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Pesiome. bosiesHb Anblureiimepa (bA) — B HacTosIee BpeMsl Haubosiee yactas IpuurMHa JeMeHIuu. 3Ha-
quTelIbHAs POJIb B ITaToreHe3e BA ITpuHAIIEKUT aKTUBALIIM MEXaHN3MOB BPOXICHHOTO MMMYHHOTO OTBeTa
ILIHC u HeitpoBocnaieHnoo. CyliecTByeT TUIIOTe3a, YTO B Pa3BUTUU U MOAACPKAHUU BOCHAIUTEIbHOMN pe-
aKIIMM HAa paHHUX cTaausiX BA MOTyT MMeTh 3HaUeHUEe XpoHu4Yeckre nHdekuuu. Llenslo HacTosIero uccie-
IOBAaHMS SIBIISITIOCH M3YUCHUE YacTOTHI BEIABIICHUS U ypoBHS JIHK repriecBnpycoB, a TakxKe NX BO3MOXKHOM
CBSI3U C YPOBHEM OCHOBHBIX INTOKMHOB BPOXICHHOTO 1 aJalITUBHOTO UMMYHHOTO OTBETa M C KIIMHUYECKU -
MM IToKaszaTeassMu Ipu BA y 60JIbHBIX C paHHMM U TIO3AHUM HadajioM 3a0oJieBaHUsl. B uccieaoBaHue BOLLINA
30 6onbHbIX BA Ha cTaguu yMepeHHOM AeMeHUUU U 33 310poBbIX 10OpoBoabla. KoanyecTBeHHOE onpee-
nenue JHK repriecsupycos (CMV, EBV, HHV-6, HHV-7) B ciiioHe u B KpoBU npoBoauin Metonom ITLP
C THOPUIN3AMOHHO-(BIIYOPECICHTHON ACTEKIIME B PEKMME «pPeaJlbHOTO BpeMEHI». YPOBESHb IIUTOKTHOB
u pactBopumoro aHtaronucta IL-1p (IL-1ra) B kpoBu onpenesisuin MmetonoM MDA. TepriecBupycHyto nH-
(eKIUIO ¢ TTIOBBIIIEHHON BUPYCHOI HArpy3KOil ONpenesisiv, yYuThIBas MPeIblaylliue JaHHbIE, TTOTyYeHHbIE
aBTOpaMu, TIPU HAJIMYUU XOTsI ObI omHOTO M3 2 Kputepues: 1) yposenb JIHK Bupycos EBV u/uin HHV-6
6osiee 10 000 kormii/Ma B citoHe; 2) Hammuue JJHK xots 661 ogHoro u3 Bupycos EBV, HHV-6, HHV-7 B
KpOBH. BBISIBIEHO, YTO NP paHHEM HadaJjie JTOCTOBEPHO valle ooHapyxuBaics HHV-6 B ciroHe 1 KpoBH,
a npu no3agHeM — EBV B citone. Ilpu paHHeM Hauyaje B MOArpynne OOJbHBIX C MOBBILLIEHHOU BUPYCHOM
Harpy3koii ObLTO JJOCTOBEPHO 0o0Jiee BhIPAXKEHHOE TMOBBIIIIEHE YPOBHEM Psiia OCHOBHBIX IIMTOKWHOB: TIPO-
BOCHAJIMTENIBHBIX IUTOKMHOB 1L-8 1 IL-12p40p70, umtoknHa Th2-3BeHa amaniTUBHOTO MMMYHHOTO OTBE-
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Ta IL-4, nuTOKMHA aganTUBHOTO UMMYHHOTO oTBeTa IL-2, XOTSd ypOoBEeHb MPOTUBOBOCHAIUTEIBHOTO OEJI-
ka [L-1ra ObLT OCTOBEPHO HUKE, YEM B KOHTPOJIBHOU TPYMIie. YUUTHIBAsI OTCYTCTBME BBIPAKEHHOTO pPOCTa
ypoBHSsT ocHOBHOTO 1InToKMHA Th1-3BeHa agantuBHoro otBeta IFNy, 9Tu u3MeHeHUs1 MOTYT CBUIETEILCTBO-
BaTh O HAPYLIEHUU PEaKIIUl MMPOTUBOBUPYCHON 3alIUTHI, C aKTUBALIME!l CUCTEMHOTO BocnajieHus u Th2-
3BeHa UMMYyHMUTeTa. Takke MpyU paHHEM Hayaje MOBBILIEHHAass BUPYCHAasl Harpy3Ka Oblila cBsI3aHa ¢ OoJjiee
HU3KUMU O6astamu bocToHcKoro Tecta Ha3bIBaHUSI, OTPAXKAIOIIEr0 COXPAHHOCTh HOMUHATUBHOUN (DyHKIIMU
peuu. [IpencraBieHHbIe pe3yabTaThl CBUAETEIBCTBYIOT, YTO TIPU MCCIIENOBAHUIX MexaHU3MOB BA 1 moucke
MPOTHOCTUYECKUX MAapKEePOB O0JIE3HU BaXKHBIM SIBISIETCS yU4eT HEOOHOPOAHOCTU 3a00ieBaHMS 110 TeHETUYe-
ckuM hakTopaM MPenpacrioioKeHHOCTH, (pakTopaM pucka, OCOOEHHOCTSIM UMMYHUTETAa U KIMHUYECKUM
JTAHHBIM, YTO HEOOXOAMMO JIJIsI OCEAYIONIe pa3paboTKu MepCOHATIM3MPOBAHHBIX MTOIXOIOB K MpoduiaK-
TUKE U JIedeHU1o BA.

