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One of the most important pathogenetic mechanisms of autoimmune thyroiditis (AIT) is the violation
of immunological tolerance and the development of the autoimmune process, the markers of which are various
biologically active substances, in particular, matrix metalloproteinases (MMP) of the extracellular matrix
(ECM). MMPs play a crucial role in the development of pathological processes in these diseases, contributing
to matrix degradation due to imbalance between the activity of enzymes and their inhibitors. The aim of the
work was to study the activity of key metalloproteinases and the level of a2-macroglobulin in patients with au-
toimmune thyroiditis. The diagnosis of AIT was established based on the study of data on anamnesis, thyroid
status, the results of ultrasound of TG, and the presence of antibodies to the thyroid-stimulating hormone re-
ceptor (TSH) in blood plasma. Patients were enrolled in 2 groups: group 1 — 74 patients with a manifest form
of the disease; group 2 — 96 patients with a subclinical form of the disease. The study of matrix metalloprotein
activity in the examined patients showed a statistically significant (P = 0.015) increase in MMP-3 and MMP-7
activity in patients with AIT compared to the corresponding parameters in persons of the control group. Thus,
levels of MMP-3 and 7 were in the group of patients, respectively 56 (51.0; 59.0) and 4.6 (4.3; 5.2) ng/ml, in
control 23.0 (16.0; 26.0) and 3.6 (3.4; 4.1) ng/ml, respectively.
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ashimoto’s thyroiditis (HT), being the most

H common type of autoimmune thyroiditis
(AIT), acts as the leading cause of hypo-
thyroidism. To date, it has been found that the de-
velopment of the disease is due to a combination
of genetic factors and environmental factors [1,2].
One of the most important pathogenetic mechanisms
of AIT is the violation of immunological tolerance
and the development of the autoimmune process,
the markers of which are various biologically active
substances, in particular, matrix metalloproteinases
(MMP) of the extracellular matrix (ECM) [3]. These
enzymes are a group of 28 zinc-dependent endo-
peptidases involved in various links in the realiza-
tion of the immune response - cell proliferation, mi-
gration and differentiation. MMPs are also involved
in the mechanisms of angiogenesis and apoptosis [4].
Depending on the structural and functional
features, as well as substrate specificity with respect
to the components of ECM, MMPs are divided into
several subfamilies. Initially, 4 subfamilies were
described: collagenases (MMP-1, MMP-8, etc.), ge-
latinases/specific collagenases of collagen type IV

(MMP-2 and MMP-9), stromelysins (MMP-3, MMP-
10) and matrilysins (MMP-7 and MMP-26) [4]. Cur-
rently, 6 large groups are isolated within the MMP
family in accordance with structural features and
types of substrates: 1) collagenases, 2) gelatinases,
3) stromelysins, 4) matrilysins, 5) membrane-type
MMP, 6) all other MMPs [5,6].

Regulation of MMP activity is multilevel and
is carried out by various mechanisms: at the level
of expression of genes encoding these enzymes, by
secretion and changes in MMP localization, due to
activation of zymogens during cleavage of the pro-
domain, by suppressing activity by endogenous
inhibitors (in particular, tissue MMP inhibitors),
during enzyme degradation.

Regulation of MMP gene expression is realized
at transcriptional and post-transcriptional levels, the
first being due to the interaction of transcription
factors with responsive elements in the promoter
of MMP genes, as well as due to epigenetic mecha-
nisms — by methylation of MMP gene promoters
and due to changes in chromatin structure [5, 6].
The above mechanisms provide induction of gene
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expression in response to various stimuli causing
the development of various pathological processes
in the body: inflammation, hypoxia, oxidative stress,
hormonal shifts, changes in hemodynamics, changes
szin cytokine activity, growth factors [7]. It has been
shown that MMP expression level can increase in
comparison with basal one by more than 100 times
[8].

MMPs play a crucial role in the develop-
ment of pathological processes in these diseases,
contributing to matrix degradation due to imbalance
between the activity of enzymes and their specific
inhibitors. Tissue MMP inhibitors (TIMP) play an
important role in maintaining a fine balance between
the formation and utilization of ECM, so changes in
their concentrations can serve as signs of dysfunc-
tion and a precursor to the development of pathologi-
cal processes [8, 9].

