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ABSTRACT

AIM: The study aimed to assess the effectiveness of alloferon in human papillomavirus (HPV)-associated cervical neo-
plasia (grade I) based on the analysis of the cytokine profile in cervical mucus as well as markers of apoptosis in cervical
epithelial cells.

MATERIALS AND METHODS: The study enrolled 98 women, including 55 women of reproductive age with cervical in-
traepithelial neoplasia (CIN) associated with HPV infection and 43 conditionally healthy women without HPV infection. Factors
of cytokine response and markers of apoptosis under normal and pathology conditions were assessed and compared.

RESULTS: The imbalance of pro-inflammatory and anti-inflammatory cytokines, in favor of the latter, is an important
factor that supports the persistence of HPV-associated grade I CIN. Reducing caspase-3 and caspase-9, increasing inter-
leukin-18, and subsequent activation of interferon gamma against the background of alloferon use are favorable signs of
substantial elimination of the HPV.

CONCLUSIONS: The results of this study show considerable elimination of HPV in patients with grade | CIN when using
immunological antivirus therapy.
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AHHOTAUNA

Llenb — oueHKa 3QPEKTUBHOCTU NPUMEHEHMA annogepoHa Npy acCoLMMUPOBAHHBIX C BUPYCOM ManuIOMbl YeSloBEKa
(BMY) uepBMKanbHbIX HeonnaswAx | CTENEHM Ha OCHOBAHWMM aHanU3a LMTOKMHOBOMO NPOdUNA B LIEPBUKANLHOM CAKU3M,
a TaKKe MapKepoB anonTo3a B INMUTENNANbHbIX KNETKaX LIEMKM MaTKM.

Mamepuanel u Memodel. B uccnefoBaHme BowwnM 98 eHLWMH, U3 HAX 55 HEHLUMH penpoayKTUBHOr0 Bo3pacTa ¢ Liep-
BMKarnbHOW MHTpasnuTenuansHon Heonnasmei (Cervical Intraepithelial Neoplasia — CIN), accoummpoBaHHoii ¢ BUpycoM
nanunnomel Yenoseka (BMY), n 43 ycnosHo 3aopoBble BIY-HeraTuBHble eHLWMHBI. [lpoBefeHa cpaBHUTENbHAA OLiEHKa
(aKTOpOB LIMTOKMHOBOMO OTBETA U MapKepOB anonTo3a B HOPMe W Npy NaTtonoruu.

Pe3synomamel. [IncbanaHc npoBocnanmMTeNibHbIX M NPOTUBOBOCMANNUTENbHBIX LUTOKMHOB B NOMb3Y NOCNEOHUX — Ba-
HbI QaKTop, NOALEPHKUBAIOLLMIA NEPCUCTEHLMIO BUPYCA MaNMANOMbl YENOBEKA B SMUTENWK LUEHKU MaTKU NpU LEepBU-
KanbHOM WHTpasnuTenuansHoi Heonnasuu | cteneHn. CHMKeHMe NoKasaTenel Kacnasbl-3 M Kacnasbl-9, MOBbILLIEHWE
WHTEpNeNKMHa- 18 1, Kak cnefcTBue, akTMBaLMs MHTepdepoHa-ramma (IFN-y) Ha ¢oHe npuMeHeHus annogepoHa — bna-
FONpUATHBIE NMPU3HaKK, CNOCOBCTBYIOLLME BICOKOW CTEMEHM 3NMMUHALMM BUPYCa NanuIIoMbl YeNoBeKa.

3axnoyeHue. TonyyeHHble B Xofe NPOBEAEHHBIX UCCNEN0BaHUN OaHHblE CBUETENLCTBYIOT O BBICOKOM CTEMEHU 3M-
MWHaLMM NanunioMaBUPYCHOW UHPEKLMM Y NALMEHTOK C LIEPBUKANbHON WHTPasnUTENWanbHOM Heonnasuen | ctenenn
Ha GoHe NPMMEHEHWA MMMYHOMPOTMBOBMPYCHOM TEpanuMm.

