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ABSTRACT

BACKGROUND: One of the primary objectives of the healthcare system in the Russian Federation is to preserve the
health of the working population, as economic losses associated with the treatment and social support of individuals with
occupational diseases is over 200 billion rubles. Hand-arm vibration syndrome and sensorineural hearing loss continue to
prevail among the occupational pathologies. Patients with these conditions have been found to exhibit disturbances in the
neuroimmune-endocrine system.

AIM: To compare, identify interrelations, and analyze the levels of cytokines and autoantibodies to neurotransmitter receptors
in individuals with hand-arm vibration syndrome, depending on the presence/absence of sensorineural hearing loss and the
type of vibration exposure.

MATERIALS AND METHODS: Serum levels of interleukins (IL-1B, IL-4, IL-6, IL-8), tumor necrosis factor (TNF-a), and
autoantibodies to acetylcholine, glutamate, GABA, dopamine, and serotonin receptors were studied using enzyme-linked
immunosorbent assay in patients with hand-arm vibration syndrome of various etiologies, either caused by localized vibration
exposure or by combined localized and whole-body vibration exposure, with or without concurrent sensorineural hearing loss.
RESULTS: When accompanied by sensorineural hearing loss, individuals with vibration disease of any etiology exhibited higher
IL-1B and IL-6 levels compared with those with hand-arm vibration syndrome due to localized vibration exposure without
sensorineural hearing loss. For each subgroup, except for individuals with hand-arm vibration syndrome caused by combined
localized and whole-body vibration exposure without sensorineural hearing loss, regression equations demonstrated the
contribution of cytokines to the variation in antibody levels against neurotransmitter receptors.

CONCLUSION: The findings confirm a higher risk of neuroimmune inflammation in patients with hand-arm vibration syndrome
caused by combined whole-body and localized vibration exposure compared to those with vibration disease resulting from
localized vibration alone. The presence of concurrent sensorineural hearing loss exacerbates pathological processes due
to imbalances in cytokine profiles and neurotransmitter metabolism. Distinctive interrelations between autoantibodies
to neurotransmitter receptors and cytokines were identified in individuals with vibration disease of various etiologies and
concurrent sensorineural hearing loss.
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OueHKa LMTOKMHOB, aHTUTEN K peLenTopam
HeMpoMeUaTOPOB U UX B3aMMOCBA3eM
Yy 1y, ¢ BU6paLUOHHOK 6one3HbIo

J1.b. MacHaBueBa, .M. bogueHkoBa, E.B. boknaxeHko

BocTouHo-CubMpCKMiA MHCTUTYT MeAMKO-3KOMOMMYeCKUX ccnesoBaqui, AHrapck, Poccus

AHHOTALMUA

O6ocHoBaHue. OfHOM M3 OCHOBHbIX 3afay 3ApaBooxpaHeHus Poccuiickoit Qepepaumy ABNAETCA COXpaHEHWE 3[0pOBbA
paboTaloLlero HaceneHus, NOCKOSIbKY 3KOHOMMUYECKME MOTEpPU Ha JieyeHUe M couumanbHble BbIMNaThl iuaM ¢ npodeccuo-
HanbHbIMK 3aboneBaHnaMu coctanaoT bonee 200 mMnpa pybnei. Jiuanpyowme nNo3uuum B CTPYKTYpe NpodeccMoHasnbHoM
naTonoriv NPoACIKAOT 3aHUMaTb BUBpaLMoHHas 60n1e3Hb 1 HEMPOCEHCOpHas TYroyxocTb. Y NauMeHToB ¢ AaHHBIMU 3abone-
BaHWAMM YCTaHOBJIEHbI HApYLUEHUS B HEMPOUMMYHO3HA,0KPUHHOM CUCTEME.

Llenb. ConocTaBuTb M BbISIBUTb B3aMMOCBA3b M NPOaHaU3UPOBaTh YPOBHW LMTOKMHOB M ayTOAHTUTEN K peLentopaM Hem-
POMeAMaTopoB y NuL, ¢ BUOpaLMOHHOW 60Ne3HbI0 B 3aBMCMMOCTU OT HaNMUMA WM OTCYTCTBUS HEMPOCEHCOPHOW TYroyXocTu
¥ BMAQ BO3LENCTBYIOLLEN BUBpaLMH.

