THEORETICAL MEDICINE

UDC 616.894-053.9:578.825:57.088.7 https://doi.org/10.26641/2307-0404.2021.1.227729
S.S. Ostrovska, INTRACELLULAR WAYS OF DEVELOPMENT
V.F. Shatorna, OF ALZHEIMER'S DISEASE AGAINST

E.O. Liholetoy THE BACKGROUND OF HERPES VIRAL

INFECTIONS (literature review)

SE «Dnipropetrovsk medical academy of Health Ministry of Ukrainey
Department of Medical Biology, Pharmacognosy and Botany
Department of Psychiatry, Addiction and Medical Psychology "
V. Vernadsky str.,9, Dnipro, 49044, Ukraine

113 «Ininponempogcoxa meouuna axaoemia MO3 Vipainuy
Kagheopa meouynoi bionoeii, papmaxocnozii ma bomanixu
(3a6. — 0. 6ion. H., npogh. B.®. [llamopna)

Kkagedpa neuxiampii, napronozii i MmeOuuHoi neuxonozii

(3a6. — 0. meo. H., npog. JIL.M. IOp’esa)

ey1. Bepnaocwroeo, 9, [ninpo, 49044, Yrpaina

e-mail: s.ostr2018@gmail.com

LHumyeanna: Meouuni nepcnexmueu. 2021. T. 26, Ne 1. C. 40-46
Cited: Medicni perspektivi. 2021;26(1):40-46

Key words: Alzheimer's disease, herpes virus, genetic research
KuarouoBi ciioBa: xgopoba Anvyeeiimepa, ipyc eepnecy, 2eHemuyti O0CIIOHCEHHS
KuroueBble cjioBa: 6oe3nb Anvyeelivepa, 8upyc eepneca, 2eHemuyeckue ucciedo8anus

Abstract. Intracellular ways of development of Alzheimer's disease against the background of herpes viral
infections (literature review). Ostrovska S.S., Shatorna V.F. Liholetov E.O. The concept of the viral etiology of
Alzheimer's disease (AD) was first proposed in 1982. Its author MJ Ball suggested that the herpes simplex virus (HSV1)
may be involved in the pathogenesis of AD, finding that the areas of the brain damaged in acute herpetic encephalitis
are the same as those that are affected in AD, and those who survived usually suffer from memory loss and other
cognitive impairment typical of AD. Subsequently, in all postmortem brain samples (temporal, frontal, and
hippocampal) viral sequences of the viral thymidinekinase gene were found in a high proportion (70-100%,) both in AD
and in elderly people without it, while in young people and children the virus was found in very low proportions, so it
was suggested that HSV1 comes from the peripheral ganglia, where the virus can remain inactive for many years, then
enters the brain at an older age due to a decrease in the activity of the immune system. The increased risk of AD is
associated with the presence of HSVI in the brain and the carriage of a specific genetic factor — allele-e4 of the
apolipoprotein E4 gene (APOE-¢4). By themselves, neither HSV1 nor the APOE-¢4 allele were found as risk factors for
the development of AD but their combination increased the risk of AD development by 12 times and made up 60% in
patients with AD. The phenomena involved in the pathophysiology of AD are neurodegenerative changes that occur as
a result of fibrillation and deposition of amyloid-p-peptide (Af) and neurofibrillary tangles — accumulations of
aggregated phosphorylated tau-proteins (P-tau), leading to brain atrophy due to neuronal death. Traditionally, Ap has
been characterized as a catabolic by-product. However, it has recently been shown that AP-peptide has antiviral
activity and protective effects against HSV infections in the brain. A 16-year study in Thailand with more than 33,000
patients showed that long-term use of antiherpetic drugs reduces the risk of dementia, including AD patients infected
with HSV1. Patients with HSV1 infection who received antiherpetic drugs showed a lower risk of all types of dementia
compared with the group without these drugs. Their positive effect on stopping the accumulation of amyloid beta and
tau protein in the body has been confirmed. In this regard, it is assumed that vaccination against HSVI may be useful
not only for treatment, but also for the prevention of AD.