KnioyeBble cnoBa: nanunnoMaBupycHasa MHGEKLMS; LepBUKaNbHaA MHTPA3NUTENMANbHAA HEOMNA3Us; LLUTOKUHDI; WUH-
TepnenkuH-18; dakTop HeKposa onyxonu anbda; MHTepPEpPOH-ramMma; Kacnasbl; BUPYC NanuoMbl YeNoBEKa; BUPYCHanA
Harpy3ka; annoepoH; pak LUeMKM MaTKW; NOSMMEPa3sHan LienHasA peakumus; reHoTUNMPOBaHWUE; BbICOKMI OHKOMEHHBIN
PUCK; annokuH-anboa.

Kak uutunposatb:

BuHorpanoea 0.M1., Angpeesa H.A., Enndatosa 0.B., Aptémora 0.1, 3dheKTMBHOCT NPUMEHEHWA MMYHOMPOTMBOBMPYCHOM Tepanim LiepBUKanbHBIX MH-
TPaaNUTeNManbHbIX HEONNasuwia | cTenexn Ha GoHe NanwiNoMaBypyCHOW MHPEKLMKM // ApxvB aKyLLEPCTBa W rHeKonorum uM. B.O. CHervpésa. 2021.T. 8,
N 3. C. 155-166. doi: 10.17816/2313-8726-2021-8-3-155-166

Pykonucb nonyyena: 04.05.2021 Pykonuck opobpeHa: 15.07.2021 Ony6nuKoBaHa: 15.09.2021

A
3KO®BEKTOP Bee MpaBa 3aLMLLEHb!
© 3xo-BexTop, 2021



OPUTMHATIBHBIE CTATBEN

In routine clinical practice, difficulties in managing pa-
tients with cervical intraepithelial neoplasia (CIN) are as-
sociated, first, with the lack of a standard treatment and
diagnostic and preventive measures for cervical precancer,
and second, with a lack of understanding of the processes
by which human papillomavirus (HPV) induces squamous in-
traepithelial lesions, the mechanisms of action of anti-HPV
drugs and, as a result, irrational methods of influencing cer-
vical tissue.

In this regard, it seems relevant to develop and clinically
test a method that utilizes the etiopathogenetic effect on the
initiating factors and cofactors of oncogenesis to create an
optimal radical effect in order to achieve complete regression
of the pathological focus. This will reduce the incidence of
cervical tumor transformation in women of reproductive age,
as well as improve the results of treatment and enhance the
quality of life of patients.

However, until recently, the model for studying the
mechanisms of cervical carcinogenesis and CIN development
remains quite unique and is frequently discussed among
other oncogynecological issues [1]. When HPV enters the
human body in the early stages, the processes of recognition
the infectious agent, inflammation, clearance, and cell death
are interconnected due to the control action of the innate
immune system. Among the range of endogenous modify-
ing factors responsible for the genesis of cervical epithelium
malignancy, local immune mechanisms are significant, par-
ticularly cytokine regulation of the local immune response
to HPV [2, 3]. A complex of lymphoid structures, phagocytic
cells, including macrophages of cervical stromal tissues, and
secretory humoral and cytokine factors provide local anti-
infective protection.

Cytokines, which represent a wide group of intermo-
lecular interaction factors, play a major role in the regu-
lation of the immune response. These include interferons
(IFN), interleukins (IL), and growth factors [4, 5]. It has been
proven that IL-18, which is a pro-inflammatory cytokine,
independently (FasL) or through IFN-y (Fas) stimulates the
initiation of apoptosis. Fas/FasL is a receptor-ligand system
underlying one of the main receptor-dependent pathways
of apoptosis. Natural killers (NK cells) are the fundamen-
tal factors of antiviral protection in the early stages of im-
mune processes, and they implement rapid cytolysis after
HPV penetration. Although NK cells implement a cytotoxic
reaction without an extensive immune response, they re-
quire preliminary activation regulated by the cytokines IL-2,
IL-15, and IL-18 [6].

The cytoplasm of NK cells contains granules with the
protein perforin (cytolysin), which plays the main role. Due
to stimulated exposure, the contents of the intracellular gra-
nules of NK cells are released into the extracellular space
after HPV penetration [7, 8]. Perforin is incorporated into
the target cell membrane and forms transmembrane pores,
which induces cell death as the cell contents leak out through
these pores, thereby initiating apoptosis.
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In addition, IL-18 is able to stimulate the production of
IFN-y. The properties of IFN-y include the induction of an-
tiviral protection and antiproliferative action due to the ac-
tivation of cells of the monocyte—-macrophage system and
an increase in their ICE activity (ICE is an IL-1-converting
enzyme) [5].

