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Abstract. Background. Strategies used by herpes viruses with human cells are complex and multifaceted. On one hand,
inborn defects in antiviral immune defense have been unveiled, which also affect interferon (IFN) system underlying
development of chronic recalcitrant relapsing viral infections such as remittent respiratory viral infections, herpesvirus
infections, and papillomavirus infections. On the other hand, numerous viruses are able to damage both immune system
and IFN network. During inborn and acquired defects in IFN network, inborn or induced mutation in gene products
involved in signaling cascades aimed at upregulating gene expression responsible for IFN production are observed. One
of the strategies used by diverse viruses is altering some signaling pathways resulting in activated transcription factors in-
cluding nuclear factor NF-xB. However, antiviral mechanisms executed by neutrophilic granulocytes (NGs), particularly
affecting NF-xB expression have not been elucidated. Aim of the study: to study in vifro features of NF-kB expression and
number of neutrophilic granulocytes (NG) expressing membrane IFNo/BR and IFNYR in patients with atypical chronic
active herpes virus infections (AChA-HVI), followed by assessing an effect of arginyl-alpha-aspartyl-lysyl-valyl-tyrosyl-
arginine — hexapeptide (HP), a synthetic analogue of the active center of the thymopoietin (active substance of drug
“Imunofan”, Russia), on the expression of NG NF-xB and IFNo/BR and IFNYR. Materials and methods. We observed
25 patients of both sexes aged 23 to 64 years with AChA-HVI, manifested by chronic fatigue syndrome and cognitive dis-
orders. Study design: stage 1 — clinical, ELISA, PCR methods, FC was used. Stage 2 — the in vitro experiment: 32 blood
samples from 8 healthy adults and 375 blood samples from 25 patients with AChA-HVI were analyzed: % NG expressing
NF-xB, IFNo/BR, IFNYR and the relevant MFI levels by using FC before and after incubation with HP. Results. Our
study demonstrated low level (MFI) of NF-xB expression in 100% NG associated with decreased % of NG express-
ing IFNo/BR and IFNYR in all patients with AChA-HVI and low serum level for IFNo and IFNy in comparison with
healthy individuals. In the in vitro experiment there was shown that 100% of NG expressed NF-«B after exposure to HP.
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However, only 48% patients (SG 2) restored NF-kB expression level (MFI) to normal range and 52% of cases (SG 1) had
no response. HP increased % of NG expressing IFNo/BR in SG 2 and increased % of NG expressing IFNYR in SG 1.
Conclusions. It was shown, that influence of HP “in vitro” has ambiguous effects on the expression of NF-xB, % of NG
expressing IFNo,/BR and IFNYR in patients with AChA-HVI. We assume that different NF-xB response to HP is associ-
ated with inborn or secondary NF-xB deficiency.

Key words: herpesvirus infections, interferon system, nuclear factor NF-x B, neutrophilic granulocytes, transcription factors, hexapeptide.

OLUEHKA BJIMAHUA CUHTETUHECKOIO TMUMUYECKOIO rEKCANENTUOA B CUCTEME IN VITRO
HA YPOBHU SKCMPECCUM NF-xB, IFNo./SR U CD119 HENTPO®UJIbHbBIX FPAHY/IOLLUTOB

Y NAUMUEHTOB C XPOHN4YECKUMUW rEPNECBUPYCHbIMU KOUHDEKLUUAMU

N.B. Hecreposa'3, E.O. Xaarypuna?, B.H. Henxooun*, C.B. Xaiinykos®, I A. Uyauiosa3

"@IABOY BO Poccuiickuii ynusepcumem opyucoovt Hapodoe Munucmepcmea o6pasosanus u nayku Poccuu, Mockea, Poccus
2®OIAOY BO Ilepsviit MITMY umenu .M. Ceuenosa Munzopasa Poccuu (Ceuenoeckuii Ynusepcumem), Mockea, Poccus
JITHHUJT @®T'BEOY BO Kybauckuii eocydapcmeéentslii Meduyunckui yrueepcumem Munszopasa Poccuu, e. Kpacnodap, Poccus
4@I'BOY BO Mockosckuii 2ocydapcmeentblii MeouKo-cmomamonozuueckuii ynueepcumem um. A. M. Eedoxumosa Munszopasa
Poccuu, Mockea, Poccus

SOHI] OI'BYH Hucmumym 6uoopeanuyeckoi xumuu um. akad. M.M. Hlemsaxuna u FO.A. Osuunnuxoea, Mockea, Poccus

