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The aim of the study was to examine the involvement of tissue-specific and non-specific autoantibodies, matrix metalloprotein-
ase-3 and neuron-specific enolase (NSE) enzymes in the development and exacerbation of autoimmune thyroiditis.

Materials and methods. The study enrolled 170 patients with autoimmune thyroiditis (64 males and 106 females aged 18 to
64 years) to comprehensively examine their humoral immune response indicators (IgA, M, G), organ-specific (Ab-TG, Ab-TPO)
and organ-non-specific antibodies (Ab-DNA), metalloproteinase-3 and NSE activity. The control group consisted of 65 individuals
without thyroid pathologies or other autoimmune diseases, aged 20 to 65 years (26 males and 39 females).

Results. The study has demonstrated changes in the levels of organ-specific and organ-nonspecific antibodies and statistically
significantly increased metalloproteinase-3 activity in patients with autoimmune thyroiditis. Positive correlations have been found
between elevated levels of IgG, Ab-TG, Ab-TPO, Ab-dsDNA and NSE activity. Negative correlations have been observed between
NSE activity and IgA concentrations.

Conclusions. Elevated titers of anti-DNA autoantibodies may indicate an aggravation of the autoimmune process due to cellular struc-
ture damage, resulting in gland dysfunction. The findings also suggest that metalloproteinase-3, a marker predicting thyroid tissue
damage, may negatively impact the immune response induction, ultimately affecting the activity of neuron-specific enolase. The data
have shown that studying biochemical indicators such as antinuclear antibodies (ANA), anti-DNA antibodies, metalloproteinase-3 and
neurodegenerative indicators could provide informative markers to determine the nature of the disease development and worsening.
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DOCAipAKEHHA POAi TKAHUH-cieLMPiuHUX | HecneunpiuHUX ayTOAHTUTIA,
¢depMeHTiB MaTPUKCHOI MeTanonpoTeiHa3u 3 TUNY Ta HEUPOH-cneLudiuHOi eHoAa3H
Yy 3aroCcTpeHHi ayToiMyHHOro TAPEOIAUTY

P. P. ParimoBa, A. M. EdeHpies, I. Ax. Liaxsepaiesa, I'. C. Aawpamiposa, C. P. Tyaiesa, Y. I. AsizoBa

Meta po60T1 — BUBUUTH BHECOK TKAHWH-CNIELMIYHIX | HECTIeLMMIYHNX ayTOaHTUTIMN, (DEPMEHTIB MaTPUKCHOT MeTanonpoTeiHaau
3 TNy Ta HeMpOH-cNeLMMdIYHOT eHonasm y PO3BUTOK i 3arOCTPEHHS ayTOIMYHHOTO TUPEOIANTY.

Martepianu i meToau. JocnimxeHHs 3gificHmnm 3a yyacTi 170 nawieHTiB 3 ayToiMyHHUM TUPEOoianToM (64 YonoBiku i 106 XiHOK BikoM
Big 18 no 64 pokis). [1ns feTanbHOro BUBYEHHS rymoparbHoi iMyHHOT Bignosigi (IgA, M, G), cneundivHoi ans opraHa (AB-TG,
AB-TPO), aHTn-cneuundivHoi ans opraHa (aHtu-0HK) aytoaHTuTin, MaTpukcHoi MeTanonpoteilasn 3 Tuny, a TakoX akTUBHOCTI
HeNpOH-CneLmdivHOT eHoNaau NpoaHarnidyBanu ixHi NoKasHWKI. Y KOHTPOIBHY rpyny 3amy4mnu 65 ocib 6e3 natonorii LW1ToBUaHOI
3an03u abo iHWKX ayTOIMYHHUX 3aXBOPtoBaHb (26 4onoBikiB i 39 xiHok Bikom Big 20 4o 65 pokiB).

Pe3yabtatn. BctanoBwnw, WO y NauieHTiB 3 ayTOIMyHHUM TUPEOIAMTOM 3MIHIOKOTBCS PiBHI OpraHOCNeLMIiYHUX | opraHoHecneLy-
iYHUX aHTUTIN. BUSIBUNM TaKOX CTATUCTUYHO 3HAYYLLE NiABMLLEHHS aKTUBHOCTI METanonpoTeiHasu 3 Tuny. BusHaumnm noantveHi
kopensuii Mix nigsuweHnmy pisHsmu IgG, AB-TG, AB-TPO, AB-dsDNA Ta akTUBHICTIO hepMEHTIB HeMpOH-cneLmdivHOi eHonasu.
HeraTuBHi kopensvji BCTAHOBWMM MiX aKTUBHICTIO (hepMEHTY HEMpOH-CreLmndiYHOi eHonasu Ta KoHueHTpauismm IgA.