Marepuanbl u MeTopbl. Y NauMeHToB ¢ BUBpaLMOHHOM H0ME3HBI0 Pa3NMuHOro 3TUOreHe3a, 06yCNOBAEHHONW BO3LENCTBU-
€M JOKaNbHOW BUOpaLMn Unu KOMOMHWMPOBaHHBIM BO3[EMCTBUEM JIOKamNbHOW W 06Liei BUOpaLmMM, a TaKKe OTArOLLEHHOM
HelipOCEHCOPHOM TYroyXocThio U 6e3 TaKoBOM, C MOMOLLbI0 UMMYHO(EPMEHTHOMO aHaIN3a WU3y4eHbl CbIBOPOTOHYHBIE YPOBHM
unTepnenkuHos (IL-1B, IL-4, 1l-6, IL-8), dakTopa Hekpo3a onyxonu (TNF-a) v ayToaHTUTEN K peLenTtopaM aLeTUIXONMHa,
rnytamarta, FAMK, nodamuHa, cepoToHuHa.

Pesynbratbl. YCTaHOBNEHO, YTO Y JINL, C BUOpaLMOHHOI 6051e3HbI0 N0BOro reHesa, CONpOBOXAAIOLLENCA HEMPOCEHCOPHOM
TYroyxocTbto, ypoBeHb IL-1 1 IL-6 Bbilwe npu conocTaBneHUy ¢ BUOPALMOHHON 6onesHblo, 00yCNOBNEHHO! BO3AEACTBMEM
NOKasIbHOM BUOpaLmK, 6e3 HeMpPOCEHCOPHOI TYroyxocTu. [ Ka ook U3 NoArpynn, 3a MCKIIOYEHNEM JIUL, C BUDPaLMOHHOM
bonesHblo, 06ycNoBNEHHO KOMOMHWMPOBAHHLIM BO34EMCTBMEM JIOKAbHOW M 06LLen BUbpaLum, He UMEKOLLMX HelpoceHCop-
HOM TYroyXocTW, NOKasaHbl PErPeECCUOHHbIE YPaBHEHMS, CBUAETENLCTBYIOLUME O BKIAZE LMTOKUHOB B U3MEHEHWUE YPOBHEMN
aHTUTeN K peLienTopaM HeilpoMeaMaTopos.

3akniouenue. [onyyeHHble JaHHbIE NOATBEPIKAANT Boslee BbICOKME PUCKM PasBUTUS HEMPOUMMYHHOMO BOCMAaNeHus y na-
LMEHTOB C BMOpPaUMOHHOW 60N1e3HBI0 NPU KOMOWMHMPOBAHHOM BO3LEMCTBUM 0OLLEN M JIOKaNbHOW BMBpaLMWM OTHOCUTENBHO
nauueHToB C BMOpaLMOHHOW 6one3Hblo, 00YCNOBNEHHOW BO3AENCTBMEM JIOKanbHOM BUOpaumn. Hanuuve conyTcTByHOLLEN
HelipOCEHCOPHOM TYroyXOCTH YCYrybnseT TeYeHMe NaToorMYeckux NPoLLECcoB 3a CYET AucbanaHca B LUTOKMHOBOM npodune
U HelipoMeamaTopHoM obMeHe. BbisiBieHbl 0TUUMTENbHBIE 0COBEHHOCTM B3aUMOCBA3EW ayTOAHTUTEN K HEMPOMEANATOPHBIM
PELenTopaM W LIMTOKMHOB Y JUL, C BMOPALIMOHHON B0ME3HBI0 Pa3NIMYHOMO 3TMOreHe3a U COMYTCTBYHOLLEN HEMPOCEHCOPHOIA
TYroyXocTbH.

KnioueBble cnoBa: LMTOKMHbI; aHTUTENa; HelipoHanbHble peLenTopbl; BUOpauUMOHHas 6onesHb; HeWpoceHCOopHas
TYroyXocTb.
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BACKGROUND

In recent decades, one of the primary objectives of
the healthcare system in the Russian Federation has been
the preservation of the health of the working population.
Despite the modernization and automation of industrial
facilities, improvements in technological processes, and
the implementation of robotics and artificial intelligence, a
high incidence of diseases caused by harmful occupational
exposures persists in several industrial sectors. Vibration
disease (VD) and sensorineural hearing loss (SHL) continue
to rank among the leading occupational disorders resulting
from physical hazards.! These diseases tend to develop
over a short period (5 to 7 years of work under hazardous
conditions) and lead to reduced work capacity and disability,
which determines the high medical and social significance of
these professional disorders. The economic costs associated
with treatment and social benefits for individuals with
occupational diseases exceed 200 billion rubles [1].