To date, the clinical significance of MMP-2 and
MMP-9 in neoplasms, autoimmune and chronic in-
flammatory diseases has been demonstrated [9], and
it has been established that the increased activity of
these enzymes is a marker of a number of oncologi-
cal diseases (for example, multiple myeloma) [10, 11].

Destruction of TG cells in autoimmune pathol-
ogy is due to the interaction of genetic and environ-
mental factors. Dysfunction of immunoregulatory
mechanisms and imbalance of cytokine synthesis are
considered important trigger factors. In this regard,
it is of interest to study the role of immunoregula-
tory proteins in the processes of inflammation, cell
proliferation and apoptosis [12]. One such biologi-
cally active substance is potentially immunogenic
alpha-2-macroglobulin (¢2-MG). It was established
that the concentration of complex a2-MG with IgG
is increased in inflammatory processes and autoim-
mune diseases. It should also be noted that a2-MG
can inhibit the activity of certain metalloproteinases,
in particular MMP-3 [13]. In the literature, there is
practically no data on the role of such proteins in
the formation of autoimmune thyroopathies, in this
regard, it seems interesting to study the level of a2-
MG in AIT.

The available literature provides separate infor-
mation on the role of MMP and a2-MG in autoim-
mune diseases of the thyroid gland (TG), however,
these data are single and not systematized. There
is no information on MMP levels and a2-MG con-
centration in the blood plasma of patients with AIT,
there is no data on the association of their activity in
the peripheral blood of patients with thyroiditis with
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changes in the function of TG and clinical manifes-
tations of the disease.

The above confirms the relevance of the study
of MMP activity level and a2-MG concentration
with autoimmune thyroid diseases.

The aim of the work was to study the activity
of key metalloproteinases and the level of a2-MG in
patients with autoimmune thyroiditis.

Materials and Methods

In 2014-2020, a single-center open prospective
non-randomized study was conducted, which con-
ducted a complex examination of 170 patients with
autoimmune thyroiditis, 64 men and 106 women,
aged 18 to 64 years. The control group was 65 peo-
ple without TG diseases and autoimmune patholo-
gy aged 20 to 65 years, of which 26 were men and
39 were women. The present study was approved
by the university ethics committee (Ref.no: AMU/
TEC/Nel2/ 07.02.2020)

The diagnosis of AIT was established based on
the study of data on anamnesis, thyroid status, the
results of ultrasound of TG, and the presence of anti-
bodies to the thyroid-stimulating hormone receptor
(TSH) in blood plasma.

Patients were enrolled in 2 groups: group 1 —
74 patients with a manifest form of the disease;
group 2 — 96 patients with a subclinical form of the
disease.

Diagnostics of the manifest form of AIT were
carried out on the basis of the clinical picture of
the disease: patient’s complaints (increase in body
weight, permanent feeling of cold, fatigue caused by
metabolic disorders, yellowness of the skin, myxede-
ma, shortness of breath, hearing impairment, voice
changes, drowsiness, impaired cognitive processes,
increased emotionality, pain behind the sternum and
in the heart area, decreased heart rate, dyspepsia
(tendency to constipation, diarrhea), loss of sensitivi-
ty of the limbs, thinning and loss of hair, violation
or cessation of menstruation. From laboratory re-
sults, an increase in the level of thyroid-stimulating
hormone (TSH) in peripheral blood, a decrease in
the concentrations of the hormones triiodothyronine
(T3) and thyroxine (T4), as well as the presence of
elevated titers of antibodies to TSH were noted.

The diagnosis of the subclinical form of AT
was made on the basis of an increase in TSH level
in the background of normal levels of hormones T3
and T4 in blood plasma. This form of the disease was
characterized, as a rule, by an erased clinical picture.
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In patients of all groups, the activity of MMP-3
and 7 was determined by solid-phase enzyme im-
munoassay, “Biosource” Kits (Belgium) were used
to determine the level of MMP-3, and “Quantikine”
reagents (USA) were used to evaluate the activity of
MMP-7.

The level of a2-MG in patients with AIT was
evaluated by an immunoturbometric method, the
principle of which is based on the reaction between
02-MG and polyclonal antiserum in the presence of
polyethylene glycol, using reagents from “Sentinel”
(ltaly).