Pedepar. BHyTpHKIIeTOUHBIE IYyTH Pa3BUTHS 0oje3HH AnblreiiMepa Ha ¢oHe reprnec BHPYCHBIX HH(peKIMii
(0030p Jautepatypbl). OctpoBckas C.C., lllatopnas B.®., JIuxoneros E.A. Konyenyus eupycrou smuonozuu
bonesnu Anvyeetimepa (bA) enepeavie 6vina npednoscena 6 1982 200y. Eé asmop M.J. Ball npeononoscun, umo eupyc
npocmozo zepneca (HSVI) mooicem 6Ovimb 6061euen 6 namoeenes BA, obnapyocus, umo obnacmu mosea, no-
8pediCOeHHble NPU OCIMPOM 2epnemu4eckom dHyepanume, maxue dce, Kax u me, komopwvie nopascaiomes npu bA, a
bonvHble, nepesicusuiue dHYedarum, o6bIYHO CMpPaoarOm om nomepu Namsamu u Opyeux KOZHUMUGHLIX HAPYUeHul,
munuyneix 01 BA. B nocnedyoujem 60 6cex nocmepmuuix o0pasyax mosea (8UcCouHas, J0OHAs U SUNNOKAMNAIbHASL)
OvLIU OOHAPYIICEHbI BUPYCHBIE NOCACO08AMENLHOCMU 2€HA SUPYCHOU MUMUOUHKUHAZLL 6 8blcoKol nponopyuu (70-
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100%) kax npu BA, max u y noswcunvix aodeii be3 neé, npu 3Mom y MOIOObIX a00ell U Oemell 8UpYC 0OOHAPYICUBANCS 8
OYenb HUBKUX 8eudunax. buino evickazano npeononoocenue, umo HSVI1 nocmynaem uz nepugpepuveckux eanenues, 20e
BUPYC MOJICEM OCMABAMbCS 8 HEAKMUBHOTL (hopMe 8 meyenue MHO2UX Jiem, 3amem NOCImynaem @ 20J106HOI Mo3e 8 bojiee
cmapuiem 8ospacme, 6Ce0CMBUE CHUICEHUS AKMUBHOCIMU UMMYHHOU cucmembl. Boicoxuil puck paseumusi bA cesizan ¢
Hanuuuem 6 20n06Hom moszee HSVI u nocumenbcmeom cheyuguueckoeo cenemuyeckozo gakmopa — ainens-e4 cena
anonunonpomeuna E4 (APOE-¢4). Camu no cebe nu HSVI1, nu anneno APOE-e4 ne Obliu obHapysicenvl Kaxk gaxmopol
pucka passumus BA, oonaxo ux xombumayus ysenuuusania puck pazeumus BA e 12 pasz u cocmasnina 60% y
nayuenmog ¢ bA. @enomenamu, sosneuennvimu 6 namogpuzuonozuio bA, saenaomes nelipodecenepamushvie UsMeHeHUs,
KOmopbvle 803HUKAIOM 6 pe3yibmame uOpUuLIu3ayuy U OmaodceHus: amunoud-f-nenmuda (Af) u neupogubpuiiapueix
KIYOKO8 — CKONIEHUsl azpecuposanusix gocgopunuposanuvix may-oenxkos (P-may), npusooawue x ampoguu mozea
ecnedcmeue eubenu Helponos. Tpaouyuonno AP xapaxkmepuzosanca Kaxk Kamaboauweckuii NOOOYHbIU NPOOYKM.
Oonako HedasHO ObLIO NoKaszawo, umo Af-nenmuo obnradaem nPOMUBOBUPYCHOU AKMUBHOCbIO U 3AUUMHBIMU
ogppexmamu npomue HSV-unpexyuti 6 2conosnom mosee. Illecmnaoyamuiremuee ucciedosanue ¢ Tainande c
yuacmuem 6onee 33 000 nayuenmog noxasano, ymo OnumenbHoe NpUMeHeHue NPOMUBo2epnemudecKux npenapamos
CHUdICAem pUck pazeumus oemeHyuu, 8 mom yucie y nayuenmos ¢ bA, unguyuposanuvix HSVI. Bononvie ¢ HSVI-
ungexyuetl, noryyasuiue anmucepnemuiecKue npenapamol, NOKA3AAU NOHUNCEHHBI PUCK 6CeX MUN08 OeMEeHYuU no
cpagnenuto ¢ epynnoil Oe3 Jneyenus omumu npenapamamu. I1o0meepicoeHo ux noniodcumenvrHoe 6uusiHue Ha
npekpaujerue Haxonjienusi bema-amunouda u may-Oeika 8 opeanusme. B ceszu ¢ amum npednonazaemcs, 4mo

saxyunayus om HSVI1 mooicem Obims nonesnoii ne moavko 0is aeuenus, Ho u 0 npoguraxmuxu bA.