The clinical presentation of VD is characterized primarily
by angiodystonic syndrome, sensory polyneuropathy of the
extremities, and functional disorders of the central nervous
system, the severity of which increases with the duration
and intensity of vibration exposure. Vibration is known to
cause dysfunctions not only in the peripheral but also in the
central nervous system, affecting the cerebellum, brainstem
structures, hypothalamus, and reticular formation. In SHL,
pathological changes occur in the auditory nerve, nerve fibers
of the inner ear, as well as the brainstem and cerebral cortex
[2]. In addition to nervous system involvement, patients with
VD and SHL also present with immune, endocrine, and
cardiovascular disorders [3, 4]. According to published data,
specific autoantibodies targeting neuronal cell components
and structures are detected in the serum of individuals
with neurodegenerative diseases [5, 6]. Our earlier findings
have revealed altered levels of cytokines and neuronal
autoantibodies in patients with VD and SHL. Moreover,
differences in cytokine profiles have been noted in individuals
with SHL compared to those with VD, as well as depending
on the etiology of VD [3, 7]. Despite numerous articles on
cytokine profiles, lymphocyte subpopulations, specific
antibodies, and other immunologic markers in individuals
with occupational diseases, the interrelationship of these
markers under combined exposure to different physical
occupational hazards remains understudied.

The work aimed to compare and determine the
interrelationships, as well as analyze the levels of cytokines
and autoantibodies to neurotransmitter receptors, in
individuals with VD, depending on the presence or absence
of SHL and the type of vibration exposure.

! On the State of Sanitary and Epidemiological Well-Being of the Population
in the Russian Federation in 2019: State Report. Moscow: Federal Service
for Surveillance on Consumer Rights Protection and Human Wellbeing;
2020:299.
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METHODS

As part of a work project conducted by the East Siberian
Institute of Medical and Ecological Research (Angarsk), a
total of 153 men aged 41-58 years (mean age, 49.6 + 0.88
years) with occupational diseases resulting from exposure to
physical factors were examined.

Inclusion criteria: male sex, VD of occupational origin,
no history of autoimmune disorders, and absence of acute
respiratory infections at the time of examination. Exclusion
criteria: unconfirmed diagnosis of VD or lack of informed
consent.

Clinical and laboratory-immunological examinations were
approved by the Local Ethics Committee of the East Siberian
Institute of Medical and Ecological Research (Protocol No. 5,
dated March 21, 2023) and conducted in accordance with
the ethical principles of the Declaration of Helsinki. Written
informed consent was obtained from all participants.

In all individuals, the diagnosis of VD was confirmed
based on the classification criteria for diseases and conditions
outlined in the International Classification of Diseases,
10th Revision (ICD-10). Among the participants, 67 men had
an occupational disease resulting from exposure to local
vibration (Group 1), and 86 men had combined exposure to
local and whole-body vibration (Group 2). Group 1 included
workers employed as riveters-assemblers, assembly fitters,
tunnelers, loggers, installation workers, chippers, and sawmill
operators. Group 2 comprised excavator, bulldozer, grader,
drilling rig, and crane operators, as well as KrAZ log truck
drivers, forklift drivers, and tractor operators. SHL as a second
occupational disease was diagnosed in 47 individuals in Group
1 (local vibration) and in 64 individuals in Group 2 (combined
local and whole-body vibration). Within each group, individuals
with SHL were classified into separate subgroups.

Serum samples obtained from the participants were
analyzed using enzyme-linked immunosorbent assay
(ELISA) to determine the concentrations of cytokines,
including interleukin-1p (IL-1p), tumor necrosis factor alpha
(TNF-a), and interleukins 4, 6, and 8 (IL-4, IL-6, IL-8), using
Vector-Best reagent kits. Additionally, levels of specific 1gG
autoantibodies were assessed using ELI-Neuro-Test kits
(Immunkulus Research and Production Association). The
autoantibodies studied included those targeting the following
receptors: acetylcholine (nACh-R), glutamate (NMDA-R),
gamma-aminobutyric acid (GABA-R), dopamine (DA-R), and
serotonin (SER-R).