Tumor necrosis factor a (TNF-a) is one of the main rep-
resentatives of the TNF-a family of cytokines. It is an in-
ducer of apoptosis and is recognized by receptors similar in
structure to Fas. This group of cytokines has both antitumor
cytotoxicity and inflammatory and immune reactivity effects.
TNF-a is the main external mediator of apoptosis. Some au-
thors have established that tumor necrosis factor secreted
by monocytes, macrophages, and T-lymphocytes triggers an
intracellular cascade of caspase activation [9, 10].

Intracellular proteins and enzymes associated functio-
nally with clusters of differentiation play a significant role
in the mechanisms inducing apoptosis under the influence of
the transforming action of HPV. Cellular caspases (caspase is
a cystein aspartate-specific protease) are central mediators
and effectors of apoptosis responsible for the intracellular
propagation of the apoptotic signal and the final implemen-
tation of the apoptotic program. The process of apoptosis is
multistage and accompanied by a cascade of caspase reac-
tions [11]. The process of programmed cell death can pro-
ceed in two ways, external and internal. One of the key links
in the internal mitochondrial pathway is caspase 9, which is
activated by its precursors after cell DNA damage. Regard-
less of the pathway through which apoptosis is induced, its
final stage is the activation of effector caspase 3. Violation
of interactions at any stage of apoptosis can lead to various
consequences, ranging from impaired elimination capabilities
to progression to atypia.

There are currently no studies on cytokines changes and
caspase expression in CIN development, as well as data
evaluating the levels of caspases and their activity in cervi-
cal epithelial cells at different stages of cervical cancer (CC)
development.

This study aimed to evaluate the efficiency of using
Alloferonum in HPV-associated (CIN 1) based on analysis of
the cytokine profile, as well as markers of apoptosis in the
cervical mucus of these patients.

MATERIALS AND METHODS

A study was conducted on 98 women who presented for
an outpatient visit in the city of Penza from 2017 to 2019.
In the study, the female patients were distributed into two
groups: Group 1, comprising 55 patients with confirmed
HPV-positive cervical intraepithelial lesions grade 1; Control
group, comprising the remaining 43 women with a normal
cytological presentation, without HPV infection and, accor-
dingly, had the NILM category according to oncocytology.
Examination of the control group provided the results of the
physiological norm of the parameters under study.
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The women examined were aged 18 to 49 years, and the
average age of women in the CIN | and control groups was
27.05+0.51 years and 30.41+1.07 years, respectively.

The study was approved by the local ethics committee
of the Penza Institute for Postgraduate Medical Education,
a branch of the Russian Medical Academy of Postgraduate
Education (No. 12 of December 17, 2018), and the patient in-
formed consent forms were also approved. Informed consent
was obtained from all patients for participation in the study
and publication of their medical data.

To develop new approaches for treating human papillo-
mavirus infection, cytokine response factors and apoptosis
markers were evaluated in women with grade 1 CIN asso-
ciated with HPV infection (group 1), and their changes were
compared with those of conditionally healthy women without
HPV (control group), who had normal oncocytological smear
parameters from the cervix and a normal colposcopic pre-
sentation.

The inclusion criteria for Group 1 were the presence
of high-risk HPV virus replication in the cervical canal, as
detected by polymerase chain reaction (PCR); histologically
confirmed CIN I; the absence of therapy with drugs that could
influence the results of the study during the last 6 months
before the start of the study; adequate contraception in wo-
men of childbearing age (use of a barrier method of contra-
ception); written informed voluntary consent of the patient
to participate in the study and use her medical data; type 1
and 2 transformation zone; “normocenosis” according to the
results of the assessment of the lower gynecological tract;
and patient compliance.

Exclusion criteria included age under 18 years and over
49 years; pregnancy; lactation; severe somatic pathology; the
intake of drugs that could affect the parameters studied; the
presence of decompensated diseases or acute conditions, in-
cluding concomitant mental illnesses; the presence of other
sexually transmitted infections; and inability to follow the
protocol.

Withdrawal criteria from the study were taken into ac-
count, that is, the appearance of exclusion criteria during the
study, individual intolerance to the drug during the study,
non-compliance with the regimen of taking the drug, and the
patient’s decision to withdraw from the study.