Karoueesnie cnosa: 6onesznv Anvyeeiimepa, bocmounckuii mecm nasviganus, aMCI, EBV, HHV-6, HHV-7, IFNy, MMSFE

HERPESVIRUS INFECTIONS AND CLINICAL-IMMUNOLOGIC
INTERACTIONS IN PATIENTS WITH EARLY-ONSET
ALZHEIMER'’S DISEASE AND LATE-ONSET ALZHEIMER’S
DISEASE

Malashenkova LLK.*?, Ogurtsov D.P.»"*, Krynskiy S.A.?, Khailov N.A.2,
Selezneva N.D.;, Fedorova Ya.B., Ponomareva E.V.5, Kolykhalov L.V.¢,
Gavrilova S.I¢, Didkovsky N.A.P

@ National Research Center “Kurchatov Institute”, Moscow, Russian Federation

b Federal Research and Clinical Center of Physical-Chemical Medicine, Federal Medical-Biological Agency of Russia,
Moscow, Russian Federation

¢ Mental Health Research Center, Moscow, Russian Federation

Abstract. Alzheimer’s disease (AD) is currently the most common cause of dementia. A significant role in the
pathogenesis of AD belongs to the activation of the mechanisms of neuroinflammation. There is a hypothesis
that chronic infections may play a role in the maintenance of the inflammatory response in AD. The aim of
this work was to study the detection rate and DNA level of herpesviruses, as well as their possible relationship
with the level of the key cytokines and with clinical parameters of AD in patients with early and late onset. 30
patients with AD and 33 healthy volunteers were enrolled. The quantitative determination of DNA of CMYV,
EBV, HHV-6, HHV-7 was carried out by PCR. The level of cytokines and soluble I1L-1p antagonist (IL-1ra)
in the blood was determined by ELISA. Herpesvirus infection with increased viral load was determined if
at least one of the criteria was present: 1) DNA level of EBV and/or HHV-6 > 10,000 copies/ml in saliva;
2) presence of DNA of at least one of the EBV, HHV-6, HHV-7 viruses in the blood. In the subgroup of patients
with early onset and increased viral load, there was a higher increase in the levels of a number of cytokines:
proinflammatory IL-8 and IL-12, a Th2-cytokine IL-4, a cytokine of the adaptive immune response 1L-2.
However, the level of the anti-inflammatory protein IL-1ra was lower than in the controls. These changes may
indicate a dysregulation of the antiviral response, with a predominance of activation of systemic inflammation
and Th2-mediated reactions. Also, in early onset AD the increased viral load was associated with lower scores
on Boston naming test. The results indicate that in studies of AD mechanisms and in the search for prognostic
markers of the disease, it is important to take into account the heterogeneity of AD in terms of genetic
predisposition factors, risk factors, immune parameters and clinical data. Such approach is necessary for the
subsequent development of personalized approaches to the prevention and treatment of AD.

Keywords: Alzheimer’s disease, aMCI, Boston naming test, EBV, HHV-6, HHV-7, IFNy, MMSE
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Introduction

