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Could autophagy dysregulation link neurotropic 
viruses to Alzheimer’s disease?

Autophagy and Alzheimer’s Disease
Autophagy can be subdivided into three distinct degradative 
cellular processes, namely macroautophagy, microautophagy, 
and chaperone-mediated autophagy. Macroautophagy, here-
after referred to as autophagy, is articulated in several steps 
that go from autophagosome formation to their fusion with 
lysosomes where the autophagosome content is degraded 
and eventually recycled (Klionsky et al., 2016). A number of 
genes called autophagy-related genes are responsible for the 
execution of the entire process and the activation of molecular 
pathways such as phosphoinositide 3-kinase/protein kinase 
B/mammalian target of rapamycin and signal transducer and 
activator of transcription 3 is also involved in its regulation. 
Through autophagy, cells get rid of toxic components such as 
misfolded proteins (especially the long-lived ones), protein 
aggregates, and damaged organelles whose elimination is also 
mediated by selective forms of autophagy. The basal activation 
of autophagy contributes to the maintenance of homeostasis 
of cells, especially post-mitotic cells that are not able to dilute 
unwanted noxious cellular components through cell division. 
To this category belong neurons, cells that are highly depen-
dent on autophagy, as indicated by the neurodegeneration and 
the enhanced neuronal cell death that occurs in the absence of 
autophagy (Komatsu et al., 2006). Indeed, an increased num-
ber of autophagosomes, suggesting a dysregulation of autoph-
agy, has been observed in the neurons of patients affected by 
neurodegenerative pathologies including Alzheimer’s disease 
(AD) (Uddin et al., 2018). Likewise, aging is physiologically 
accompanied by a progressive reduction of autophagy and by 
concomitant alteration of neuronal homeostasis (Metaxakis 
et al., 2018). Although whether AD and brain aging are mech-
anistically linked remains to be clarified, it is known that AD 

is the most common form of dementia afflicting the elderly 
population. It is characterized, at the molecular level, by ex-
tracellular and intracellular accumulation of amyloid β (Aβ) 
peptide fragments of the amyloid precursor protein (APP) 
and neurofibrillary tangles, composed of the microtubule-asso-
ciated hyperphosphorylated protein tau. Besides accumulating 
in the brain, both Aβ and tau can be detected in the cerebro-
spinal fluid and blood and represent AD biomarkers together 
with several pro-inflammatory miRNAs that are found to be 
increased in patients affected by this neurodegenerative dis-
ease (Femminella et al., 2015; Wu et al., 2016). It has been well 
demonstrated that the increased production and aggregation of 
Aβ monomers result in neuronal dysfunction. APP protein can 
be processed by enzymes called α-, β- and γ-secretases. The am-
yloidogenic process is initiated by the cleavage of APP mediated 
by the β-secretase, also known as β-site APP cleaving enzyme 
1 or BACE-1 (Vassar et al., 1999). A connection between APP 
metabolism and tau proteostasis has been demonstrated, as the 
manipulation of APP metabolism through the modulation of 
β- and γ-secretases resulted also in changes of tau protein accu-
mulation (Moore et al., 2015). Interestingly, autophagy strongly 
influences the metabolism of Aβ (Zhou et al., 2011) as well as 
of tau protein (Wang and Mandelkow, 2012), both components 
accumulating in the course of AD. In addition to APP metabo-
lism, autophagy contributes to the degradation of BACE1, the 
β-secretase that cleaves APP and initiates the amyloidogenic 
process (Feng et al., 2017). Autophagy also plays a role in Aβ 
secretion and plaque formation, as indicated by an autoph-
agy-deficient mouse model in which Aβ accumulated inside 
neurons, leading to neurodegeneration (Nilsson et al., 2013). 
In the course of AD, the intracellular accumulation of Aβ in 
neurons seems to precede the extracellular plaque formation. 
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neurotropic herpesviruses, herpes simplex virus-1, human herpesvirus-6A, and human herpesvirus-6B 
have been reported to infect several cell types present in the central nervous system and to dysregulate 
autophagy, a process required for homeostasis of cells, especially neurons. Indeed autophagosome accu-
mulation, indicating an unbalance between autophagosome formation and autophagosome degradation, 
has been observed in neurons of Alzheimer’s disease patients and may play a role in the intracellular and 
extracellular accumulation of amyloid β and in the altered protein tau metabolism. Moreover, herpesvirus 
infection of central nervous system cells such as glia and microglia can increase the production of oxidant 
species through the alteration of mitochondrial dynamics and promote inflammation, another hallmark 
of Alzheimer’s disease. This evidence suggests that it is worth further investigating the role of neurotropic 
herpesviruses, particularly human herpesvirus-6A/B, in the etiopathogenesis of Alzheimer’s disease. 

