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Pesome. PeripoiyKTUBHBIN MOTEHIIMAJT KaK KEHIIWH, TAK U MYy>XXYWH €XeTOAHO CHUXaeTcs. HapyleHuto
PEenpoOayKTUBHON (DYHKIIMU CITOCOOCTBYIOT MHOXECTBO (haKTOPOB — XUMUYECKUE, (hU3UYECKUe, MEXaHU-
yeckue, TICUXOTeHHbIe, OMHAKO HauboJjiee BbIpakeHHOE BIAUSIHUME Ha PEMPOAYKIIUIO OKa3bIBalOT OMOIOIHM-
yeckue (hpakTopbl. XpOHUYECKUI BUPYCHBIN LIEPBULIMT MOXKET SIBISITHCSI HE TOJIBKO MPUUYUMHON OecTIonus u
PeTIPOMYKTUBHBIX ITOTEPh, HO U Pa3BUTHEM MHTPASNUTEINATbHBIX IUCIIIA3MiA, a TAKXKE paKa IIeiiKy MaTKU.
TIBH, kak MOHOUH@EKIIMSI, BCTpedyaeTcsl 10CTaTOYHO peako, Hapsay ¢ BITY, obmumu nyTsaMu nepenadyu u
BXOJHBIMU BOPOTAMMU, BBICTYIAIOT APYyTUe yporeHUuTajlbHble nHMeKkIu. HanboJsiee yacTHOU accoumanueii ¢
T1BU saBsnsiercs repriecBUupycHast uHgekuus. YeeauueHue MMP kak cucteMHoO, Tak U Ha JIOKaTbHOM YPOBHE
MOXKET CBUIETEIbCTBOBATh O HAPYILIEHUM MPOILIECCOB KJIETOUHOIO MOASIUPOBAHNSI, YTO CIIOCOOCTBYET pas-
BUTUIO ayTOMMMYHHOT'O BOCTIaJIeHUE C JaJIbHEHMIIIEN NJeCTPyKILMEe TKaHEW PeNpOIyKTUBHOTO TpaKTa. AKTH-
Bauuss MMP criocoocTByeT Bhixomy BITT n3 HepBHBIX TaHTIMEB U peakTuBanuu nHekuu. Teparmusg BITY u
I'BU HOCUT mucKyTabeIbHBIN XapakTep. EnmHOTrO cTaHgapTa JIeUeHUs HET, HO CYIIEeCTBYET PSI IIPeIrapaToB,
KOTOpbIE 00JIaaloT MPOTUBOBUPYCHBIM U UMMYHOMOIYJIUpyomuM 3¢ dektamu. B HacTodiee Bpems OT-
CYTCTBYIOT uccienoBanust auHaMuku BiaustHus BITY u BIIT nndexkuuu Ha coctosiHue MMP u TIMP nipu
Tepanuu Inosine pranobex. Llenb uccienoBaHus — OLEHUTb UBMEHEHNS MATPUKCHBIX METAJIJIONPOTENHA3 2
1 9 M UX TKaHeBbIX UTHTUOUTOPOB 1-ro M 2-TO TUIIA y TTALIMEHTOK C MaluIOMaBUPYCHOM 1 TepIieTUUEeCKOM
VHEeKIUIMU 1ocie Tepanuu Inosine pranobex.

