OPUTMHAABHAS CTATBA ORIGINAL RESEARCH ARTICLE

_") Check for updates

MaTpHKCHbIE METAJLIONPOTENHA3BI- 1, -13 1 UX TKAHEBOII HHTHOUTOP
1-ro TMNA NpH 3HAOKPHUHHOI 0 TAIBMONIATHH
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®OrbOY BO «YutHHCKas rocyrapcTBeHHas MEAMLIMHCKAs akaaemust», Yuta, Poccus

DpchekTUBHAS pereHepaLmst MOBPEXAEHHbIX NPHU IHAOKPUHHOM odTarbmonaTun (DOTT) Markux TkaHen opouTsl TpebyeT KoopAam-
HUPOBAHHOIO PEMOAEAMPOBAHMSI BHEKAETOUHOIO MaTpHKca. MaTpukcHble MeTaaronpoTenHassl (MMPS) urpaioT peluatolyio poAb
B roMeoCTa3e CMHTe3a U Aerpasalii KOMMOHEHTOB BHEKAETOYHOIO MaTPMKCa MPU Pa3AMHHbLIX (DU3MOAOTMHECKMX M MAaTOAOFMYe-
CKMX COCTOSIHMSX. MIX MpOTeoAUTUHECKast akTUBHOCTb MHIMOUPYETCs TKaHeBbIMKU MHTHOHUTOpamu (TIMP). buoxumus ombporeHe-
3a 5KCTPAOKYASPHBIX MbilLL M peTpobyAbbapHoit kKaeT4aTkm npu IO nsydeHa HeAOCTaTOHHO.

LleAb MCCA@AOBAHMSI — PACKPbITME HEKOTOPbIX DUOXMMMUHYECKMX MeXaHM3MOB (prbporeHesa 3KCTPAOKYASPHBIX MbILILL U PeTPO-
byAbbapHon kaeTyaTkn npu D001,

Martepuan n metoabl. [Noa HabAOAeHMEM HaxoAnAKC 65 yerosek (130 raas) B Bo3pacTe 43 (35-50) AeT. M3 Hux cchopmmpoBa-
Hbl TpK rpynnbi: 32 nauvenTa ¢ DO cpeaHeit cTeneHn TsKecTH (OCHOBHas rpynna), 18 nauMeHToB ¢ ayTOMMMYHHOM MaTOAOTU-
e/l WMTOBMUAHOM xeAe3bl 6e3 DOI (rpynna cpaBHeHMs!) U 15 3A0poBbIX AMLL (KOHTPOAB). AarHo3 ObIA BbICTABAEH Ha OCHOBaHMM
KAMHUYECKMX, AaDOPaTOPHbIX M MHCTPYMEHTAAbHbLIX AaHHbIX. [TPOBOAMAOCH KOMMAEKCHOE O(ITaAbMOAOTMHECKOe 0DCAeAOBaHME;
B KPOBM OMPEAEASIAU KOHLIEHTPALIMK MAaTPUKCHBIX MeTarronpoTenHas-1, -13 (MMP-1, -13), TkaHeBOro MHrMOUTOpPa METAAAOMNPO-
Tennas-1 (TIMP-1), cyabaTpoBaHHbIX rAMKo3aMMHOIAMKaHOB (SGAG) M aHTUTEA K peLenTopy TMPeoTpomnHOro ropmoHa (AT K
pTTr). CtatncTnyeckas 06paboTka AaHHbIX OCYLLECTBASIAACh B Mporpamme Statistica 10.0.

Pe3yAbTatbl. YpoBeHb MMP-13 6biA nosbiweH y Bcex nauveHToB ¢ JOI (p<0,05). B aktuBHyio asy IO 3admkcrpoBaHo
yBeAMUeHue KoHueHTpaunn MMP-13 B 3,5 pasa (p<0,001) u TIMP-1 B 1,17 pa3sa (p>0,05) no cpaBHeHuiO C KOHTpoAem. [Nocre
nyAbC-Tepanuu ralokokopTukocTteponaamm (FTKC) nponcxoanao cHmxkerme yposHst MMP-13 Ha 48,6% (p<0,001), TIMP-1 Ha 2,7%
(p<0,001) n AT k pTTI Ha 93% (p<0,001) no cpaBHeHuio ¢ akTBHOM DOI1, HO 3HaYEHNSI AAHHBIX MOKa3aTeAel NPeBbIlLAAK pede-
PEHCHbIE rPaHMLbl KOHTPOALHOW Tpynmbl (p>0,05). B HeakTuBHYI0 a3y DO, HeCcMOTpSl Ha NOBbIWeHHble NokazaTtean MMP-13,
ypoeHb TIMP-1 cHuxkancst A0 pethepeHCHbIX 3HaueHMI KOHTPOAS (p=0,533). 3HauMMbIX pa3Anumit no yposHio MMP-1 B rpynnax
MCCAeAOBaHMS He 3achmkcuposaHo (p=0,865).