Statistical analysis of the study results was per-
formed using the Statsoft STATISTICA 10 software
package. To represent quantitative parameters, me-
dians, upper and lower quartiles were calculated. In-
ter-group quantitative comparisons were made using
the Mann-Whitney rank non-parametric test, taking
into account the difference in the distribution of the
analyzed indicators from the normal one. Qualitative
characteristics were evaluated as a percentage.

The differences were considered statistically
significant when P < 0.05.

Results and Discussion

The study of matrix metalloprotein activity
in the examined patients showed a statistically sig-
nificant (P = 0.015) increase in MMP-3 and MMP-7
activity in patients with AIT compared to the corre-
sponding parameters in persons of the control group.
Thus, levels of MMP-3 and 7 were respectively 56
(51.0; 59.0) and 4.6 (4.3; 5.2) ng/ml, in the control
group 23.0 (16.0; 26.0) and 3.6 (3.4; 4.1) ng/ml, re-
spectively (Table).

A comparison of the study parameters in
different clinical forms of AIT showed that patients
with manifest form of AIT had a MMP-3 level of
59.0 (56.0; 65.0) ng/ml and was significantly higher

(P = 0.023) than the corresponding index in patients
with a subclinical form of the disease — 52.1 (48.0;
56.5) ng/ml.

At the same time, there were no statistically
significant intergroup differences in the MMP-7 in-
dicator in patients with different forms of AIT. At the
same time, in both subclinical and manifest forms of
the disease, activity levels MMP-3 and 7 were sig-
nificantly higher than levels of similar indicators in
the control group.

As can be seen from Table, in patients with
AIT, the concentration of a2-MG was statistically
significantly higher (P = 0.008) compared to the
level in the control group, the values of the indicator
were 2.6 (2.4; 2.9) and in the control group were 1.6
(1.4; 2.0) g/l.

02-MG level in patients with manifest forms of
AIT is significantly (P = 0.031) higher than in pa-
tients with the subclinical form of the disease, the
values of a2-MG were 2.8 (2.5; 3.3) g/l and 2.5 (2.3;
2.9) g/l in manifest form and subclinical form of
AIT, respectively. In both forms of the disease, con-
centrations of a2-MG were statistically significantly
higher than control group results P < 0.001 for both
comparisons).

The obtained results indicated that the degree
of increase in MMP activity in the blood serum of
patients with AIT can vary significantly. As can be
seen from Fig. 1, MMP-3 activity at AIT is higher
than in the control group by 143.5%, MMP-7 activity
exceeds the corresponding level in the control group
by 27.7%, and the a2-MG level is higher than in the
control group results by 62.5%.

Differences in MMP-3 and 02-MG activity in
groups of patients with different clinical forms of
AIT were less pronounced. As can be seen from
Fig. 2, median MMP-3 activity in patients with the
manifest form of the disease was higher than in pa-

Matrix metalloproteinases (MMP) activity and a2-macroglobulin level in patients with autoimmune thyroidi-

tis in AIT, Me (Q25; Q75)

. Control grou Subclinical Manifest form
Indicators (n= éq5) P AIT (n = 170) form (n = 96) (n=74)
MMP-3, ng/ml 23.0 (16.0; 26.0) 56.0* (51.0; 59.0)  52.1* (48.0; 56.5)  59.0** (56.0; 65.0)
MMP-7, ng/ml 3.6 (34;4.1) 4.6* (4,3;5.2) 4.6* (4.2;4.9) 4.7* (4.5; 5.4)
a2-macroglobulin, g/l 1.6 (14; 2.0 2.6% (2.4;2.9) 2.5%(2.3; 2.9 2.8%%(2.5; 3.3)

Note *differences are statistically significant (at P < 0.05) when compared with the corresponding control group indica-
tors; *differences are statistically significant (at P < 0.05) when compared with corresponding indicators of a group of

patients with a subclinical form of AIT
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Fig. 1. The degree of increase in matrix metallopro-
teinases (MMP) and o2-macroglobulin level in pa-
tients with AIT compare to the corresponding values
of the control group

tients with subclinical AIT by 13.2%, and the level
of 02-MG in manifest form of AIT was 12% higher
than in subclinical AlIT.

