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Abstract

Background and objectives: This study aimed to analyze the influence of alloferon on the Epstein-Barr virus (EBV) DNA copy
number in saliva samples and the changes of natural killer (NK) cell content, cytotoxic activity of killer cells, and production of
interferon alpha and gamma in patients suffering chronic EBV infection (CEBVI) at 6 weeks after therapy completion.

Methods: One hundred CEBVI patients (69 females and 31 males were divided into two groups: alloferon (n = 70; nine injec-
tions s/c, 1.0 mg every alternate day) and valacyclovir (n = 30; 500 mg two times/day, orally). The EBV DNA quantity in the
saliva samples, the number of killer cells in the blood, and the cytotoxic activity of killer cells via spontaneous and induced
expression of CD107a, a marker of degranulation, were determined after treatment with alloferon. The dynamics of interferon
alpha and gamma production before and after alloferon therapy were also assessed.

Results: At 6 weeks after therapy completion, EBV DNA was not found in 38 (54.28%) patients in the alloferon group and in
9 (30.0%) patients in the valacyclovir group (p = 0.001). In addition, a reliable increase of the NK cell content and stimulation
of cytotoxic activity of NK cells were detected in the CEBVI patients. Moreover, alloferon treatment did not lead to a reliable
increase of interferon alpha or gamma production at 6 weeks after therapy completion.

Conclusions: Alloferon significantly reduces the EBV DNA copy number in saliva samples and induces the expansion of NK
cells and cytotoxic activity of NK cells in CEBV patients. Alloferon also significantly affects the clinical complaints of CEBVI

patients.

Introduction

In forming an antiviral immune response, an important role is
given to certain cells—natural killer (NK) cells, which destroy
virus-infected and tumorous target cells by their ability to direct-
ly destruct target cells and antibody-dependent cell-mediated
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cytotoxicity. The ability of cells to destroy other cells is carried
out via perforin/granzyme-containing granules and extracellular
ligands, including Fas ligands and ligands inducing apoptosis
and exocytosis of cytolytic granules. During the release of cyto-
lytic granules, containing perforin and granzymes, they hit the
target cell and launch apoptosis by means of caspase-mediated
signaling pathways.! Healthy cells are able to inhibit activation
of NK cells via the expression of molecules such as the main
complex of histocompatibility class I (HLA-I), which interact
with inhibitory receptors that are expressed on the surface of
NK cells. NK cells express two main classes of HLA-I-specific
inhibitory receptors: members of the killer-cell immunoglobu-
lin-like receptor (KIR) superfamily and heterodimer of CD94/
NKG2A.?

KIRs belong to the family of type-I transmembrane recep-
tors, which are specific for the polymorphic molecules HLA-A,
-B, and -C; however, NKG2A has the form of type-II transmem-
brane receptors of the C-type lectin-similar receptor family and
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binds HLA-E, nonclassical HLA, which is characterized by lim-
ited polymorphisms. KIR is characterized by a high level of poly-
morphisms, which can affect KIR/HLA interactions, meaning that
certain combinations of KIR/HLA correlate with protection or sus-
ceptibility to a few human illnesses.? Inhibition of this receptor-
mediated signal transmission is necessary protect against the high
activity of NK cells. Some viruses suppress surface expression of
HLA-I, thus hindering the presentation of viral antigens. Reducing
the expression of HLA-I enables the identification and clearance of
virus-infected target cells by NK cells.

Previously, we offered the concept of identification of target
cells by NK cells via the absence of an inhibitory interaction with
HLA-I, which is known as the “missing-self” hypothesis, and
states that NK cells identify and destroy the cells of the “self” or-
ganism with low or compromised expression of HLA-I molecules.
The receptors expressed on the target cells are able to ease activa-
tion concurrently with the identification of viral or stress-induced
ligands on the target cells.*

Viral entry into a host cell occurs via binding with specific re-
ceptors, which either leads to fusion directly on the plasma mem-
brane or penetration after clatrin- or caveolin-dependent endocyto-
sis of viral particle. Finally, penetration of the virus might happen
via micropinocytosis, which is nonspecific ingestion of extracel-
lular material; but until now, it has not been identified as a strategy
for penetration into NK cells. The penetration mechanism for the
Epstein-Barr virus (EBV) is the expression of receptor CD21 and
the coreceptor HLA-II after a cell-to-cell interaction.> A mecha-
nism of penetration of a virus into NK cells is under discussion,
since EBV habitually infects epithelial cells of the oropharynx and
B cells via the interaction of glycoprotein gp350/220 with the re-
ceptor CD21 on the B-cell surface, and the consequent interaction
of the viral complex of glycoprotein gp85-gp25-gp42 with HLA-
IT launches membrane fusion. NK cells can express the receptor
CD21 while interacting with CD21-positive EBV-infected cells.®
We also have demonstrated the CD21-independent mechanism of
infecting NK cells by EBV.” Viruses are able to inhibit the cyto-
toxicity of NK cells or induce apoptosis, which can serve as an
important strategy for evading from the immune response. Besides
the influence of viruses on the production of effector cytokines,
the expression of receptors on NK cells can vary, depending on
the virus, leading to the change of polarization of NK cells and,
finally, to the distortion of the control of other immune cells. Fur-
thermore, the phenotype of the infected NK cells might be changed
via a change of morphology or even conversion into malignant
cells. The contamination of NK cells causes de-novo expression
of receptors, which due to their nature, are not expressed in NK
cells.” This means that every virus induces a proprietary phenotype
that is often distorted toward the state of NK cells, which encour-
ages infection persistence. The contamination of NK cells enables
viral load increase.® Since NK cells are in the cohort of the first
cells that react to viral infections, inhibition or distortion of a small
subpopulation of NK cells affects the formation of the adaptive
immune response to viral infections.’

NK cells are “naturally” cytotoxic and, unlike cytotoxic T cells,
they do not require the preliminary action of an antigen. The cy-
tolytic function of NK cells can be initiated by various processes,
including degranulation and ligation of death receptors, which are
critical for the rate of purification for both infected and dysfunc-
tional cells.!? Besides, stimulated NK cells produce interferon
gamma (IFNy) and tumor necrosis factor alpha and possess cy-
tolytic functions, like the functions of cytotoxic CD8*T lympho-
cytes.!! Three main processes represent the molecular mecha-
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nisms that regulate the cytotoxicity of NK cells: (1) identification
of target cells, (2) contact with the target cells and formation of
the immunological synapse, and (3) induced death of target cells
by NK cells. After identification, NK cells directly interact with
the target cell via forming a lytic immunological synapse, which
enables NK cells to induce the death of target cells via two main
mechanisms. %13

In human peripheral blood, NK cells are comprised of 5-15%
of lymphocytes and consist of different stages of differentiation,
which is determined by the expression of cell surface markers.'4
The role of NK cells with chronic EBV infection (CEBVI) is not
completely understood. During EBV infection of B cells express-
ing lytic antigens, a portion of NK cells degranulate and prolifer-
ate. In the process of maturation, the NK cells consistently acquire
specific markers, such as CD94, NKp46, CD56, and CD16. Based
on the surface density of CD56, the NK cells of the blood mostly
consist of two subpopulations: CD56brightCD16" and CD56dim-
CD16".15 As a result of monokine stimulation, CD56brightCD16"
NK cells produce a large number of cytokines and, after prolonged
activation, acquire cytotoxicity. These cells are enriched in sec-
ondary lymphoid organs, where they differentiate into CD56dim-
CD16" NK cells, which make up ~90% of peripheral blood and
express late markers. ¢

Currently, there is no single approach for the treatment of
CEBVI, despite the fact that there are a number of specific an-
tiviral drugs. In particular, acyclic nucleosides are widely used,
such as acyclovir, valaciclovir (Valtrex), famciclovir (Famvir),
and synthetic nucleoside analogs of guanosine like ganciclovir
(Cymevene) and valganciclovir (Valcyte).