3akAlouenue. BoisiBaeH ancbanaHc mexay npoaykunein MMP-13 1 TIMP-1 B pa3Hele pasbl aktuBHocTH DOIT. AktnBHast SOIT xa-
pakTepu3yeTcs nosbiweHnem yposHeit MMP-13 1 TIMP-1 B cbiBOpoTKe KpOBU. AUCPEryASLMS PEMOAEAMPOBAHUA MEXKAETOYHO-
ro MaTpMKca, BO3MOXHO, A@XKUT B OCHOBE Pa3BuTHS (hrbpo3a SKCTPAOKYAAPHBIX MblllLL 1 peTpobyAbbapHoi kaeT4aTkn npu JO0IT.

KatoueBble cAoBa: S3HAOKPHHHAs OhTaAbMOMNaTus, natoreHes, (pubpo3s, MaTpPUKCHbIE METAAAOINPOTENHA3bl, TKAHEBOKM MHIMOUTOP
MeTaAAoNpPOTeNHa3, IMUKO3aMUHOIAMKaHbI.

Matrix metalloproteinases-1, -13 and their tissue inhibitor-1 in endocrine ophthalmopathy
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Effective regeneration of damaged soft orbital tissues in Graves’ ophthalmopathy (GO) requires coordinated remodeling of the
extracellular matrix. Matrix metalloproteinases (MMPs) play an important role in the synthesis and degradation homeostasis of
extracellular matrix components in various physiological and pathological conditions. Their proteolytic activity is inhibited by tis-
sue inhibitors of metalloproteinases (TIMP). The biochemical processes taking place in extraocular muscles and retrobulbar tissue
fibrogenesis in GO are not fully understood.

Aims — to assess some biochemical mechanisms of extraocular muscles and retrobulbar tissue fibrogenesis in GO patients.
Material and methods. The study included 65 people (130 eyes) at the age of 43 (35-50) years. Three groups of subjects were
formed: 32 patients with a moderate GO severity (clinical group), 18 patients with autoimmune thyroid pathology without GO
(comparison group), and 15 healthy persons (control). The diagnosis was based on clinical, laboratory, and instrumental data.
A comprehensive ophthalmologic examination and blood sampling for determination of MMP-1, -13, TIMP-1, sulfated glycosami-
noglycans (sGAG) and antibodies to thyroid-stimulating hormone receptor (TSHRAbs) were conducted. The data were statistically
processed using the program Statistica 10.0.

Results. An elevated level of MMP-13, observed in all GO patients (p<0.05). For the active phase of GOP, the comparison with
the control group showed a 3.5-fold increase in MMP-13 (p<0.001) and 1.17-fold rise in TIMP-1 (p>0.05). Pulse glucocorticoid
therapy reduced MMP-13 by 48.6% (p<0.001), TIMP-1 by 2.7% (p<0.001), and TSHRAbs — by 93% (p<0.001) compared with
active GO, but these indicators were higher than the reference limits of control (p>0.05). In inactive GO, despite increased
MMP-13, TIMP-1 decreased to the reference values (p=0.533). There were no significant differences in MMP-1 in groups of sub-
jects (p=0.865).

Conclusions. We have found imbalance between MMP-13 and TIMP-1 production in different activity phases of GO. Active GO is
characterized by an increase in serum MMP-13 and TIMP-1. Dysregulation of intercellular matrix remodeling, possibly, underlies
the development of extraocular muscles and retrobulbar tissue fibrosis in GO.

Keywords: Graves’ ophthalmopathy, pathogenesis, fibrosis, matrix metalloproteinases, tissue inhibitor of metalloproteinases,
glycosaminoglycans.
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Background

Endocrine ophthalmopathy (GO) is a chronic orbit-
al disease, often occurring against the background of thy-
roid dysfunction, and characterized by autoimmune in-
flammation of extraocular muscles and/or retrobulbar tis-
sue with the possibility of their subsequent fibrosis [1, 2].
The result of GO can be characterized by a limiting of the
range of movement of the eyeball, and the formation of
persistent diplopia, strabismus and exophthalmos [1]. At
present, the biochemical processes of fibrogenesis in the
intercellular matrix of extraocular muscles and retrobul-
bar tissue in GO are insufficiently studied.