To assess the cellular composition and identify atypical
epithelial cells, a cytological study of smears from the cer-
vix of the examined women was performed. The material
for cytological examination was a swab from the cervical
canal, transformation zone, and surface of the cervix, ob-
tained using a disposable cervical brush. Cervical smears
were stained according to Papanicolaou. The results of the
cytological study were evaluated according to the general
provisions of the Bethesda informative classification system
developed in the USA in 1988 [12].

Detection and differentiation of HPV DNA was per-
formed by PCR with hybridization-fluorescence detection of
AmpliSense® HPV high carcinogenic (HRC) screen-titer-FL,
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according to the manufacturer’'s recommendations (Central
Research Institute of Epidemiology, Moscow). The set of
reagents was designed to detect and quantify HPV DNA of
high HRC including types 16, 18, 31, 33, 35, 39, 45, 51, 52,
56, 58, and 59 in clinical material. The method is based on
the simultaneous amplification of HPV DNA regions and a
DNA region of the B-globin gene, which was used as an
endogenous internal control, with endpoint hybridization-
fluorescence detection (FEP format). Scraping discharge
from the cervical canal was used as the material for PCR
diagnostics. The final diagnosis was made using a multifo-
cal biopsy from suspicious areas identified during a colpo-
scopic examination.

The local immune status was investigated during the col-
lection of cervical mucus, and the material for determining
the levels of caspase 3 and caspase 9 was cell scraping from
the cervical canal, which was obtained using a disposable
cervical brush. Cytokines were determined by competitive
enzyme immunoassay (ELISA) using the Vector-BEST re-
agent kit (Novosibirsk). The results were recorded accord-
ing to data from the standard calibration curve, followed by
the calculation of the cytokines concentration in the studied
samples. The results were expressed in pg/ml.

To determine the expression levels of caspase 3 and
caspase 9, a kit of reagents from Cloud-Clone Corp., de-
signed for the quantitative determination of CASP3 by a
sandwich ELISA method in tissue homogenates, cell lysates,
cell culture supernatants, and other human biological fluids,
was used.

Statistical analysis of the data was performed using eva-
luation methods and the STATISTICA 9.0 program. Descriptive
statistics were also used to summarize the data. statistical
analysis of the indicators was performed using the Fisher
angular transformation method. The difference between the
compared data was considered significant at p < 0.05.

RESULTS AND DISCUSSION

Analysis of the immunological parameters of interest in
the cervical mucus of patients with CIN | associated with HPV
infection revealed common patterns when compared with
each other, as well as with the control group (Table 1).

Although IFN-y has a direct antiviral and immunosti-
mulatory effect, under certain circumstances, it can be an
immunosuppressant and a factor contributing to HPV per-
sistence [2]. Several authors noted that activation of HPV IFN
gene expression leads to an increase in IFN-y concentration
in the blood of patients infected with HPV [13]. The highest
activation of the IFN system was triggered by HPV types with
a high oncogenic risk [14].

A significant difference in the mean IL-18 level was found
in the group with CIN | (8.97+0.12 pg/ml) compared with the
control group (8.12+0.07 pg/ml).

It should be noted that in patients with CIN |, when com-
pared with a group of healthy women (n=43), changes in local
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Table 1. Cytokine levels in the cervical mucus in the examined groups of women, M+m

Study group IFN-y, ng/ml IL-18, ng/ml TNF-a, ng/ml
CIN | (n=55) 123.85+1.66** 8.97+0.12* 2.76+0.05
Control group (n=43) 89.44+0.85* 8.12+0.07* 2.66+0.05

*Significant difference between both groups (Mann-Whitney test, p < 0.05); **tendency toward a significant difference.

protection parameters were characterized by an increase in
the concentrations of IFN-y, IL-18, and TNF-a.

There was no significant difference in age of the patients
in both groups (p=0.47).

According to the proposed study design, we subse-
quently analyzed the markers included in the study to as-
sess the severity of apoptosis, i.e., the activity of caspase 3
and caspase 9 in cervical epithelial cells was determined.
However, we could not find the norms for caspase 3 and
caspase 9 obtained by the ELISA technique.

In this regard, to determine the norm values of these pa-
rameters, patients from the control group were examined,
and then the activity of caspase 3 and caspase 9 was de-
termined in the group of patients with HPV-associated CIN |
(Table 2).