In recent years, many studies have been published showing that
insect and animal poisons are rich sources of antimicrobial sub-
stances and contain a wide range of active biological compounds
with a well-defined chemical structure. Thus, antimicrobial pep-
tides (AMPs) are a diverse group of oligopeptides with varying
amounts (from 5 to more than 100) of amino acids that play an im-
portant role in the host’s immune response when pathogens enter.
Over 5,000 AMPs have been discovered or synthesized to date.!”
Natural AMPs can be found in both prokaryotes (e.g., bacteria) and
eukaryotes (e.g., protozoa, fungi, plants, insects, and animals).181°
Antiviral AMPs neutralize viruses by integrating either into the vi-
ral envelope or by disrupting the attachment of viral particles to the
surface of the cell membrane. Thus, AMPs are unable to compete
with viral glycoproteins for binding to heparan sulfate receptors
on the cell membrane. In addition, antiviral AMPs can penetrate
the cell membrane and localize into the cytoplasm and organelles,
causing changes in the gene expression profile of cells. This helps
to block the expression of viral genes. In the event that AMPs in-
terfere with viral replication, they interact intracellularly with the
virion capsid, preventing its decapsidation; therefore, the viral nu-
cleic acid cannot be released and transcribed.?? Other mechanisms
that are involved in the work of the innate immune system are also
triggered: 1) induction of the expression of toll-like receptors that
interact with the viral nucleic acid; 2) production of cytokines that
stimulate the action of cytotoxic T cells and NK cells; 3) expres-
sion of MHC molecules in infected cells in order to present viral
peptides to other cells of the immune system;?! and 4) antiviral
compounds can activate innate restriction factors encoded by the
infected cell.??

The cationic peptides alloferon 1 and 2, consisting of 12
(HGVSGHGQHGVHG) and 13 (GVSGHGQHGVHG) amino
acid residues, respectively, were isolated from the hemolymph of
the firefly Calliphoravicina. Alloferon 2 corresponds to the trun-
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cated form of alloferon 1 at the N terminus. Alloferon 1 is the most
active; it has been shown to stimulate the natural cytotoxicity of
human peripheral blood lymphocytes, induces the production of
IFN in both mice and humans, and increase antiviral and antitumor
resistance in mice.?

In 2003 in the Russian Federation, Alloquin-alpha (“BRAND-
PHARM?”, Moscow) was developed by an international team of
scientists as a new type of antiviral medication (Reg. #002829/01
from 22 September 2003). The active moiety of the drug is the
cytokine-like peptide alloferon (glystidine-glycine-valine-serine-
glycine-histidine-glycine-glutamine-histidine-glycine-valine-his-
tidine-glycine).

The objective of the present study was to determine the influ-
ence of alloferon on the EBV DNA copy number in saliva samples
and the changes in killer cell content, cytotoxic activity of killer
cells, and production of interferon alpha (IFNa) and IFNy in pa-
tients suffering CEBVI at 6 weeks after therapy completion.

Methods

Patients

The clinical research in this study was carried out in compliance
with the World Medical Association’s Declaration of Helsinki
(Ethical Principles for Medical Research Involving Human Sub-
jects, 2013), the Protocol of the Council of Europe Convention on
Human Rights and Biomedicine (1999), and articles 20, 22, 23 of
the Act “On the Basics of Healthcare for the Russian Federation
citizens” (21 November 2011; Fed. Statute No. 323-FZ; 26 May
2021 edition). In addition, it was conducted in accordance with a
procedure approved by the local ethics committee under “Center
of Dialysis of St. Petersburg”, FRESENIUS MEDICAL CARE.
All study participants had signed a voluntary informed consent
form. Moreover, the present study was reported according to the
Strengthening the Reporting of Observational Studies in Epidemi-
ology (STROBE) guidelines (Supplementary File 1).

This study included 100 patients suffering from CEBVI. The
group consisted of 69 females and 31 males. The average age of
the patients in alloferon group was 35.27 + 1.24 years; while in
the valacyclovir group, it was 33.34 + 1.87 years. The average ill-
ness duration was 2.83 + 0.86 years. Most of the patients often
experienced exacerbation of chronic tonsillitis that was resistant
to antibiotic therapy during childhood (alloferon group: 70%;
valacyclovir group: 60%). There were also reports of infectious
mononucleosis (alloferon group: 35.71%; valacyclovir group:
33.33%). All patients underwent differential diagnostics of CEBVI
with other viral infections (human immunodeficiency virus, viral
hepatitis, cytomegalovirus infection, and toxoplasmosis), helminth
infestation, and autoimmune diseases, which are associated with
EBV infection. The diagnosis of CEBVI was stated and confirmed
in a lab during examination by relevant specialists at the preceding
stage; after that, the patients were referred to an immunologist. The
patients who had received antiviral or immune-modulating therapy
in the preceding 6 months were not included in this study.

CEBVI is known to have a prolonged duration and frequent re-
lapses, with clinical and lab signs of viral activity similar to those
of infectious mononucleosis, which are described in detail in the
literature .20

The clinical methods used in this study included collecting the
medical history, data on previous therapy, and the presence of co-
morbid conditions. During the initiation of the research, the pa-
tients did not indicate any other infections, chronic diseases, or
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changes of immune status system, which could affect the outcomes
of this study. The clinical status of the patients was assessed in
accordance with commonly accepted methodology including ob-
jective data and the patients’ complaints during the examination.
The registration of patients’ complaints was conducted based on
a subjective 3-point scale: 0, absence of symptoms; 1, mild symp-
toms; 2, moderate symptoms; 3, significant symptoms. All patients
were divided into two groups for different therapy schedules. The
alloferon group comprised 70 patients, who received alloferon
therapy (9 injections s/c, 1.0 mg every alternate day). The drug was
administered according to the official instructions of the manufac-
turer. Dose recalculation for the patient’s weight was not carried
out when the drug was administered. The subcutaneous injections
were well tolerated by the patients, did not cause allergic reactions,
and did not render hepatic-nephrotoxic actions on hemopoietic or-
gans. The valacyclovir (control) group included 30 patients, who
received a prolonged schedule of therapy with valacyclovir (500
mg, two times/day, orally), which is an acyclic nucleoside drug,
for two months.

Polymerase chain reaction (PCR)

In order to confirm the viral etiology of disease, the patients were
tested for the viral DNA via PCR in saliva samples, since as it is
known that PCR of blood samples does not yield a positive result
for infectious chronic forms. It has been reported that saliva sample
testing is a more informative EBV DNA identification process for
chronic and atypical forms of disease.?*-25 EBV spreads via saliva
contact and penetrates through the epithelium lining the rhinophar-
ynx. We have demonstrated that the level of infected B cells in the
population varies between 5 and 3,000 for every 107 B-memory
cells both in the peripheral blood (average value of 110/107) and
in the Waldeyer’s ring (average value of 175/107), i.e., the virus
evenly spreads around the ring.2® Thus, the level of infected cells
is analogous between the peripheral blood and the Waldeyer’s ring,
and only 1% of these cells are located in the peripheral blood. The
virus consistently percolates into the oral cavity, where it mixes
with saliva for roughly 2 min prior to every act of swallowing.

The patients were tested for the viral DNA by the PCR method
(in saliva samples via PCR with hybridization fluorescence de-
tection in real-time mode). The AmpliSence EBV/CMV/HHV6-
screen-FL test system from the Central Scientific Institute of
Epidemiology (Russia) was employed. The number of copies of
EBV DNA per 1 mL of sample (NCDNA) was used to assess the
viral load during the extraction of DNA from saliva. According to
the manual, this indicator is calculated by the formula: NCDNA =
CDNA x 100, where CDNA indicates the number of copies of viral
DNA in the sample. The analytical sensitivity of this test system
is 400 copies/mL.

Determination of cytotoxic activity

The cytotoxic activity of killer cells was assessed based on sponta-
neous and induced expression of CD107a, a lysosomal-associated
membrane protein, whose expression on the cellular membrane of
lymphocytes indicates degranulation of lysosomes. Assessment of
CD107a expression was conducted after joint cultivation of pe-
ripheral blood mononuclear cells with the target cell line K562 (de-
rived from human erythroleukemia). K562 cells express a number
of ligands (MICA, MICB, ULBP2, and ULBP4) for the NKG2D
receptor of cytotoxic lymphocytes. The interaction of NKG2D
with one of these ligands leads to degranulation of lysosomes of
NK cells, natural killer T (NKT) cells, and lymphoquine-activated
CD8* T cells as well as the expression of CD107a on their mem-
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Table 1. Dynamics of the EBV DNA copy number at 6 weeks after completion of antiviral therapy in patients with chronic CEBVI

Patient group Number of copies/mL before therapy

Number of copies/mL after therapy

p value

Alloferon (n=70) 321,873.65 + 46,072.32, Mean: 286,900.00,
95% Cl: 258,576.36-418,686.02

273,837.25 + 43,202.14, Mean: 238,321.58,
95% Cl: 187,099.46-351,640.48

Valacyclovir
(n=30)

5,847.35 + 2,020.39, Mean: 4,682.40, 95% Cl:
4,503.53-22,430.8, 0.00 copies in 38 patients (54.28%)

53,109.08 + 28,828.32, Mean: 43,359.88, 95% Cl: 0.001
27,720.27-628,486.02, 0.00 copies in 9 patients (30.0%)

0.0,001

Cl, confidence interval; EBV, Epstein-Barr virus; DNA, deoxyribonucleic acid; CEBVI, chronic Epstein-Barr virus infection.

branes. Thus, the test assesses the ability of killer cells to partici-
pate in NKG2D-dependent cytolysis of killer cells.