Among many factors responsible for the
pathogenesis of Alzheimer's disease (AD), much
attention is paid to the role of infectious agents, for
example the development of AD under the action of
various periodontal pathogens from the oral
microbiome, resulting in persistent infection that
penetrates the brain and damages nerve cells and
vessels of the microcirculature [2]. However, nu-
merous epidemiological, experimental data and
clinical observations suggest that one of the main
causes of AD is the constant recurrence of herpes
simplex virus type 1 (herpes simplex virus 1 —
HSV1)[10, 14, 16, 17, 21].

The concept of the role of viruses in the
development of AD was first proposed several
decades ago. It is known that the initial HSV1
infection usually occurs in early childhood and after
infection the virus remains in a latent state
throughout life in the nervous system with very
limited transcription and with very low or zero
protein synthesis. The author of the concept
suggested that latent HSV1 can be reactivated in the
peripheral ganglia and ascend along the known
nerve pathways to the limbic system and areas of the
brain that are most affected in AD [7]. The virus is
prevalent in approximately 90% of the adult
population, which is also associated with a high
prevalence of AD. HSV1 reactivation can be perio-
dically provoked by factors such as immunosup-
pression, peripheral infection or inflammation, and
the cumulative damage to these brain injuries
ultimately leads to the development of AD, mainly
in the elderly [27].

In the brain of patients with AD pathognomonic
lesions of neurons, especially in large numbers,
occur within the limbic system, in the same temporal
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areas that are predominantly affected by HSV1 in
acute herpetic encephalitis and those who experience
it, usually suffer from memory loss and cognitive
impairments typical of AD. This is evidence that
HSV1 can be transported to the central nervous
system (CNS) from the peripheral nervous system
[13]. These data are confirmed by the fact that
HSV1 receptors are selectively expressed in the
limbic system [20]. A highly sensitive polymerase
chain reaction (PCR) method was used in the human
brain to search for HSV1 DNA, in particular the
viral thymidine kinase (TK) gene. In all postmortem
samples of the brain (temporal, frontal and hip-
pocampal) viral sequences of TK in high proportions
(70-100%) both in sporadic (non-hereditary) AD and
in the elderly without AD were found. In young
people and children, the virus was found in very low
values, and therefore it has been suggested that
HSV1 enters the brain of older people due to
reduced activity of the immune system [15, 19]. A
special risk of AD is the presence of HSV1 in the
brain and the carrier of a specific genetic factor - the
allele-e4 of the apolipoprotein E4 gene (APOE-¢4).
As shown in postmortem studies of the brain of
patients with AD [5, 11], HSV-1 and the allele
(APOE-¢4) alone, as a rule, cannot be independent
risk factors for the development of AD. However,
their combined effect increased this risk 12-fold [12]
and was 60% in AD [5]. APOE genotypes were
compared in 40 people with herpes recurrences and
in 33 patients who did not suffer from this disease,
the incidence of APOE-e4 was 36% and 9%,
respectively (p<0.001). These data also indicate that
a strong provoking factor in the development of AD is
the presence of HSV1 in the brain and the carrier of the
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APOE-¢4 allele, and that their combined effect is the
most damaging to the nervous system [5].

