens. However, the host immune system usually is not able to completely eradicate these pathogens.
We have previously reported that these neurotropic microbes might play a role in microglia activation of
genetically susceptible elderly and promote neurodegenerative mechanisms [6].

It is important to note that the monomeric form of amyloid-β (Aβ) peptide, found in the AD amyloid
plaques, shows antimicrobial activity against several microorganisms [7]. Moreover, monomeric Aβ peptides
share functional activity with different antimicrobial peptides produced by natural immunity [7].

We reported that some antimicrobial defenses of innate immunity were impaired in the brains of AD
patients and that these immune disorders might contribute to neuronal damage [8].

Several reports show that virus infection can also induce CS. Cytomegalovirus (CMV) latent infection
has been reported to induce senescence of the immune system, the impairment of immune responses to
other pathogens, and the decrease of vaccination efficacy [9]. It has also been shown that the prevalence of
CMV infection is up to 91% in 80-year-old adults; the infection by this virus contributes to immune memory
inflation and is associated with increased age-related mortality risk and unhealthy aging [10].

Accordingly, HSV-1 recurrent infections increase neuronal aging in mice [11].
A different neurotropic retrovirus, the human immunodeficiency virus (HIV) can induce microglia

senescence and this cell alteration contributes to the neurodegeneration [12] observed during the clinical
history of this disease.

Recently, the coronavirus SARS-CoV-2, responsible for the COVID-19 pandemic, has been shown to
induce CS and the SASP release, as a stress response from the virus-infected cells [13].

As shown from the results above, it is possible to conclude that virus infection, either in the persistent
or latent forms, induces CS and may accelerate tissue aging and brain neurodegeneration.

These notions are reinforced by other data showing that antiviral therapy in CMV-infected mice reverses
immune senescence during the viral latent phase [14].

3 Transposable Elements and Endogenous Retroviruses
Transposable elements (TSE), transposons and retrotransposons, are DNA fragments moving within the

genome and active retrotransposons replicate by RNA intermediates via reverse transcriptase. TSE produces
complementary DNAs which are thereafter inserted into chromosomes [15].

Up to 8% of the human genome has a retroviral origin. These ancient retroviruses, also called human
endogenous retroviruses (HERVs), invaded the germ line of our primate ancestor, thereafter, they were
integrated into the human genome [15].

Retrotransposon activity is responsible for the amplification of these integrated endogenous retroviruses
(ERVs) [16]. Most HERV genes contain deletions or nonsense mutations and therefore, are silent. However,
it is of interest that some ERVs maintained some functions and acted as immune gene enhancers [17]. In
this contest is important to note that few of these ERVs retained an infectious capacity. Abnormal activity of
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HERV has been reported in some neurological diseases. Increased activation of HERV-K has been described
in human amyotrophic lateral sclerosis (ALS) [18]. Moreover, abnormal HERV-W activity has been reported
in patients with multiple sclerosis [19].

As we suggested elsewhere, abnormal ERV activity in the human brain might represent a further
mechanistic and pathogenic link with brain aging and pathology associated with AD [20].

Moreover, we have also hypothesized that infectious agents such as exogenous neurotropic viruses, other
human pathogens, and air pollutants might cause retrotransposon mutations and ERV activation by inducing
the brain’ s temporary immune responses and inflammation [20].

As shown in a murine cell line model, infection with a virus of the Herpes family induced an increased
expression of ERV [21]. HERV activity can also be induced by different pathogens since peripheral blood
leukocyte infection by coxsackie virus-B promoted increased levels of the HERV-W ENV mRNA [22].
Several TSE can be indeed activated by multiple environmental factors such as chemicals and exogenous
viruses and by intrinsic factors such as hormones, cellular co-factors, aging-associated processes, epigenetic
modification, and radiation [23].

It is of interest that the expression of the HERV-W family, peaks in old adults [24]; therefore, it appears
to be a genetic characteristic of aging.

Moreover, aged tissues commonly show decreased proliferation and low functional capabilities,
increased apoptosis resistance, high levels of inflammatory mediators, and accumulation of senescent
cells [23].

Data concerning the activation of retrotransposons and ERV in CS are scanty. However, mice injected
with an HIV antigen (rVpr) showed an elevated copy number of long interspersed element−1 in the heart
genome. rVpr injections also increased the number of heart senescent cells positive for the senescence-
associated β-galactosidase marker and induced heart fibrosis [25].

Elevated HERV-K ENV protein levels (HML-2) were found in senescent cell culture supernatants
and the addition of these soluble factors to younger cells induced their senescence, while the concomitant
treatment with anti-ENV antibodies blocked the expression of the senescent phenotype [26].

Retrotransposons activation has been reported to induce interferon-1 and inflammatory cytokine
production by the nuclear factor-kB (NF-kB) pathway [27]. Moreover, a progressive increase in retro-
transposon transcript levels, such as ERVs appears to be associated with aging, CS, inflammation, and
neurodegeneration [27].

Increased or inappropriate HERV expression is also associated with the aging phenotype and several
age-related diseases. For instance, the retrotransposon expression level was found elevated in brain samples
from ALS or frontotemporal dementia (FTD) [28,29].

It is of interest that HERV-K expression or the addition of its ENV protein induces neurite retraction
in cultures of human neurons [27]. It has been shown that transgenic mice over-expressing pan-neuronal
HERV-K envelop glycoprotein (ENV) showed progressive motor dysfunction, motor cortex neuronal loss,
muscular atrophy, and neurodegeneration of the spinal cord [30]. ERVs produce dsRNAs which can induce
antiviral response by the viral RNA sensors such as those of the Toll-like receptor family [27].

