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Pesiome. MetannonporerHassl (MMP) urpaioT 3HauMMyIo poJib B MeXxaHMU3Max TOoJAepKaHUs XpOHUYe-
CKOTI'O BOCITJICHUSI U PEMOJIeJIMPOBaHUs TKaHel. M3ydyeHre u3MeHeHMII KOHIIEHTpallMM 3TUX (hePMEHTOB B
CBIBOPOTKE KPOBU Y AeTeli C aJJIepronaToJiorueit mpeacTanpisieT 00bIIoN MPpaKTUYECKUI 1 HayYHbIii MHTEpeC.

Lenb — uzyyuts poab MMP-9 B maToreHese ajuiepruyeckux 3adojeBaHuii y aereit. 180 mereii B Bo3pac-
Te oT 1 rona o 18 jeT npoluM KOMIUIEKCHOE KIIMHUKO-1abopaTtopHoe obcienoBaHue. B aTo ncciengoBaHue
ObLIM BKJIIOYEHBI MAlIMEHTHI, CTpafatoine OpoHxuaabHoii actMoii (BA) (n = 54), atonnyeckum 1epMaTUTOM
(AD) (n = 54) u coyetaHueM 3TuUX IaTtojoruii (n = 72). YposHu MMP-9 B cbIBOpOTKE KPOBU OIpEAcIsIn
METOIOM MMMYHO(MEPMEHTHOIO aHaiM3a ¢ ucnosnb3oBaHueM tecT-cucreM Cloud-CloneCorp® (CILA). Pe-
3yJIbTaThl KIMHUYECKUX, MHCTPYMEHTAIbHBIX 1 JIJAOOPATOPHBIX MCCIEIOBAaHUI MallMEHTOB ObLIM COOTHECEe-
HbI ¢ nTaHHbIMU MDA -nccienoBanust ypoBHs: MMP-9 B CBIBOpOTKE KPOBH.

AHa/I13 NOoayYeHHBIX JAaHHBIX MOKa3ajl, YTO CPeAr MallMeHTOB C YCTAaHOBJIEHHBIM IUarHo3oM «bA» Mak-
cuMaJibHasi KOHIIEHTPAlUsI 3TOro HUTOKMHA ObljIa 3aperucTprupoBaHa y AeTeil CO CPeIHETSKEIbIM TeUeHUEM
3abosieBaHus. [IpoBeneHHbBII KOPPEISILIMOHHBINA aHaIM3 MT0Ka3aJl Hajluyrie 3HAYMMON KOPPESIIUU MEXITY
TsKeCThIO BA M ypoBHEM KOHTpoIsT Haz 3aboseBaHueM (r = 0,63). AHaJlornyHbIe JTaHHbIC ObUTH TTOJIYYEHBI Y
nauueHToB ¢ coyetaHueM BA u AJI. V neTeit aToi rpynnbl Tak>Ke HAOJII01a710Ch 3HAYNTEIbHOE MOBBIIIEHNE
ypoBHI MMP-9 B CEIBOpOTKE KPOBU MO CPaBHEHMIO CO 310poBbIMU nauueHTamu (p = 0,015). Makcumanb-
HbIe MOKa3aTe I ObLUIM 3apeTMCTPUPOBAHbI y MAILIMEHTOB CO CpeaHEeTsKebIM TeueHueM BA. KoHuieHTpanus
3TOM MaTPUKCHOI METALTIONPOTEMHA3bl B CHIBOPOTKE KPOBU OblIa HECKOJIBKO BBIIIIE Y IETEH C MOJMBaICHT-
HOI ceHCUOUIM3alei, Y4eM y MallMeHTOB ¢ MOHOAaJIJIepruuyeckoi aTuojorueit 3adonesanus (p = 0,272). INo-
KazaTeau MMP-9 y maliueHTOB TOJIBKO C KOXKHBIMU MPOSIBICHUSIMU aTONMUU ObLIM JOCTOBEPHO BhIIIE, YEM
B KOHTpOJIbHOM rpynmne (p = 0,025). [1pu 3ToM He ObLJIO HUKAKUX Pa3IUYrii B 3aBUCUMOCTHU OT ToJa. belio
YCTAaHOBJIEHO, YTO MaKCUMajIbHble 3HaUeHusI MMP-9 ObL1u 3aperucTpupoBaHbl Cpeu AeTeil ¢ MTOAPOCTKO-
Boi1 (hopmoii AJI.