Activated orbital fibroblasts play a key role in the
pathogenesis of GO [3, 4]. Under the influence of anti-
bodies to the thyroid-stimulating hormone receptor
(TSHRADs), and various proinflammatory cytokines and
growth factors, these cells secrete excess intercellular ma-
trix components, including collagen, fibronectin, elastin
and glycosaminoglycans [5, 6]. Hypersecretion of gly-
cosaminoglycans leads to the binding of water molecules
and the formation of soft retrobulbar edema, and the de-
velopment of clinical manifestations characteristic of GO
[4, 6].

It is known that matrix metalloproteinases (MM Ps)
play a decisive role in the process of remodeling the com-
ponents of the extracellular matrix and the development
of fibrosis in various inflammatory diseases [7]. MMPs are
extracellular zinc-dependent proteolytic enzymes belong-
ing to the cathepsin group [7]. More than 20 enzymes have
been described, which, depending on their properties and
substrate specificity, are divided into collagenases, strome-
lysins, gelatinases, matrilysins, and membrane-linked
MMPs [8]. MMPs synthesis is regulated mainly at the
transcription level, and their proteolytic activity is con-
trolled through the activation of proenzymes and the in-
teraction with tissue inhibitors of metalloproteinases -1
and -2 (TIMPs-1, -2) [7, 8]. MMPs are secreted by nor-
mal and transformed fibroblasts, epithelial cells, phago-
cytes, and lymphocytes [7].

Fibrosis formation is characterized by changes in
the homeostasis of synthesis and degradation of colla-
gen. MMP-1 (interstitial collagenase-1) and MMP-13
(collagenase-3) break down collagen types 1-3, 7, and
10 [8]. Therefore, changes in the concentration and ac-
tivity of MMPs may play an important role in the
change in the metabolism of collagen of the extracellu-
lar matrix and initiate the development of fibrosis. The
problem of MMP-1, -13 and TIMP-1 imbalance influ-
ence on soft retrobulbar tissue fibrogenesis in GO re-
mains current.

AIM

To discover some of the biochemical mechanisms of
fibrogenesis of extraocular muscles and retrobulbar tissue
in Graves’ ophthalmopathy (GO).
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Methods

Research Design

The study was an observational case control study with
parallel groups: clinical and laboratory activity scores of
the main group (patients with GO) were compared with
those of the comparison group (autoimmune thyroid pa-
thology without GO) and the control group (healthy in-
dividuals). During the study, the core group was divided
into two subgroups:

* patients with GO in an active phase;

* patients with inactive GO in the stage of extraocu-
lar muscle fibrosis and retrobulbar tissue.

In the subgroup of patients with GO in an active
phase, a prospective observational study was carried out
to assess the effect of glucocorticosteroids (GCS) pulse
therapy on clinical and laboratory activity scores in GO.

Compliance criteria

Patients with a clinically and medically confirmed au-
toimmune thyroid pathology and/or a diagnosis of mod-
erate GO were included in the study. The diagnosis was
verified based on the consultation of an endocrinologist
and ophthalmologist, thyroid ultrasound, CT scan of the
orbits (in cases of GO), as well as a determination of lev-
els of TTG and thyroxin (T4).

The control group included individuals who consid-
ered themselves to be essentially healthy with a normal
psychosomatic disposition, who were not taking medica-
tions at the time of the study, and who were examined by
relevant specialists in the course of clinical examinations.

Criteria for exclusion from the study: orbital diseases
of other etiologies; severe somatic pathology impeding fur-
ther study; cancer; systemic autoimmune diseases; infec-
tious diseases; diabetes mellitus; pregnancy and lactation.

Terms and conditions

The study was conducted at the State University of
Health “Regional Clinical Hospital No. 1”7, Department
of Ophthalmology, and in the biochemistry laboratory of
the Research Institute of Molecular Medicine of the Chi-
ta State Medical Academy.

Duration of the study

The study included patients hospitalized in the endo-
crinology unit of the State University of Health “Region-
al Clinical Hospital No. 1”, or referred to the outpatient
clinic of the Chita State Medical Academy in the period
of 2016 to 2018.

Patients with inactive GOs, as well as patients in the
comparison and control groups, were examined. Venous
blood samples were taken for single determinations of
MMP-1, MMP-13, TIMP-1 concentrations, and sulfat-
ed glycosaminoglycans (SGAG) and TSHRADbs in serum.
A subgroup of patients with active GOs had two planned
visits, including clinical and laboratory assessments be-
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fore and immediately after GCS pulse therapy, in two-
month intervals.

