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Herpes simplex virus type 1 and Alzheimer’s disease:

The autophagy connection
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The causes of Alzheimer’s disease (AD) and of the characteristic pathologi-
cal features—amyloid plaques and neurofibrillary tangles—of AD brain are
unknown, despite the enormous resources provided over the years for their
investigation. Indeed, the only generally accepted risk factors are age, Down
syndrome, carriage of the type 4 allele of the apolipoprotein E gene (APOE-¢4),
and possibly brain injury. Following the authors’ previous studies implicating
herpes simplex virus type 1 (HSV1) in brain of APOE-¢4 carriers as a major
cause of AD, the authors propose here, on the basis of their and others’ recent
studies, that not only does HSV1 generate the main components of amyloid
plaques and neurofibrillary tangles (NFTs)—p-amyloid (AB) and abnormally
phosphorylated tau but also, by disrupting autophagy, it prevents degradation
of these aberrant proteins, leading to their accumulation and deposition, and
eventually to AD. Journal of NeuroVirology (2008) 14, 1-4.
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Autophagy and Alzheimer’s disease

The autophagy-lysosome pathway is the main intra-
cellular process for clearance of large proteins, pro-
tein complexes, and cellular organelles (Cuervo et al,
2005; Martinez-Vicente et al, 2005). It is a mecha-
nism that enables cells to survive when subjected to
starvation, and is involved also in the degradation of
microbial intruders. Autophagy (the term usually ab-
breviated from macroautophagy) takes place within
double membrane-bounded structures called au-
tophagosomes or initial autophagic vacuoles (AVs).
These do not contain any enzymes and so the degra-
dation of the unwanted material occurs only after
fusion of autophagosome with lysosomes, which
contain hydrolases.

It has recently been realised that autophagy is an
essential process for maintaining homeostasis and
that a decrease in efficiency of autophagy occurs
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during aging, resulting in the accumulation of undi-
gested products inside lysosomes (Cuervo et al, 2005;
Ward, 2002). A role for autophagy in several neurode-
generative diseases has been proposed also, mainly
because a defect in autophagy might account for
the continuous residence of aberrant proteins in the
brain in these diseases and because mice in which
basal autophagy in neural cells has been suppressed
(by deletion of auto-phagyrelated gene [atg] 5 or 7)
suffer neurodegenerative disease, with an accumu-
lation of inclusion bodies and intracellular protein
aggregates in brain (Hara et al, 2006; Komatsu et al,
2006). In the case of AD, the relevant proteins—p-
amyloid (AB) and abnormally phosphorylated tau—
are generally thought to be the major culprits in the
neurodegenerative process of the disease, although
their precise involvement is still unknown; in fact,
they are considered by some to be protective, en-
tombing possible damaging agents. The exact nature
of the defect in autophagy or the cause of its disrup-
tion is unknown. But in Alzhemier’s disease (AD)
brain, autophagosomes and AVs accumulate in dys-
trophic neurites (Nixon et al, 2005) and amyloid pre-
cursor protein (APP), AB, and the enzymes respon-
sible for AB formation are present in AVs (Yu et al,
2004).
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Autophagy and microbes

The autophagy system is a mechanism for dealing
not only with unwanted cell proteins but also with
combating microorganisms entering cells. In this case
the term heterophagy, rather than autophagy, is used.
Some infectious agents have devised ways of over-
coming and even of using the system to their own
advantage, e.g., several bacteria and viruses repli-
cate within autophagic vacuoles (Colombo, 2005;
Wileman, 2006). Herpes simplex virus type 1 (HSV1)
encodes a protein—infected cell polypeptide 34.5
(ICP34.5)—that can disrupt autophagic processes
(Talloczy et al, 2002; Talloczy et al, 2006), thus pro-
tecting itself against destruction. This protein is in-
volved also in counteracting the protein kinase R
(PKR) defense mechanism, which is activated by the
presence of double-stranded RNA (dsRNA). Cells in-
fected with HSV1 and with many other types of virus
produce dsRNA, either because in the case of DNA
viruses, including HSV1, transcription occurs from
genes on both strands or in the case of RNA viruses
a complementary strand is needed, or the genome
is in fact double stranded. Activated PKR, which is
found in AD brains, phosphorylates elongation ini-
tiation factor 2« (eIF2«), which in turn causes the
cessation of protein synthesis (Cassady et al, 1998).
Such cessation would preclude synthesis of viral
proteins, initiate apoptosis (Chang et al, 2002), and
enhance autophagy. HSV1 counteracts the PKR sys-
tem by dephosphorylating elF2«, and ICP34.5 was
shown to be responsible for these effects: infection
of cells with ICP34.5-deleted virus allowed activa-
tion of PKR, phosphorylation of elF2¢ and protein
synthesis cessation (Chou et al, 1995). The disrup-
tion by wild-type HSV1 of autophagy and the PKR
system is yet another example of the way the virus
takes over host cell processes. Other such viral effects
include stopping the synthesis of most cell proteins
but allowing production of cell and viral proteins re-
quired for virion formation, and causing cells to enter
cycle but blocking them at the G2/M stage—which,
interestingly, occurs also in AD.