BucHoBkw. Migsuieni TuTpu aytoaHTuTin 4o JHK MOXYTb CBIUMTM MPO 3aroCTPEHHS ayTOIMYHHOIO NPOLIECY Yepes MOLIKOMKEHHS!
KMITUHHOI CTPYKTYPW, LLIO NPW3BOANTL 40 AUCYHKLT 3aro3u. Pesynsrati nokasanu, WO MaTpukcHa MeTanonpoTeinasa 3 Tuny sk
MapKep, KOTPUIA NPOrHO3Ye NOLLKOMKEHHS LUIMTOBMAHOT TKAHWHW, MOXE HeraTuBHO BNMBATY Ha iHAYKLto iMyHHOI Bignosiai; 3peLu-
TOHO Lie BNIMBA€E Ha akTUBHICTb HEMPOH-CNeLudivHOi eHonasu. 3rigHo 3 ogepXaHUMW AaHUMM, BUBHEHHS! BIOXiMIYHMX MOKa3HUKIB:
aHTuagepHux aHTuTin (ANA), aHtn-OHK-aHTWTin, MaTpykcHOI MeTanonpoTeiHasn 3 Tuny, — a TakoX HelpoaereHepaTUBHUX napa-
METPIB AACTb 3MOTY BU3HAYMTVN iH(DOPMATUBHI MapKepy Ans OLHIOBaHHS MPUPOAM PO3BUTKY 3aXBOPOBAHHS! Ta I0r0 NOMIPLLIEHHS.

Hashimoto’s thyroiditis (HT) is a common form of autoim-
mune thyroiditis (AIT). The etiopathogenesis of the disease
is influenced by genetic and environmental factors, which
combine to cause immunological changes in the body.
These alterations lead to immune-dependent neuroendo-
crine disorders [1,2,3]. The severity of thyroid dysfunction in
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HT ranges from subclinical hypothyroidism, which is char-
acterized by elevated thyroid stimulating hormone (TSH)
levels with normal concentrations of thyroid hormones, to
overt clinically meaningful hypothyroidism [4].

In cases of primary hypothyroidism, the range of
non-specific systemic symptoms is highly diverse due to
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the broad spectrum of thyroid hormone effects on vari-
ous tissues and organs. The regulatory effect of thyroid
hormones on the genes that control protein synthesis in
multiple types of nerve cells and brain regions has now
been described and studied well enough [2,5]. Neuroim-
mune interactions play a crucial role in tissue defense and
organ homeostasis [6].

It has been demonstrated that cytokine receptors on
lymphoid cells facilitate communication between the central
nervous system (CNS) and the immune system, resulting
in a chain of neuroimmune-endocrine interactions [7].
Additionally, matrix metalloproteinases (MMPs), a family
of proteolytic enzymes, are involved in the formation of
a normal immune response. MMPs play several crucial
physiological roles, such as extracellular matrix (ECM)
remodeling, cytokine cleavage, and defensin activation
[8,9]. Furthermore, they regulate various biological and
physiological processes that are mediated by hormones,
growth factors, and cytokines [10]. It is important to note
that much of the current research on MMP-3 is focused
on the CNS development, including axonal guidance and
remodeling [11,12].

Numerous studies have confirmed the relationship
between the immune and nervous systems. It has been
demonstrated that immune system cells regulate homeo-
stasis through specific mechanisms that express receptors
for various signaling molecules, ensuring a response from
the neuroendocrine system. These molecules include neu-
ropeptides, insulin, proopiomelanocortin, growth hormone,
and thyroid hormones [13,14].

Thyroid hormones impact tissue respiration intensity
and energy production in nervous tissue cells. In a state of
hypothyroidism, the activity of aspartate aminotransferase,
gamma-aminobutyric acid aminotransferase, and inositol
phosphatase decreases, slowing down the incorporation
of amino acids into brain proteins. Moreover, the thyroid
controls cerebral stem cells and apoptotic-like processes
that ensure the formation of neuronal networks and neuronal
plasticity [15,16].