[IpoBeneHo obciiemoBaHue 76 NAaLMEHTOK C HNATMJIOMaBUPYCHOM U repreTUYeCKOil MHMPEKIMIMU, 10~
JIy4aBLIWX Tepamnuio mpenapartamu c IefCcTBYOIIUM BellecTBOM Inosine pranobex. OnpenesieHue ypoBHel
MMP-2, MMP-9 u TIMP-1, TIMP-2 B cbIBOPOTKE KPOBU MPOBOAWIN C TOMOIIbIO CIeU(pUUIECKUX peaK-
TuBOB pupMbl R&D Diagnostics Inc. (CLIA).
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JdvuHamuka rokasaresieid B CBIBOpOTKe KpoBU naimeHTokK ¢ [IBU nokasana cHuxkeHue ypoBHS MMP-2,
MMP-9, TIMP-1 ¢ onHoBpeMeHHbIM ToBbIIIeHUEM TIMP-2 oTHocuTenbHO MoKa3aTejaeil 10 Tepamuu.
¥ nanmenTok ¢ [1BU u 'BU Tepanusa Inosine pranobex moka3saia CHU>KeHue rmokas3areneii MMP-2 u MMP-
9, orcyrcTBUE U3MeHeHul B coaepxaHuu TIMP-1, HO TToBbIIIEHHE CBIBOPOTOYHOTO conepxkanus TIMP-2.
o mpuMeHeHuUsl Tepanuy ObLIO YCTAaHOBJICHO MOBbIIeHUE KO3 dUIIMEHTAa B OCHOBHBIX IPYyMIiax B CpaBHE-
HUU C TPYIIION KOHTPOJISI, OIHAKO HauOOoJIbliliee yBETUUEHUE YCTAHOBJIEHO B IPYIINe ¢ accouualeil nHdek-
nuii. [Tocne Tepanuu ycTaHOBJIEHA MOJIOXUTEIbHAS TMHAMUKA B OCHOBHBIX rpyrmax. Tak, koadduiimeHTt B
I rpyrnime cHU3WIICS U CTayl paBeH KOHTPOJIbHBIM 3HaueHusM. Bo Il rpynme nmanyueHToK KO3 dUIIUEHT, He-
CMOTDSI Ha CHUKEHHME, OCTAJICS BbILLIE KOHTPOJIbHBIX BEJIMUMH U BbILIE B CPABHEHUU C | rpyrmnoi KeH W H.

Karouesvie crosa: supyc nanuitomol yenoseka, eepnemuteckas UHQeKyus, MampuKcHole Memaniionpomeurassl, MKaHegvie
uneubumopwl, npomueogupycnas mepanus, Inosine pranobex

EVALUATION OF THE INFLUENCE OF INOSINE PRANOBEX ON
THE MATRIX PROTEIN SYSTEM IN PATIENTS WITH CHRONIC
VIRAL CERVICITIS
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Abstract. The reproductive potential of both women and men is declining every year. Many factors contribute
to the violation of the reproductive function — chemical, physical, mechanical, psychogenic, however,
biological factors have the most pronounced effect on reproduction. Chronic viral cervicitis can be not only
the cause of infertility and reproductive losses, but also the development of intraepithelial dysplasia, as well as
cervical cancer. PVI, as a monoinfection, is quite rare along with HPV. Other UGIs (urogenital infections)
act as common routes of transmission and entry gates. The most common association with PVI is herpesvirus
infection. An increase in MM P, both systemically and at the local level, may indicate a violation of cell modeling
processes, which contributes to the development of autoimmune inflammation with further destruction of the
tissues of the reproductive tract. Activation of MMP promotes the release of HSV from the nerve ganglia and
reactivation of the infection. Therapy for HPV and HVI (herpes virus infections) are debatable. There is no
single standard of treatment, but there are a number of drugs that have antiviral and immunomodulatory effects.
Currently, there are no studies on the dynamics of the effect of HPV and HSV infection on the state of MMPs
and TIMPs during Inosine pranobex therapy. Objective: to evaluate changes in matrix metalloproteinases 2 and
9 and their tissue inhibitors types 1 and 2 in patients with human papillomavirus and herpes infections after
Inosine pranobex therapy.

6 patients with papillomavirus and herpetic infections were examined and treated with drugs containing the
active ingredient Inosine pranobex. The levels of MMP-2, MMP-9 and TIMP-1, TIMP-2 in blood serum were
determined using specific reagents from R&D Diagnostics Inc. (USA).

The dynamics of indicators in the blood serum of patients with PVI showed a decrease in the level of
MMP-2, MMP-9, TIMP-1 with a simultaneous increase in TIMP-2 relative to the values before therapy. In
patients with PVI and HVI, Inosine pranobex therapy showed a decrease in MMP-2 and MMP-9 levels, no
changes in the content of TIMP-1, but an increase in the serum content of TIMP-2. Prior to the use of therapy,
an increase in the ratio in the main groups in comparison with the control group was found, however, the
largest increase was found in the group with the association of infections. After therapy, positive dynamics was
established in the main groups. Thus, the ratio in group I decreased and became equal to the control values. In
the II group of patients, the ratio, despite the decrease, remained higher than the control values and higher in
comparison with the I group of women.