Studies in APOE-transgenic mice infected with
HSV1 have also shown that animals with APOE-¢4
show a greater potential for viral damage. Mice were
inoculated with HSV1 and the DNA concentration
of the virus in the brain was measured. In thirty
seven days after infection, the concentration of
HSV1 DNA in the brains of wild-type APOE +/+
mice was 13.7 times higher than in mice with
APOE -/ -knock-out. The concentration of HSV1
DNA in the brain of transgenic mice with APOE-g4
was 13.6 times higher than in mice with APOE-¢3.
Apolipoprotein-¢4 obviously significantly facilitates
the latency of HSVI1 in the brain than apolipo-
protein-€3, and protein doses are directly correlated
with the concentration of HSV1 in the brain. It was
also shown later that apolipoprotein interacts with
HSV1 in animal models, increasing the viral load in
the brain. Thus, two-month-old wild-type knock-out
mice were infected with HSV1 and were observed
for 16 months. It was found that the viral load
increases with age. In older female mice
APOE +/+ wild-type, HSV1 was by 43 times
higher than in female mice APOE -/-. Although
MRI did not show neuropathological and morpho-
logical differences in the brain between 18-month-
old infected mice compared to controls, HSV1-
infected mice had memory deficits and decrease in
metabolic indices of the CNS health [8, 9]. These
studies on animals link that APOE-e4 with the
increased HSV1 viral load in the brain confirm the
above post-mortem studies in humans [5] and
indicate that the combined presence of HSV1 in the
brain and the carrier of the APOE-e4 allele are
involved in pathogenesis of HA. The APOE gene, or
rather its form APOE-e4, is very interesting and
important of itself. It is present in every fourth
person. The APOE gene encodes the protein
apolipoprotein E, which is an important component
of lipoproteins. It is synthesized mainly in the liver,
in brain cells and regulates lipoprotein metabolism.
Variants of the apolipoprotein E gene are well
studied. All genes are represented by pairs, one from
each parent. Thus, there are six possible
combinations of alleles of the APOE gene: APOE:
€2/€2, €2/€3, €3/e3, e4/e2, €4/e3, e4/e4. People who
carry at least one copy of the €4 allele have an
increased risk of developing AD as compared to
those without it. In the presence of two copies of &4
(e4/e4), the risk of developing AD increases
significantly than with one copy of &4 [26]. In
people with AD who were carriers of €4, the level of
APOE protein in the blood is lower [23], although
low levels of APOE protein in plasma increase the
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risk of developing AD regardless of the APOE
genotype [25]. The presence of the APOE-¢4 allele
also affects the risk of cardiovascular disease. In the
presence of at least one allele APOE-g4 the
likelihood of atherosclerosis increases. Carriership
of APOE-¢4 is also associated with poor recovery
from traumatic brain injury and stroke. Carriership
of APOE-g4 accelerates neurodegeneration and
aging of blood vessels. In general, a tenfold increase
in the risk of AD and a 40% increase in the risk of
cardiovascular disease were found for the e4/e4
genotype. Knowledge of the genotype of APOE
allows to assess the risk of pathological conditions
and correctly determine the tactics of their pre-
vention [1].

The most described phenomena involved in the
pathophysiology of AD are neurodegenerative chan-
ges that occur as a result of fibrillation and
deposition of amyloid-B-peptide (AP) in the form of
B-amyloid and neurofibrillary tangles (NFT) -
clusters of aggregated phosphoryls -tau), which
macroscopically lead to brain atrophy due to
neuronal death [3]. Traditionally, AP has been
characterized as a non-functional catabolic by-
product. However, AP has recently been identified
as an antimicrobial peptide (AMP), and that AP
deposition may be a protective innate immune
response to infection. The physiological role of AP
as AMP also coincides with the surprisingly high
conservation of the peptide in evolution. Human AP
is at least 400 million years old and is found in 60-
70% of vertebrate species [24]. It is shown that AP
has, among other things, antiviral and protective
action against HSV virus in the brain, preventing the
fusion of the virus with the plasma membrane, and
the infection can not only initiate but also dra-
matically accelerate the deposition of f — amyloid.
In AD, normal protective antimicrobial pathways
mediated by AP oligomerization are overactive, and
subsequent AP deposition causes neuroinflam-
mation, leading to neuropathology and widespread
neuronal death [4]. AB-mediated antiviral activity
was tested in encephalitis models in transgenic mice
(5XFAD) and models of infections on cell cultures.
It has been shown that AB-oligomers bind surface
glycoproteins of the herpes virus, accelerating the
deposition of B-amyloid. These data support the idea
that AP may play a protective role in innate CNS
immunity, and confirm the etiological mechanism of
AD, in which herpes viridae infection can directly
stimulate A amyloidosis. AP oligomers have also
been shown to bind and agglutinate HSV1 and
HHV6 viruses and identify herpes viridae envelope
glycoproteins as targets for binding. Ap-oligomers,
thus, serve as a congenital mediator of the internal
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stability of the CNS, protecting the brain from
herpes viral infection [4].