IMTonyyeHHble HAMU JaHHBIE TTOKA3AJIU, YTO Y BCEX 00CIEAOBAHHBIX HAMM MAallMEHTOB HAOII0AAI0Ch 3HA-
YUTEIbHOE MOBBILIeHUE YPOBHSI MMP-9 B ChIBOpOTKE KPOBM, UTO YKa3bIBae€T Ha BaXKHYIO POJIb 3TOTO 1IUTO-
KHMHa B MaToreHe3e ajylepruiecKux 3a00JieBaHU y IeTel.
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Abstract. Metalloproteinases (MMP) play a significant role in the mechanisms of maintaining chronic
inflammation and tissue remodeling. The study of concentration changes in these enzymes in the blood serum
of children with allergopathology is of great practical and scientific interest.

Objective: to study the role of MMP-9 in the pathogenesis of allergic diseases in children. 180 children
aged from 1 to 18 years passed a comprehensive clinical and laboratory examination. This study included
patients suffering from bronchial asthma (BA) (n = 54), atopic dermatitis (AD) (n = 54) and combination of
these pathologies (n = 72). Serum levels of MMP9 were determined by enzyme immunoassay using Cloud-
CloneCorp® test systems (USA).

The analysis of the obtained data showed that among patients with the established diagnosis of BA, the
maximum concentration of this cytokine was registered in children with a moderate course of the disease. The
conducted correlation analysis showed the presence of a significant correlation between the severity of asthma
and the level of control over the disease (r = 0.63). Similar data was obtained in patients with a combination
of BA and AD. In children of this group, there was also a significant increase in serum MMP-9 compared
with healthy patients (p = 0.015). The concentration of this matrix metalloproteinase in serum was slightly
higher among children with polyvalent sensitization than in patients with monoallergic etiology of the disease
(p = 0.272). The values of MMP-9 in patients with only skin manifestations of atopy were significantly higher

than in the control group (p = 0.025).

The data we obtained showed that all the patients we examined had a significant increase in the level of
MMP-9 in the blood serum, which indicates an important role of this cytokine in the pathogenesis of allergic

diseases in children.

Keywords: metalloproteinase 9, bronchial asthma, atopic dermatitis, diagnostic, pathogenesis, children

Introduction

Allergy is a specific immune reaction of the
body to an allergen which is accompanied by the
development of chronic inflammation and tissue
damage. Unfortunately, allergic diseases belong to the
group of the most common pathology of childhood
and they are considered in modern society as a major
medical and social problem [12]. The frequency
of allergic diseases, according to different authors,
varies widely, and atopic diseases such as asthma and
atopic dermatitis are in the first place (they affect up
to 20% of the population individually or in various
combinations) in most industrialized countries.

Allergic diseases are chronically recurrent in-
flammatory diseases caused primarily by IgE-
mediated allergic reactions and genetically associated
with atopy [4]. However, the pathogenesis of allergic
diseasesismultifaceted and representsarathercomplex
system. In recent years, special attention has been
paid to the study of non-inflammatory mechanisms
underlying allergic diseases. It was found that
metalloproteinases (MMP) play a significant role in
the mechanisms of maintaining chronic inflammation
and tissue remodeling [10]. For example, MMP-9 is
involved in the processes of inflammation, repair and

mobilization of matrix-related growth factors and
cytokine processing. Substrates for MMP-9 include
denatured type I collagen (gelatin), native collagens
of types 1V, V, VII, X and XI, fibrinogen, vitronectin,
IL-1, and entactin which connects laminin and type
IV collagen. Keratinocytes, monocytes, leukocytes,
macrophages, and fibroblasts are sources of MMP-9.
Basal levels of MMP-9 are usually low, it s expression
can be induced by various cytokines/chemokines,
including TNFa (tumor necrosis factor-alpha),
and MMP-9 mainly secreted by inflammatory cells.
The regulation of inflammation by gelatinases is
carried out by cytokine/chemokine processing, since
MMP-9 has a stimulating effect, and MMP-2 has
an inhibitory effect on inflammation. The promoter
region of MMP-9 has some functional binding sites of
enhancers, such as NF-xB and AP-1 sites. These sites
make MMP-9 capable of inducing Pro-inflammatory
cytokines, especially TNFo, which is a key mediator
in the pathogenesis and maintenance of chronic
inflammation [1]. This gelatinase triggers a cascade
of reactions of degradation of the extracellular matrix
having the ability to destroy denatured collagen.
MMP-9 acts synergistically with other metallo-
proteinases in this case. This type of MMP can interact
with various matrix proteins through its fibronectin-
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like fragment being in the pericellular space. MMP-9
contributes to the creation of feedback between the sta-
te of the matrix and potential activation of MMP [1].
Therefore, the study of changes in the concentration
of this enzyme in children with allergopathology
represents the large practical and scientific interest.
Objective: to study the role of MMP-9 in the
pathogenesis of allergic diseases in children.