Pe3iome. CTpaTerum B3aMMOJIEICTBYE TepIIECBUPYCOB C KJIETKAMU OpraHM3Ma YeJIoBeKa BeCbMa CJIOXHBI U MHOTO-
rpaHHbl. C OMHOI CTOPOHBI, CYIIECTBYIOT BPOXKACHHBIEC N1e(PEKTHI MPOTUBOBUPYCHOM MMMYHHOI 3aIIMThI, B TOM YHC-
Jie ¥ CUCTEMBI MHTeP(hEPOHOB, Ha (hOHE KOTOPHIX Pa3BUBAIOTCS XPOHMUECCKHE YITOPHO PEIIMIMBUPYIONINE BUPYCHBIC
MHMEKIINY, TaK1e KaK TIOBTOPHBIE PeclpaToOpHble BUPYCHBIE, TePIIECBUPYCHBIE, AMMIJIOMaBUPYyCHbIE WHPEKIINH.
C npyroit CTOpOHbI, MHOT'ME BUPYCHI CAMU CIIOCOOHBI MOBPEXIaTh KAK UMMYHHYIO CUCTEMY, TaK U CUCTEMY MHTEp-
(eponoB. [Tpu BpoXAeHHBIX U MPUOOPEeTeHHbIE AeeKTaX CUCTEMBI MHTEP(EPOHOB HAOII0JAETCS BPOXACHHAS NI
MHIYIMPOBaHHAS MyTaIlUs TeHOB MOJIEKYJI, YYACTBYIOIINX B CUTHAJIJIMHTE, HAaIlpaBJICHHOM Ha ITOBBIIICHHE KCITPEC-
CUW T€HOB, OTBeTCTBEHHBIX 32 cHTe3 [FN. OmHo# 3 cTpaTernii BUpYCOB SIBJISIETCS] HApyIlIeHUE psifa KJIETOUHBIX CUT-
HaJIbHBIX MTyTell — (GaKTOpOB TPAHCKPUTILIMU, B TOM uucie sinepHoro ¢aktopa NF-kB. B HacTos1iee Bpemst onucaHa
npoTuBoBUpYycHast akTuBHOCTH HI. [Ipu 3TOM MeXxaHM3MBI TPOTUBOBUPYCHOM 3aIIUTHI HEHTPOGDUIBHBIX TPAHYJIOIN-
ToB (HI') u B uacTHOoCcTH 0cobeHHOCTH 3KcTipeccun NF-kB B nocTymHoil HaM TuTepaType He ocBelleHbl. Llens uccne-
JIOBAaHMST: U3YYUTh 0COOEHHOCTH 3KcIpeccui siiepHoro (pakrtopa NF-kB, memOpannbix perientopoB Kk [FNo u [IFNy
Ha HI' y mauueHToB, cTpajamoimuxX aTUMUYHBIMU XPOHUYECKMMHU aKTHBHBIMU T'epIECBUPYCHBIMU MHGMEKLIUSIMU
(AXA-T'BHN), ¢ nocnenyomieii olieHKOI B 9KCIIEpUMEHTE in vitro 3((PEKTOB BIUSIHUS HAa HUX CUHTETUYECKOTO aHa-
JIora aKTUBHOTO LIEHTPa TOPMOHA TUMOIIOATHHA apT MHIII-aJIb(ha-acrapTUI-TU3UI-BaIuI-TUPO3UI-apTUHUH (TeKca-
nentun (I'TT), UmmyHodan, Poccust). Mamepuaasi u memodsi. Iloa HaltiuM HaOIIOIEHUEM HAXOAUIOCH 25 MallEHTOB
000uX MoJIOB B Bo3pacte ot 23 1o 64 net, ctpagaomnx AXA-I'BU, MaHudecTHPYIOIMMU CUHIPOMOM XPOHUUYECKOI
YCTaJIOCTH M Pa3TUIHBIMM KOTHUTUBHBIMU paccTpoiicTBaMu. Jlm3aifH ncciaeqoBaHus: 3Tam | BKIII0Yad KOMILIEKC
TPaAULIMOHHBIX METOIOB (COOp aHaMHe3a, MeTOA bl pusnKanabHoro obcnaenosanus, OAK u np.), TOMOTHUTETBHO 15
JNEeTeKIIMHU Iepriec- BUPYCHBIX MHPEKIMI UCMOMb30BaJUCh METOABI cepoararHoctuku (onpenenenue IgM VCA EBV,
IgG VCA EBV, IgM CMYV, IgG CMV IgM HSV1/2, IgG HSV1/2 metonom UDA). JIns oGHapyKeHMsI rTeHOMa BUPYCOB
B OmomaTepuaax (KpoBb, CJIIOHA, MOUa, COCKOO ¢ MUHIAJIMH 1 3aTHEH CTEHKHU IJIOTKH) OBLT MCIToNb30BaH MeTox [T11P-
PB. DTan 2 — akcnepuMeHT in vitro: u3yueHo 32 obpasiia KpoBU OT 8 yCJIOBHO 3J0POBBIX YesI0BeK U 375 00pa31ioB KpOBU
ot 25 nanuentos ¢ AXA-I'BU: onpenenen npoueHt HI, akcnpeccupytomux NF-xB, IFNa/BR, IFNy R u ypoBHU ux
MFI ¢ momolbto mpoTouHOM U TO(GI00pUMETpUH 10 U rocie nHKyoamuu ¢ ['Tl (rekcanentunom). Pezyasmamet. B pe-
3yJIbTaTe MPOBEACHHOIO UCCIEAOBAHUS Y MAaUUMEeHTOB, cTpafatomnux AXA-I'BH, ObL1 BbIsIBIIEH HU3KUI YPOBEHb 9KC-
npeccun (MFI) NF-xBy 100% HT, kotopslii coueTancst co cHuxeHHbIM MpotieHToM HI, axcripeccupyrormux [IFNo/BR
n IFNYR, 1 Huskum yposHeM cbiBopoTouHbIx [FNa 1 [FNY o cpaBHeHUI0 cO 310pOBBIMHU JIIONBMU. B aKcriepumeHTe
in vitro I'Tl oka3pIBaeT HEOAHO3HAYHbBIE BapuaTUBHBIE 3()(EKTHI BIUSIHUS Ha SKcrpeccuio aaepHoro dpakTopa NF-kB
1 MeMOpaHHBIX penentopoB IFNo|B u IFNy HI naunenTos, crpagaonux AXA-I'BU. Beuio nokasano, uto 100% HT
akcripeccupoBanu NF-kB mocne BozaeiictBust I'TI. Ho Tonbko 48% manuentoB ('M2) BoccTaHOBUIM YPOBEHDb 3KC-
npeccurt NF-kB (MFI) no HopmaibHOro 3HaueHus, a B 52% cinydaes (I'M1) nmHaMuKM He BBISIBIEHO. B TO XXe BpeMst
' ysennuwn npoueHT HI, akenipeccupytommx IFNo/BR B T2 u yBennunn npoueHT HT, akecnipeccupytomumx IFNYR
B ['U 1. 3akarwuenue. brino mokaszano, uto I'TI B akcriepuMeHTe in vitro OKa3blBaeT HEOMHO3HAYHOE BIUSHMIE Ha 9KC-
npeccuto NF-kB, mpouent HI, akcipeccupytomux IFNo/BR u IFNYR y manmentos ¢ AXA-I'BU. Mbl penmonaraem,
YTO pa3NMYHbIi 0TBeT Ha BIusHue ['TI cBsi3aH ¢ BpOXKIEHHBIM UM BTOpUYHBIM Jeuuutom NF-xB.