In recent years, there has been a considerably
increased interest from researchers in determining the
activity of neuron-specific enolase (NSE) as a marker of
neurodegeneration [17]. NSE is the neuronal form of the
glycolytic enzyme enolase and is found almost exclusively
in neurons and cells of neuroendocrine origin. Enolase is
expressed in astrocytes and oligodendrocytes and exerts
autocrine and paracrine effects on glia, neurons, and mi-
croglia. High levels of NSE can be harmful and may trigger
the production of pro-inflammatory cytokines, leading to
neuronal cell apoptosis.

Enolase can be transported to the cell surface upon
receiving stimulatory signals, and this can result in various
pathologies, such as injury, autoimmunity, infection, inflam-
mation, and cancer. The expression of enolase on the cell
surface is frequently observed in activated monocytes /
macrophages, microglia, and astrocytes, which promotes
the ECM degradation, the production of pro-inflammatory
cytokines / chemokines, and the invasion of inflammatory
cells into the sites of injury and inflammation [18,19].

The potential pathological role of enolase in neuro-
degeneration and how enolase inhibition affects neuro-
degenerative processes are currently being studied [20].
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Autoimmune thyroid diseases are also characterized by
the presence of organ non-specific autoantibodies, such
as anti-DNA antibodies, the clinical significance of which
has not been adequately studied [21].

There is a close interdependence between a person’s
mental state, the endocrine system function, and the state
of immunity, governing the body adaptation to environmental
changes. It is important to note that there is an insufficient
number of comprehensive studies on various regulatory
molecules in chronic autoimmune thyroiditis. The whole
preceding arguments assume the possibility of an interdisci-
plinary study on AIT and highlight the importance of studying
the correlation between different biochemical parameters
that compose immune responses.

Aim
The aim of the study was to examine the involvement of

tissue-specific and non-specific autoantibodies, MMP-3 and
NSE enzymes in the development and exacerbation of AIT.

Materials and methods

Comprehensive examinations of 170 patients with AIT
(64 males and 106 females, aged 18 to 64 years) have
been conducted to determine humoral immune response
indicators (IgA, IgM, IgG), organ-specific (Ab-TG, Ab-TPO)
and organ-non-specific antibodies (Ab-DNA), MMP-3 and
NSE activity. The control group consisted of 65 individuals
without thyroid pathologies or other autoimmune diseases
aged 20 to 65 years (26 males and 39 females). The diag-
nosis of AIT was made based on laboratory analysis and
ultrasonography.

Criteria for inclusion in the study were patients with a
primary diagnosis of AIT and the absence of concomitant
allergic or other autoimmune severe somatic diseases.

Criteria for exclusion from the study were any conco-
mitant diseases in a medical history of patients, comorbidity
associated with AIT due to the autoimmune process exa-
cerbation, substantial abnormalities in blood test results,
pregnancy and lactation, acute or chronic inflammatory
processes affecting the immunological status.

The patients were assigned to two groups based on
clinical and laboratory examinations, including the measure-
ment of TSH, free thyroxine (T4) and free triiodothyronine
(T3) levels.

Group 1 consisted of 74 patients with a manifest form
of the disease. Group 2 included 96 patients with a sub-
clinical form.

Patients with the manifest form of AIT may experience a
range of symptoms including a decrease in body tempera-
ture, myxedematous edema (puffy eyes), obesity, voice
changes, drowsiness, mental impairment, dyspnea, chest
tightness, slowing of cardiac conduction, constipation or
diarrhea, limb numbness, hair thinning or loss, and irregular
menstrual periods or amenorrhea. In the group of patients
enrolled in the study, TSH levels were increased while
T3 and T4 hormone levels were decreased. Moreover,
increased titers of organ-specific antibodies, in particular
Ab-TG and Ab-TPO were observed. The subclinical form of
AlIT is characterized by increased TSH and normal T3 and
T4 levels with a lack of clinical symptoms.
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Table 1. Concentrations of thyroid hormones and thyroid stimulating hormone in patients with autoimmune thyroiditis, Me [25 %; 75 %]

Parameter, units of measurement Control group, n = 65 Subclinical form, n = 96 Manifest form, n = 74

Free T3, pg/ml 241[2.1; 28] 24[1.9,27] 1.2[1.1; 1.2
Free T4, ng/dl 1.9[1.5; 2.3] 1.9[1.8;21] 0.8[0.7; 0.8]**
TSH, miU/ml 2.1[1.3;2.3] 4.2[3.5; 4.6 19.0[16.1; 24.3]*#

*: statistically significant difference compared to the control group, p level < 0.05; #: statistically significant difference compared to subclinical group, p level < 0.05.