The AIT multifactorial pathogenesis currently
recognized by many authors demonstrates the need
for an up-to-date algorithm for diagnosing immu-
nological disorders and changes in the body’s ho-
meostasis, including various biochemical indicators
[1, 2]. Recently, the role of matrix metalloproteinases
has been actively studied in autoimmune diseases.
MMPs are known to play an important role in the
exchange of connective tissue proteins, in the pro-
cesses of normal development and remodeling of the
cell matrix, embryogenesis, tissue repair, neoangio-
genesis, as well as in the processes of tumor trans-
formation and metastasis [3, 4]. Studying the activity
of this family of enzymes allows us to deepen ideas
about the pathogenesis of AIT, as well as substanti-
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Fig. 2. The degree of increase in the studied param-
eters in patients with the manifest form of AIT rela-
tive to the corresponding levels in patients with the
subclinical form of AIT
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ate potential therapeutic targets for the development
of promising therapies for the disease.

It is known that in the initial stage of develop-
ment of Graves’ disease (GD) inflammatory reaction
prevails, which is replaced by intensive remodeling
of connective tissue, accumulation of macromole-
cules by ECM and fibrosis [14, 15]. It is shown that
GD therapy with glucocorticoids is accompanied by
a decrease in blood plasma MMP-9 level, although
the MMP-2 level does not change [16].

It has been demonstrated that MMP-9 concen-
trations in patients with ophthalmopathy in GD are
significantly higher than in patients with GD without
ophthalmopathy. It was also found that the concen-
tration of MMP-9 decreases after the course of corti-
costeroid therapy, while the concentration of MMP-2
does not change [16].

Other authors have described an increase in
TIMP-1 production by orbital fibroblasts obtained
from ophthalmopathy patients at GD after their stim-
ulation with interleukins-1f [17]. Other authors dem-
onstrated that quercetin, a flavonoid phytoestrogen,
suppresses inflammation in vitro and accumulation
of extracellular matrix components in the medium
with orbital fibroblasts after stimulation with proin-
flammatory cytokines also, the quercetin suppresses
the synthesis of MMP-2 and MMP-9 fibroblasts,
thereby preventing the development of chronic fi-
brosis in patients with GD [18].

At present, it has not been established which
metalloproteinase, MMP-2 or MMP-9 determines
the phenotype of the disease and the presence or
absence of orbitopathy. The aim of the study by
Kapelko-Stowik K. et al. (2018) was an assessment
of serum concentrations of MMP-2 and MMP-9, as
well as their inhibitors of TIMP-1 and TIMP-2 in
patients with GD occurring with and without oph-
thalmopathy, in the active phase and after success-
ful therapy. It was demonstrated that concentrations
of all examined cytokines, as well as the ratio of
MMP-9/TIMP-1, were significantly increased in all
GD patients compared to the control [19]. Notably,
MMP-9 concentrations were significantly higher in
patients with ophthalmological manifestations of GD
than in patients with GD without orbitopathy.

The above data may indicate that MMP-3 is a
marker of disease activity and the process of thy-
roid tissue damage in AlT, and therefore may play a
role in degenerative processes in other autoimmune
diseases. In the body, there is a biological mecha-
nism for limiting tissue proteolysis caused by active
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MMPs. One of the substances inhibiting metallo-
proteinases may be macroglobulins, in particular
02-MG. So, in the study of Gorodetskaya L.V., Gusa-
kova E.A. (2015), the authors determined the course
features of anxiety stage in stress response (1 h after
stress modeled by swimming rats in a cell for 1 h),
with stimulation of trypsin-like activity (TpA) in the
liver and in animal blood shown. It was found that
experimental hypothyroidism in rats (25 mg/kg mer-
cazolil, 20 days), causing a decrease in TpA, deter-
mines a more pronounced stimulation of proteolysis
in the anxiety stage, prevents its leveling into the re-
sistance stage, and in the depletion stage contributes
to its excessive activation. It has been shown that the
dependence of changes in the proteinase/inhibitor
system under stress on the level of iodine-containing
thyroid hormones in the blood is associated with
their effect on the activity of endogenous proteinase
inhibitors (al-antitrypsin and a2-macroglobulin) and
the permeability of lysosomal membranes [20].