Karouesnie caosa: cepneceupychvie ungpexyuu, cucmema unmepgepona, soepuviii hakmop NF-xB, Heiimpopuivhbie epanyioyumet,
akmopovl MpaHcKpunyuu, eexcanenmuo.
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Introduction

Diseases caused by viral agents are one of the most
urgent and difficult to solve in the modern medicine.
Large DNA-containing enveloped viruses that can
interact with various cells of the human body in seve-
ral ways. Those viruses are causing the development
of both acute infections (lytic pathway) and the for-
mation of chronic, often atypical, active forms of in-
fection. Viral genome integrates in different human
cells that lead to the persistence of viruses.

Among those viruses, the most interesting is the
Herpesviridae family that includes 8 representatives.
The Epstein—Barr virus (EBV) is one of the most
striking. The viruses of this family are character-
ized by the formation of both mono- and mixed in-
fections, often with the addition of bacterial, fungal
or mixed nature co-infections. The viral interaction
strategies with human cells are very complex and
multifaceted. On the one hand, there are congenital
defects of the antiviral mechanisms of immune de-
fense, including the interferon system [8, 22, 26, 30].
Those innate mistakes of antiviral immune defense
lead to the development of recurrent and persistent
viral infections, such as repeated respiratory viral in-
fections, chronic herpes viral infections, papilloma-
virus infections and so on.