The studied drawn blood was transferred to a vacutainer with
lithium heparin as an anticoagulant. Sample processing included
the separation of a suspension of mononuclear cells of peripheral
blood on a density gradient with consequent washing, cocultiva-
tion of MNPK and K562 at a ratio of 10:1 under conditions of a
CO, incubator for 20 h in the presence of monoclonal antibodies
and anti-CD3-FITC/CD(CD16%56)-phycoerythrin and anti-CD-
45PC5 (Beckman Coulter, Brea, CA, USA). To assess spontaneous
cytotoxic activity, we added RPMI (Biolot) growth medium at the
appropriate volume instead of K562 into the MNPK suspension.

The sample analysis was carried out using a Navios (Beckman
Coulter) flow-through cytofluorometer. Accumulation was car-
ried out for up to 1,000 events in a minimal population of cells
(NK or NKT). The lymphocyte population was identified as
CD45%brightSSdim cells. We assessed the relative number of cells
expressing CD107a (CD107a") in subpopulations of NK, NKT,
and T lymphocytes. The stimulation index was calculated as the
ratio of induced expression of CD107a to spontaneous expression.

Identification of NK cell number

Identification of the relative number of NK cells was carried out by
means of multicolor flow cytometry as a part of research of subpopu-
lation composition of lymphocytes in peripheral blood. Blood was
drawn from the basilica vein and transferred to vacutainers contain-
ing ethylene diamine tetraacetate. Sample preparation was carried out
in accordance with the manufacturer’s instructions. We used the fol-
lowing monoclonal antibodies: anti-HLADR-FITC, anti-CD4-phy-
coerythrin, anti-CD3-ECD, anti-CD56-PCS5.5, anti-CD25-PC7, anti-
CD8-APC, anti-CD19-APC-AF700, and anti-CD45-APC-AF750.
VersaLyse was used to lyse the erythrocytes. The samples were
analyzed by a Navios flow cytofluorometer (device and reagents by
Beckman Coulter). We accumulated 5,000 events in the lymphocytic
region of CD45*brightSSdim. NK lymphocytes were identified as
CD3 CD56"CD45"brightSSdim events. The absolute number of NK
cells was calculated based on the complete blood count.

Identification of IFNa and IFNy

Identification of the production rate (spontaneous, serous, and in-
duced) of IFNa and IFNy in the lymphocyte culture was conducted
by means of a solid-phase enzyme-multiplied immunoassay using
the test systems alpha-Interferon-IFA-BEST and gamma-Interferon-
IFA-BEST (Vector Best, Novosibirsk Oblast, Russia). As an inductor
of IFNa production, we used Newcastle disease virus (acquired at
FGBU GISK named after L. A. Tarasevich, St. Petersburg, Russia)
with an infectious titer of 8 Ig EID/0.2 mL at 8 puL per cavity. As an
inducer of IFNy production, we used phytohemoagglutinin (PanEco,
Moscow, Russia) at a dose of 10 pg/mL. The quantitative content of
cytokines was identified in the serum and supernatant liquid after cul-
turing the whole blood for 24 h via a solid-phase enzyme-multiplied
immunoassay with the use of the test systems alpha-Interferon-IFA-

BEST and gamma-Interferon-IFA-BEST (Vector Best). The manu-
facturer of the test systems provided reference values for the sponta-
neous, serous, and induced production of [FNa and IFNy.

Statistical analysis

Statistical treatment of acquired data was conducted with IBM
SPSS Statistics, 26 version (IBM Corp., Armonk, NY, USA). The
results are presented as the mean+ standard error. For the statistical
treatment, we employed parametric (Pearson’s method) and non-
parametric (Spearman’s method, tau (t) Kendall) methods.

To verify compliance with the condition of independence of
observations, we conducted linear regression analysis (with com-
putation of the coefficient of determination (R squared) and the
criterion of Durban-Watson) and dispersion analysis (analysis of
variance) with computation of the criterion of Fisher (F) for verifi-
cation of model significance. The standardized rate 8 with the 95%
confidence interval (CI) was calculated. The critical significance
level of difference of indicators was taken to be equal to 0.05.

Results

Alloferon therapy outcome analysis

In all examined patients (n = 100), EBV infection was confirmed
by PCR of their saliva samples. The PCR test was conducted prior
to the start of alloferon therapy (rn = 70) and valacyclovir therapy
(n=30) and at 6 weeks after the course of therapy completion. The
results of the study are given in Table 1, demonstrating that the
antiviral therapy efficiency in the alloferon group was significantly
greater than that in the valacyclovir group (p = 0.001) (p = 0.03;
Fisher’s test).

NK cell content in peripheral blood

Further research was carried out of the NK cells in the peripheral
blood prior to the start of therapy and at 6 weeks after therapy
completion in both groups. The results are given in Table 2 and
Figures 1-3.The data demonstrate that the contents of NK cells,
NKT cells, and T cells in the peripheral blood reliably increased
after the alloferon therapy, exceeding the initial values of the cell
content before therapy. After the course of valacyclovir therapy,
we detected a reliable reduction of the contents of all subpopula-
tions of killer cells.

Dynamics of cytotoxic activity of NK cells

Next, we conducted an assessment of the dynamics of cytotoxic
activity of NK cells in both groups before therapy and at 6 weeks
after therapy completion (Tables 3, 4 and Figures 4, 5). From Table
3, one can see that the spontaneous and stimulated expression of
CD107a, a marker of degranulation of cytotoxic granules, on NK
cells at 6 weeks after completion of therapy by alloferon reliably
grew but did not exceed the reference values; however, on NKT
cells and T cells after therapy, the expression of CD107a reliably
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Table 2. NK cell content (%) in blood before and at 6 weeks after the completion of therapy by alloferon or valacyclovir in CEBVI patients

Subpopulations of mono- Content of mononuclear cells Content of mononuclear cells (%) at value
nuclear cells in blood (%) in blood before therapy 6 weeks after therapy completion P
Alloferon group (n = 70)
NK cells (CD3-CD16*CD56%) 10.95 + 0.78, Mean: 5.89, 12.33 £ 0.76, Mean: 5.78, 0.006
95% Cl: 9.53-12.58 95% Cl: 10.93-13.72
NKT cells (CD3*CD16*CD56%) 6.97 + 0.63, Mean: 4.74, 9.46 + 0.65, Mean: 10.03, 0.0001
95% Cl: 5.81-8.16 95% Cl: 7.60-12.25
T cells (CD3*CD16*CD56") 2.97 £0.33, Mean: 2.35, 3.89 +0.31, Mean: 2.26, 0.0001
95% Cl: 2.34-3.66 95% Cl: 3.30-4.50
Valacyclovir group (n = 30)
NK cells, (CD3-CD16* CD56%) 9.61 + 1.31, Mean: 5.74, 6.94 £ 0.62, Mean: 3.89, 0.031
95% Cl: 5.89-12.46 95% Cl: 3.24-8.95
NKT cells (CD3*CD16*CD56%) 6.94 £ 0.62, Mean: 4.86, 4.74 + 0.56, Mean: 3.24, 0.04
95% Cl: 5.72-8.75 95% Cl: 3.64-6.20
T cells (CD3*CD16*CD567) 2.67 £0.49, Mean: 2.23, 1.21 £ 0.24, Mean: 1.01, 0.031
95% Cl: 1.71-3.07 95% Cl: 0.86—-1.67

CEBVI, chronic Epstein-Barr virus infection; CI, confidence interval; NK, natural killer; NKT, natural killer T.
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Fig. 1. NK, NKT, and T cell content (%) in blood before and at 6 weeks after completion of alloferon therapy in CEBVI patients (*p < 0.05). CEBVI, chronic
Epstein-Barr virus infection; NK, natural killer, NKT, natural killer T.
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Fig. 2. NK, NKT, and T cell content (%) in blood before and at 6 weeks after completion of valacyclovir therapy in CEBVI patients (*p < 0.05). CEBVI, chronic
Epstein-Barr virus infection; NK, natural killer, NKT, natural killer T.
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Fig. 3. NK, NKT, and T cell content (%) in blood before and at 6 weeks after completion of therapy by alloferon or valacyclovir in CEBVI patients (*p < 0.05).
a) before therapy; b) after therapy. CEBVI, chronic Epstein-Barr virus infection; NK, natural killer; NKT, natural killer T.

increased, exceeding the reference values. Thus, alloferon therapy
stimulates spontaneous and induced degranulation of killer cells.