The concentration of a2-MG usually depends
on the MMP levels in tissues and extracellular fluid,
thus limiting proteolytic activity in the focal cell
space of the TG. High MMP-3 activity stimulates in-
creased levels of a2-MG, as confirmed by the results
of the present study. It was found that the concentra-
tion of this substance in patients with AIT is statisti-
cally significantly higher than the level of such in
the control group. Also, the value of this indicator
in patients with a manifest form of AIT was higher
than that in patients with a subclinical form of the
disease.

Conclusions. The results we obtained showed
a significant increase in MMP-3 activity in patients
with AIT compare to the control group. MMP-3 ac-
tivity was significantly higher in patients with the
manifest form of AIT than in patients with the sub-
clinical form. Further research aimed at studying
the trigger mechanisms of the autoimmune response
and the role of individual signaling pathways in the
pathogenesis of AIT, including the assessment of the
activity of MMP and regulatory proteins, in particu-
lar 02-MG, allows identifying molecules that can be
considered as markers and targets of therapeutic ef-
fects aimed at stopping autoimmune reactions.
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AKTUBHICTb MATPUKCHUX
METAJIOITPOTEIHA3 Y XBOPUX HA
ABTOIMYHHMUWM TUPEOIJIUT

P. P. Paximosa

A3zepbaiipkaHChKUI METMYHUH yHIBEpCHUTET, baky;
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OnHuM 13 HaWBaXKJIMBIIIMX IATOrCHETHY-
HHUX MeXaHi3MiB aBToiMyHHOro Tupeoinuty (AIT)
€ TIOPYIIEHHS IMYHOJIOTIYHOi TOJEpPaHTHOCTI Ta
PO3BUTOK aBTOIMYHHOI'O IIPOLECY, MapKepamu
SKOTO, 30KpEeMa, € MAaTPUKCHI MeTaJonpoTeiHa3u
(MMII) mozaxmituHHOTO MaTpukcy. MMII rpa-
I0Th BHUpIIIAJIBHY POJb Y PO3BUTKY aBTOIMYHHOIO
TUPEOIAUTY, a caMe, CIPUSIIOTh AeTpajallii MaTpUKCY
BHACITIIOK TUCOAIaHCy MK aKTUBHICTIO €H3UMIB Ta
iXHiX iHTi0iTOpiB. MeTO0 podoTH OYyJI0 BU3HAUCHHS
AKTHBHOCTI KJIIOUOBHX METAJIONPOTEiHA3 Ta PiBHS
MakpornoOyiiny a2-MI' y mia3Mi KpoBi XBOpHX Ha
aBroiMmyHHUH THpeoianT. [liarno3 AIT BcraHOBIIO-
BaJy Ha MiAcTaBi JaHUX aHaMHE3y, THPEOiTHOTrO
crarycy, pesyasrariB Y3/ 113, HassBHOCTI aHTHUTIN
o penenTopa TupeorpomHoro ropmony (TTD) y
ra3mi kposi. [lamienTiB Oyno moxgineHo Ha 2 Tpy-
mu: 1 — 74 manienTn 3 MaHipecTHoO hopmoro 3a-
XBOpIOBaHHS; 2 — 96 KOHTPOJNBHUX TMAIi€HTIB i3
cyOkIiHITHOIO (POpMOIO 3aXBOpIOBaHHS. BcTaHOB-
neHo, mo y mariedTiB 3 AIT piBeHb akTHBHOCTI
MMII-3 ta 7 ckanas 56 (51,0; 59,0) ta 4,6 (4,3; 5,2)
HT/MJI, BIITOBIAHO, Ta y KOHTPONBHINA Tpymi 23,0
(16,0; 26,0) Ta 3,6 (3,4; 4,1) ur/mn, BignosigHo. Ta-
KUM YHHOM, TI0Ka3aHo, 10 Y TTa3Mi KpOBi MAIliEHTiB
i3 aBTOIMYHHHM THPEOIAUTOM CIHOCTepiramocs
JIOCTOBIpHE TIBUIICHHS aKTUBHOCTI MAaTPUKCHUX
MeTaJIonpoTeiHas.

KnmoduoBi cimoBa: MaTpUKCHI MeTajo-
npoTeiHasu, aBTOIMyHHUH THUPEOIAUT, T03a-
KJIITHHHUN MaTPUKC, 0.2-MaKpOTIO0YITiH.
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