On the other hand, many viruses themselves are
capable to damage both the immune system and
the interferon system. In both cases of innate or ac-
quired defects of the interferon system, congenital or
induced genes’ mutation of the molecules involved
in signaling pathway is observed. Today well known
those genes’ mutation: TLR3, interferon-regulating
factors 3, 7, interferon receptors, interferon-stim-
ulated genes, NF-xB, etc. The existing of innate or
secondary genes’ mutations leads to a violation of the
synthesis of IFN type I: IFNo and IFNB. One of the
strategies of viruses is to disrupt a number of cellular
signaling pathways — transcription factors, especial-
ly NF-xB [2, 4, 11, 16, 25].

Transcription factors (TFs) are a large group
of proteins that interact with DNA at specific regula-
tory regions (loci), which entails changing gene tran-
scription (activation or inhibition) using domains
transactivation or trans-repression [10, 40]. TFs are
involved in the immunopathogenesis of a wide range
of human diseases. The nuclear factor NF-kB is one
of the most important in those protein groups. For the
first time in 1986, Sen and Baltimore discovered
transcription factors of the NF-xB family as specific
for B cells [27]. Later it was shown, that the consti-
tutive activation of NF-kB triggers the expression
of a huge array of genes associated with the regula-
tion of the immune response, inflammation, includ-
ing apoptotic resistance, migration and angiogenesis.
In this constitutive activation the NF-kB-sensitive
genes TNF, IL-1, IL-6, IL-8 CXC-chemokine li-
gands are involved [24].

In addition, it is known that the activation of the
nuclear factor NF-kB is the main mechanism that im-
plements the antiviral activity of the innate immunity.
This mechanism can be triggered by various signals
induced by the microenvironment. They activate cel-
lular receptors and induce intracellular signaling, by
activating the genes of molecules involved in signaling.

However, it should be noted that some of these ac-
tivated genes, in turn, can target NF-xB. In this case,
there is another mechanism. For example, one of the
main activated target genes of NF-xB is Isystem Ba,
that blocks the activation of NF-xB [9, 35].

In works Zhang J and Kim JC it was shown experi-
mentally that the HSV-1 UL2 protein and ICP27 can
counteract the activation of NF-xB mediated by tu-
mor necrosis factor oo (TN Fa) and IkappaBalpha [15,
20, 33, 39]. At the same time, the works of other
authors have demonstrated that proteins that are
part of the structure of the virion of herpes viruses
negatively affect various parts of the NF-kB signal-
ing cascade [1]. Those proteins can act through other
mediators and signaling pathways leading to long-
term, active expression of NF-xB. According to the
data, it has been shown that the insertion of EBV into
neutrophilic granulocytes (NG) can induce the tran-
sition of NG to apoptosis and multidirectionally acti-
vate the intracellular signaling pathways, in particu-
lar, the cascade of the nuclear factor NF-«xB activa-
tion [3]. Currently, the antiviral activity of NG has
been described. Upon that, the mechanisms of NG
antiviral protection and, in particular, the features
of NF-«B expression are not covered in the literature.

At the same time, there is practically no datain the
modern scientific literature on the features of NF-
KB expression in herpes virus co-infections, includ-
ing atypical chronic active herpes viral co-infections
(AChA-HVI). Taking into account the information
given above, there is an urgent need for further stud-
ies of an expression features of the nuclear factor
NF-kB NG in patients suffering from AChA-HVI
co-infections

Purpose of the study: to study in the in vitro sys-
tem the features of the expression of nuclear factor
NF-kB and the expression of membrane receptors
IFNo/BR and IFNy (CD119) of neutrophilic granu-
locytes (NGQG) in patients suffering from ACHA-HVI,
followed by an assessment of the effect of arginyl-
alpha-aspartyl-lysyl-valyl-tyrosyl-arginine hexapep-
tide, a synthetic analogue of the active center of the
hormone thymopoietin, on the expression of factor
NF-xB and the expression of membrane receptors
IFNo/BR and IFNy (CD119) of NG.