Due to apoptosis in healthy cells for the regulation of
normal processes, the values obtained for the markers in
the control group indicate the presence of natural death,
through which the regulation of cell renewal in the cervical
zone occurs.

When determining the levels of caspase 3 and caspase 9,
the parameters in the group with CIN | differed significantly
from those in the control group. The change in the activity
of apoptosis markers in the group of HPV-positive patients
with CIN | compared to the control group indicates the effect
of HPV on cervical epithelial cells by stimulating apoptotic
processes. To activate the process of programmed cell death
via an external or internal pathway, a trigger must act on the
cell receptors; in this case, HPV plays such a role. Thus, the
results obtained suggest that HPV, penetrating the cell, even
in its episomal form, can influence the vital activity of the cell
due to the activation of death receptors on the outer mem-
brane and by affecting the mitochondria. These interactions
lead to an increase in apoptosis as a protective reaction of
a damaged cell, that is, in HPV-associated CIN I, apoptosis
is increased due to continuous stimulation of epithelial cell
receptors.

In the next stage of the study, all patients with CIN |
(group 1) were distributed into two subgroups of equal size:

+ subgroup 1a included 28 patients with CIN | who

received therapy with Alloferonum (Allokin-alpha)
according to the protocol;

» subgroup 1b included 27 patients with CIN | who were

under follow-up without the use of therapy.

There was no significant difference in age of the patients
in both subgroups (p=0.5941).

The control group was not divided into subgroups.
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Alloferonum (Allokin-alpha) is an oligopeptide that ac-
tivates the natural killer system, capable of stimulating the
recognition and lysis of defective cells by cytotoxic lym-
phocytes. In addition, Alloferonum induces the synthesis of
endogenous interferons, mainly IFN-y, activates cytotoxic
CD3"HLA-DR+ T cells even against the decrease in the ab-
solute count of CD3+CD8+ cells, which is important for the
implementation of the antitumor and antiviral response.

After the administration of Alloferonum, the following
effects are noted.

1. An increase in IFN-y synthesis and a 37-fold and
32-fold increase in its concentration in the cervical mucus
compared with the initial level and the control group, respec-
tively [15].

IFN-y activates the effector functions of neutrophils,
macrophages, cytotoxic T-lymphocytes, and NK, since these
cells have receptors for this interferon. They increase cyto-
toxicity, microbicidal activity, and the production of cytokines,
nitrooxide radicals, and superoxide radicals, which leads to
the death of intracellular parasites, including viruses.

In addition, IFN-y inhibits the anti-inflammatory IL-4 and
B-cell response but enhances the production of pro-inflam-
matory IL-2, which stimulates the proliferation of T-killers.

IFN-y increases the expression of major histocompati-
bility complex antigens of classes 1 and 2 on various cells,
and induces the expression of these molecules even on cells
that do not express them constitutively. This leads to an in-
crease in the efficiency of antigen presentation and the ability
of T-lymphocytes and NK to recognize antigens.

2. A 24-fold increase in the concentration of IL-1 com-
pared with the initial level [15].

This cytokine can induce NO synthases, thereby increa-
sing the production of nitric oxide by phagocytes, which is
involved in the processes of phagocytosis.

3. A 3.4-fold and 2.7-fold increase in the concentration
of nonspecific enterase compared with the initial level and
the control group [15]. An increase in macrophage activity

Table 2. The level of caspase 3 and caspase 9 in the study
groups — control and CIN |

Study group Caspase 3, ng/ml | Caspase 9, ng/ml
Control group 0.18+0.04 0.21+0.03
(n=43)
CIN I (n=b5) 2.27+0.03* 2.3120.05*

*Caspase activity differed significantly between the groups
(according to Wilcoxon—-Mann-Whitney criteria, p <0.05).
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also illustrates an increase in the concentration of myelo-
peroxidase.

Nonspecific enterase is a cytoplasmic enzyme of dendritic
cells and T-killers; therefore, it can be concluded that their
activity is also proportionally increased.

4. In the complex treatment of severe dysplasia of the
cervical epithelium and CC, the use of Alloferonum leads to
a significant decrease in the levels of the immunosuppressive
proteins TGF-B and FOXP3, which block the activation of lym-
phocytes and macrophages, and also enhance angiogenesis
in the tumor.