Statistical analysis was performed using STATISTICA
6.0 software. Normality of data distribution was assessed
using the Shapiro-Wilk test. Comparisons of quantitative
variables were conducted using the nonparametric Kruskal—
Wallis test and the Mann—Whitney test. Associations
between variables were evaluated using Spearman rank
correlation and nonlinear regression analysis. The results
are presented as median (Me) and interquartile range (25th
and 75th percentiles, LQ-UQ). Differences were considered
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statistically significant at p < 0.05 for the Kruskal-Wallis test
and Spearman correlation, and at p < 0.0083 for pairwise
comparisons.

RESULTS

The findings revealed that in the subgroups of individuals
with both VD and SHL, serum IL-1p levels were significantly
higher than in individuals with VD caused by local vibration
exposure without SHL (p = 0.001 and p < 0.001 for the
subgroups with SHL and VD due to local and combined
vibration exposure, respectively; Table 1). IL-6 levels were
elevated in the subgroups with VD due to combined local and
whole-body vibration exposure, both with and without SHL,
as well as in individuals with SHL and VD resulting from local
vibration exposure. However, these intergroup differences did
not reach statistical significance and demonstrated a trend
compared with the subgroup with VD from local vibration
exposure without SHL (p = 0.027, p = 0.033, and p = 0.013,
respectively).

Analysis of cytokine profiles across all four subgroups
revealed a similar structural pattern; however, individuals
with SHL as an occupational comorbidity exhibited the highest
IL-1B levels. The greatest concentration of this interleukin
was observed in the subgroup with SHL and VD caused
by combined local and whole-body vibration exposure.
Conversely, the lowest levels of both IL-1 and IL-6 were
detected in the cohort with VD resulting from local vibration
exposure without SHL. These findings suggest that combined
exposure to noise, local, and whole-body vibration may exert
a unidirectional effect on IL-1p levels and demonstrate a
synergistic proinflammatory influence.

Autoantibodies play a central role in the clearance of
apoptotic cells and their components during physiological

Vol. 31 (7) 2024
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cell turnover. In this context, they may exhibit protective
properties and can be detected at low concentrations in the
serum of healthy individuals. However, elevated autoantibody
levels may either indicate or contribute to pathological
processes involving increased cell death [8].

Serum test of autoantibodies targeting neurotransmitter
receptors revealed no statistically significant intergroup
differences (Table 2).

Antibody production is known to be regulated by cytokines
through B-lymphocyte activation [9, 10]. Consequently,
elevated levels of proinflammatory cytokines and the
accompanying activation of inflammatory pathways may
contribute to increased serum concentrations of autoantibodies.
Accordingly, a regression test was conducted to assess
associations between cytokine levels and the presence of
neural tissue autoantibodies. The resulting equations describe
the contribution of cytokine profiles to the development of
antibody responses against neurotransmitter receptors. In
the subgroup of patients with VD caused by local vibration
exposure without SHL, the following models were identified:
GABA-R = 1.84 — 1.44 x (IL-1B) - 6.94 x (TNF-a) + 2.54 x
(IL-1B)%+ 2.57 x (IL-6)% + 6.87 x (TNF-a)X(R? = 0.89, p = 0.013);
DA-R = 1.37 - 3.30 x (IL-6) - 7.62 x (TNF-a) + 2.23 x
(IL-1B)* + 3.48 x (IL-6)* + 7.40 x (TNF-a)’(R* = 0.86,
p = 0.020). In individuals with SHL, the following
model was established: NMDA-R = 1.00 - 2.49 x
(IL-6) - 2.50 x (TNF-a) + 2.41 x (TNF-a)? (R? = 0.85,
p = 0.029). In the subgroup with VD due to combined local
and whole-body vibration exposure and comorbid SHL, the
regression equation was as follows: SER-R = 0.87 + 1.28 x
(IL-1B) - 1.72 x (IL-1B)*(R? = 0.66,p = 0.021), where
GABA-R, DA-R, NMDA-R, SER-R, IL-1, IL-4, IL-6 and TNF-a
represent levels of relevant autoantibodies and cytokines.
No statistically significant regression models were identified

Table 1. Cytokine levels in individuals with occupational diseases caused by exposure to physical factors, Me (LQ-UQ)