Materials and methods

We observed 25 patients of both sexes aged 23 to 64
years suffering from atypical chronic active herpes vi-
rus infections (ACHA-HVI), manifested by chronic
fatigue syndrome and various cognitive disorders
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(the main study group is MSG). This group of patients
is characterized by a certain symptom complex. To as-
sess the severity of clinical symptoms of CFS, we used
a 5-pointscale developed by us. The presence or absence
of symptoms, depending on the severity of their mani-
festation, was evaluated in points from 0 to 5, where:
0 points — absence of symptoms; 1 point — minimal
symptoms; 2 points — average severity of symptoms;
3 points — severe degree; 4 points — very severe degree;
5 points — critical severe degree. The control group
(CQG) consisted of 8 practically healthy individuals cor-
responding to gender and age.

Study design

Stage 1. In the complex of the study, in addition
to traditional methods (collection of anamnesis,
methods of physical examination, CBC, etc.), sero-
diagnostic methods were used to detect herpes vi-
rus infections (IgM VCA EBY, IgG VCA EBYV, IgM
CMYV, IgG CMV IgM HSV1/2, IgG HSV1/2) us-
ing ELISA test systems RPA “Diagnostic Systems”
(Russia). To detect the genome of viruses in bioma-
terials (blood, saliva, urine, scraping from the tonsils
and the posterior pharyngeal wall), the PCR method
of the “AmpliSens” test system (Russia) was used.

Stage 2. In the in vitro system, 32 blood samples
from 8 apparently healthy adults and 375 blood sam-
ples from 25 patients with AChA-HVI were exam-
ined. The amount (%) of peripheral blood NG ex-
pressing the nuclear factor NF-xB, membrane recep-
tors for IFNo/BR, IFNy (CD119) and the intensity
of their expression according to MFI were estimated
by flow cytometry using an FC 500 flow cytometer
(Beckman Coulter, USA) (value of fluorescence in-
tensity) before and after incubation with hexapeptide
(name of the substance according to the nomencla-
ture of international non-proprietary names — INN,
ATX code: LO3AX).

The study was approved by the Ethics Commission,
and informed consent was obtained from all patients
to participate in the study and to process personal data
in accordance with the World Medical Association’s
Declaration of Helsinki (WMA  Declaration

of Helsinki — Ethical Principles for Medical Research
Involving Human Subjects, 2013).

For statistical processing of the data obtained,
Microsoft Excel computer programs were used.
The results were presented as the median (upper and
lower quartile) Me [Q,; Q;], Mann—Whitney and
Wilcoxon tests. The significance of the difference
was determined at p < 0.05.

Results

When analyzing the clinical material, it was found
that all patients of the main study group suffered from
mixed AChA-HVI in 100% of cases. The dominant
combinations were: EBV + CMV + HHV6 — 52%,
EBV + HSVI — 36%; EBV + CMV — 12% of cases.
It is important to note that EBV was the predominant
virus found in all patient’s groups. A number of clini-
cal features of mixed AChA-HVI has been identified:
a prolonged feeling of severe weakness, chronic fa-
tigue, in addition, patients worried about sweating,
intermittent pain in the throat, muscles and joints (fi-
bromyalgia and arthralgia), headaches, low-grade fe-
ver, lymphadenopathy, sleep disturbance, decreased
memory, attention, intelligence, less often — psycho-
genic depression. Often patients suffered from virus-
associated recurrent ARVI, chronic repeated herpes-
viral infections (HSV1, HSV2), chronic CMV and
HHV6 infections, chronic bacterial and fungal in-
fections. Diseases associated with AChA-HVI were
characterized by a recurrent course.

All these symptoms were assessed according
to our 5-point scale (Table 1). The severity of symp-
toms on this scale was Me [Q,; Q,] — 44.5[37.5; 51.5].

The diagnosis of AChA-HVI was confirmed by
serodiagnostic methods, molecular genetic meth-
ods (PCR); in addition, violations of the induced
IFNo production in 100,0% and a deficiency of the
induced IFNy production in 76,0% of cases were
found. The patients of the main study group had
a pronounced decrease in the induced production
of IFNa to 85 [50; 120] ME/ml and IFNy to 16 [4;
28] ME/ml.