Alzheimer’s disease (AD) is currently the most
common cause of dementia. According to the WHO,
in 2017, about 47.5 million people suffered from
AD. This number is expected to triple over the next
35 years, making AD one of the most serious public
health problems [1]. There are two forms of AD:
early-onset Alzheimer’s disease (EOAD) and late-
onset AD (LOAD). EOAD accounts for less than
10% of cases of the disease; but often progresses
rapidly, and has notorious social and economic
importance [11]. Most cases of EOAD are genetically
determined by dominant mutations in the genes of the
amyloid precursor protein (APP) presenilin-1 (PS1)
or presenilin-2 (PS2) [16]. With these mutations,
there is an increased formation of amyloid-beta
(AB) 42 in the central nervous system (CNS) and
in other tissues of the body. AB contributes to the
pronounced manifestations of oxidative stress, having
a toxic effect on mitochondria: it reduces the number
of mitochondrial complexes I and IV, disrupting
the functioning of the oxygen transport chain and
oxidative phosphorylation [11]. LOAD accounts for
up to 90% of cases of Alzheimer’s disease and is a
multifactorial disease that is often associated with
the presence of the genetic polymorphism ApoEe4,
which contributes to disorders of lipid metabolism in
the CNS, to changes in the metabolism of A3 and to
disruption of neuroimmune regulation in the CNS [7].

A significant role in the pathogenesis of AD be-
longs to the activation of the mechanisms of neuroin-
flammation, which contributes to neuronal damage
and neurodegeneration. There is a hypothesis that
chronic infections may play a role in the development
and maintenance of the inflammatory response in the
early stages of AD. A number of neurotropic infec-
tious agents including herpesviruses have been found
in the postmortal brain of AD patients, and there is
data in the literature that supports their possible role
in the pathogenesis of neuroinflammation in AD [7].
Even their latent presence can activate microglial
cells, which cause oxidative stress, neuroinflamma-
tion, and neuronal damage [6].

The association of the HSVI virus with the
progression of AD and the effect of active HSV
infection on the risk of AD has been established several
decades ago and has been extensively studied [5].
However, the relationship of other herpesviruses
(Epstein-Barr virus (EBV), human herpesvirus 6
(HHV-6), and human herpesvirus 7 (HHV-7)) with
the risk and progression of AD is much less studied.
There are isolated works on the increased frequency
of HHV-6 DNA detection in the postmortem brain

of AD patients [12]. In one of the studies, an increase
in the frequency of detection of EBV and HHV-6 in
blood leukocytes in AD was shown [3]. At the same
time, there are practically no studies reporting the
results of quantitative assessment of the level of EBY,
HHV-6 and HHV-7 DNA in EOAD and LOAD. Also,
the relationship of herpesviruses with the clinical
course of AD and with immunological disorders in
AD has been little studied.

The aim of this work was to study the detection
rate and DNA level of herpesviruses, as well as their
possible relationship between the level of the key
cytokines and clinical parameters in early and late
onset AD patients.

Materials and methods

30 AD patients (13 men, 17 women, mean age
69x2 years) at the stage of moderate dementia and
33 age- and sex-matched healthy volunteers have
been enrolled into the study. Early onset AD (up to 65
years) was observed in 15 patients (mean age 61£1.56
years), late AD onset (after 65 years) was also noted in
15 patients (mean age 77+1.71 years).

The patients and their relatives were familiarized
with the study protocol and signed a voluntary in-
formed consent. Inclusion criteria were as follows:
the ability to sign and date the informed consent form
or the presence of a legal representative who can sign
and date the informed consent form; AD diagnosis
according to NINCDS / ADRDA criteriaand MMSE
score < 26 points; score on the Khachinski scale < 4;
geriatric depression score < 10.

DNA of CMV, EBYV, HHV-6, HHV-7 were
quantified by PCR on a Rotor-Gene Q analyzer
(Qiagen, Germany) using the AmpliSens reagent Kkits
(AmpliSens, Moscow). The level of serum cytokines
and soluble IL-1p antagonist (IL-1ra) was determined
by ELISA on an iMARK immunoanalyzer (Bio-Rad,
USA) using test systems manufactured by “Cytokin”,
Russia (IFNy, IL-4, IL-8, IL-1ra), BCM Diagnostics,
USA (IL-12p40p70), and Bender Medsystems, Aust-
ralia (IL-2).

Herpesvirus infection with escalated viral load was
determined, based on our previous data, if at least one
of the 2 criteria was present: 1) DNA level of EBV
and/or HHV-6 > 10,000 copies/ml in saliva; 2) the
presence of DNA of at least one of the EBV, HHV-6,
HHV-7 viruses in the blood [4].

The following tests and scoring scales were used for
neuropsychological examination: clinical dementia
rating scale (CDR); mini-mental state examination
(MMSE); frontal assessment battery; clock drawing
test; Boston naming test.

Microsoft Excel software was used for statistical
analysis. The distribution of the studied parameters
was assessed using the Shapiro-Wilks test. The results
were presented as means with standard error. While
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comparing differences a significance level was set at
p < 0.05. Student’s t test was used to compare group
means, the Chi-squared test was used to compare
relative values.