Group with vibration disease
due to local vibration exposure

Group with vibration disease due to combined local
and whole-body vibration exposure

Indicator p
Subgroup without Subgroup with sensorineural Subgroup without Subgroup with sensorineural
sensorineural hearing loss hearing loss sensorineural hearing loss hearing loss
IL-1B, pg/mL 1.20 6.10 2.83 8.46 0.001
(0.10-2.19) (2.00-29.64) (0.95-21.61) (2.22-3051)
IL-4, pg/mL 0.98 0.56 1.28 1.07 0.676
(0.72-1.63) (0.15-2.79) (0.03-4.22) (0.01-3.59)
IL-6, pg/mL 2.92 437 4.68 4.35 0.028
(2.04-3.87) (3.52-5.57) (3.35-12.34) (3.16-5.49)*
IL-8, pg/mL 6.73 8.95 7.89 7.78 0.087
(5.05-7.77) (6.93-16.02) (6.71-15.36) (5.40-10.81)
TNF-a, pg/mL 0.44 0.81 0.50 0.73 0.337
(0.25-0.65) (0.30-2.71) (0.15-1.99) (0.31-2.30)

Note. p, level of statistical significance according to the Kruskal-Wallis test; differences were considered significant at p < 0.05; * statistically significant
differences compared with the subgroup of individuals with vibration disease from local vibration exposure without sensorineural hearing loss, p < 0.008;
#trend toward significance compared to the subgroup of individuals with vibration disease from local vibration exposure without sensorineural hearing loss,

0.008 <p<0.017
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for the subgroup with VD resulting from combined vibration
exposure without SHL. These findings indicate that, in patients
with VD due to local vibration exposure and without SHL,
serum levels of autoantibodies to neurotransmitter receptors
are more strongly associated with the concentrations of
IL-1B, IL-4, IL-6, and TNF-a compared to individuals with
combined vibration exposure or those with SHL.

DISCUSSION

It is known that IL-1B, produced by monocytes,
macrophages, Kupffer cells of the liver, Langerhans cells
in the epidermis, and microglial cells, exerts both local
and systemic effects mediated through activation of the
neuroendocrine system [9, 11]. Under normal conditions,
increased IL-1B production triggers protective responses;
however, it may lead to uncontrolled inflammation, tissue
damage, and become part of the disease pathogenesis.
Indirectly, by activating IL-6, IL-1B may promote the synthesis
of antibodies of all immunoglobulin classes. In turn, IL-6
is capable of shifting the innate immune response and the
development of protective mechanisms toward adaptive
immunity. Elevated IL-1B and IL-6 levels in subgroups
with VD and comorbid SHL may indicate the presence of
chronic inflammation and autoimmune processes, as IL-6
is known to contribute to the pathogenesis of autoimmune
and inflammatory conditions. The disruption of associations
between cytokine levels and serum autoantibody
concentrations observed in subgroups with VD caused by
combined local and whole-body vibration exposure—with or
without SHL—may be explained by an imbalance between
pro- and anti-inflammatory cytokine production. This
imbalance likely arises at a certain stage in the development

T.31.Ne 7 2024
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of the disease under the influence of vibration and may also
reflect a reduction in neuronal autoantibody levels following
the clinical manifestation of the occupational disease.
Previously, it was shown that patients with VD exhibit lower
levels of these autoantibodies compared to experienced
workers without diagnosed occupational disease [12].

In earlier studies, average serum concentrations of
selected cytokines and autoantibodies were established
in conditionally healthy men. For example, serum IL-1f
was 3.40 (1.21-6.19), IL-4 was 0.01 (0.01-0.49), IL-8 was
5.08 (1.41-13.40), and TNF-a was 0.73 (0.01-1.47) pg/
mL. Autoantibody levels were as follows (arbitrary units):
nACh-R 0.34 (0.29-0.38), NMDA-R 0.27 (0.26-0.29),
GABA-R 0.24 (0.22-0.28), DA-R 0.26 (0.24-0.31), and
SER-R 0.46 (0.36-0.47) [3, 13]. Thus, in individuals with
VD—with or without comorbid SHL—the levels of neuronal
autoantibodies are approximately 1.2-2.6 times higher than
those in conditionally healthy men, which is consistent with
previously published data [3, 7]. Furthermore, demyelinating
processes have been reported in patients with VD, along with
associations between neuronal autoantibodies and impaired
nerve impulse conduction in the upper and lower extremities
[12].