Table 1. Assessment scale of clinical symptom severity for post-viral chronic fatigue syndrome

Symptoms Score Me [Q;; Q;]
Long term low grade fever 4,0[3,5;4,5]
Throat pain and discomfort 4,0[3,5; 4,5]
Increased sweatiness, sensitivity to cold 3,5[2,5; 4,5]
Headache, migraine 4,0[3,5; 4,5]
Regional lymphadenopathy 4,5[4,0;5,0]
Increased fatigue, a significant decrease in efficiency 5,0[5,0; 5,0]
Neurological disorders (paraesthesia, synaesthesia, sensitivity disorders, low muscle tone, etc.) 4,514,0; 5,0]
Decrease in memory processes, difficulty concentrating 3,0[1,5;4,5]
Headaches, joint pain, myalgia 3,5[2,5; 4,5]
Sleep disorders (insomnia or increased drowsiness) 4,0[3,5; 4,5]
Panic attacks, mood disorders, emotional lability, psychogenic depression etc. 4,5[4,0; 5,0]
Total Score 44,5 [37,5; 51,5]
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8,9 NF-«B

5,1*

Contropl Group Main Study Group

Figure 1. Expression levels of nuclear factor NF-xB
in neutrophilic granulocytes of patients suffering
from AChA-HVI and in control group (conditionally
healthy individuals) according to MFI distribution
Note. *Differences from control group.

Analysis of the data obtained showed that in con-
ditionally healthy individuals (control group),
the number of NGs expressing nuclear factor NF-
kB was 100%, while MFI, assessing the level of ex-
pression of nuclear factor NF-xB, was 8.9 [8,7; 10.1].
In addition, it was shown that in the main study group
(MG), as in the control group, 100% of NG expressed
the nuclear factor NF-xB. However, in comparison
with CG, a significant decrease in the level of ex-
pression of NF-kB according to MFI was revealed
to 5.1 [4.5; 6.5] (p < 0.05) (Fig. 1).

In addition, it was found that in patients of the con-
trol group, the number of NGs expressing membrane
IFNo/BR was 4.55 [2.3; 7.2]% with MFI 1.19 [1.15;
1.22], and membrane CDI19 (IFNyR) — 19.9 [14.3;
27.61% with MFI 1.48 [1.1; 2.2]. In the main study
group (MSG), the number of NGs expressing [IFNa/
BR was significantly reduced to 1.0 [0.6; 1.9]1% (p <
0.05) with MFI 1.71 [1.61; 1.91], and the number
of NG expressing CD119 (IFNyR) had an insig-
nificant upward trend and amounted to 39.5 [28.7;
48.6]% with MFI 1.48 [1.35; 1.75] (Table 2).

An in vitro experiment was carried out in which
the effect of HP on the expression of the nuclear factor
NF-kB and the number of NGs expressing [FNo/BR
and IFNy was assessed in apparently healthy indivi-
duals and patients suffering from AChA-HVI.

It was found that under the influence of a hexa-
peptide (HP) in the MSG, the population of NG ex-
pressing the nuclear factor NF-xB is divided into two
subgroups: Study Group 1 (SG 1) and Study Group 2
(SG 2). The levels of NF-xB expression were sig-
nificantly differ in SG 1 and SG 2. In SG 2 a more
high level of MFI NF-xB — 7.5 [6.9; 8.0] was detect-
ed than in SG 1, in which the level of MFI NF-xB
was only 5.5 [5.4; 5.6] (p < 0.01). After HP influence
the level of NF-xB NG expression according to MFI
was 5.5 [5.4; 7.5] in the SG 1 and did not significantly
differ from the decreased level of MFI NF-xB in the
MG before HP exposure — MFI 5.1 [4.5; 6.5] (p =
0.01). Moreover, the level of MFI NF-xB NG ex-
pression in SG 2 increased after HP influence from
5.1 [4.5; 6.5] to 7.5 [6.9; 8.0] (p < 0.01). At the same
time, it was significantly higher than it was been
inSG 1 — 5.5[5.4;5.6] (p <0.05) and didn’t signifi-
cantly change from the level of MFI NF-xB in the
CG — 8.9 [8.7; 10.1] (p < 0.05) (Fig. 2).

Under the influence of hexapeptide (HP), the NG
population in the MSG was divided into two groups
(SG 1 and SG 2) according to the number of NGs
expressing membrane IFNo/BR and IFNy (CD119)
(Fig. 3).