It should be emphasized that these changes develop at
the location of the infectious agent or tumor tissue, and not
systemically.

The most interesting general immune effect resulting
from the use of Allokin-alpha is an increase in CD4 concen-
tration from 32.8% to 50.54% by days 12-18 from the start of
treatment and correction of the CD4/CD8 immunoregulatory
index from 1.16 to 2.00 [16].

After the treatment, all patients underwent strict fol-
low-up, including clinical and cytological examination, as
well as extended colposcopy and HPV testing (HPV testing
was performed 3, 6, and 12 months after the treatment).

Due to the availability of multiple evidence that the an-
tigen dose can affect the activity and nature of the immune
response [12], we investigated the relationship between HPV
concentration in cervical scrapings and indicators of local
and systemic immunity in women with CIN | before and after
treatment.

HPV viral load changes were noted. Therefore, among
patients in the CIN | (1b) case follow-up subgroup, 2 (7%) pa-
tients showed a decrease in viral load after 3 months, and
4% of patients did not have HPV infection. In subgroup 1a,
viral load decreased in 14%, and HPV was not detected in 7%
of patients. Thus, the most favorable results after 3 months
were recorded in patients who used antiviral therapy. When
analyzing the results obtained, a significant difference
was noted between the subgroups after 3 and 12 months
(Table 3).

When analyzing the viral load changes in the subgroups
after 6 months, the following results were obtained. In sub-
group 1b, 15% of patients had values below 3 Ig, and the
virus was not detected in 7% of cases. In subgroup 1a, 10%
of patients had a lower concentration of the virus, and the
virus was not detected at all in 21% of patients.

Table 3. Comparison of indicators in patients of subgroups with CIN |
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Fig. 1. Evaluation of the effectiveness of therapy in the study
subgroups.

After 12 months, in subgroup 1b, the viral load decreased
below the clinically significant level (less than 3 Ig) in 4% of
patients, and the virus was not detected in 11% of cases. In
subgroup 1a with antiviral treatment, 11% of women had a
decrease in viral load, and HPV was not detected in 29% of
women after 12 months.

For the convenience of data interpretation, the concept
of “efficacy” was adopted, which was defined as the total
indicator of the absence of viral load and a decrease below a
clinically significant concentration (Fig. 1).

Figure 1 shows that a decrease in viral load and/or com-
plete elimination of HRC HPV in the subgroup that received
treatment was noted in 30% of women after 3 months and
63% of women after 12 months, whereas in the patients of
the other subgroup under case follow-up, this indicator after
12 months did not exceed 20%.

Based on the analysis of the data obtained, it was found
that the patients in subgroup 1b with re-diagnosed HPV in-
fection were of the older age group (41-49 years old), had
bad habits including smoking more than 10 cigarettes a day,
and a loaded obstetric history with 2 or more abortions.

Distinctive aspects of the cytokine profile of patients
with CIN | from subgroup 1a, 10 days after treatment with
Alloferonum, were a noticeable increase in the level of IL-18
from 8.82 + 0.21 to 12.61 = 0.35 pg/ml. After 12 months of
follow-up in subgroup 1a, the level of IL-18 decreased insig-
nificantly, but remained higher than the initial value.

CIN I, subgroups, Mtm

Indicator
1a 1b
Viral load of Ig HPV/10° epit. cells before treatment 4,48+0,10 4,47+0,10
Viral load of Ig HPV/10° epit. cells after 3 months 4,52+0,09 4,51+0,09
Viral load of Ig HPV/10° epit. cells after 12 months 3,31+0,26* 4,25+0,21*

*Significant difference between the subgroups (Mann-Whitney test, p <0.05).
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Fig. 2. The concentration of IL-18 in the cervical mucus of the
studied groups of women with CIN I, pg/mL.

In the subgroup 2 of patients with CIN | (1b), who were
under the case follow-up, the IL-18 level during the study
did not change both after 10 days and 12 months, and cor-
responded to the initial indicator of 9.11+0.10 pg/ml (Fig. 2).

The reduced level of IL-18, which is significant in the
formation of an immune response involving CD8* T-lympho-
cytes in the cervical mucus of patients with CIN I, is probably
associated with the immunosuppressive effect of the HPV
E6 protein. It is the Eé protein that binds to interleukin-18,
which is the main inducer of interferon gamma, leading to a
blockade of cellular cytotoxic immune reactions.