Table 2. Correlations between humoral immunity parameters and neuron-specific enolase (NSE) activity in patients with AIT (Spearman’s correlation
coefficients, r)

m_mm- L Ab1PO | AbtsDNA | AbssonaJwps |

p= 0042

0.152 0.39%4 0.342 0.328
p =0.032

p=0.126 p =0.040 p=0.034

0.415 0.283 0.044
p=0.003 p =0.167 p =0.565

The levels of thyroid hormones (T3, T4) and TSH were
measured by immunochemiluminescent method using an
IMMULITE 2000 Xpi apparatus (USA). Serum levels of
immunoglobulins A, M, and G were measured using an
automatic analyzer (EL 808 Bio-Tek Instruments, Inc., USA).
Serum concentrations of anti-native (double-stranded) DNA
antibodies (Ab-dsDNA) and anti-denatured (single-strand-
ed) DNA antibodies (Ab-ssDNA) were determined using
an enzyme-linked immunosorbent assay (ELISA). Serum
concentrations of NSE and MMP-3 activity were detected
using a solid-phase ELISA.

The study results were analyzed statistically using a
StatSoft software package. Medians, upper and lower quar-
tiles were calculated to represent quantitative parameters.
Groups were compared using the Kruskal-Wallis one-way
analysis of variance followed by pairwise comparison
using the Mann-Whitney test. A correlation analysis was
performed to examine potential associations between the
levels of studied parameters, and the Spearman correlation
coefficient was calculated.

Ethics approval for research: the present study was
approved by the Ethics Committee of Azerbaijan Medical
University (Ref. no: AMU / IEC / No. 12/ 07.02.2020).

Results

Values of thyroid status indicators allowed randomization
of patients into subclinical and manifest groups (Table 1).

The study results showed a significant decrease in IgA
levels in both subclinical (1.9 [1.6; 2.7 g/l] and manifest pa-
tient groups (1.6 [1.0; 2.3] g/l) compared to the control group
(2.6 [2.4; 2.9] g/l). The reverse was true for IgG concentra-
tions, which were increased in both groups, 12.6 [10.4; 15.1]
g/l and 16.9 [12.6; 21.8] gll, respectively, compared to the
control group levels (11.4 [9.5; 13.0] g/l), p < 0.05. Herewith,
there were no significant differences in IgM levels between
patient groups with different types of hypothyroidism.

In assessing plasma NSE levels in patients with subcli-
nical AlT, the median indicator was found to be 10.5 [7.8;
12.5] ng/ml. It was significantly higher than the correspond-
ing level in the control group, which was 5.0 [4.3; 6.0] ng/ml.
Besides, the study analyzed NSE concentrations in patients
with various clinical forms of AIT. The results showed that
individuals with manifest form of AT had a statistically sig-
nificant increase (p = 0.042) in the value of this parameter,
with a median of 25.0 [23.0; 26.0] ng/ml.

In the group of patients diagnosed with subclinical
hypothyroidism, the levels of Ab-TG and Ab-TPO were
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found to be elevated, with a median range of 456 [395;
544] IU/ml and 523 [464; 568] IU/ml, respectively. These
levels were significantly higher compared to those in the
control group, the median values of which were 16 [13;
30] IU/ml and 20 [13; 25] IU/ml, respectively (p < 0.001). In
patients with manifest form, Ab-TG and Ab-TPO were found
to be significantly elevated with median values of 470 [381;
527]1U/ml and 531 [458; 566] IU/ml, respectively, compared
to those in the control group.

The analysis of anti-DNA antibody levels in patients with
various clinical conditions of hypothyroidism revealed that
the median concentration of Ab-dsDNA was significantly
higher in patients with manifest form of the disease com-
pared to those with subclinical course (8.6 [5.4; 16.4] IU/ml
vs 6.8 [2.1; 13.8] IU/ml, respectively (p < 0.05), while it was
2.6 [1.45; 3.55] IU/ml in the control group. The median con-
centration of Ab-ssDNAwas higher in patients with manifest
hypothyroidism compared to those with subclinical hypo-
thyroidism (4.9 [3.37; 10.10] IU/ml vs 4.0 [1.6; 6.0] IU/ml,
respectively (p < 0.05), and the control value was 4.6 [1.3;
5.9]IU/ml. There were no statistically significant differences
in the Ab-ssDNA levels between the patient groups.