After influence of HP in SG 1 (52% of cases)
an insignificant increasing of NG number (%) ex-
pressing membrane [FNo/BR from 1.0 [0.6; 1.9]
to 1.65 [1.5; 1.8]% was revealed in comparison with
the MG (p > 0.05). The expression level of surface
membrane [FNo/BR NG according MFI did not
change in comparison with the MG too (p > 0.05).
Meanwhile there was a significant increasing in the
number of level NG, expressing membrane CD119
(IFNvyR) from 39.5 [28.7; 48.6]% to 56.0 [49.6; 58.2]1%

Table 2. Comparative characteristics of the expressed nuclear factor NF-kB, membrane IFNo/BR and
CD119 (IFNYR) neutrophilic granulocytes in apparently healthy individuals and patients with AChA-HVI

Before the in vitro influence of a hexapeptide
CD119 IFNo/BR NF-xB
Me [Q;; Q,] Me [Q,; Q,] Me [Q;; Q,]
%NG MFI %NG MFI %NG MFI
Control group 19,9 1,48 4,55 1,19 100 8,9
n=6 [14,3; 27,6] [1,1; 2,2] [2,3;7,2] [1,15; 1,22] [8,7; 10,1]
Main study group 39,5* 1,48 1* 1,71* 100 5,1*
n=25 [28,7; 48,6] [1,35; 1,75] [0,6; 1,9] [1,61; 1,91] [4,5; 6,5]
Under the in vitro influence of a hexapeptide
CD119 IFNo/BR NF-xB
Study group 1 56,0*¢ 1,68 1,65* 1,7 100 55"
n=13 [49,6; 58,2] [1,5; 1,9] [1,5; 1,8] [1,6;2,0] [5,4; 5,6]
Study group 2 32,3* 1,5 3,814% 1,7 100 7,5%¢*
n=12 [30,2; 48,1] [1,3; 1,6] [3,8;4,2] [1,6;2,0] [6,9; 8,0]

Note. *Differences from control group; *differences from MSG (main study group); *differences SG 1 and SG 2 (study group 1 and study group 2).
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(p < 0.05) after exposure of HP. This fact indicates
that the number NG, expressing membrane CDI119
(IFNYR) was increased by 1.42 times or by 41.7%.
The expression level of surface membrane CDI19
(IFNYR) NG according MFI data did not change
(p > 0.05).

At the same time after exposure of HP an am-
biguous effect of HP on the levels of NG expressing
membrane IFNo/BR and CDI119 (IFNYR) was re-
vealed in the SG 2 (48% of cases). HP has influenced
on the level of NG, expressing membrane [FNo/BR
in SG 2, significantly increasing its number from
1.00 [0.6; 1.9]% in MG to 3.81 [3.8; 4.2]% in SG 2
(p <0.05) and reached the NG level of CG (p > 0.05).
At the same time after influence of HP the expression
level according to MFI data of membrane IFNo/BR
NG in SG 2 did not change in comparison with group
CG and MG (p,, > 0.05).

There was an insignificant decreasing in com-
parison with MSG in the number of the NG (%),
expressing membrane CDI119 (IFNyR) from
39.5 [28.7; 48.6]1% to 32.3 [30.2; 48.1]1% (p > 0.05).
Meanwhile there was a significant increasing in the
level of NG, expressing membrane CDI119 (IFNYR),
from 19.9 [14.3; 27.6]% to 32.3 [30.2; 48.1]%,
in comparison with CG (p > 0.05). After influence
of HP the expression level according to MFI data
of membrane CD119 (IFNyYR) NG in SG 2 did not
change in comparison with group CG and MSG
(p,» > 0.05).

Discussion

The problem of treating patients with chronic ac-
tive herpes virus infections is still very far from being
solved. Taking into account that EBV is present in all
identified combinations of herpes-viral co-infections

MFI
10
g J 8,9
NF-xB 7,5+ ¢*
8 -
7 -
5,1% .
6 5,5
5 -
4 -
3 -
2 -
1 -
0
Control  Main Study Group  Study Study
Group before HP Group 1 Group 2
after HP after HP

Figure 2 Comparison of the expression levels
(MFI) for NF-xB in neutrophilic granulocytes from
patients with AChA-HVI before and after exposure
to HP in in vitro experimental system

Note. *Differences from control group; *differences from
MSG (main study group); *differences SG1 and SG2 (study
group 1 and study group 2).

and is the dominant infection in the patients included
in this study (AHI). Also it’s important to consider
its negative effect on the nuclear factor NF-xB and
membrane receptors IFNo/BR NG, CD119 (IFNYR)
expressing by NG.