Keywords: human papillomavirus, herpes infection, matrix metalloproteinases, tissue inhibitors, antiviral therapy, Inosine pranobex
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Introduction

Currently, the demographic situation is one of the
most important issues all over the world, both from
a social and economic point of view. Reproductive
potential of both women and men is declining every
year. Many factors contribute to the violation of the
reproductive function — chemical, physical, me-
chanical, psychogenic, however, biological factors
have the most pronounced effect on reproduction.
Inflammatory diseases of the female reproductive
system play important role in the opposition, adhe-
sion and invasion of the ovum to the endometrium,
as well as in the further prolongation of pregnancy.
Up to 20% of spontaneous abortions and 6-7% of
non-developing pregnancies in the 1 trimester are
registered annually [1, 13].

According to data for 2021, the frequency of
infertility in the Russian Federation ranges from
17.2 to 24% [15]. According to the literature, one of
the main clinical markers of infection is cervicitis.
The high prevalence of cervicitis is associated with
an asymptomatic course of the disease, especially
with the viral nature of the pathogen. Chronic viral
cervicitis (CVC) can be not only the cause of infertility
and reproductive losses, but also the development of
intraepithelial dysplasia, as well as cervical cancer
[1]. The greatest etiological role in the development
of CVC is attributed to human papillomavirus and
herpesvirus infections.

According to statistics, after the first 2 years of
the onset of sexual activity, up to 82-84% of women
are considered infected with HPV. Voznesenskaya
N.V. (2013) found that having even one permanent
sexual partner, the risk of infection is 20% [13]. This
may affect the vulva, cervix and/or vagina. On the
vulva, PVI appears as genital warts. Most often, the
urogenital tract is affected by HPV types -6, -11, -16,
-18, -31, -35, -40, and -52 |2, 6].

Papillomaviruses are the only group of viruses for
whichithasbeen proven that theyinduce the formation
of tumors in humans under natural conditions. They
are most often induced by HPV type 16, which is
found in 50-80% of samples of moderate and severe
dysplasia of the squamous epithelium of the cervix
and in 90% of cervical cancer. Paying great attention
to HPV oncogenesis, only a few researchers have
studied the effect of PVI on fertility, and therefore this
issue is still controversial. Recent evidence suggests
that PVI can affect a woman’s reproductive function
and significantly reduce the effectiveness of assisted
reproductive technologies [5].

A systematic literature review from 1994-
2014 showed that the effect of PVI on a woman’s
reproductive potential is possibly associated with
the genotype of the virus, high or low oncogenicity,
at least in idiopathic cases of infertility. Thus, Souho
et al. (2015) in their study found that trophoblasts

transfected with plasmids carrying the HPV type 16
genome undergo apoptosis 3-6 times higher than
trophoblasts transfected with empty plasmids. This
process of apoptosis may be responsible for placental
insufficiency and failure of trophoblast invasion of
the uterine wall, which may eventually lead to early
miscarriage or premature rupture of the membranes.
The same opinion is shared by other authors [14].

PVI, as a monoinfection, is quite rare along with
HPV. PVH and other UGIs (urogenital infections)
act as common routes of transmission and entry
gates. Moreover, it has been proven that the presence
of other UGIs optimizes the conditions for HPV
persistence [4]. There is a whole range of infectious
agents, the presence of which leads to metabolic and
morphological changes in the endometrial tissue, and
disruption of its receptor apparatus, which leads to
infertility or early pregnancy loss [11, 13]. However,
the most common association with PVI is herpes virus
infection [11]. Herpesvirus infection is a predisposing
factor to spontaneous miscarriages or intrauterine
growth retardation; it also causes pathology of the
fetus and newborn, because cytopathic, teratogenic
and mutagenic effects [15]. There is also a hypothesis
that a herpes infection can stimulate HPV replication
and help integrate its genome into the host cell
genome [4, 12], which is an important condition for
tumor transformation.