Key Words: Alzheimer’s disease; autophagy; HHV-6A; HHV-6B; HSV-1; neurotropic viruses; amyloid β; tau 
protein; reactive oxygen species; inflammation; AD 

REVIEW

*Correspondence to:
Mara Cirone, MD, PhD,
mara.cirone@uniroma1.it.

orcid: 
0000-0002-2207-9624 
(Mara Cirone)

doi: 10.4103/1673-5374.253508

Received: December 21, 2018
Accepted: January 17, 2019

Maria Anele Romeo, Alberto Faggioni, Mara Cirone*

Department of Experimental Medicine, Sapienza University of Rome, Laboratory Affiliated to Istituto Pasteur Italia-Fondazione Cenci Bolognetti, 
Rome, Italy
  
Funding: The work was supported by Human Herpesvirus-6 Foundation and Istituto Pasteur Italia-Fondazione Cenci Bolognetti (to MC).

http://orcid.org/0000-0002-2207-9624


1504

Romeo MA, Faggioni A, Cirone M (2019) Could autophagy dysregulation link neurotropic viruses to Alzheimer’s disease? 
Neural Regen Res 14(9):1503-1506. doi: 10.4103/1673-5374.253508  

The above reported findings indicate that autophagy is required 
for normal neuronal physiology and that autophagy dysregula-
tion may be involved in the onset and/or progression of AD by 
several means. Therefore, it is possible that the manipulation of 
autophagy may hold the key to help prevent or better treat this 
neurodegenerative condition, which in spite of considerable 
effort, remains an incurable disease. 

Autophagy and Herpesviruses
A large number of studies have clearly documented that au-
tophagy is often dysregulated by viruses belonging to several 
unrelated families. This is not surprising given the pivotal role 
in the innate and adaptive anti-microbial immune response 
(Santarelli et al., 2015). Herpesviruses may impair one or more 
of the several autophagic steps, and this can occur either during 
primary infection (Santarelli et al., 2016; Gilardini Montani et 
al., 2018a) or during lytic reactivation from latency (Cirone, 
2018). Notably, viruses may not only inhibit autophagy, but 
they can also subvert this process to hijack the autophagic 
machinery for their own purpose. For example, gamma herpes-
viruses may block the last autophagic steps and use autopha-
gosomes for intracellular transportation towards the plasma 
membrane, when the lytic cycle is activated (Granato et al., 
2014, 2015). Other viruses belonging to the alpha herpesvirus 
family, such as varicella zoster virus, promote autophagy to 
prolong the survival of infected cells, and although the auto-
phagic flux is not blocked, the viral particles seem to survive to 
the lysosome degradation (Buckingham et al., 2015; Hogestyn 
et al., 2018). Herpesviruses that dysregulate autophagy also 
include the main neurotropic viruses: herpes simplex virus-1 
(HSV-1), which blocks autophagy in infected neurons by inhib-
iting Beclin-1 (Orvedahl et al., 2007), a protein essential for the 
autophagic process, and the beta herpesviruses human herpes-
virus (HHV)-6A and HHV-6B (HHV-6A/B) that, as we have 
recently shown, modulate autophagy differently in the cells in 
which they replicate (Romeo et al., 2019).

Neurotropic Herpesviruses, Autophagy and AD 
Investigators have searched for many years to find a possible 
association of neurodegenerative diseases such as multiple 
sclerosis and AD with viral infections (Buckingham et al., 
2018). In particular, the role of the neurotropic virus HSV-1 
has been extensively investigated in the etiology of AD (Pi-
acentini et al., 2014). The virus may enter sensory neurons, 
reach the trigeminal ganglion and from here enter the central 
nervous system. Once there, it may cause acute encephalitis or 
remain in a latent state (Lewandowski et al., 2002; Bradshaw 
and Venkatesan, 2016). As an alternative route, HSV-1 may 
enter the central nervous system through the blood stream. 
HHV-6A/B are able to reach the central nervous system by 
entering through the olfactory pathway (Harberts et al., 2011), 
and like HSV-1, they may establish a latent infection in the 
central nervous system. However, in particular circumstances, 
for example in conditions in which the immune pressure is 
reduced, both viruses may start replicating, as indicated by the 
detection of viral particles in the cerebrospinal fluid. HSV-1 
and HHV-6A/B can infect several cells in the central nervous 
system, including glial cells and neurons (Lokensgard et al., 