As shown in Table 4, at 6 weeks after therapy completion by val-
acyclovir, the spontaneous and stimulated expression of CD107a
on NK cells, NKT cells, T cells was reliably reduced. Thus, valacy-
clovir inhibits the spontaneous and induced degranulation of killer
cells in CEBVI patients.

Dynamics of INFa and INFy production

After a comparative analysis of the efficiency of two different
schedules of CEBVI therapy, we carried out an analysis of the dy-

namics of INFa and INFy production (spontaneous, serous, and
induced) in lymphocyte culture before therapy and at 6 weeks after
the completion of therapy by alloferon and valacyclovir. The re-
sults are shown in Tables 5 and 6.

From the presented data, at 6 weeks after therapy completion by
alloferon, we observed a statistically unreliable tendency of reduc-
tion of serous, spontaneous, and induced IFNa production in the
patients. The production of induced and serous IFNy had an unreli-
able tendency to decrease at 6 weeks after therapy completion, and
the production of spontaneous IFNy was reliably lower than the
initial level after therapy completion.

Table 3. Dynamics of cytotoxic activity of NK cells at 6 weeks after alloferon therapy completion in CEBVI patients

Expression of CD107a Before start of therapy At 6 weeks after therapy completion ‘I:aelf:::nce p value
Expression of marker of degranulation of cytotoxic granules CD107a on NK cells (CD3"CD16*CD56")
Spontaneous 2.68 £ 0.38, Mean: 2.14, 3.99 £ 0.42, Mean: 3.77, 95% Cl: 2.54-4.57 0.9-3.3 0.001
95% Cl: 1.82-4.32
Stimulated 19.46 + 1.18, Mean: 14.23, 21.28 £ 1.08, Mean: 19.33,95% Cl: 17.93-23.23 11.0-24.0 0.008
95% Cl: 13.07-21.68
Index of stimulation 12.14 £ 0.96, Mean: 8.03, 13.37 £ 1.04, Mean: 8.85, 95% Cl: 7.61-15.74 5.5-17.0 0.127
95% Cl: 6.75-13.54
Expression of marker of degranulation of cytotoxic granules CD107a on NKT cells (CD3*CD16*CD56%)
Spontaneous 1.52 £ 0.16, Mean: 1.10, 2.23+£0.27, Mean: 1.80, 95% Cl: 1.73-2.80 0.4-1.6 0.004
95% Cl: 1.21-1.84
Stimulated 2.58 £ 0.26, Mean: 1.79, 323 £0.32, Mean: 2.25,95% Cl: 1.76-3.38 0.5-3.0 0.044
95% Cl: 1.34-3.13
Index of stimulation 2.41 £ 0.29, Mean: 2.08, 3.98 £ 0.57, Mean: 2.89, 95% Cl: 2.45-5.23 1.0-2.5 0.01
95% Cl: 1.87-3.03
Expression of marker of degranulation of cytotoxic granules CD107a on T cells (CD3*CD16*CD567)
Spontaneous 0.31 £ 0.031, Mean: 0.71 £ 0.14, Mean: 1.07, 95% Cl: 0.46-1.00 0.1-04 0.009
0.24, 95% Cl: 0.26—-0.38
Stimulated 0.36 + 0.044, Mean: 1.45 +0.19, Mean: 1.43,95% Cl: 1.10-1.84 0.1-04 0.0001
0.33, 95% Cl: 0.28-0.45
Index of stimulation 1.16 + 0.064, Mean: 1.85 +0.18, Mean: 1.31, 95% Cl: 0.83-2.20 <1.0 0.001
0.44,95% Cl: 0.31-1.29
CEBVI, chronic Epstein-Barr; Cl, confidence interval; NK cells, natural killer; NKT, natural killer T.
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Table 4. Dynamics of cytotoxic activity of NK cells before and at 6 weeks after completion of therapy by valacyclovir in CEBVI patients

CD107a expression Before therapy e after. R p value
therapy completion values
Expression of marker of degranulation of cytotoxic granules CD107a on NK cells (CD3-CD16*CD56%)
Spontaneous 2.74 £ 0.25, Mean: 2.24, 95% Cl: 2.04-3.24 1.36 £ 0.12, Mean: 1.58, 0.9-3.3 0.001
95% Cl: 1.13-2.39
Stimulated 18.34 +1.07, Mean: 10.02, 95% Cl: 17.19-21.52 16.21 + .02, Mean: 9.33, 11.0-24.0 0.01
95% Cl: 14.06-19.16
Index of stimulation 13.12 + 0.26, Mean: 8.03, 95% Cl: 10.21-13.71 10.36 + 1.03, Mean: 6.85, 5.5-17.0 0.001
95% Cl: 7.44-11.07
Expression of marker of degranulation of cytotoxic granules CD107a on NKT cells (CD3*CD16*CD56%)
Spontaneous 2.62 £0.15, Mean: 1.54, 95% Cl: 1.20-2.86 1.23 £ 0.25, Mean: 1.02, 0.4-1.6 0.004
95% Cl: 0.81-1.74
Stimulated 2.53+£0.26, Mean: 1.79, 95% Cl: 2.10-3.17 1.21 £ 0.31, Mean: 1.01, 0.5-3.0 0.04
95% Cl: 0.80-1.68
Index of stimulation 2.46 £ 0.23, Mean: 2.06, 95% Cl: 1.90-3.12 1.78 £ 0.53, Mean: 1.09, 1.0-2.5 0.01
95% Cl: 0.76-2.44
Expression of marker of degranulation of cytotoxic granules CD107a on T cells (CD3*CD16*CD567)
Spontaneous 0.31 £0.02, Mean: 0.24, 95% Cl: 0.16—-0.37 0.11 £ 0.02, Mean: 0.08, 0.1-0.4 0.001
95% Cl: 0.05-0.16
Stimulated 0.38 £ 0.09, Mean: 0.33, 95% Cl: 0.28-0.45 0.33 £0.02, Mean: 0.28, 0.1-0.4 0.01
95% Cl: 0.26-0.39
Index of stimulation 1.40 £ 0.04, Mean: 1.04, 95% Cl: 0.87-1.64 1.02 £ 0.21, Mean: 0.98, <1.0 0.01

95% Cl: 0.83-1.28

CEBVI, chronic Epstein-Barr virus infection; Cl, confidence interval; NK, natural killer.
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Fig. 4. Dynamics of cytotoxic activity of NK, NKT, and T cells before and at 6 weeks after alloferon therapy completion in CEBVI patients (*p < 0.05).
a) Expression of marker of degranulation of cytotoxic granules of CD107a on NK-cells (CD3-CD16+CD56+); b) Expression of marker of degranulation of
cytotoxic granules of CD107a on NK-T-cells (CD3+CD16+CD56+); c) Expression of marker of degranulation of cytotoxic granules of CD107a on T-cells
(CD3+CD16+CD56-). CEBVI, chronic Epstein-Barr virus infection; NK, natural killer, NKT, natural killer T.
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Furthermore, we conducted a study of the dynamics of INFa
and IFNy production before and at 6 weeks after valacyclovir ther-
apy completion. The data are presented in Table 6.

From the presented data, at 6 weeks after the course of valacyclo-
vir therapy, we detected a reliable reduction of the production of se-
rous and induced INFa and a statistically unreliable reduction of the
spontaneous INFa level. The production of serous and spontaneous
INFa was reliably reduced after the completion of valacyclovir ther-
apy. In addition, the production of induced INFa was also reduced
after the completion of therapy in comparison to the initial level.

Dynamics of clinical complaints

The next step was to analyze the dynamics of the frequency of
the main clinical complaints of the patients before and at 6 weeks

after the therapy schedule completion in both groups. Table 7 and
Figures 68 present the results after the applied therapy.

In the patients of the alloferon group, we noted reliable dynamics
of clinical complaints such as subfebrile temperature, throat pain,
asthenia, rear throat wall mucus running, stomatitis, pain in joints,
irritability and tearfulness, and skin rash after therapy. The remain-
ing complaints did not change. In the valacyclovir group of patients,
there was a reliable reduction of only a few types of complaints,
including throat pain, shivers, and hidrosis. The other complaints
from patients remained at 6 weeks after the 2-month therapy course.