This hypothesis is confirmed by other authors,
saying that the combination of HVI and PVI increases
the risk of manifestation of cervical neoplasia. Based
on the 2006 data presented by the World Health
Organization, it was believed that the main etiological
factor in the development of CC was HSV, but now
scientists have identified the true etiological factor in
CC — human papillomavirus, and HSV is considered
a cofactor [4]. Most people are carriers of the HSV
virus. The primary infection of a person can be either
one or several types of HSV that can circulate in the
human body throughout life. Many types of herpes
can persist for a long time, however, depending on
the state of innate and adaptive immunity, a recurrent
form of herpes infection may develop [4].

Currently, in the study of the morphology of the
tissues of the reproductive tract, much attention is paid
to the study of matrix metalloproteinases (MMPs) and
their tissue inhibitors (TIMPs). MMPs are involved
in many morphological processes of the tissues of the
female reproductive tract — proliferation, migration,
and apoptosis. MM Ps play a major role in the protein
metabolism of connective tissue, the processes of
normal development of the extracellular matrix,
and in oncogenesis and angiogenesis. An increase
in MMP, both systemically and at the local level,
may indicate a violation of cell modeling processes,
which contributes to the development of autoimmune
inflammation with further destruction of the tissues of
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the reproductive tract. MMP activation contributes
to the release of HSV from the nerve ganglia and
reactivation of the infection [7, 11, 14].

Studies have shown that an imbalance of MMP-2
and MMP-9 interferes with trophoblast invasion
and normal remodeling of the spiral arteries in early
pregnancy, which can lead to reproductive disorders.
In prolonged pregnancy, in the late stages, MMP-2
and MMP-9 are involved in the implementation
of endothelial dysfunction leading to antenatal
disorders [9, 12, 13].

Today, HPV and HVI therapy is debatable. There is
no single standard of treatment, but there are a number
of drugs that have antiviral and immunomodulatory
effects. The main goal is not only to eliminate
clinical symptoms, but also to reduce the likelihood
of recurrence of the infection [2], as well as the
maximum preparation of a woman for a safe pregnancy
and childbirth without complications for her and
the fetus. Scientists around the world agree that the
highest efficiency of HPV eradication is observed with
combined treatment, i.e., surgical and therapeutic,
with the help of immunomodulators. However, in
their studies with antiviral drugs of various origins,
they show high rates of cure, remission, elimination
of the virus from the body, but do not specify the
most effective antiviral and immunomodulatory drug,
which is important for the treatment of PVI [6].

One of the main medications used to achieve
an antiviral and immunomodulatory effect is a
pharmaceutical of synthetic origin, a purine derivative
“Inosinum pranobexum” [8]. Immunomodulating
manifestations are manifested by activation of innate
immunity, increased production of interleukins,
as well as chemotactic and phagocytic activity of
monocytes, macrophages and polymorphonuclear
cells, and increased antibody synthesis.

The potential of Inosin pranobex against viral in-
fections is also confirmed by an increase in the natural
killer (NK) population and increased NK activity [3,
10]. Chemotaxis and phagocytosis of neutrophils,
monocytes, and macrophages are also potentiated by
Inosin pranobex, while the NK activity of eosinophils
is enhanced by an increase in the amount of 1gG
and complement surface markers triggered by the
administration of Inosin pranobex [10]. The humoral
immune response is mainly enhanced by stimulating
the differentiation of B-lymphocytes into plasma cells
and increasing the production of antibodies [10].

Various hypotheses have been put forward in an
attempt to explain the antiviral properties of Inosin
pranobex. It is believed that the antiviral activity of
Inosin pranobex is the result of an increase in the
host’s immune response due to the drug [10]. From
this point of view, the drug enhances the biochemical
processes in lymphocytes as soon as they are triggered

by viral antigens, since it is not able to independently
stimulate lymphocytes at rest [3, 10].

Currently, there are no studies on the dynamics of
the effect of HPV and HSV infection on the state of
MMPs and TIMPs during Inosine pranobex therapy.
Purpose of the study: To assess the dynamics of the
level of matrix metalloproteinases 2 and 9 and their
tissue inhibitors of types 1 and 2 in patients with
human papillomavirus and herpes infections before
and after Inosine pranobex therapy.