The authors are grateful to Olga Shipulina, Elvira
Domonova and Olga Silveistrova for providing the
reagents for HHV-7 detection.

Results and discussion

It was found that CMV was detected neither in
saliva nor blood in any patient. However, EBV and
HHV-6 were detected in the patients with a high fre-
quency (Table 1).

The frequency of herpesvirus detection and
the viral load depending on the age of AD onset is
presented in Table 1. DNA of at least one of the EBV,
HHV-6 and HHV-7 viruses was detected in the blood
of 8/15 patients with EOAD, in 4 out of 15 patients
with LOAD, and in 3 out of 33 healthy volunteers.
Increased viral load was observed in 9 out of 15 patients
with EOAD (significantly more often compared with
control group, p < 0.05), 8 out of 15 patients with
LOAD, and 6 out of 33 healthy volunteers.

In EOAD, increased viral load was associated
with lower Boston naming test scores, which reflects
more pronouncedly impaired nominative function of
speech (p = 0.016) (Figure 1).

Previously, we presented data on the level of the key
cytokines in EOAD and LOAD by showing increased

level of proinflammatory cytokines 1L-8, TNFa, and
IL-1ra in patients vs controls [10]. Here, we analyzed
the level of cytokines (interferon-y (IFNy), tumor
necrosis factor-o. (TNFa), interleukin-4 (IL-4),
1L-8, IL-12p40p70, IL-2) and IL-1ra coupled to viral
load in patients with EOAD and LOAD (Table 2).
The subgroup of patients with increased viral load
and EOAD revealed a significantly higher rise in the
levels of certain cytokines: proinflammatory IL-8
and 1L-12, a Th2-cytokine IL-4, a cytokine of the
adaptive immune response IL-2. At the same time,
the level of the anti-inflammatory protein IL-1ra was
significantly lower than in the controls. Considering
the lack of increased level of the key Thl-cytokine,
IFNy, these changes may indicate a dysregulated
antiviral response, with a predominance of activated
systemic inflammation and Th2-mediated reactions.

The role of herpesvirus infections in the patho-
genesis of Alzheimer’s disease has been long studied,
however, most works are devoted to the herpes simplex
virus type 1 (HHV-1) and refer to patients with late
onset AD as the most common clinical form. In this
pilot study, we for the first time assessed the levels of
herpesvirus DNA in AD with early and late onset. An
increased frequency of detected herpesvirus DNA was
found for both EOAD and LOAD, but in the latter
EBV was more frequent and at higher levels detected
in saliva, whereas in the former the rate of HHV-6
DNA detection was increased in saliva and blood, and
the levels of HHV-6 in saliva was increased.

TABLE 1. FREQUENCY OF DETECTION OF DNA OF HERPESVIRUSES IN SALIVA AND BLOOD AND THE LEVEL OF
VIRAL LOAD IN EARLY-ONSET ALZHEIMER’S DISEASE (EOAD), LATE-ONSET ALZHEIMER’S DISEASE (LOAD) AND IN

THE CONTROL GROUP
. . EBYV, frequency HHV-6, frequency HHV-7, frequency CMV,
Diseaselviruses
and copy number and copy number and copy number | frequency
6/33 17/33 30/33
Control group, n = 33 (saliva) 6.3 x 102t5.6 x 10! 5.0 x 10%+3.2 x 102 7.6 x 105£2.9 x 10° 0/33
copies/ml copies/ml copies/ml
2/33 1/33 3/33
Control group, n = 33 (blood) 1.7 x 10'£1.4 x 10" 2.6 x10'+2.6 x 10' 6.2 x 10'+6.2 x 10" 0/33
copies/10° cells copies/10° cells copies/10° cells
8/15* 15/15* 14/15
EOAD, n = 15 (saliva) 1.6 x 10%£4.2 x 10? 1.1 x 10%£2.2 x 10? 5.3 x 10*+1.1 x 104 0/15
copies/ml copies/ml copies/ml
2/15 6/15* 4/15
EOAD, n = 15 (blood) 2.9 x10'+2.9 x 10' 1.0 x 102£1.2 x 10! 3.9 x 10%+1.2 x 108 0/15
copies/10° cells copies/10° cells copies/10° cells
10/15* 10/15 12/15
LOAD, n =15 (saliva) 5.2 x 105¢3.1 x 10% 3.8 x 10%+1.5 x 103 3.9 x 104+2.9 x 104 0/15
copies/ml copies/ml copies/ml
2/15 2/15
LOAD, n =15 (blood) 4.2 x 10%£4.2 x 102 4.5x10'+4.5 x 10° 0/15 0/15
copies/10° cells copies/10° cells