Predictive significance of the NK cell number

In order to determine the predictive significance of NK cells for
the development of clinical complaints, we carried out an analysis

Table 5. Dynamics of IFNa and IFNy production before the start and at 6 weeks after completion of alloferon therapy in CEBVI patients

Studied indicator  IFNa before therapy (pg/mL) IFNa at 6 weeks after therapy completion (pg/mL) p value
Spontaneous IFNa  5.20 £ 0.81, Mean: 3.32, 95% Cl: 3.73-6.86 4.7333 £ 0.3224, Mean: 1.28, 95% Cl: 4.06-5.33 0.553
Serous IFNa 4.53 £ 0.30, Mean: 1.24, 95% Cl: 3.80-5.00 4.80 £ 0.42, Mean: 1.65, 95% Cl: 3.93-5.60 0.546
Induced IFNa 501.96 £ 72.72, Mean: 524 .41, 405.01 + 48.02, Mean: 346.34, 95% Cl: 314.38-503.18 0.206
95% Cl: 373.56-651.39
Studied indicator IFNy before therapy (pg/mL) IFNy at 6 weeks after therapy completion (pg/mL) p value
Spontaneous IFNy  7.78 + 2.18, Mean: 9.87, 95% Cl: 4.05-12.52  3.42 £ 0.47, Mean: 2.12, 95% Cl: 2.47-4.36 0.035
Serous IFNy 8.15 + 2.73, Mean: 10.04, 95% Cl: 3.54-14.07 4.15 + 0.48, Mean: 1.90, 95% Cl: 3.23-5.07 0.161
Induced IFNy 3,897.46 + 1,103.75, Mean: 4,274.52, 2,584.53 + 670.30, Mean: 2,488.89, 0.299

95% Cl: 2,045.17-6,404.91

95% Cl: 1,369.67-3,967.29

CEBVI, chronic Epstein-Barr virus infection; Cl, confidence interval; IFNa, interferon alpha; IFNy, interferon gamma.
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Table 6. Dynamics of IFNa and IFNy production before and at 6 weeks after the completion of valacyclovir therapy in CEBVI patients

Studied indicator  IFNa before therapy (pg/mL) IFNa at 6 weeks after therapy completion (pg/mL) p value
Spontaneous IFNa  4.00 £ 0.46, Mean: 1.50, 95% Cl: 3.00-4.66 2.33+£0.31, Mean: 1.28, 95% CI: 2.00-3.00 0.051
Serous IFNa 6.59 £ 0.87, Mean: 4.19, 95% Cl: 5.09-8.54 2.13+0.13, Mean: 0.64, 95% Cl: 2.00-2.41 0.001
Induced IFNa 464.15 + 40.41, Mean: 181.18, 299.94 + 28.69, Mean: 127.25,95% Cl: 242.31-358.41  0.001
95% Cl: 386.21-538.84
Studied indicator IFNy before therapy (pg/mL) IFNy at 6 weeks after therapy completion (pg/mL) p value
Spontaneous IFNy  7.79 £ 2.18, Mean: 9.87, 95% Cl: 4.00-12.20 3.42 £ 0.46, Mean: 2.12, 95% Cl: 2.47-4.36 0.035
Serous IFNy 5.22 + 1.40, Mean: 6.13, 95% Cl: 2.89-8.22 3.50 £ 0.45, Mean: 2.11, 95% CI: 2.47-4.37 0.035
Induced IFNy 1,820 + 492.21, Mean: 2,161.33, 1,649.61+ 670.41, Mean: 2,989.98, 0.706

95% Cl: 950.05-2,877.36 95% Cl: 557.83-3,174.25

CEBVI, chronic Epstein-Barr virus infection; CI, confidence interval; IFNa, interferon alpha; IFNy, interferon gamma.

by the linear regression method with computation of the determi-
nation coefficient R2, utilization of the Durban-Watson criterion,
and dispersion analysis (analysis of variance) with employment of
the F criterion and calculation of the standardized rate (B) with
the 95% CI. Significant results were acquired only from the group
of patients receiving alloferon. The results of the F criterion and
B coefficient, testifying the significance of the regression models,
are as follows: (1) The NK cell content (CD3 CD16*CD56%) in
blood prior to alloferon therapy was associated with throat pain
occurrence (F = 8.756, p = 0.004; B = 0.342, CI: 0.721-3.113, p
= 0.004). (2) The NK cell content (CD3"CD16"CD56%) in blood
prior to alloferon therapy was associated with progressive sleep
disorder development (F =3.958, p = 0.024; § = 0.334, CI: 0.815—
4.805, p = 0.006). (3) The NK cell content (CD3"CD16*CD56%)
in blood prior to alloferon therapy was associated with the de-
velopment and progression of stomatitis (F = 4.170, p = 0.045;
B = 0.244, CI: 0.035-3.072, p = 0.045). (4) The NK cell content
(CD3°CD16*CD56") in blood prior to alloferon therapy affects the
development and progression of irritability and tearfulness (F =
4.420, p=0.039; B =0.251; CI: 0.091-3.519; p = 0.030).

Thus, the linear regression analysis results indicate that the NK
cell content (CD3"CD16"CD56%) in the blood prior to therapy is

a predictor of the development and progression of clinical com-
plaints from CEBVI patients.

Predictive significance of the rate of induced IFNa. production

In addition, linear regression analysis of the data of the patients re-
ceiving alloferon therapy indicated the following: 1) The rate of in-
duced production of IFNa prior to alloferon therapy affects the ex-
pansion of NK cells (CD3"CD16*CD56™) in blood (F = 6.737, p =
0.016; B=0.461; CI: —1.707-56.983, p = 0.002). 2) After alloferon
therapy, we saw some influence of the rate of induced IFNa on the
expansion of NK cells (CD3"CD16"CD56") in blood (F = 5.453, p
=0.027; B = 0.398; CI: 14.158-78.815, p = 0.027). 3) The rate of
induced production of IFNa prior to the start of alloferon therapy
affects the spontaneous expression of CD107a, a marker of de-
granulation of cytotoxic granules, on T cells (CD3"CD16°CD56")
(F=9.130, p = 0.004; B = 0.390; CI: —0.018-76.874, p = 0.0004).

Discussion

The elimination of virus-infected cells is carried out by means of
the cytotoxic activity of NK cells.?” The distinctive feature of NK

Table 7. Frequency of clinical complaints (%) from patients with chronic infection of Epstein-Barr virus before and after 6 weeks of therapy with alloferon
(n = 70) or valacyclovir (n = 30)

Frequency of clinicalcomplaint (%)

Complaint

Before alloferon Before valacy- After valacyclo-

After alloferon therapy

therapy clovir therapy vir therapy
Subfebrile temperature 5,000 24.28 (p =0.001) 76.66 66.66 (p = 0.054)
Lymphadenitis 24.28 20.00 (p = 0.084) 53.33 46.66 (p = 0.086)
Throat pain 50.00 40.00 (p = 0.001) 86.66 53.33 (p = 0.001)
Asthenia 64.28 50.00 (p = 0.001) 80.00 66.66 (p = 0.054)
Shivers 32.85 15.71 (p = 0.006) 66.66 33.33 (p = 0.001)
Hidrosis 68.57 57.14 (p = 0.001) 93.33 53.33 (p =0.001)
Mucus dripping 40.00 24.28 (p =0.001) 70.00 63.33 (p =0.052)
Stomatitis. 24.28 12.85 (p = 0.001) 36.66 33.33 (p = 0.054)
Pain in joints 17.14 8.57 (p = 0.036) 33.33 26.66 (p = 0.054)
irritability and tearfulness 74.28 65.71 (p = 0.001) 70.00 66.66 (p = 0.058)
Skin rash 70.00 54.28 (p = 0.001) 53.33 46.66 (p = 0.086)
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Fig. 6. Frequency of clinical complaints (%) by patients chronically infected with Epstein-Barr virus before and at 6 weeks after alloferon therapy.

cells’ activation is degranulation, i.e., a release of lytic content of
granules. The internal surface of granules is covered with CD107a
(lysosome-associated membrane protein 1), a glycosylated protein,
which appears on the cell surface as a consequence of fusion of lys-
osomes with the plasma membrane. The degranulation leads to the
expression of CD107a on the cell surface and depletion of intracellu-
lar perforin. After degranulation, CD107a is exposed on the surface
of cytotoxic lymphocytes, protecting the membrane from perforin-
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mediated damage.?® All resting killer cells upon receipt of signals
for degranulation are able to express surface CD107a and mediate
cytotoxicity. Polarization and degranulation of cytolytic granules are
two stages of cytotoxicity of NK cells, which are controlled by cer-
tain signals emanating from various receptors. Neither polarization
nor degranulation is sufficient for the effective lysis of target cells.
The ability of NK cells to destroy the virus-infected cells takes place
until the depletion of NK cells, which is likely related, in part, to the
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Fig. 7. Frequency of clinical complaints (%) by patients chronically infected with Epstein-Barr virus before and at 6 weeks after valacyclovir therapy.
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depletion of cytolytic granules.?’