Materials and methods

We examined 76 female patients. The average
age of the patients was 33+1.7 years. The patients
were divided into a main group depending on the
etiological factor and a control group of practically
healthy women (n = 30). The main group: I — with
papillomavirus infection in a monovariant (n = 22),
and II — association of papillomavirus and herpes
infection (n = 24). At the first stage of the research,
the levels of MMP and TIMP were determined be-
fore Inosine pranobex therapy. At the second stage,
all patients of the main group were prescribed Inosine
pranobex therapy and in the second group, with the
association of PVI and HVI, Valacyclovir was included
in the scheme in combination with the main therapy.

The therapy was carried out on the basis of cli-
nical protocols and taking into account the inclusion
of drugs with an immunomodulatory effect with
according to the instructions for their use.

Inosine pranobex was prescribed at a dose of
50 mg/kg/day, divided into 3 doses, per os after meals,
28 days in the form of mono- or combination therapy.
Valaciclovir was prescribed per os at a dose of 500 mg
2 times a day for 10 days, then 500 mg 1 time a day for
20 days.

A comprehensive clinical and laboratory study
was performed twice, initially before therapy and one
month after therapy, on an outpatient basis according
to a single program including clinical, functional,
biochemical and immunological examination in order
to detail the immunological mechanisms of chronic
inflammation associated with the viral factor of the
urogenital tract of women.

Determination of the level of matrix metallopro-
teinases (MMP-2, MMP-9) and their tissue inhibi-
tors (TIMP-1, TIMP-2) in blood serum was carried
out by solid-phase ELISA using specific reagents from
R&D Diagnostic Inc. (USA).

Statistical data processing was carried out using
IBM SPSS® v. 22 programs. Intra- and inter-group
differences were assessed using the Mann—Whitney
criterion. To check the relationship or independence
between the values, the Spearman correlation coef-
ficient was determined. The associative relationship of
indicators with signs was assessed using the odds ratio
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and their 95% confidence intervals. The significance
level p < 0.05 was considered statistically significant.

Results and discussion

In the study of the level of MMP and TIMP in the
blood serum of patients before therapy, multiface-
ted results were obtained (Table 1). The levels of
MMP-2 and 9, before the use of Inosine pranobex,
increased in all major groups compared to the control
group. MMP-2 increased by 1.3 times in comparison
with reference values (p < 0.01). The concentration
of MMP-9 in the blood serum was increased by 1.3
times compared to the control (p < 0.01). Thus, the
increase in MMP-9 was registered in the main groups,
regardless of the nature of the pathogen, but the con-
tent of MMP-9 in the group with PVI (p,,, = 0.03)
was increased in comparison with the group with
HVI + PVI.

The content of TIMP-1 in the blood serum of the
patients was high in comparison with the control group
(p <0.01). At the same time, the content of TIMP-1
in the II group of patients was higher in comparison
with the I (p,, = 0.02) group of women. TIMP-2
indicators, on the contrary, were reduced in all groups
relative to the reference values (p < 0.05). It was found

that the content of TIMP-2 in the blood serum in the
group with PVI + HVI was 1.4 times lower compared
to group I (p,, = 0.05).

Before the use of Inosine pranobex therapy, MMP
levels were high, which may indicate that, being the
key enzymes of basement membrane degradation,
this may contribute to successful trophoblast invasion,
which is regulated by MMP and TIMP, while MM P-2
regulates the earliest stage of interaction between the
embryo and endometrium. It is also worth noting
that, unlike other types of MMPs (MMP-1, MMP-3,
MMP-9), whose expression may depend on cytokines,
growth factors, and hormonal status, MMP-2
expression does not depend on these factors [12]. In
turn, TIMP plays the role of a limiting factor in the
degree of invasion [12].

The mechanism of action of TIMP is based on the
inhibition of MMP activity by binding to the Zn site of
MMP and, thus, controlling the physiological proces-
ses in the body. However, with an increase in MMP-
2, excessive remodeling of endometrial tissues can
occur, which can contribute to impaired implantation
and invasion of the trophoblast, and with a decrease
in TIMP-2, the regulation of this ratio is disturbed,
which can lead to reproductive disorders [12].