It is well established that alterations in the levels of
serotonin, glutamate, GABA, acetylcholine, and dopamine
in synapses—and the resulting imbalance of these
neurotransmitters within brain structures—lead to changes in
the brain’s bioelectrical activity in certain neurodegenerative
diseases. Glutamate, one of the primary excitatory
neurotransmitters, also serves as a precursor for the
synthesis of GABA, the principal inhibitory neurotransmitter
in the central nervous system. Glutamate is released into the
synaptic cleft via exocytosis involving voltage-gated calcium

Table 2. Comparative assessment of antibody levels to neurotransmitter receptors in individuals with vibration disease and concomitant sensorineural

hearing loss, Me (LQ-UQ)

Group with vibration disease due to local vibration | Group with vibration disease due to combined local
exposure and whole-body vibration exposure
Indicator Subgroup without Subgroup with Subgroup without Subgroup with p
sensorineural hearing | sensorineural hearing | sensorineural hearing | sensorineural hearing
loss loss loss loss
Antibodies to nACh-R, a.u. 0.46 0.50 0.55 0.55 0.728
(0.42-0.68) (0.17-0.65) (0.37-0.84) (0.20-0.77)
Antibodies to NMDA-R, a.u. 0.40 039 0.41 0.50 0.480
(0.36-0.60) (0.18-0.53) (0.29-0.66) (0.23-0.69)
Antibodies to GABA-R, a.u. 0.55 0.48 0.47 0.56 0.349
(0.37-0.86) (0.15-0.59) (0.38-0.71) (0.21-0.70)
Antibodies to DA-R, a.u. 0.49 0.37 0.45 0.47 0.153
(0.35-0.70) (0.20-0.52) (0.28-0.64) (0.24-0.64)
Antibodies to SER-R, a.u. 0.49 0.51 0.51 0.59 0.682
(0.42-0.79) (0.21-0.62) (0.37-0.63) (0.27-0.71)

Note. p, level of statistical significance according to the Kruskal-Wallis test; differences were considered significant at p < 0.05; * statistically significant
differences compared with the subgroup of individuals with vibration disease from local vibration exposure without sensorineural hearing loss, p < 0.008;
#trend toward significance compared with the subgroup of individuals with vibration disease from local vibration exposure without sensorineural hearing loss,

0.008 <p<0.017
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channels. From the synaptic cleft, it enters astrocytes, where
it is aminated to glutamine. Alterations in the levels of this
neurotransmitter—due to reduced astrocytic capacity to
maintain optimal extracellular glutamate concentrations,
impaired neuronal reuptake, and decreased receptor
density—predispose to disrupted neurophysiological
processes in the brain and play a significant role in
neurodegenerative injury [14, 15]. Excessive glutamate
production may be triggered by the proinflammatory
cytokines IL-1B and TNF-a, which influence the expression
of astrocytic transporter proteins. It has been established
that in multiple sclerosis, TNF-a can stimulate glutamate
release by microglia through autocrine mechanisms and by
regulating glutaminase activity. Demyelinated axons may
also contribute to increased glutamate synthesis and release
due to altered localization of the pore-forming a1B subunit of
voltage-gated Ca?* channels on damaged axons. Additionally,
glutamate itself can stimulate its synthesis via metabotropic
glutamate receptors located on astrocytes [16]. Elevated
levels of this neurotransmitter and hyperactivation of
ionotropic glutamate receptors lead to increased Ca’*release
from intracellular stores into the neuronal cytoplasm, thereby
enhancing lipid peroxidation, oxidative stress, and other
neurotoxic processes capable of inducing neuronal apoptosis
[15]. Taken together, the existing publications suggest
that glutamate receptors play a critical role in modulating
cellular membrane potential, ion channel activity, and free
radical formation. They also participate in the regulation of
cytokine secretion by T cells and contribute to neuronal death
processes, particularly affecting dopaminergic neurons in
the substantia nigra [15-17]. Accordingly, NMDA receptors
may represent a central link in multiple pathogenetic
pathways—including autoimmune responses, inflammation,
and demyelination—underlying disorders associated with
neurodegenerative processes, such as VD. This is supported
by the present publication’s findings, which demonstrate
associations between GABA-R and NMDA-R levels and
the concentrations of cytokines and autoantibodies to
neurotransmitter receptors in subgroups of individuals
with VD resulting from local vibration exposure, with and
without SHL: NMDA-R = 1.42(SER-R) - 0.62 x (GABA-
R)*(R? = 0.82,p < 0.001); GABA-R = 0.70 x (NMDA-R) -
0.62 x (NMDA-R)? + 0.75 x (DA-R)? (R? = 0.99, p < 0.001)
respectively, as well as in the cohort exposed to
combined local and whole-body vibration without
SHL: GABA-R = 0.37 + 3.95 x (nACh-R) - 4.06 x
(NMDA-R) - 4.86 x (nACh-R)> + 5.32 x (NMDA-
R)2(R? = 0.93, p < 0.001).