Description of medical intervention

Complex ophthalmologic examinations included col-
lection of complaints and anamnestic data, examination
of the visual organ, exophthalmometry, visometry, autore-
fractometry, tonometry, bio microscopy, indirect ophthal-
moscopy, and perimetry. Pachymetry, A-scan of eyeballs
and optical coherence tomography of optic nerve discs
were performed according to indications.

The material for the study was the patient’s venous
blood serum. Blood was taken at the same time of day
(8:00 a.m.), on an empty stomach, in a sitting position.

The main outcome of the study

The main datapoints of the study were the concentra-
tion of MMP-1, MMP-13 and TIMP-1 in blood serum
and their connection with clinical manifestations of GO,
as well as with changes from glucocorticosteroids (GCS)
pulse therapy.

Additional outcomes of the study

The presence and strength of correlation links between
SGAG concentration and MMP-1, MMP-13, TIMP-1
and TSHRADs level in blood serum in patients with GO
were determined, as well as the possibility of using SGAG
concentration as an additional laboratory criterion for GO
activity and severity.

Analysis in subgroups

In the course of the study, 3 groups of participants
were formed:

* the main group included patients with moderate GOs
in different phases of activity

* the comparison group — patients with autoimmune
thyroid pathology without GO;

* the control group — healthy individuals, with com-
parable age and gender parameters.

Depending on the activity phase of autoimmune in-
flammation in the orbit, the patients in the main group
were divided into 2 subgroups:

* Subgroup 1 — active GO;

* 2nd subgroup — inactive GO in the stage of ocular
motor muscle and retrobulbar fibrosis.

The criteria for the distribution of patients from the
main group to the subgroups of the study were the mea-
sures of the severity and the progression of activity of GO
on the CAS scale (Clinical Activity Score), as well as the
condition of soft retrobulbar tissues as seen in computed
tomography of orbits (proptosis, thickness of ocular mo-
tor muscles, X-ray density of retrobulbar fibers and ocu-
lar motor muscles).

DOI: https://doi.org/10.14341/probl9750

Methods of recording outcomes

The severity of GOs were classified according to NO-
SPECS classifications, as recommended by the European
Graves Orbitopathy Research Group (EUGOGO), which
included mild, moderate and severe forms of GO. Disease
activity was evaluated using the CAS point scale, indicat-
ing inactive (CAS<3) and active (CAS>3) GO phases [1,
9].

The serum levels of MMP-1, MMP-13 and TIMP-1
were determined by solid-phase enzyme-linked immuno-
assay using Cloud-Clone Corp. (USA), sensitivity: 0.059
ng/ml for MMP-1 and TIMP-1 and 12.1 ng/ml for MMP-
13. To determine the level of SGAG in the serum we used
reagents of EURO Diagnostica AD (Sweden), measuring
range: 1.4-400 ug/ml. TSGHRADs levels were determined
by competitive enzyme immunoassay using reagents from
MEDIPAN GMBH (Germany). Normal limits for
TSHRADs: < 1.5 mEd/I.

Ethical review

The study was approved by the Local Ethics Commit-
tee of the Chita State Medical Academy of the Ministry
of Health of the Russian Federation (Minutes No. 81 of
28.10.2016).

Statistical analysis

Statistica 10.0 software was used for statistical analy-
sis (“StatSoft”, USA). Before the analysis began, the vari-
ation series were tested for normal distribution using cri-
teria of Kolmogorov-Smirnov and Shapiro-Wilk tests. Be-
cause the signs in the study groups had a different
distribution than normal, the median and interquartile
range were calculated for each indicator (Me [Q25; Q75]).
The Mann-Whitney U-criterion was used to evaluate the
statistical significance of the differences in the numerical
data of the two independent groups; Wilcoxon T-criteri-
on was used to compare the two dependent groups; and
Kruskal-Wallis H-criterion was used in more than two
samples. The statistical significance of differences in clin-
ical and laboratory parameters was analyzed using Pear-
son’s Chi-square (2) and Yates correction criterion. The
ratio of chances and risks of the active form of EOP de-
velopment with an increase in the concentrations of bio-
chemical parameters in serum was calculated. The Spear-
man Rank Correlation Coefficient was calculated to as-
sess the relationship between the indicators. The critical
level of significance in testing statistical hypotheses in this
study was assumed to be p<0.05.