Attention was paid to a wide range of fluctuations in
the level of IFN-y in women who used Alloferonum. IFN-y
significantly increased in the patients of subgroup 1a from
127.32+2.60 to 159.65+4.83 pg/ml, respectively, 10 days
after treatment in comparison with patients of subgroup 1b
(Fig. 3).
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Fig. 3. The concentration of IFN-y in women with CIN | associated
with papillomavirus infection, pg/ml.

Given the activating effect of IL-18 on the synthesis of
IFN-y and the antiviral immune response, an increase in its
level 10 days after exposure to Allokin-alpha can be consi-
dered a positive aspect of therapy.

Previous studies have shown that TNF-a inhibits the pro-
liferation of healthy epithelial cells of the cervix, and in the
case of infection of the epithelium with HPV types 16 and
18, the same TNF-a already stimulates the proliferation of
affected cells [13].

Insufficient production of TNF-a maintains long-term per-
sistence of the virus and causes malignant transformation
of epithelial cells, which in turn leads to the formation of a
cervical intraepithelial lesion (Fig. 4).

Inhibition of apoptosis can occur as a result of a con-
stant, long-term effect of various groups of cytokines on the
caspase cascade. Changes in the cytokine profile in compa-
rison with those of healthy women are presented in Table 4.

Table 4. Comparison of the indicators of the study groups (changes in the cytokine profile) with the indicators of the control group

Control CINI, After 10 days After 12 months Significance level
Indicator | group before sub
- gr. 1a | subgr. 1b | subgr. 1a | subgr. 1b
(n=43) treatment (1=28) (n=27) (1=28) (n=27) P, P, Py p,
IFN-y, 89.442 123.85+ 159.65+ 116.46+ 127.23+ 115.68+  0.0000 0.0974 0.0644  0.002
ng/ml 0.85 1.66 4.83* 1.66* 3.96* 1.80*
P, P Ps P, P2 Ps
IL-18, 8.12+ 8.97+ 12.61x 9.12+ 11.58+ 9.10 0.0000 0.0000 0.2897  0.001
ng/ml 0.07 0.12* 0.35* 0.10* 0.21 0.10*
Py Py P3 P, P2 P3
TNF-q, 2.66 2.76x 2.72+ 2.79+ 2.73+ 2.80+ 0.5135 0.5190 0.6000 0.001
ng/ml 0.05 0.05 0.08* 0.06* 0.08* 0.06*
P, Py Ps P, P2 Ps

The symbol * indicates values that have significant differences with the control group (Mann-Whitney test, p <0.05); p, — significant
difference in the parameters of subgroup 1a compared with subgroup 1b after 10 days (p <0.05); p, — significant difference in the
indices of subgroup 1a compared with subgroup 1b after 12 months (p <0.05); p, — significant difference in the indices of subgroup
1a compared with values before treatment (p <0.05); p, — significant difference in the indices of subgroup 1b with values before

treatment (p <0.05).

DQl: http://daiorg/10.17816/2313-8726-2021-8-3-155-166

161



162

ORIGINAL ARTICLES

[] Before treatment
1 10 days after treatment

Tom 8, N2 3, 2021

ApxviB aryLepcTBa 1 rHexonorvv um. B@. CHervipésa

The Eé protein mentioned above, along with other
E-group proteins, is responsible for virus replication and host
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Fig. 4. The concentration of TNF-a in the cervical mucus of the
studied groups of women with CIN I, pg/ml.

When analyzing the changes in viral load together with
the cytokine profile in the study groups and considering the
possibility of the effect of the virus on the processes of apop-
tosis inside the cell, 3 and 6 months after the treatment, we
determined the levels of caspase 3 and caspase 9 and ob-
tained the following results (Table 5).

Analysis of the caspase 3 and caspase 9 values in the
subgroups after 3 and 6 months revealed that all indicators
differed significantly between the subgroups and relative to
the values before treatment. The values of caspase 3 and
caspase 9 in subgroup 1b were lower than their values for
the same period in subgroup 1a. It should be noted that the
dynamics of the decrease in the caspases 3 and 9 levels in
group 1b slowed down by the 6" month of follow-up. If, the
level of caspase 3 in group 1b decreased by 42% from the
initial level compared to 22% in the group 1a after 3 months,
then the decrease was 14% in the group 1b and 12% in the
group 1a after another three months. The situation was similar
with caspase 9, but less significant. Apparently, for more inten-
sive treatment, a repeated course of Allokin-alpha is required
three to four months after the start of treatment (Table 6).

group 1a[19, 201.