TABLE 1. LEVELS OF MATRIX METALLOPROTEASES AND THEIR TISSUE INHIBITORS IN PATIENT BLOOD SERUM,

Me (Qq,5Q,75), ng/mL

Group | Group Il .
Indicator Contrc:l group (n=22) (n=22) Confidence level
237.39** 206.89**
MMP-2 ] (213.88-243.29) (198.63-275.63)
670 pBefore-I = 0007 pBefore-II = 0007
(145-182)
Inosine pranobex 144.28™ 159.39 <0.05
P (129.41-168.16) (144.62-184.12) P2 ’
394.20** 299.91*
MMP-9 (308.81-425.72) (255.92-401.39) p.,=0.03
291.28 = 0.004 =0.05
pBefore-I . pBefore-II .
(168.44-305.10)
Inosine pranobex 298.98 232.75% <0.01
P (208.83-349.64) (227.83-241.25) P2 ’
270.09** 306.32**
TIMP-1 (260.66-285.54) (288.84-311.65) pi»=0.02
205.08 =0.004 =0.09
Paefore-1 . Paefore-1i -
(180.21-222.10)
Inosine pranobex 222.147 303.61* <0.05
P (201.62-223.81) (243.12-337.10) Pz )
135.62* 98.81*
TIMP-2 169.04 (124.34-136.97) (91.21-125.06) p.,= 0.05
’ pBefore-I = 0040 pBefore-II = 0001
(73.06-227.66)
Inosine pranobex 160.42 143.58™ <0.05
P (156.40-164.44) (123.07-164.62) P12 ’

Note. Statistical significance of differences with the control group: *, p < 0.05; **, p < 0.01. Statistical significance between groups:
P, groups | and Il — with HPV and HPV + HSV. Statistical significance between groups after therapy: Pg.., before therapy and
group | after therapy Inosine pranobex (I) — with PVI; Pggre.1, DEfOre therapy and group I after Inosine pranobex (1) therapy — with

PVI + BVI.
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TABLE 2. RATIO OF MATRIX METALLOPROTEINASE 2 AND TISSUE INHIBITOR 2 IN BLOOD SERUM IN PATIENTS

OF THE MAIN GROUPS AND IN THE CONTROL GROUP

Group-l Group-ll - -
Indicator Contrc:l group (n = 22) (n = 24) Statistical validity
MMP-2:TIMP-2 1.75+0.06* 2.09+0.07**
- P12 < 0.002
Before therapy 0.98+0.05 pBefore-I < 0001 pBefore-II - 001
Inosine pranobex 0.911£0.09 1.13+£0.02* P < 0.01

Note. As for Table 1.

Taking into account the statistically significant
changes in MMP-2 and TIMP-2 in blood serum, and
taking into account that TIMP-2 predominantly binds
MMP-2, the indicator of MMP-2 to TIMP-2 was
calculated (Table 2), where we obtained agreement
with data of other authors on the enhancement of
the invasive potential of the viral agent [7, 9, 12]. The
concentration of matrix metalloproteinase-2 is more
affected by herpes virus infection, as a reflection of
the interaction of the system of proteolytic enzymes —
matrix metalloproteinases with the immune system,
cytokines and cellular elements.

In group I, against the background of the use of
Inosine pranobex, there was a positive trend. The
dynamics of indicators in the blood serum of patients
showed a decrease in the level of MMP-2 by an average
of 1.6 times, MMP-9 — by 1.3 times, TIMP-1 — by
1.2 times with a simultaneous increase in TIMP-2 by
1.2 times relative to pre-treatment scores. Comparing
the changes in the subgroups, it was found that there
were significant differences between the content of
metalloproteinases and their inhibitors in the blood
serum of patients. A significant decrease in MMP-2
was also found relative to the parameters of the control
group in patients after therapy.

In patients of group II, Inosine pranobex therapy
showed a slightly different picture. A decrease in
MMP-2 and MMP-9 levels was demonstrated by
1.2 times, no changes in the content of TIMP-1,
but an increase in the serum content of TIMP-2 by
an average of 1.4 times. The achievement of control
values of MMP-2 after therapy with Inosine pranobex
was revealed.

Before therapy, an increase in the ratio was noted
in the major groups compared to the control group,
however, the largest increase was found in the group
with the association of infections (p,_, < 0.002).

An increase in the ratio in all groups may indicate
increased damage to the extracellular matrix, which is
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