Results

Objects (participants) of the study

All the patients included in the study were separated
into either a comparison group, consisting of those pa-
tients with autoimmune thyroid pathology without GO
(n=18), or the main group, consisting of those patients
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with medium severity of GO of different activity phases
(n=32).

Depending on the activity phase of GO, patients in
the main group were divided into 2 subgroups. Subgroup
1 was represented by 15 patients with active GO with a
median age of 46 [35-52] years, with a less-than-6-
months history of the disease and signs of swelling and
infiltration of the soft retrobulbar tissues, as seen in com-
puter tomography of the orbits. This subgroup was divid-
ed into group A, which consisted of 15 patients with ac-
tive GO before GCS pulse therapy, and group B — 15 pa-
tients with inactive GO immediately after the course of
GCS pulse therapy (total loading dose 6-8 mg of meth-
ylprednisolone). Subgroup 2 consisted of 17 patients with
a median age of 46 [35-51] years with inactive GO in the
stage of ocular motor fibrosis and retrobulbar fibrosis,
and anamnesis of the disease for more than 18 months.
(Table 1).

Main findings of the study

The level of TSHRAbs was significantly higher
(p<0.05) for all phases of GO activity than in the compar-
ison and control groups (Table 2). In 100% of patients with
active phase GO (CAS>3), the TSHRADbs titer was high-
eror equal to 1.5 MEU/I. In 15% of patients with inactive
phase GO (CAS<3) the results of the TSHRAbs determi-
nation were false positive (x>=33.03; p<0.001). A direct
strong correlation link (r=0.77) was revealed between the
TSHRADs titer, higher or equal to 1.5 MEU/I and GO ac-
tivity (p<0.001) (Table 3).

No significant differences in the levels of SMR-1 were
recorded in the study groups (p=0.865). However, in the
active phase of GO, a 3.5-fold (p<0.001) increase in the
concentration of MMP-13, and a 1.17-fold (p>0.05) in-
crease in TIMP-1 was revealed in comparison with the
control group (Table 2). At the same time, these indica-
tors had weak direct correlation relations (r=0.33;
p<0.001) (Table 3).

After GCS pulse therapy there was a 48.6% (p<0.001)
decrease in MMP-13, and a 93% (p<0.001) decrease in
TSHRADbs, in comparison with the active phase of GO,
but the values of these parameters exceeded the reference
boundaries of the control group (p>0.05). TIMP-1 levels
in patients with active GO before and after treatment did
not differ significantly (p>0.05) (Table 2).

At the same time, the level of MMR-13 in inactive
GO in the fibrosis stage remained 2 times higher than in
the control group and did not differ from its level in pa-
tients after pulse GCS therapy (p=0.6778). In patients with
inactive GO in the fibrosis stage, the TIMP-1 level re-
turned to the reference control group boundaries
(p=0.255) (Table 2).

Direct links of mean force (r=0.65) between the con-
tent of MMP-13 and TSHRADs (p<0.001) were revealed,
as well as weak links (r=0.35) between the content of
TIMP-1 and TSHRADs in the study groups (p<0.001)
(Table 3).

ORIGINAL RESEARCH ARTICLE

The number of patients with active phase GO and lev-
els of MMP-13>60 ng/ml and TIMP-1>105 ng/ml was
88%, and with inactive phase GO and levels of MMP-13
< 60 ng/ml and TIMP-1 < 105 ng/ml — 93% (x2=63.77;
p<0.001). A direct strong correlation (r=0.8; p<0.001) be-
tween MMP-13>60 ng/ml and TIMP-1>105 ng/ml and
GO activity (CAS >3) was revealed. A direct correlation
(r=0.76; p<0.001) between MMP-13>60 ng/ml and
TIMP-1>105 ng/ml and TSHRAbs>1.5mEd/I was also
found. (Table 3).

Patients with concentrations of MMP-13>60 ng/ml
and TIMP-1>105 ng/ml had a relative risk of active GO
of 18.3 (95% Cl, 4.65-72.13). The ratio of chances of de-
veloping the active phase of the disease was 105 (95% CI,
15.9-690.8).

Additional research results

In all patients with GO, regardless of the activity
phase, the sGAG concentration in serum was significant-
ly higher than in the control group (p<0.001). There was
also an increase in the SGAG level in the comparison
group by a factor of 1.7 compared to control (p<0.05) (Ta-
ble 2).

No significant differences in SGAG levels in serum be-
fore and after GCS pulse therapy were recorded (p>0.05)
(Table 2).