Since, during the formation of CIN |, the virus penetrates
the epithelial cells of the basal layer and is in an episomal
form, this allows HPV to remain unrecognized by the immune
system. According to some researchers, mild cervical neo-
plasia indirectly indicates the activity of the immune system,
and it is possible that the established level of caspases is
sufficient for the lysis of atypical cells. However, under the
influence of antiviral treatment in patients, the process of
lysis of virus-infected cells of the stratified squamous epi-
thelium occurred more intensively, since under the influ-
ence of Alloferonum, T-lymphocytes were activated due to
an increase in the availability of cells affected by the virus,
as evidenced by a more dynamic decrease in the levels of
caspase 3 and caspase 9 in subgroup 1a.

CONCLUSION

The results obtained confirm the changes in the immune
status that occur under the influence of HPV. The process of
cell self-destruction is multistage and polycascade, involving
several components of the cellular vital activity.

The revealed imbalance of pro-inflammatory and anti-
inflammatory cytokines in favor of the latter is an impor-
tant factor supporting the persistence of HPV in the cervical

Table 5. Comparison of the caspase 3 and caspase 9 levels at 3 and 6 months after treatment

After 3 months After 6 months Significance level
Control
Indicator roup |CIN | before
(9_4?5 treatment | subgr. 1a | subgr. 1b | subgr. 1a | subgr. 1b
= (n=28) | (n=27) | (n=28) | (n=27) Pi P2 Ps P
Caspase 3, 0.179+ 2.772+ 1.613 21642 1.391+ 1.904+  0.0308 0.0029 0.001  0.002
ng/ml 0.02 0.03* 0.04* 0.05* 0.04* 0.05*
P, P P3 P, P2 P3
Caspase 9, 0.213+ 2311+ 1.474% 1.904% 1.029+ 1.673+  0.0028 0.001 0.003  0.001
ng/ml 0.03 0.05* 0.05* 0.05* 0.05* 0.05*
P, Py P3 P, P2 P3

Note: Statistical significance of the changes in caspase 3 and caspase 9 activity was assessed according to the Wilcoxon-Mann-
Whitney criteria. The symbol * indicates values that have significant differences with the control group (Mann-Whitney test, p <0.05);
p, — significant difference in the parameters of subgroup 1a compared with subgroup 1b after 3 months (p <0.05); p, — significant
difference in the indices of subgroup 1a compared with subgroup 1b after 6 months (p <0.05); p, — significant difference in the indices
of subgroup 1a compared with values before treatment (p <0.05); p, — significant differences in the indices of subgroup 1b compared
with values before treatment (p <0.05).
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Table 6. Analysis of the cytological results and detectability of CIN | in the study groups after 12 months

TBS category change* as a result of treatment**

CIN I, subgroup 1a (n=28)

CIN I, subgroup 1b (n=27)

CINI, %
NILM, %
CINII, %

27.90 44.19
72.09 39.53
0.00 16.27

* Bethesda terminology system; ** according to liquid oncocytology; NILM — result negative for dysplasia or cancer.

epithelium in grade 1 CIN. An increase in the level of the
cytokine IL-18 indicates a change toward cellular immu-
nity, stimulation of IFN- and Fas-ligand-mediated apoptosis,
which probably contributes to the elimination of HPV.

The protective mechanisms against the infection of
healthy cells proceed with the participation of initiating
caspase 9 and effector caspase 3. A decrease in the values
of caspase 3 and caspase 9 is a favorable sign, since the
intensity of apoptosis decreases in the absence of an HPV
trigger effect on the cell.

During the study, the efficiency of treatment depen-
ding on the chosen approach was analyzed, which showed
that the greatest elimination of HPV infection was recorded
in patients who were treated with the antiviral drug Al-
lokin-alpha.

DQl: http://daiorg/10.17816/2313-8726-2021-8-3-155-166

For the fastest elimination of the pathogen, normalization
of the colposcopic presentation, and complete recovery of
patients, a repeated course with Allokin-alpha 3—-4 months
after the start of treatment can be recommended.
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