The analysis of the NK cell degranulation results indicates that
they correlate to the standard cytotoxicity results. That is, the expres-
sion of CD107a can be a sensitive marker for determining the cyto-
toxic activity.’® Our work detected a reliable increase of the sponta-
neous and induced expression of CD107a on CD3"CD16*CD56",
CD3"CD16'CD56", and CD3"CD16"CD56 cells at 6 weeks after
the completion of alloferon therapy. Thus, alloferon induces the
spontaneous and induced degranulation of NK cells, i.e., the cyto-
toxic activity of cells in the CEBVI patients. The work by Lee et al.
indicates the explicit antiviral activity of alloferon via an increase
of the regulation of the cytotoxicity of NK cells, which is mediated
by enhanced secretion of perforin/granzyme.3! The data from these
authors and the results acquired by us fully confirm the effectiveness
of alloferon at stimulating the cytotoxic activity of NK cells.

The expansion of NK cells depends on the number of free viral
antigens. In our study, we did not detect a correlation between the
general quantity of NK cells and the viral load in the saliva sam-
ple; these findings do not coincide with an earlier published study in
which a correlation was detected between the number of NK cells
and the level of EBV DNA in whole blood.?2 In addition, Williams et
al. have indicated that an increased viral load reversely correlates to
the percentage of NK cells in the peripheral blood; the Pearson’s co-
efficient (r) was —0.87 (p < 0.001).3* Since we conducted our study
in patients with CEBVI, assessment of the EBV DNA content was
carried out only in saliva samples. Detecting EBV DNA in blood
samples at this stage is not possible due to the chronic stage of infec-
tion, when replication of EBV happens in the oropharynx and viral
shedding into the saliva can be observed for a long time.>* Lytic rep-
lication may not only be responsible for the expansion of prior-dif-
ferentiated subpopulations of the NK cells, but apparently it is also
a target of NK cells. Thus, EBV infection causes expansion of NK
cells in the blood, which precedes the peak of the T-cell response and
induces lengthy differentiation, mainly of CD16"NKG2A*KIR"NK

212 DOI: 1

cells, which witness an early phenotype of differentiation.’s In our
study, the NK cell content prior to the start of the alloferon therapy
did not exceed reference values. At 6 weeks after alloferon therapy,
we noted a reliable growth of the NK cell content; thus, the medica-
tion acted on the expansion of NK cells. The linear regression data
indicate that the content of CD3 CD16"CD56"cells in the blood
prior to therapy is a predictor of the development and progression of
clinical complaints of the CEBVI patients.

The linear regression method indicated that the rate of produc-
tion of IFNa prior to alloferon therapy affects the expansion of
CD3°CDI16*CD56" cells in the blood and the spontaneous ex-
pression of CD107a on CD3 CD16"CD56" cells. After alloferon
therapy, we saw continuing action of induced production of IFNa
only on the expansion of CD3"CD16"CD56™ cells. For the first
time, the role of IFNa in boosting the production of cytokine cy-
totoxicity of NK cells was shown by Portales ef al. in their work,
demonstrating the enhanced expression of perforin and granzyme
by the NK cells in patients who were receiving a therapy of pe-
gylated IFNo2b.3¢ Later, we published the results of a study on
the influence of the signaling of type-I IFN on amplification of
the cytotoxic response by NK cells on herpes virus infection. In
an experiment using NK cells from healthy donors, it was shown
that NK cells treated with IFNa significantly increased their cy-
totoxicity, increasing the portion of dead cells by approximately
20% in comparison with NK cells not treated by IFNa.’7 It is
known that compound [3—13] alloferon manifests strong antivi-
ral activity, inhibits the replication of human herpesviruses, and
induces the production of IFN in humans. Research by Chernysh
indicates that at 2 h after the injection of alloferon, the IFN con-
tent becomes 2-2.5 times greater than the usual background level,
remains at an elevated level for 6-8 h, and returns back to initial
values at 24 h. The author suggests that the medication acts as an
inducer of IFN and stimulates a secondary immune response that
exceeds the primary response in the same or other IFN-producing
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cells, reflecting a cascade-like reaction.’® Based on the data, one
can assume that the expansion mechanism of CD3 CD16*CD56"
cells and enhancement of the spontaneous expression of CD107a
on CD3 CD16'CD56 cells are concomitant, i.e., by way of ac-
tion of alloferon itself and periodic short-lasting boosts of IFNa
production during the course of therapy.

The analysis of clinical complaints demonstrated reliable posi-
tive dynamics in patients after alloferon therapy. We noted an im-
provement in the general physical condition of the patients and
an increase of their working efficiency, which were not observed
under standard antiviral therapy by acyclic nucleosides. The medi-
cation injections were well tolerated by the patients.

Future directions

Based on previously obtained data on the effect of alloferon, it can
be assumed that the drug stimulates the cytotoxic activity of cells.
Indirectly, this assumption is based on the revealed positive dy-
namics of spontaneous and induced expression of the NK cell de-
granulation marker. We also demonstrated that alloferon increases
the content of NK cells after a course of therapy.

Nevertheless, it would be interesting to study the specific mech-
anisms leading to the activation of NK cells. In this regard, it is nec-
essary to investigate the secretion of perforin and granzyme under
the influence of alloferon. It is also important to estimate the dura-
tion of the effect of alloferon therapy on the cytotoxic activity of
NK cells (e.g., after 3-6 months). It is advisable to continue study-
ing the effect of alloferon on the cytotoxic activity of NK cells.

Conclusions

The results of this study demonstrated that alloferon can be used as
an effective antiviral agent, which was confirmed by a significant
decrease in the viral load. The course of therapy with alloferon
reduces the manifestations of clinical complaints in patients with
CEBVI and is well tolerated by the patients, without causing nega-
tive side effects.

Supporting information

Supplementary material for this article is available at https://doi.
org/10.14218/ERHM.2022.00119.

Supplementary File 1. Epidemiology (STROBE) guidelines.

Acknowledgments

None.

Funding

This study did not have any financial support from funding agen-
cies.

Conflict of interest

The authors have no conflicts of interest related to this publication.

Author contributions

Study concept and research design, statistical processing of data,

Explor Res Hypothesis Med

and research supervision as well as responsibility for integrity of
all parts of the article (RIA); material gathering and processing,
data analysis and interpretation, and script composition (RIA and
RTS); lab research (KAA); editing (RTS and KAA); and text writ-
ing and editing as well as further revision for important intellectual
content (RIA, RTS, and KAA). All authors have made substantial
contributions to this study and approved the final version to be
published.

Ethical statement

The clinical research carried out in compliance with the WMA
Declaration of Helsinki - Ethical Principles for Medical Research
Involving Human Subjects, 2013) and the Protocol of Council of
Europe Convention on human rights and biomedicine 1999 and
articles 20, 22, 23 of the Act “On the basics of healthcare for the
Russian Federation citizens” dated November 21, 2011 Fed. Stat-
ute Ne323-FZ (May 26, 2021 edition). The clinical study was con-
ducted in accordance with a procedure approved by the local ethi-
cal committee under LLC “Center of Dialysis of St. Petersburg”
FRESENIUS MEDICAL CARE. All study participants had signed
voluntary informed consent.

Data sharing statement

The statistical code and dataset used in support of the findings of
this study are included within the article.

References

[1] Di Vito C, Calcaterra F, Coianiz N, Terzoli S, Voza A, Mikulak J, et al.
Natural killer cells in SARS-CoV-2 infection: Pathophysiology and ther-
apeutic implications. Front Immunol 2022;13:888248. doi:10.3389/
fimmu.2022.888248, PMID:35844604.

[2] Sivori S, Della Chiesa M, Carlomagno S, Quatrini L, Munari E, Vacca
P, et al. Inhibitory Receptors and checkpoints in human NK Cells,
implications for the immunotherapy of cancer. Front Immunol
2020;11:2156. doi:10.3389/fimmu.2020.02156, PMID:33013909.

[3] Pende D, Falco M, Vitale M, Cantoni C, Vitale C, Munari E, et al.
Killer Ig-Like Receptors (KIRs): Their role in NK cell modulation and
developments leading to their clinical exploitation. Front Immunol
2019;10:1179. doi:10.3389/fimmu.2019.01179, PMID:31231370.