The increase in the SGAG level is directly and weak-
ly related to the increase in the concentration of MMP-13
(r=0.43; p<0.001) and TSHRADs titre (r=0.43, p<0.05).
No dependencies were found between sGAG and TIMP-
1 levels (r=0.20; p=0.074) (Table 3).

Adverse events
No adverse events were observed in this study.

Discussion

Summary of the main result of the study

We revealed an imbalance in the production of MMP-
13 and TIMP-1 in different phases of GO activity. The
MMR-13 level was elevated in all patients with GO
(p<0.05), but the maximum value was recorded in the ac-
tive phase (p<0.001). The TIMP-1 content in blood se-
rum in the active phase of GO also increased (p<0.05).
However, in inactive GO in the stage of soft retrobulbar
tissue fibrosis, despite the increased parameters of MMP-
13, the level of TIMP-1 decreased to the reference values
of the control group (p=0.533).

The result of the study was identification of an addi-
tional laboratory diagnostic marker: concentration of
MMR-13>60 ng/ml and TIMP-1>105 ng/ml in blood se-
rum characterizes active GO of medium severity.

The study groups did not differ significantly in terms
of MMR-1 level (p=0.865).

One of the possible mechanisms of the profibrotic in-
fluence of GCS pulse therapy on soft retrobulbar tissues
in GO is the imbalance between MMP-13 and TIMP-1,
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Table 1. Length and activity of endocrine ophthalmopathy, (Me [Q25; Q75])

Core group
. Active GO
Indicator .
Group A before the GCS Group B afterGCS Inactive GO (n=17)
treatment (n=15) treatment (n=15)
GO experience, months 313;5] 515;6] 24 [19; 25]
GO activity on CAS scale (0-7)', points 44; 5] 212; 3] 110;2]

Note. Here and in Table 2.3: n — number of observations in groups; Me [Q25; Q75]1 — median (interquartile sweep in the form of 0.25 and 0.75 quartiles);

!CAS (Clinical Activity Score) — scale of clinical activity of endocrine ophthalmopathy.

Table 2. Dynamics of antibodies to thyroid hormone receptor, sulfated glycosaminoglycans, matrix metalloproteinases-1, -13 and tissue
inhibitor-1 in groups (Me [Q25; Q75])

Comparison Group

OcHOBHasl rpyIina

. akTuBHas DOI1 .
Indicator Control (n=15) (n=18) Before GCS After GCS Inaz:rtlllel 5E)OP
treatment (n=15) treatment (n=15)
TSHRADs concentration, 0,0110; 0,27] 0,1[0;0,3] 16,9 [7,78; 24,4] 1,16 [0,16; 6,33] 0,51 [0,25; 0,82]
mEd/1 p=0,5387 p<0,001 p<0,05 p<0,001
2,<0,001 p,<0,05 p,<0,001
P,<0,001 p,<0,001
,=0,597
P5<0,001
SGAG concentration, 11,74 [7,2; 15,5] 19,7 [13,3; 25,2] 25,6 [21,5; 33,3] 30,77 [16,3; 32,05] 29,06 [22,35; 35,04]
ug/ml p<0,05 p<0,001 p<0,001 p<0,001
p,<0,05 p,<0,05 p,<0,05
p,=0,609 p,=0,597
p,=0,558
ps<0,05
Concentration MMP-1, 2,89 [2,58; 3,64] 2,94 [2,78; 3,4] 3,02 1[2,79; 3,62] 2,8[2,57; 3,65] 2,93 [2,45; 3,29]
ng/ml p=0,745 p=0,619 p=0,648 p=0,558
,=0,492 p,=0,448 p,=0,338
,=0,57 ,=0,206
2,=0,879
Ps=0,865
Concentration MMP-13, 21,3 [17,6; 27,5] 24,8 [17,6; 29,7] 73,7 [61,6; 92,4] 37,9 120,9; 52,8] 42,9 18,7, 50,6]
ng/ml p=0,856 p<0,001 p<0,05 p<0,05
p,<0,001 p,<0,001 p,<0,05
p,<0,001 p,<0,001
p,=0,6778
p<0,001
Concentration TIMP-1, 101,03 [93,5; 111,03]  108,9 [102,4; 119,32] 118,35 115,1 [109,05; 134,6] 103,6 [94,1; 112,04]
ng/ml p=0,071 [106,15; 165,7] <0,05 p=0,533
<0,05 p,<0,05 p,=0,255
p,<0,05 ,=0,733 P,<0,05
2,<0,05
P5<0,05

Note. p — statistical significance in comparison with control; p, — statistical significance in comparison with comparison group; p, — statistical significance in
comparison group with active GO before and after GCS pulse therapy; p, — statistical significance between active GO before GCS pulse therapy and inactive GO in
the stage of fibrosis; p, — statistical significance between active GO after GCS pulse therapy and inactive GO; p; — statistical significance in comparison of all samples.