Note. *, significant differences with the control group, p < 0.05.
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Figure 1. Results of neuropsychological examination in early-onset Alzheimer’s disease in patients with and without an
increased viral load (the DNA level of EBV and/or HHV-6 viruses is more than 10 000 copies/ml in saliva; or the presence of

DNA at least one of EBV, HHV-6, HHV-7 viruses in the blood)

Note. Lower values indicate more pronounced neuropsychological deficits

The relationship between viral load with declined
cognitive functions and immunological parameters
was found in patients with early onset AD, but
not in late onset AD, which might be due to the
phenotypic patient heterogeneity [8]. According to
the data obtained, the increased viral load in EOAD
is associated with activated low-grade systemic
inflammation and the Th2-arm of the immune res-
ponse. According to the literature, such changes
may be related to the development and progression
of neurodegeneration. Thus, CNS macrophages and
microglial cells acquire the M2 phenotype, disrupting
the mechanisms of effective antiviral defense affected
by the Th2-cytokine IL-4 [13]. Pro-inflammatory
IL-8, TNFa, IL-12 stimulate macrophage activation,
production of chemokines and other inflammatory
factors. According to our results, the pre-dementia

AD stage and amnestic mild cognitive impairment
(aMCI) were coupled to increased levels of IL-1f3,
TNFa and IL-8, which correlated with a higher
probability of progression to AD [8]. IL-12 is a
potent stimulator of [FNy production activating the
Thl-arm of adaptive immunity; however, an impaired
regulation of the immune response may be bound
to dominance of its pro-inflammatory effect. The
knockout of the p40 subunit of IL-12, IL-23 dimeric
cytokine slows aging-associated neuronal loss and A3
deposition in wild-type mice [15].

The presence of chronic systemic inflammation
increases the risk of AD by 1.5-1.8 times [14]. It is
also known that AP is an antimicrobial protein and
an important element of the innate immune defense
system. There is evidence that the reactivation of latent
infections increases A} production, which contributes

TABLE 2. THE VIRAL LOAD AND THE LEVELS OF THE MAIN CYTOKINES IN THE BLOOD IN EARLY ONSET ALZHEIMER’S
DISEASE (EOAD), LATE ONSET ALZHEIMER'’S DISEASE (LOAD) AND IN THE CONTROL GROUP

EOAD LOAD
Increased viral | No increased | Increased viral | No increased Controls
load viral load load viral load

MMSE 16.0+2.1 19.716.0 20.8£1.8 16.7+4.6 30.0+0.0
Boston naming test 22.3+5.6* 40.2+7.9 34.0+11.2 30.5+0.8 52.2+2.2
IFNy, pg/ml 295.5+63.6 234.7+48.7 225.1+52.6 150.7+20.6 232.516.4
TNFa, pg/ml 6.2+0.8 9.41+2.0 4.7%0.6 5.5%+0.1 3.2+0.3
IL-2, pg/ml 295.8¥179.1 27.9+14 1 12.5+£0.9 12.5+0.4 13.7¢1.1
IL-4, pg/ml 16.3%8.5 0.02+0.02 0.3£0.3 2.8%1.0 1.42+0.53
IL-8, pg/ml 190.8+90.1 60.0£19.2 40.7x17.3 18.315.5 15.97+2.00
IL-12p40p70, pg/ml 196.6+27.7 134.5+25.2 186.1+45.0 202.1£41.5 142.7+16.81
IL-1ra, pg/ml 30.8%16.3 845.1+£706.1 78.51£55.6 935.4%441.7 133.1+40.3

Note. *, significant differences between groups, p < 0.05; bold, significant differences with the control group, p < 0.05.
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to developing neuroinflammation, and subsequent
formation of senile plaques [2]. It cannot be ruled out
that impaired immunity and systemic inflammation,
observed upon increased EBV and HHV-6 viral load
in patients with early onset AD, affect neurodegenera-
tion, modulating the activity of neuroinflammation
mechanisms through neuroimmune interactions.
It is important to note that early onset AD patients
with increased viral load had lower Boston naming
test score, suggesting more pronouncedly impaired
nominative function of speech. Taking into account
our previous results and literature data, emphasizing
that systemic inflammation and disorders of adaptive
immunity are a risk factor for the AD progression, the
results obtained indicate a possible pathogenetic role
of immunological disorders associated with high viral
load in early onset AD.

We have previously described immunological di-
sorders at different stages of AD, as well as immu-
nological heterogeneity of AD at its pre-dementia
stage (aMCI), showing that the type and severity of
immunological disorders are associated with the risk
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