[4] Kim S, Poursine-Laurent J, Truscott SM, Lybarger L, Song YJ, Yang
L, et al. Licensing of natural killer cells by host major histocompat-
ibility complex class | molecules. Nature 2005;436(7051):709-713.
doi:10.1038/nature03847, PMID:16079848.

[5] George LC, Rowe M, Fox CP. Epstein-barr virus and the pathogen-
esis of T and NK lymphoma: a mystery unsolved. Curr Hematol Ma-
lig Rep 2012;7(4):276—284. doi:10.1007/s11899-012-0136-z, PMID:
22983913.

[6] Tabiasco J, Vercellone A, Meggetto F, Hudrisier D, Brousset P, Fournié
JJ. Acquisition of viral receptor by NK cells through immunological
synapse. J Immunol 2003;170(12):5993-5998. d0i:10.4049/jimmu-
nol.170.12.5993, PMID:12794126.

[7]1 IsobeY, Sugimoto K, Yang L, Tamayose K, Egashira M, Kaneko T, et al.
Epstein-Barr virus infection of human natural killer cell lines and pe-
ripheral blood natural killer cells. Cancer Res 2004;64(6):2167-2174.
doi:10.1158/0008-5472.CAN-03-1562, PMID:15026359.

[8] wvanErp EA, van Kampen MR, van Kasteren PB, de Wit J. Viral infection
of human natural killer cells. Viruses 2019;11(3):243. doi:10.3390/
v11030243, PMID:30870969.

[9] Schuster IS, Coudert JD, Andoniou CE, Degli-Esposti MA. “Natural
Regulators”: NK cells as modulators of T cell immunity. Front Immu-
nol 2016;7:235. doi:10.3389/fimmu.2016.00235, PMID:27379097.

[10] Stabile H, Fionda C, Gismondi A, Santoni A. Role of distinct natural
killer cell subsets in anticancer response. Front Immunol 2017;8:293.

DOLI: 10.14218/ERHM.2022.00119 | Volume 8 Issue 3, September 2023 213


https://doi.org/10.14218/ERHM.2022.00119
https://doi.org/10.14218/ERHM.2022.00119
https://doi.org/10.14218/ERHM.2022.00119
https://doi.org/10.3389/fimmu.2022.888248
https://doi.org/10.3389/fimmu.2022.888248
http://www.ncbi.nlm.nih.gov/pubmed/35844604
https://doi.org/10.3389/fimmu.2020.02156
http://www.ncbi.nlm.nih.gov/pubmed/33013909
https://doi.org/10.3389/fimmu.2019.01179
http://www.ncbi.nlm.nih.gov/pubmed/31231370
https://doi.org/10.1038/nature03847
http://www.ncbi.nlm.nih.gov/pubmed/16079848
https://doi.org/10.1007/s11899-012-0136-z
http://www.ncbi.nlm.nih.gov/pubmed/22983913
https://doi.org/10.4049/jimmunol.170.12.5993
https://doi.org/10.4049/jimmunol.170.12.5993
http://www.ncbi.nlm.nih.gov/pubmed/12794126
https://doi.org/10.1158/0008-5472.CAN-03-1562
http://www.ncbi.nlm.nih.gov/pubmed/15026359
https://doi.org/10.3390/v11030243
https://doi.org/10.3390/v11030243
http://www.ncbi.nlm.nih.gov/pubmed/30870969
https://doi.org/10.3389/fimmu.2016.00235
http://www.ncbi.nlm.nih.gov/pubmed/27379097

Explor Res Hypothesis Med

(1]

[12]

(13]

[14]

[15]

[16]

(17]

[18]

[19]
[20]

[21]

[22]

[23]

[24]

[25]

[26]

214

doi:10.3389/fimmu.2017.00293, PMID:28360915.

Zhang Y, Huang B. The development and diversity of ILCs, NK cells
and their relevance in health and diseases. Adv Exp Med Biol
2017;1024:225-244. doi:10.1007/978-981-10-5987-2_11, PMID:289
21473.

Krzewski K, Strominger JL. The killer’s kiss: the many functions of NK
cell immunological synapses. Curr Opin Cell Biol 2008;20(5):597—
605. doi:10.1016/j.ceb.2008.05.006, PMID:18639449.

Abel AM, Yang C, Thakar MS, Malarkannan S. Natural killer cells:
Development, maturation, and clinical utilization. Front Immunol
2018;9:1869. doi:10.3389/fimmu.2018.01869, PMID:30150991.

Di Vito C, Mikulak J, Mavilio D. On the way to become a natural killer
cell. Front Immunol 2019;10:1812. doi:10.3389/fimmu.2019.01812,
PMID:31428098.

Cooper MA, Fehniger TA, Caligiuri MA. The biology of human nat-
ural killer-cell subsets. Trends Immunol 2001;22(11):633-640.
doi:10.1016/s1471-4906(01)02060-9, PMID:11698225.
Handgretinger R, Lang P, André MC. Exploitation of natural killer
cells for the treatment of acute leukemia. Blood 2016;127(26):3341—
3349. doi:10.1182/blood-2015-12-629055, PMID:27207791.

Zhao X, Wu H, Lu H, Li G, Huang Q. LAMP: A database linking antimi-
crobial peptides. PLoS One 2013;8(6):€66557. doi:10.1371/journal.
pone.0066557, PMID:23825543.

Conlon JM, Sonnevend A. Antimicrobial peptides in frog skin secre-
tions. Methods Mol Biol 2010;618:3—14. doi:10.1007/978-1-60761-
594-1_1, PMID:20094854.

Bahar AA, Ren D. Antimicrobial peptides. Pharmaceuticals (Basel)
2013;6(12):1543-1575. d0i:10.3390/ph6121543, PMID:24287494.
Altfeld M, Gale M Jr. Innate immunity against HIV-1 infection. Nat Im-
munol 2015;16(6):554-562. doi:10.1038/ni.3157, PMID:25988887.
Meije Y, Tonjes RR, Fishman JA. Retroviral restriction factors and infec-
tious risk in xenotransplantation. Am J Transplant 2010;10(7):1511—
1516. doi:10.1111/j.1600-6143.2010.03146.x, PMID:20642677.
Kuczer M, Czarniewska E, Majewska A, Rézanowska M, Rosifski
G, Lisowski M. Novel analogs of alloferon: Synthesis, conforma-
tional studies, pro-apoptotic and antiviral activity. Bioorg Chem
2016;66:12—20. doi:10.1016/j.bioorg.2016.03.002, PMID:26986636.
Kimura H, Cohen JI. Chronic active epstein-barr virus disease. Front
Immunol 2017;8:1867. doi:10.3389/fimmu.2017.01867, PMID:293
75552.

Rakitianskaya |A, Riabova TS, Todzhibaev UA, Kalashnikova AA.
[Allokin-alpha - new approaches in the treatment of chronic vi-
rus Epstein-Barr infections.]. Vopr Virusol 2019;64(3):118-124.
doi:10.18821/0507-4088-2019-64-3-118-124, PMID:31622058.
Griffiths GM, Tsun A, Stinchcombe JC. The immunological syn-
apse: a focal point for endocytosis and exocytosis. J Cell Biol
2010;189(3):399-406. d0i:10.1083/jcb.201002027, PMID:20439993.
Bryceson YT, March ME, Barber DF, Ljunggren HG, Long EO. Cytol-
ytic granule polarization and degranulation controlled by different
receptors in resting NK cells. J Exp Med 2005;202(7):1001-1012.

Rakityanskaya I. A. et al: Effects of alloferon versus valaciclovir

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

(38]

doi:10.1084/jem.20051143, PMID:16203869.

Liu D, Martina JA, Wu XS, Hammer JA 3rd, Long EO. Two modes of
lytic granule fusion during degranulation by natural killer cells. Im-
munol Cell Biol 2011;89(6):728-738. do0i:10.1038/icb.2010.167,
PMID:21483445.

Aktas E, Kucuksezer UC, Bilgic S, Erten G, Deniz G. Relationship
between CD107a expression and cytotoxic activity. Cell Immunol
2009;254(2):149-154.d0i:10.1016/j.cellimm.2008.08.007,PMID:188
35598.

Lee N, Bae S, Kim H, Kong JM, Kim HR, Cho BJ, et al. Inhibition of lytic
reactivation of Kaposi’s sarcoma-associated herpesvirus by alloferon.
Antivir Ther 2011;16(1):17-26. doi:10.3851/IMP1709, PMID:213
11105.