Table 3. Results of correlation analysis of clinical and laboratory parameters of endocrine ophthalmopathy

Correlation indicators
Correlation coefficient,

Corrective signs Level of significance,

r p

Concentration of TSHRADs > 1.5 mEd/l and CAS > 3 0,77 <0,001
Concentration of TSHRAbs and MMR-13 0,65 <0,001
Concentration of TSHRAbs and TIMP-1 0,35 <0,001
Concentration of TSHRAbs and sGAG 0,43 <0,05
Concentration of MMR-13 and TIMP-1 0,33 <0,05
Concentration of MMR-13 > 60 ng/ml and CAS > 3 0,76 <0,001
Concentration of TIMP-1 > 105 ng/ml and CAS > 3 0,49 <0,001
Concentration of MMR-13 > 60 ng/ml, TIMP-1 > 105 ng/ml and CAS > 3 0,80 <0,001
Concentration of MMR-13 > 60 ng/ml, TIMP-1 > 105 ng/ml and TSHRAbs> 1.5 mEd/I 0,76 <0,001
Concentration of sSGAG and MMR-13 0,37 <0,001
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at which the content of TIMP-1 in serum remains in-
creased against the background of suppression of exces-
sive expression of MMP-13. Moreover, after GCS pulse
therapy, the increased concentration of SGAG in the se-
rum remained for a long time, which may indicate the
continued destruction of the extracellular matrix and ac-
tivation of orbital fibroblasts.

Discussion of the main research result

Orbital fibroblasts play an important role in the pro-
cess of remodeling and development of soft retrobulbar
tissue fibrosis in GO [4]. Activated, they excessively syn-
thesize the components of the intercellular matrix, in par-
ticular glycosaminoglycans, which are linear polyanionic
heteropolysaccharides, including chondroitin sulfate, der-
matan sulfate, heparan sulfate, heparin, keratan sulfate
and hyaluronic acid [10]. Chains of these macromole-
cules — except for hyaluronic acid — are covalently bound
to the nucleus proteins, forming proteoglycans, which are
elements of the cell membrane, and intracellular granules,
as well as the main substance of connective tissue form-
ing the intercellular matrix [10].

GO autoimmune inflammation in the orbit leads to
the increase of extracellular matrix catabolism with an in-
crease in the concentration of the above-mentioned mac-
romolecules in blood serum, and their increased excretion
in urine in the form of oligosaccharides [10]. Some au-
thors consider the excretion of SGAG in urine as a mark-
er of GO infiltration process activity in the orbit [11]. It is
known that the level of SGAG in serum characterizes the
state of proteoglycan metabolism, and allows us to indi-
rectly judge the degree of connective tissue destruction in
various diseases [12]. According to our data, the SGAG
level in serum is not a specific criterion of GO activity, be-
cause it is elevated in all phases of disease activity. How-
ever, this indicator can be used to assess the degree of de-
struction of the intercellular matrix in the orbit and the ef-
ficacy of GO treatment.

MMPs are key enzymes of the metabolism of connec-
tive tissue components participating in various physiolog-
ical and pathological processes of morphogenesis, resorp-
tion and remodeling of tissues requiring migration, adhe-
sion and differentiation of cells [7, 8]. MMPS synthesis is
controlled by cytokines (interleukin-1f3, tumor necrosis
factor a, interleukin 6) and growth factors (fibroblast
growth factor, epidermal growth factor, platelet growth
factor) [8]. Heparin, glucocorticosteroids, estrogens, and
progesterone are capable of suppressing excess MMP se-
cretion [8].

MMP activation is one of the leading mechanisms of
the development of diseases with connective tissue dys-
plasia [13]. In addition, MMPs are considered as serum
fibrosis markers. For example, chronic hepatitis transform-
ing into cirrhosis is characterized by an increase in MMP
activity and cholestasis [13]. The content of MMPs and
their tissue inhibitors is determined by different forms of
IHD to create a model of left ventricular remodeling [14].
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It has recently been shown that TIMP-1 and TIMP-
2 act as growth factors, stimulating fibroblast growth and
excessive collagen synthesis [15, 16]. Moreover, the inhib-
itory effect of TIMP on the processes of collagen and gly-
cosaminoglycans proteolysis may slow down the utiliza-
tion of damaged components of the extracellular matrix
and inhibit tissue fibrosis [14].