A limitation of this work is the relatively small sample
size, which restricted the use of certain statistical methods
and precluded a detailed analysis of associations between
cytokine and autoantibody levels across different durations
of occupational exposure, disease severity and stage, and
time since cessation of exposure to the harmful occupational
factor.
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CONCLUSION

The findings of this work confirm and extend previous
evidence indicating an increased risk of neurocimmune
inflammation in patients with VD resulting from combined
exposure to whole-body and local vibration, compared
with individuals whose VD is attributable solely to local
vibration [3]. The presence of concurrent SHL exacerbates
the pathological process by amplifying inflammatory changes
and disrupting both cytokine profiles and neurotransmitter
metabolism. Distinct features of the associations between
autoantibodies to neurotransmitter receptors and cytokines
were identified in individuals with VD of different etiologies
and coexisting SHL. In patients with VD due to local vibration
exposure without SHL, levels of autoantibodies to GABA
receptors were primarily associated with IL-1B, TNF-a, and
IL-6; for dopamine receptors, with IL-1f, IL-6, and TNF-a.
In cases with SHL, levels of autoantibodies to glutamate
receptors were associated with IL-6 and TNF-a. Among
individuals with VD resulting from combined local and whole-
body vibration and coexisting SHL, levels of autoantibodies to
serotonin receptors were linked to IL-1B concentration.
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AOMO/THUTE/IbHASA UHOOPMALIUA

Bxnap aBropoB. J1.5. MacHaBvieBa — aHanu3 v MHTepnpeTaLms pe3ynbTaros,
0630p MTEPaTYpbI, NOATOTOBKA W HaMKCaHWe TeKcTa cTaTby; .M. boaumeHkosa
— KOHLIeNUMA 1 iM3altH nccnesoBanus, 0630p MTepartyphl, peAaKTVpoBaHye
cTatby; E.B. BoknameHko — cbop faHHbIX, aHanmM3 W WMHTepripeTaums
pesynsTatoB. Bce aBTOpbl NOATBEPMAAIOT COOTBETCTBME CBOErO aBTOPCTBA
MeX/yHapoaHbIM KputepuaM ICMJE (Bce aBTOpbl BHEC/M CYLLECTBEHHbI
BK/af, B pa3paboTKy KOHLIENUMW, NPOBeAEHVE UCCNef0BaHUA U MOLMOTOBKY
CTaTby, MPOYM 1 0[00PVAM UHaNbHYI0 BEPCUIO Nepef, nybnnKauven).
WUcTouHuk dumHaHcupoBaHus. Pabota BbinonHeHa 3a CUET dUHAHCOBbIX
CpencTs, BblAENeHHbIX B paMKax [ocymapcTeeHHoro 3amaHus OIBHY
«BocTouH0-CrBMPCKMIA MHCTUTYT MeAUKO-3KOMOMMYECKMX UCCTIE10BaHNIY.
KoHdnukT wuHTepecoB. ABTOpbl [AEKIapUpYlOT OTCYTCTBME SIBHBIX
W NOTEHLMANbHBIX KOHDMKTOB WMHTEPECOB, CBA3aHHLIX C NybnuKaumei
JIJaHHOW CTaTbK.

WndopMupoBaHHoe cornacue Ha yuyacTue B uccnepoBaHun. Bce
YYaCTHUKM [0 BKIOYEHWS B MCCNefoBaHve A0DpOBOJbHO MOANMCanu
hopMy MHPOPMUPOBAHHOMO COrnacus, YTBEPAEHHYIO B COCTaBe NPOTOKONA
UCCNejoBaHNs 3TUUYECKUM KOMUTETOM.
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