According to the literature, EBV BGLF2 protein
inhibits two key proteins STAT1 and STAT?2, which are
involved in the stage 2 signaling of type I IFN synthesis.
In addition, BGLF2 recruits host cell enzymes to re-
move the phosphate group from STATI, thereby inac-
tivating its activity and redirecting STAT?2 to degrada-
tion. It leads to defective ISG expression and disruption
of type I IFN synthesis, and, consequently, to a de-
crease in IFN type I antiviral and immunomodula-

Study Group 2

after HP

| 32,3

Study Group 1
after HP

56"

Main Study Group

before HP

|/ 39,5*

Control Group

4,55
19,9

0 10 20
Il FNyR [0 IFNa/BR

30

60

%

Figure 3. Count of NG expressing membrane receptors IFNa/pR and IFNy (CD119) before and after HP

exposure in patients suffering from

AChA-HVI

Note. *Differences from control group; *differences from MSG (main study group); *differences SG1 and SG2 (study group 1

and study group 2).
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tory activity [6, 7, 13, 14, 18, 19, 28, 29, 32, 33, 34, 37].
These data confirm the damaging effect of EBV, that
causes the occurrence of secondary defects in the ex-
pression of not only NF-xB, but also membrane recep-
tors IFNo,/BR NG, and do not contradict the results
obtained by us during the present study.

It should be noted that earlier in the works of for-
eign authors the presence of congenital errors of im-
munity such as primary immunodeficiencies caused
by mutations in the genes STAT1/STAT2, TLR3,
UNC93B1, TICAMI, TBK1, IRF3, IRF7, IFNARI,
IFNAR2, which explains the deficiency of spon-
taneous and induced production of IFN I type was
shown [17, 21, 23, 31, 36, 38]. In this regard, the like-
lihood of congenital disorders of the interferon sys-
tem in patients with AChA-HVI (SG 1) is not exclud-
ed. It is confirmed by the lack of an adequate NF-«xB
response to the effect of HP in the in vitro system
and explains the occurrence of atypical herpes-viral
co-infections.

On the other hand, according to our data and
according to the literature, autoimmune diseases
in parallel with atypical chronic active EBV infection
can manifest in patients with a genetic predisposi-
tion. There is also evidence that chronic EBV infec-
tion can lead to an increase in the expression of the
nuclear factor NF-xB, which, in turn, can provoke
the development of autoimmune diseases and tumor
processes [5, 12]. It should be emphasized that we did
not observe autoimmune disorders and tumor pro-
cesses in patients of MG. At the same time we noted
the leading syndrome of chronic fatigue, myalgia,
arthralgia and the syndrome of minor cognitive dis-
orders that did not exclude the presence of neuroin-
flammatory changes.

In conclusion, we would like to note that the re-
sults obtained in this study allow us to clarify the im-
munopathogenesis of atypical chronic active herpes
virus co-infections associated with the prevalence
of EBV infection. The data obtained on the positive
effect of in vitro HP on the restoration of the nuclear
factor NF-«xB expression level, as well as the expres-
sion of membrane receptors IFNo/BR NG in, pre-
sumably, secondary defects of the interferon system,
accompanied by deficiency of type I and II IFNs.
These results can serve as a basis for further devel-
opment of the strategy and tactics of immunotherapy
with using active substance HP (“Imunofan”, Russia)
for restoration of the level of expression of NF-xB
NG with further reconstruction of secondary defects
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Conclusion
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main conclusions:
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NG expressing membrane [FNo/BR NG and mem-
brane [IFNYR in patients with AChA-HVI:

— there were a significant restoration of the nu-
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of healthy individuals in NG of 48% patients with

AChA-HVI (SG 2) and a significant increasing
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NG expressing IFNo/BR NG has not significant-

ly changed, while there was a significant increas-

ing in the level of number NG expressing of mem-
brane IFNYR.

3. Restoration of the expression of NF-kB NG
in 48% patients suffering from AChA-HVI under
the influence of HP in the experiment may indicate
secondary damage to the expression of NF-«xB that
occurred under the damaging influences of herpes
viral co-infections. The absence of an effect of HP
on the level of expression NF-xB in 52% patients with
AChA-HVI evidences about deeper damages of NF-
KB expression, possibly due to congenital disorders
expression of NF-xB. However these assumptions re-
quire carrying out of further research.

4. These results may serve as a basis for further de-
velopment of the strategy and tactics of immunomod-
ulate therapy with using active substance HP of drug
“Imunofan” (Russia) for restoration of secondary
defects of expression of NF-xB, the level of number
NG, expressing membrane [FNo/BR, IFNYR and
for the reconstruction of normal functioning of the
interferon system in patients with AChA-HVI.
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