Materials and methods

180 children aged from 1 to 18 years were exa-
mined. This study included patients suffering from
bronchial asthma (n = 54), atopic dermatitis (n = 54)
and combination of these pathologies (n = 72). The
average age of the examined patients was 11.44+4.67
years. The control group consisted of 56 children of
the I and Ila health groups comparable in gender
and age, without clinical manifestations of allergic
diseases and positive allergy history.

The diagnosis of bronchial asthma (BA) was made
on the basis of the National program “Bronchial
asthma in children. Strategy of treatment and
prevention” (2017) [13]. The diagnosis of atopic
dermatitis (AD) was verified on the basis of the clinical
recommendations “Atopic dermatitis in children”
(2016) [4].

The criteria for inclusion in this study were:
the presence of a confirmed diagnosis of BA, AD
or a combination of these diseases, the absence of
concomitant chronic pathology from other organs
and systems, (age under 18 years), Russian nationality,
the presence of signed patient (aged over 15 years)
or parents (for children under 15 years) informed
consent to conduct the study.

Exclusion criteria: the presence of previously
established chronic and acute diseases of the bron-
chopulmonary system (tuberculosis, acute tracheo-
bronchitis, pneumonia, etc.) or skin, the age of
patients older than 18 years.

All children passed a comprehensive clinical and
laboratory examination on the basis of the pediatric

Department of the clinic of the Rostov State Medical
University. Serumlevelsof MMP-9were determined by
enzyme immunoassay using Cloud-CloneCorp® test
systems (USA). The results of clinical, instrumental
and laboratory studies of patients were correlated with
the data of the ELISA study of the level of MMP-9 in
blood serum.

The study was conducted in compliance with
all ethical standards set out in WAME (the World
Association of Medical Editors) and approved by the
Local Ethics Committee of Rostov State Medical
University.

Statistical processing of results was performed by
using Microsoft Office Excel 2003 and Statistica 12.0
for Windows software package.

Results and discussion

Our study found that the values of MMP-9 in the
examined patients with allergopathology in blood
serum significantly exceeded the parameters set in the
control group (Table 1).

The analysis of the obtained data showed that
among patients with the established diagnosis of BA,
the maximum concentration of this cytokine was
registered in children with a moderate course of the
disease 714.93 pg/mL (517.37-902.51), while with
mild it was 569.0 pg/mL (377.79-825.29), and with
severe — 2.89 pg/mL (121.35-362.91) (Figure 1).

The conducted correlation analysis showed the
presence of a significant correlation between the
severity of asthma and the level of control over the
disease (r = 0.63). An inverse correlation was estab-
lished between the concentration of MMP-9 and the
severity of BA (r = -0.53).

Similar data was obtained in patients with a
combination of BA and AD. Thus, in children of
this group, there was also a significant increase in
serum MMP-9 (596.285+82.169 pg/mL) compa-
red with healthy patients (307.391+42.394 pg/mL)
(p = 0.015). At the same time, the maximum indica-

TABLE 1. MMP-9 INDICATORS IN THE BLOOD SERUM OF THE EXAMINED PATIENTS

Diagnosis

MMP-9 indicators in blood serum, ng/mL p

BA

489.20+59.52
431.76 (306.15-612.93)

AD

573.75+113.71
445.04 (266.43-790.06)

P, . =0.023

BA + AD

596.29+82.17
473.02 (339.33-687.26)

D, 4 = 0.042
Ps 4 = 0.019

Control group

307.39+42.39
276.05 (160.33-397.02)

Note. p, 4, significance of differences between BA and control; p, 4, significance of differences between AD and control;

Ps. 4, Significance of differences between BA + AD and control.
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Figure 1. Concentration of MMP-9 in blood serum depending on the severity of BA

tors were registered in patients with moderate course
of the disease (Table 2).

At the same time the MMP-9 values had no
statistically significant differences between children
with controlled (566.12 (424.94-687.26) pg/mL) and
uncontrolled (376.55 (241.04-815.64) pg/mL) course
of the disease (p = 0.269).

However, it is interesting to note that the
concentration of this matrix metalloproteinase in
serum was slightly higher (645.52+75.04 pg/mL)
among children with polyvalent sensitization than
in patients with monoallergic etiology of the disease
(462.65+118.89 246.20 pg/mL) (p = 0.272).