TSE activation in AD appears to be a consequence of pathological tau and differential retrotransposon
expression correlates with the tau deposition in the brain [31].

It has been suggested that the tau-induced retrotransposon activation also generates cDNA that
integrates into genomic DNA, causing a novel somatic insertion [27]. On the other hand, a genomic
DNA insertion failure by inducing DNA double-strand breaks may cause genomic instability and innate
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immune activation [24]. Recently, an accurate estimation of HERV expression at specific loci identified 698
differentially expressed HERVs in AD brains in comparison with control brains [32].

Unlike transmissible prion diseases, ALS and FTD are not infectious pathologies and injection of
aggregated Tar-DNA-binding protein (TDP-43) is not sufficient to cause those diseases. The missing
component to sustain the disease progression might be the inappropriate ERV expression. Therefore, TDP-
43 proteinopathy and inappropriate ERV expression may act as mutually reinforcing neurodegenerative
processes [33].

4 Pollutants and Brain-Damaging Factors
Pollutants, such as particulates and other derivatives from oil combustion, can induce many neurolog-

ical alterations and affect brain functioning since exposure to air pollutants is associated with amyloid-β
pathology in older adults and increases cognitive decline and AD risk [34]. It has been suggested that
pollutant exposure and AD risk may be affected by the gero exposome during early life exposure [35] and
the induction of epigenetics modifications [36]. We have previously suggested that environmental pollutants
can abnormally activate retrotransposons and ERVs in the human brain [20]. Therefore, cell insults by
several pollutants, by inappropriately activating HERVs, may contribute to CS, age-associated chronic and
neurodegenerative diseases.

Insults such as cellular abnormal tau accumulation, environmental mutagens, and virus infection may
induce changes in nuclear and genomic architecture and may cause CS or accelerate tissue senescence by
disrupting retrotransposon silencing mechanisms and activating HERVs. This notion is supported by data
showing that in human senescent cells, HERVs were transcribed to produce retrovirus-like particles which
transformed young cells into senescent cells [37].

Therefore, infections and mutations can induce differential HERV expression, which may contribute to
neurodegeneration and chronic inflammation and lead to different human diseases [37].

Exogenous virus infection, as well as environmental pollutants, may either directly induce neurodegen-
eration and by activating HERV promote neuronal senescence and brain inflammation. Both pathways may
contribute to brain lesions associated with dementia and other neurological diseases.

Several external and lifestyle factors may contribute to complex mechanisms involved in brain aging and
to the vicious and self-sustained circle leading to brain damage and cognitive decline, as summarized in Fig. 1.
In conclusion, virus infections or pollution may start a neurodegenerative feedback cycle by activating
HERVs, CS, and neuroinflammation which in turn induce additional neuronal loss and with time the onset
of clinical disease. Notions presented in this paper are supported by recent data showing that in an in vitro
tissue culture model the traumatic brain injury reactivates silent virus such as HSV-1 [38].
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Figure 1: The involvement of diverse age-associated risk factors with exogenous virus infections and HERV abnormal
activation in the induction of neurodegenerative processes and AD

5 Conclusions
AD is a complex disease and several different causative factors may play a role in its beginning and

progression, as described in Fig. 1. However, these factors may converge in three major pathways: (1)
the reactivation of silent intracellular pathogens; (2) the increased genomic instability induced by TSE
inappropriate activation; (3) the persistent activation of brain HERVs. These three pathways might induce
early or accelerated neuronal CS and start irreversible brain neurodegenerative alterations.
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Several other factors (Fig. 1) such as age, metabolic alterations, vascular pathology, individual genetic
background, or lifestyle may contribute to modulate brain senescence and neurodegeneration associated
with AD.

As discussed above, CS plays a role in neurodegenerative diseases and modulation of senescence may
affect brain aging [39]. It is of interest that CS is susceptible to drug treatments and several compounds able
to induce apoptosis of senescent cells, named senolytics, have been discovered [39]. Other molecules, called
xenomorphic drugs, can modulate the SASP and reduce the inflammatory components of CS [40]. Some
senolytic drugs have been shown to decrease brain CS and cognitive impairment in rats [41].

Moreover, clinical trials of some chronic diseases using senolytic compounds are in progress. Treatment
of AD patients with a senolytic drug, as reported in ongoing clinical trials, induced modulation of the disease’
s markers in both plasma and cerebrospinal fluid [42,43].

Recently, senescence microglia has been described in a mouse model of AD, and treatment with a
senolytic compound decreased senescent microglia, improved cognitive performances, and reduced brain
inflammation [44]. Therefore, new therapeutic opportunities for AD and other brain degenerative diseases
by modulating CS are emerging on the clinical horizon. Future investigations will show whether modulation
of CS might influence the expression of HERVs and their effects on aging and age-associated chronic diseases.
Finally, reducing pollutant exposure and protecting from virus infections or reactivation may decrease brain
insults, diminish the risk of abnormal retrotransposons and HERV activation, and decelerate the CS of
neuronal and microglial cells.
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Abbreviations
Aβ Amyloid-β
AD Alzheimer’s disease
CMV Cytomegalovirus
ALS Amyotrophic lateral sclerosis
CS Cell senescence
ENV Envelop glycoprotein of HERV-W
ERV Endogenous retrovirus
FTD Frontotemporal dementia
HERV Human endogenous retrovirus
HIV Human immune deficiency virus
HML-2 HERV-k subtype 2
HSV-1 Human herpes simplex virus-1
NF-kB Nuclear factor-kB
SASP Senescence-associated secretory phenotype
SARS-Cov-2 Severe acute respiratory syndrome-coronavirus-2
TDP-43 Tar-DNA binding protein-43
TSE Transposable element
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