Neuroglioma (H4) cell cultures were used as in
vitro model to investigate whether AP is produced
by neuroglioma cells and whether this may lead to
protective activity against HSV1 infection. The
results showed that H4 cells secrete AP in response
to HSV1 infection. In addition, the combination of
AP and HSV1 induced the production of anti-
inflammatory cytokines TNFa, IL-1f and IFNa in
cell lines. Antiviral protection of AP was also found
in experiments using a conditioned medium that
provided AB-dependent protection against HSV1
replication in cultures of de novo H4 cells infected
with HSV1. H4 neuroglioma cells produced AP in
response to HSV1 infection by inhibiting secondary
replication of the virus. This mechanism may play a
role in the etiology of HA [24].

Changes found in cultures of HSV 1-infected cells
have also shown that reactivated HSV1 can cause
increased formation of AP and P-tau, with HSV1
DNA specifically localized in amyloid plaques [17,
28]. For herpes viral infections in humans, the
protection of the brain provided by the uptake of
viral particles by the AB-peptide carries a long-term
risk of developing pathogenic f-amyloidosis, which
is characteristic of AD. Possible factors contributing
to the transition from protective to neuropathological
AP deposition include virulence and persistence of
the pathogen itself, as well as host genetics and
environmental factors. The neuropathogenesis of
AD mediates innate Af immune pathways targeting
viral pathogens, which is consistent with the
amyloid cascade hypothesis and data showing the
role of AP in AD pathology [4].

A 16-year study of more than 33,000 patients
showed that long-term use of antiherpetic drugs
reduced the risk of developing dementia, including
in patients with AD infected with HSV1. Patients
with HSV1 infection receiving antiherpetic drugs
showed a reduced risk of developing all types of
dementia, such as AD, VAD (vascular dementia)
and a number of others, as compared to the group
without treatment with these drugs. In general,
patients with short (<30 days) or long-term (= 30
days) treatment with antiherpetic drugs had a re-
duced risk of developing dementia, and the duration

of treatment directly reduced the risk of developing
dementia [6]. Acyclovir, penciclovir, or foscarnet
are usually prescribed to prevent HSVI1. The
positive effect of these drugs on the cessation of AP
and tau protein accumulation in the body has been
confirmed [18]. In this regard, it is assumed that
vaccination against HSV1 may be useful not only
for the treatment but also for the prevention of AD.
The role of antiherpetic drug treatment for the
prevention of AD has not been studied in the past,
although the founder of the viral concept of AD has
argued that antiviral drugs in neurodegenerative
diseases may be a new paradigm aimed at treating
AD [7]. In recent years, the effectiveness of poten-
tial drugs for the treatment of AD has been actively
studied. In Sweden, for example, valacyclovir
(valaciclovir) is used to treat patients with AD. This is
an open-label pilot study in which 36 participants
received the drug for 4 weeks. The dose was 500 mg
three times a day in the first week and 1000 mg three
times a day for the next 2-4 weeks. Important criteria
for inclusion of patients in the study are the carrier of
HSV1, allele ¢4 of the apolipoprotein E4 gene and
sufficient renal function (expected glomerular filtration
rate above 30 ml/min). Participants were examined
using a variety of techniques before and after
treatment, including: minipsychotic status to assess
cognitive function, cerebrospinal fluid biomarkers,
positron emission tomography/computed tomography
to detect active HSV1 infection in the CNS [22].

CONCLUSIONS

Thus, significant data have been accumulated to
support a causal relationship between HSV1 reacti-
vation in the CNS and AD-like decline in cognitive
function, as well as the fact that recurrent HSV1
infection in the brain plays a critical role in patho-
genesis of AD, directly activating intracellular
pathways leading to the development of AD. It is
concluded that the connection of HSV1 with AD is
already greater than the hypothesis [14], and therefore
it is necessary to pay more attention to infectious and
especially viral agents among environmental factors
that contribute to the pathogenesis of AD.
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