The values of MMP-9 in patients with only skin
manifestations of atopy were significantly higher
(573.75%£113.71 pg/mL) than in the control group
(307.39£42.39 pg/mL) (p = 0.025). At the same time
there were no differences depending on gender: the
average values for girls were 538.09+119.64 or 385.24,
while for boys — 680.73+324.17 pg/mL.

Analysis of indicators based on the severity of the
disease showed that the patients in all three groups
had a significant variation of MMP-9 indicators in
blood serum. Meanwhile there were no significant
differences in severity (p > 0.05).

However, there is a clear tendency to increase
the concentration of MMP-9 in the blood serum
of patients with changes in age-related forms of
the disease. It was found that the maximum values
of MMP-9 were registered among children with
adolescent AD (1163.04+120.17 pg/mL), while with
children the average values were 342.56+50.73, and
with infants (924.71+124.74 pg/mL).

The results of our research are consistent with the
data obtained by our foreign colleagues. Ko EW. et al.
conducted a study of the level of MMP-9 in patients
with various degrees of BA severity and healthy
patients. Scientists have found that uncontrolled
moderate and severe asthma are associated with
greater activity of proteolytic enzymes and, therefore,

TABLE 2. DISTRIBUTION OF MMP-9 INDICATORS IN THE BLOOD SERUM OF PATIENTS WITH AD AND BA DEPENDING ON

THE SEVERITY OF AD, MzErr

Severity of BA

MMP-9 indicators, pg/mL P

Mild BA

567.54+91.72
472.08 (424.32-598.46)

P, ,=0.682

694.87+132.98 27
Moderate BA 572.39 (413.77-776.06) Py.3 = 0.042
Pss=0.019

Severe BA

222.47+18.81
235.87 (185.33-246.20)

Note. p, ,, significance of differences between mild and moderate BA; p, 5, significance of differences between mild and severe BA;

P, 3, significance of differences between moderate and severe BA
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despite a similar inflammation of the respiratory tract,
this can play a significant role in the remodeling of the
bronchi and accelerate the process of reducing lung
function in these patients [10].

Maria P. Foschino Barbaro and her colleagues
studied the concentration of MMP-9, pH, NO
level in exhaled air, as well as inflammatory cells in
sputum in patients suffering from BA. The results of
the study showed a significant increase in the exhaled
MMP-9 in patients compared to the control. It was
noted that the maximum concentrations of MMP-9
were observed in patients with severe BA, compared
with patients suffering from mild and moderate forms
of the disease. An increase in MMP-9 was most
frequently recorded in patients with neutrophilic
inflammation of the respiratory tract. A correlation
was also established between the exhaled MMP-9
and the percentage of neutrophils in sputum, FEV1,
exhaled NO and PH. The obtained results indicate
a significant role of MMP-9 in the pathogenesis of
airway remodeling in asthma, and also suggest that
monitoring MMP-9 in exhaled air can help not only
to monitor the current airway remodeling, but also to
recognize severe forms of BA in order to determine
the appropriate choice of therapy in time [2]. This fact
is confirmed by the research conducted by Grzela K.
et al. [7, 9] it is important to note that an increase
in the concentration of MMP-9 in exhaled air is
accompanied by an increase in its concentration in the
blood serum of patients with BA [3, 10].
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and co-authors also found that MMP-9 plays an
important role in maintaining allergic inflammation
in AD. It has been shown that patients suffering from
AD have a significant increase in the level of MMP-9
in the blood serum compared to the control group [5].

In the work of Harper J.I. and co-authors it was
shown that MMP, and in particular MMP-9, represent
an important potential component of AD pathology.
Studies of washouts from AD-affected skin areas
found that in samples obtained from patients, the
activity of MMP is 10-24 times greater than in normal
control skin (p < 0.02) and five times greater than
in areas of unaffected AD skin taken from patients
with this disease. A number of studies conducted by
the author (gelatin cymography and analysis of the
antibody array) revealed significant levels of MMP-9 in
samples obtained in sick children, while lower levels of
MMP-10 and tissue metalloproteinase inhibitors were
observed, as well as low levels of MMP-1 (fibroblast
collagenase), MMP-3 (stromelizin 1) and TIMP-4.
The obtained research results once again prove the high
significance of MMP in the pathogenesis of AD [8].

Conclusion

The data we obtained showed that all the patients
we examined had a significantly increase in the level
of MMP-9 in the blood serum, which indicates an
important role of this cytokine in the pathogenesis of
allergic diseases in children.
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