2002; Dietrich et al., 2004; Donati et al., 2005; Reynaud and 
Horvat, 2013; Zerboni et al., 2013; Prusty et al., 2018). The 
latter are the main mediator of Aβ deposition that leads to 
plaque formation in the course of AD. Aβ also accumulates 
inside neurons and it may derive from the intracellular pool of 
APP or by its uptake from extracellular space. Glial cells also 
mediate Aβ deposition and, considering that they are highly 
represented in the central nervous system, their contribution 
to AD may be relevant (Frost and Li, 2017). Regarding the 
possible association of neurotropic viruses with the amyloi-
dogenic process of AD, it has been shown that HSV-1 may 
alter the distribution of cellular APP, that its capsid proteins 
can directly interact with APP (Cheng et al., 2011), and that 
its infection causes neurodegeneration and AD-like phos-
phorylation of tau protein (Zambrano et al., 2008; Wozniak 
et al., 2009a). Moreover, about 60% of brains of elderly peo-
ple contain latent HSV-1 DNA in the limbic system, and the 
frontal and temporal cortices, the central nervous system 
regions frequently compromised in AD (Jamieson et al., 1992; 
Itzhaki et al., 1997), and HSV-1 DNA can be detected within 
the amyloid plaques (Wozniak et al., 2009b). However, more 
recently, HHV-6A but not HSV-1 has been found to be high-
ly abundant in the brain of AD patients and interestingly, 
HHV-6A has been linked with molecular, genetic, clinical, 
and neuropathological aspects of AD (Readhead et al., 2018). 
Moreover, it has been reported that both HHV-6A and HHV-
6B infection of neurons directly induces Aβ deposition, as a 
host defense mechanism, although HHV-6A does so more 
efficiently (Eimer et al., 2018). These findings strongly sug-
gest that further investigation of the role of HHV-6A and B 
in AD is warranted. Regarding autophagy dysregulation by 
neurotropic viruses in neuronal cells, it has been reported that 
HSV-1 protein ICP34.5 can block autophagy by binding and 
inhibiting beclin-1, and more importantly, that the neuroviru-
lence of HSV-1 is dependent on the expression of this protein 
(Orvedahl et al., 2007). The impact of viral infection by HHV-
6A and HHV-6B on autophagy in the central nervous system 
cells such as neurons and glial cells, including astrocytes and 
oligodendrocytes, remains to be explored. Given the pivotal 
role of autophagy in neuronal physiology, it is important to 
investigate whether it is dysregulated by neurotropic viruses 
and contributes to Aβ intracellular or extracellular accumula-
tion or neurofibrillary tangle formation (Figure 1). 

Finally, in addition to bulk autophagy, an impairment of 
the selective autophagy aimed at the removal of damaged mi-
tochondria, or mitophagy, seems to be involved in the onset/
progression of AD. This is indicated by the accumulation of 
dysfunctional mitochondria in the neurons of patients af-
fected by this disease (Kerr et al., 2017). Of note, damaged 
mitochondria increase production of ROS, and these mole-
cules in turn induce further damage of mitochondria that are 
primarily responsible for the oxidative stress, another hall-
mark of AD (Kurihara et al., 2012). Several viruses, including 
herpesviruses, are able to alter mitochondrial dynamics and/
or mitophagy, likely because mitochondria play multiple roles 
in the anti-viral immune defense and may regulate autophagy 
activation. Therefore, the dysregulation of mitophagy could 
represent another possible mechanism through which neuro-
tropic viruses promote AD. The oxidative stress characteristic 
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of AD may contribute to the activation of microglia (Mattson 
et al., 1993), which is represented by central nervous system 
resident cells and cells that originate from peripheral blood 
monocytes reaching the central nervous system by crossing 
the blood-brain barrier. Interestingly, HHV-6A/B can infect 
and activate microglia (Fotheringham et al., 2007; Reynaud 
and Horvat, 2013; Reynaud et al., 2014), and we have recently 
reported that Epstein-Barr virus activated monocytes and in-
creased ROS production in these cells (Gilardini Montani et 
al., 2018b). We are currently investigating whether HHV-6 in-
fection of monocytes may alter ROS production and/or inter-
fere with autophagy or mitophagy. The activation of microglia 
also promotes inflammation, another feature of AD (Figure 2), 
and previous studies have indicated that HHV-6A and HHV-
6B induce pro-inflammatory effects in central nervous system 
cells (Meeuwsen et al., 2005). Indeed, HHV-6 infection of glial 
or microglial cells may result in an altered release of pro-in-
flammatory cytokines such interleukin-6 or chemokines such 
as interleukin -8 and Rantes that attract leukocytes to the cen-
tral nervous system, further increasing central nervous system 
inflammation (Reynaud and Horvat, 2013). Interestingly, be-
sides promoting oxidative stress and inflammation, activated 
microglial cells do not remove Aβ, as phagocytic cells physio-
logically should do (Navarro et al., 2018), but instead promote 
Aβ fibrillogenesis (Nagele et al., 2004). These findings suggest 

that activated microglia may contribute to several features of 
AD and their infection by neurotropic viruses could alter their 
functions, turning microglia from cells preventing AD to cells 
promoting it.

Conclusions
Although further studies are required, the above reported 
findings suggest that infection of central nervous system cells 
by neurotropic viruses such as HSV-1 and HHV-6A/B may 
play a role in AD. Moreover, as neurons are strongly depen-
dent on autophagy, and autophagy is involved in the Aβ and 
protein tau metabolism, it could be that the dysregulation of 
the autophagic process in the different central nervous system 
cells may represent one of the mechanisms through which 
those viruses contribute to the onset/progression of AD. Shed-
ding more light on the relationship between neurotropic virus 
infection of central nervous system cells and autophagy dys-
regulation, intracellular and extracellular Aβ accumulation, 
neurofibrillary tangle formation or mitophagy impairment, 
oxidative stress, and inflammation could lead to new thera-
peutic strategies able to prevent or restrain the progression of 
the neurodegenerative process that leads to AD. 
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