Our data on the imbalance of MMP-13 and TIMP-
1 in GO are comparable with the results of other stud-
ies. J. MySsliwiec et al. did not find any changes in the
concentration of MMP-2, but recorded a significant in-
crease in the level of MMP-9 in patients with active
GO; after GCS therapy, this indicator decreased [17].
TIMP-1 levels remained high before and after treat-
ment. H. Kim and colleagues noted that GCS do not
inhibit the production of TIMP-1 induced by interleu-
kin 1p in EOP [18].

However, other authors have shown that overexpres-
sion of MMR-1 and MMR-13 stimulates the migration
and differentiation of myoblasts in the process of muscle
tissue repair in cases of injury [19, 20]. Therefore, a sig-
nificant increase in the level of MMR-13 in active GO may
be necessary for the regeneration of extraocular muscles
after the damaging effects of oxidative stress and autoim-
mune inflammation.

Thus, chronic autoimmune inflammation in GO
leads to increased destruction of soft retrobulbar tissues.
The need to dispose of destroyed and newly synthesized
components of connective tissue may lead to an increase
in the level of MMR-13 in the active phase of the dis-
ease. However, excessive degradation of collagen under
the action of MMPs may become a trigger of unregulat-
ed synthesis of intercellular matrix components by orbit-
al fibroblasts, with subsequent development of fibrosis.
Therefore, raising the TIMP-1 level in the acute phase
of inflammation in the orbit may be a compensatory re-
action. After pulse therapy, there is an imbalance in the
“enzyme-tissue inhibitor” system, since GCs are unable
to inhibit TIMP-1 production in GO [18]. Thus, against
the background of the increased level of TIMP-1, there
is a marked decrease in the content of MMP-13. A high
level of TIMP-1 can slow down the utilization of dam-
aged components of the extracellular matrix and, in ad-
dition, may activate orbital fibroblasts [14-16]. These dis-
turbances of intercellular matrix remodeling processes
after GCS pulse therapy may trigger fibrogenesis of ex-
traocular muscles and retrobulbar tissue in GO. In the
inactive phase of GO, in the fibrosis stage, the concen-
tration of MMP-13 remains moderately high, while the
content of TIMP-1 reaches the reference values of the
control group. This phase is dominated by destructive
processes leading to chronic activation of orbital fibro-
blasts and synthesis of extracellular matrix components.
Such an assumption is confirmed by the results of the
present study, which showed the preservation of a high
level of sSGAG in patients with inactive phase GO in the
fibrosis stage.
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Limitations of research

The study of serum concentrations of MMP-1, MMP-
13, TIMP-1 and sGAG was limited only to patients with
moderate GO severity. Studying the dynamics of these pa-
rameters in patients with different degrees of GO severity
will allow researchers to more accurately determine the
threshold concentration of these biochemical parameters
in serum, characterizing active autoimmune inflamma-
tion in the orbit.

Conclusion

In GO there is an imbalance in the «matrix metallo-
proteinases — tissue inhibitor of metalloproteinases» sys-
tem in different phases of autoimmune inflammation ac-
tivity.

Active GO is characterized by a 3.5-fold increase in
MMP-13 content and a 1.17-fold increase in TIMP-1
(p<0.05). These indicators directly correlate with the
TSHRADbs titre and CAS scale of GO activity (p<0.001).
Diagnostic criterion for GO activity includes concentra-
tions of MMP-13 and TIMP-1 in the blood serum. The
active phase of GO is characterized by a level of MMP-
13>60 ng/ml and TIMP-1>105 ng/ml.

In addition to the pronounced immunosuppressive
action (93% reduction of TSHRADbs), GCS pulse therapy
may have a profibrotic effect on soft retrobulbar tissues,
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which is manifested by the imbalance between MMP-13
and TIMP-1. The high level of TIMP-1 can slow down
the disposal of destroyed components of the extracellular
matrix, and stimulate orbital fibroblasts to proliferate and
produce such components. Moreover, the level of SGAG
in blood serum, indirectly characterizing the degree of
connective tissue destruction and the synthetic function
of orbital fibroblasts, did not decrease after GCS pulse
therapy. These biochemical parameters can be used for
patients with active GOs to control treatment and select
individual dosages of GCS.

In patients with inactive GO in the fibrosis stage, the
levels of MMP-13 remained 2 times higher than in the
control group, and did not differ from the levels in patients
after GCS pulse therapy. The concentration of TIMP-1
in this group has normalized.
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