Balfour HH Jr, Odumade OA, Schmeling DO, Mullan BD, Ed JA, Knight
JA, et al. Behavioral, virologic, and immunologic factors associated
with acquisition and severity of primary Epstein-Barr virus infection
in university students. J Infect Dis 2013;207(1):80-88. doi:10.1093/
infdis/jis646, PMID:23100562.

Williams H, McAulay K, Macsween KF, Gallacher NJ, Higgins CD,
Harrison N, et al. The immune response to primary EBV infection:
a role for natural killer cells. Br J Haematol 2005;129(2):266-274.
doi:10.1111/j.1365-2141.2005.05452.x, PMID:15813855.

Chijioke O, Miller A, Feederle R, Barros MH, Krieg C, Emmel V, et
al. Human natural killer cells prevent infectious mononucleosis
features by targeting lytic Epstein-Barr virus infection. Cell Rep
2013;5(6):1489-1498. doi:10.1016/j.celrep.2013.11.04, PMID:2436
0958.

Zhang Y, Wallace DL, de Lara CM, Ghattas H, Asquith B, Worth A, et
al. In vivo kinetics of human natural killer cells: the effects of ageing
and acute and chronic viral infection. Immunology 2007;121(2):258—
265. doi:10.1111/j.1365-2567.2007.02573.x, PMID:17346281.
Portales P, Reynes J, Pinet V, Rouzier-Panis R, Baillat V, Clot J, et
al. Interferon-alpha restores HIV-induced alteration of natural
killer cell perforin expression in vivo. AIDS 2003;17(4):495-504.
doi:10.1097/01.aids.0000050816.06065.b1, PMID:12598769.
Tomescu C, Tebas P, Montaner LJ. IFN-a augments natural killer-
mediated antibody-dependent cellular cytotoxicity of HIV-1-infected
autologous CD4+ T cells regardless of major histocompatibility com-
plex class 1 downregulation. AIDS 2017;31(5):613-622. doi:10.1097/
QAD.0000000000001380, PMID:28225449.

Kwaa AKR, Talana CAG, Blankson JN. Interferon Alpha Enhances NK
Cell Function and the suppressive capacity of HIV-specific CD8(+) T
cells. J Virol 2019;93(3):e01541-1518. doi:10.1128/JVI.01541-18,
PMID:30404799.

Kuczer M, Majewska A, Zahorska R. New alloferon analogues: synthe-
sis and antiviral properties. Chem Biol Drug Des 2013;81(2):302-309.
doi:10.1111/cbdd.12020, PMID:22883213.

Chernysh Sl. Alloquins (cytokine-like peptides of insects) as modula-
tors of the immune response of humans and other mammals. Rus-
sian J Immunol 2004;9:36.

DOI: 10.14218/ERHM.2022.00119 | Volume 8 Issue 3, September 2023


https://doi.org/10.14218/ERHM.2022.00119
https://doi.org/10.3389/fimmu.2017.00293
http://www.ncbi.nlm.nih.gov/pubmed/28360915
https://doi.org/10.1007/978-981-10-5987-2_11
http://www.ncbi.nlm.nih.gov/pubmed/28921473
http://www.ncbi.nlm.nih.gov/pubmed/28921473
https://doi.org/10.1016/j.ceb.2008.05.006
http://www.ncbi.nlm.nih.gov/pubmed/18639449
https://doi.org/10.3389/fimmu.2018.01869
http://www.ncbi.nlm.nih.gov/pubmed/30150991
https://doi.org/10.3389/fimmu.2019.01812
http://www.ncbi.nlm.nih.gov/pubmed/31428098
https://doi.org/10.1016/s1471-4906(01)02060-9
http://www.ncbi.nlm.nih.gov/pubmed/11698225
https://doi.org/10.1182/blood-2015-12-629055
http://www.ncbi.nlm.nih.gov/pubmed/27207791
https://doi.org/10.1371/journal.pone.0066557
https://doi.org/10.1371/journal.pone.0066557
http://www.ncbi.nlm.nih.gov/pubmed/23825543
https://doi.org/10.1007/978-1-60761-594-1_1
https://doi.org/10.1007/978-1-60761-594-1_1
http://www.ncbi.nlm.nih.gov/pubmed/20094854
https://doi.org/10.3390/ph6121543
http://www.ncbi.nlm.nih.gov/pubmed/24287494
https://doi.org/10.1038/ni.3157
http://www.ncbi.nlm.nih.gov/pubmed/25988887
https://doi.org/10.1111/j.1600-6143.2010.03146.x
http://www.ncbi.nlm.nih.gov/pubmed/20642677
https://doi.org/10.1016/j.bioorg.2016.03.002
http://www.ncbi.nlm.nih.gov/pubmed/26986636
https://doi.org/10.3389/fimmu.2017.01867
http://www.ncbi.nlm.nih.gov/pubmed/29375552
http://www.ncbi.nlm.nih.gov/pubmed/29375552
https://doi.org/10.18821/0507-4088-2019-64-3-118-124
http://www.ncbi.nlm.nih.gov/pubmed/31622058
https://doi.org/10.1083/jcb.201002027
http://www.ncbi.nlm.nih.gov/pubmed/20439993
https://doi.org/10.1084/jem.20051143
http://www.ncbi.nlm.nih.gov/pubmed/16203869
https://doi.org/10.1038/icb.2010.167
http://www.ncbi.nlm.nih.gov/pubmed/21483445
https://doi.org/10.1016/j.cellimm.2008.08.007
http://www.ncbi.nlm.nih.gov/pubmed/18835598
http://www.ncbi.nlm.nih.gov/pubmed/18835598
https://doi.org/10.3851/IMP1709
http://www.ncbi.nlm.nih.gov/pubmed/21311105
http://www.ncbi.nlm.nih.gov/pubmed/21311105
https://doi.org/10.1093/infdis/jis646
https://doi.org/10.1093/infdis/jis646
http://www.ncbi.nlm.nih.gov/pubmed/23100562
https://doi.org/10.1111/j.1365-2141.2005.05452.x
http://www.ncbi.nlm.nih.gov/pubmed/15813855
https://doi.org/10.1016/j.celrep.2013.11.04
http://www.ncbi.nlm.nih.gov/pubmed/24360958
http://www.ncbi.nlm.nih.gov/pubmed/24360958
https://doi.org/10.1111/j.1365-2567.2007.02573.x
http://www.ncbi.nlm.nih.gov/pubmed/17346281
https://doi.org/10.1097/01.aids.0000050816.06065.b1
http://www.ncbi.nlm.nih.gov/pubmed/12598769
https://doi.org/10.1097/QAD.0000000000001380
https://doi.org/10.1097/QAD.0000000000001380
http://www.ncbi.nlm.nih.gov/pubmed/28225449
https://doi.org/10.1128/JVI.01541-18
http://www.ncbi.nlm.nih.gov/pubmed/30404799
https://doi.org/10.1111/cbdd.12020
http://www.ncbi.nlm.nih.gov/pubmed/22883213

	﻿﻿Abstract﻿

	﻿﻿﻿﻿Introduction﻿

	﻿﻿﻿Methods﻿

	﻿﻿Patients﻿

	﻿﻿﻿Polymerase chain reaction (PCR)﻿

	﻿﻿﻿Determination of cytotoxic activity﻿

	﻿﻿﻿Identification of NK cell number﻿

	﻿﻿﻿Identification of IFNα and IFNγ﻿

	﻿﻿﻿Statistical analysis﻿


	﻿﻿﻿﻿Results﻿

	﻿﻿Alloferon therapy efficiency analysis﻿

	﻿﻿﻿﻿NK cell content in peripheral blood﻿

	﻿﻿﻿﻿﻿﻿﻿Dynamics of cytotoxic activity of NK cells﻿

	﻿﻿﻿Dynamics of INFα and INFγ production﻿

	﻿﻿﻿Dynamics of clinical complaints﻿

	﻿﻿﻿Predictive significance of the NK cell number﻿

	﻿﻿﻿Predictive significance of the rate of induced IFNα production﻿


	﻿﻿﻿﻿Discussion﻿

	﻿﻿﻿Future directions﻿

	﻿﻿﻿Conclusions﻿

	﻿﻿﻿Supporting information﻿

	﻿﻿﻿﻿﻿Acknowledgments﻿

	﻿﻿﻿Funding﻿

	﻿﻿﻿Conflict of interest﻿

	﻿﻿﻿Author contributions﻿

	﻿﻿﻿Ethical statement﻿

	﻿﻿﻿Data sharing statement﻿

	﻿﻿﻿References﻿