The study showed a statistically significant increase
in MMP-3 activity in each group of patients examined,
both in subclinical and manifest forms of the disease,
compared to the control individuals (23.0 [16.0; 26.0],
p = 0.015). The study compared the MMP-3 levels in
patients with different clinical forms of AIT and found
that patients with manifest form of AIT had significantly
higher MMP-3 levels (59.0 [56.0; 65.0] ng/ml) compared
to patients with subclinical form of the disease (52.1[48.0;
56.5] ng/ml), p = 0.023.

In this paper, a correlation analysis between biochem-
ical parameters and NSE was carried out (Table 2). The
NSE enzyme activity level was statistically significantly
associated with humoral immunity factors in AIT patients.
Negative correlations were observed between NSE enzyme
activity and IgA concentrations. However, positive correla-
tions were found between NSE enzyme activity and the
levels of IgG, Ab-TG, Ab-TPO, and Ab-dsDNA. There was
no significant correlation between the MMP-3 serum level
and NSE enzyme activity.

Discussion

Thyroid hormones affect almost all organs and system in the
body, including the heart, CNS, autonomic nervous system,
bone, gastrointestinal tract, and metabolism. Changes in
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thyroid hormone levels can lead to disturbances of physio-
logical processes in different directions.

It was interesting to study immunoglobulin concentra-
tions. Amid a significant increase in IgG and decrease in
IgA compared to the control, the level of IgM was changed
insignificantly. There are data in the literature on findings of
Marta Zgbczynska et al. concerning a higher cytotoxic effect
of IgG in patients with HT [22]. Our study has shown chang-
es in the levels of organ-specific and organ-non-specific
antibodies in patients with AIT. Elevated titers of anti-dsDNA
antibodies may indicate an aggravation of the autoimmune
process due to cellular structural damage, leading to thyroid
dysfunction. Granito A., Muratori L. et al. have also demon-
strated the role of anti-dsDNA antibodies as markers of the
autoimmune process [23]. Regarding anti-ssDNA antibody
levels, we have not found any significant changes between
the studied groups that could be interpreted as disease exa-
cerbating factors. The results have shown an increase in the
MMP-3 activity in patients of the studied groups, which could
be indirectly associated with progressive organ damage,
ulceration or excessive collagen accumulation, persistence
of inflammation and fibrosis due to their substrate, ECM.

Numerous studies have shown the immunomodula-
tory role of MMPs. For example, Irena Ivkovi¢ et al. have
demonstrated that the balance in the regulation of MMPs by
hormones and cytokines was shifted towards an increased
MMP activity in pathological conditions, resulting in tissue
degradation [24]. He Luying et al. have reported that MMP
enzymes as well as their inhibitors play an active role in
thyroid destruction and may negatively affect the immune
response induction [25]. Zipfel P., Rochais C. et al. have
suggested that ECM overdegradation caused by excessive
MMP activation was associated with multiple diseases,
including central nervous system disorders [26].

The study on NSE as an indicator of nervous system
damage has shown an increased enzyme activity in AIT
patients, which could be explained by gradual neuronal
death and release of neuron-specific enzymes into the
bloodstream. Thyroid hormones are known to affect the
intensity of tissue respiration and energy production in nerve
tissue cells, and NSE is a glycolytic enzyme found predo-
minantly in neurons and cells of neuroendocrine origin [27].

Conclusions

1. The activity of matrix metalloproteinase-3 has been
found to be higher in patients with autoimmune thyroiditis,
especially in manifest form with a value of 59.0 [56.0;
65.0] ng/ml.

2. Titers of anti-double-stranded DNA antibodies have
been revealed to be increased in the disease exacerbation,
reaching 8.6 [5.4; 16.4] IU/ml in manifest form.

3. The determination of neuron-specific enolase activity
and its correlation with the level of anti-double-stranded
DNA antibodies at Spearman’s correlation coefficient of
0.415 (p = 0.003) allows an objective assessment of the
depth and intensity of nervous system lesion.

4. In summary, the study on the biochemical parame-
ters described and their cause-and-effect relationships can
help in assessing the nature of the disease development
and exacerbation as well as the probability of comorbid
pathology.
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Perspectives for further scientific research include a
study on the prognostic value of MMP-3, Ab-dsDNA and
NSE in AIT.
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