HSV1-induced reduction in autophagic processes
would be in keeping with the reduction in such pro-
cesses occurring at least at later stages of AD. Simi-
larly, PKR activation in AD may well be at a late stage
of the disease, in reaction to stress (Peel, 2004)—
stress due perhaps to infection. However, it is worth
emphasising that although certain other microorgan-
isms might cause some similar changes in the cells
that they infect, HSV1 alone is known to be present—
and therefore capable of action—in the normal el-
derly brain.

Herpes simplex virus type 1 and Alzheimer’s
disease

As to the way HSV1 relates to AD and to autophagy,
the virus was originally proposed many years ago as

a possible candidate agent in AD. This was mainly
because in herpes simplex encephalitis (HSE), the
virus affects the same brain regions as those most af-
fected in AD (Ball, 1982), but also because of the high
prevalence of HSV1, and its propensity for infecting
neurons and ability to remain within them for the life
time of the host. Much later, the first study experi-
mentally linking virus and AD showed that HSV1
DNA is present in a latent state in brain of a high
proportion of AD patients and normal elderly people
(Jamieson et al, 1991), although in only a very low
proportion of younger people (Jamieson et al, 1992).
Several studies by others have since substantiated
this in detecting HSV1 DNA in an appreciable pro-
portion of human brains (Baringer and Pisani, 1994;
Bertrand et al, 1993; Gordon et al, 1996; Itabashi
et al, 1997; Mori et al, 2004; Rodriguez et al, 2005).
In some of these cases, the proportion detected was
lower than in ours, but this was due probably to a
difference in prevalence of HSV1 infection in some
countries (e.g., Japan [Itabashi et al, 1997]), or to age
of subject not being taken into account. Two other
studies (Hemling et al, 2003; Marques et al, 2001),
however, detected HSV1 DNA in only a very low
proportion of brains; the reason for this is not known.

We subsequently showed that the virus, when in
brain of carriers of the apolipoprotein E gene (APOE-
€4), confers a strong risk of AD (Itzhaki et al, 1997;
Lin et al, 1998). Since then, the modulatory effect
of APOE on outcome of infection has been strongly
substantiated by our studies showing that in several
diseases of known microbial cause, including herpes
labialis and hepatitis C virus—induced liver damage,
APOE determines the occurrence or the severity of
disease (Itzhaki et al, 1997; Lin et al, 1998; Wozniak
et al, 2002). Subsequently we found evidence that
HSV1 had replicated in the elderly brain, possibly
recurrently, i.e., that it was not merely a passive
passenger (Wozniak et al, 2005). Recently, we have
linked the virus with the pathological features of AD
brain: HSV1 infection causes deposition of A and
AD-like phosphorylation of tau and increases the
enzymes responsible for their formation (Wozniak,
Itzhaki, Shipley, and Dobson, submitted; Wozniak
and Itzhaki, manuscript in preparation).

Several other studies strongly even if indirectly
support our data: APOE influences HSV1 infection
(Burgos et al, 2003; Burgos et al, 2006; Miller and
Federoff, 2006); links exists between HSV1 and A
(Cribbs et al, 2000; Satpute-Krishnan et al, 2003); pe-
ripheral infection causes cognitive decline in elderly
people and AD patients, presumably via induction of
inflammation in brain (Holmes et al, 2003; Konsman
et al, 2002; Strandberg et al, 2003)—which could re-
activate latent HSV1.

Hypothesis

We propose the following scenario: HSV1 enters the
brain in older age, as the immune system declines,



either from the peripheral nervous system (PNS)
where, after infection earlier in life, it has resided
latently, or as a new infection via the olfactory
route. The virus becomes latent in the brain but re-
activates periodically under conditions of immuno-
suppression or stress—e.g., during systemic infec-
tion. The reactivated virus then causes limited lo-
cal damage, i.e., an atypical type of HSE (a num-
ber of cases of “mild” and recurrent HSE have been
reported (Fodor et al, 1998; Klapper et al, 1984)).
The damage occurs probably through direct viral ac-
tion and also indirectly, via inflammatory/oxidative
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