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Ponb MOHOLUTOB B pasBUTUM NCUXOBEreTaTUBHBIX
paccTpPoOMCTB Y NUL, MOJIOAOr0 Bo3pacTta

¢ HeauddepeHLUUPOBAHHON AUCNNIA3UEN

COeAMHUTEJIbHOU TKaHU

.B. Manbuesa, U.W. LepeMeTbesa, E.O. KoToBwmkosa, A.A. Cene3HeBa, E.B. byinosa

AnTaiickuid rocynapCTBEHHbIN MeAMLMHCKUIA YHuBepcuTeT, bapHayn, Poccus

AHHOTALUNA

06ocHoeaHue. AIMMyHHas cuCTeMa UrpaeT BaXkHY0 Posib B pa3BuTUM Heliponatonory. Hapylenve dyHKUmiIA MoHoLmTOB/
MaKpodaroB MOXeT crnocobcTBOBaTb BO3HUKHOBEHMIO M Pa3BUTUI0 HEMPOBOCNANIUTENBHBIX U HEMPOAEreHepaTUBHbIX 3abose-
BaHWW. Bbigensiot age cybnonynsaumMm MOHOLMTOB: NPOTMBOBOCMANMTENBHYIO M aKTUBMPOBAHHY0 NPOBOCMANUTENbHYIO, Bbipa-
baTbiBatoLLyto UMTOKMHBI IL-1, IL-6, IL-2, IL-8, TNF-a, KoTopble y4acTBYKT B UMMYHHOM BOCMASIEHUM MPU PAAE NCUXMYECKUX
3aboneBaHuii. HapyLueHus KneTouHoro, haroumTapHoro U/unm ryMopanbHoro 3BeHbeB MMMYHUTETA YacTo BCTPeYaloTes y na-
LMEHTOB C HeauddepeHUMpPOBaHHOM aucnnasuen coeauHuTensHon Tkalm (HOCT). MoxkHo npeanonarath y4acTiie MOHOLIMTOB
B Pa3BUTUM MCUXOBEreTaTUBHBIX PACCTPOMCTB Y MALMEHTOB, UMEHILLMX COEAMHUTENBHOTKAHHYK HEA0CTaTOUYHOCT.

Llene — v3yyeHne B3aMMOCBA3M KOIMYECTBA MOHOLMTOB M MPOBOCMANMUTENbHBIX LMTOKWHOB (IL-1, IL-6, TNF-a) B nepu-
(hepnyecKoi KpoBm C pasBUTHEM HEMCUXOTUHECKMX NMCUXMYECKMX PACCTPOICTB M CUHAPOMa BeretatuBHol aucdyHkuum (CBL)
npu HOCT y nmy, Monopgoro Bospacra.

Mamepuanel u Memodel. B nccnenoBaHum NpuHAKM ydactve 95 yenosek B BospacTe 18—22 net. lpoBeAeHbl Heponcuxo-
nornyeckoe 0bcnefoBaHue, 0BLLEKNIMHUYECKOE MCCNe0BaHUE KPOBM, M3yYanmnch NPOBOCMANUTENbHbIE LIMTOKMHBI (IL-1, IL-6,
TNF-a), MapKepbl HelipoaereHepaumnn (HelipoHcneunduyeckas eHonasa — NSE) u uepebpanbHoi nwemum (aHtutena k NR2).

Pesynemamei. MNoBbilLeHre abCcoMOTHOMO YMCIA MOHOLMTOB B NepudepryecKoii KpoBY COMPOBOXKAAETCSA MEHbLLUENH Bbl-
PaXXEHHOCTbH0 MCMXOBEreTaTMBHBIX, ULLIEMUYECKUX U HEMpOLereHepaTUBHbIX HapyLueHuid. 0bHapyxeHa obpaTHas Koppensum-
OHHasi CBA3b MeX Y YPOBHEM MOHOLIMTOB B Nepudepuyeckon kpoeu u unciom bannos HACT, npamas — mexxay HOCT n CB,
aCTEHNYECKUM COCTOSIHUEM, JINYHOCTHOW TPEBOXKHOCTLI, leNpeccueli, HeBpO30M, MHTEPHET-3aBUCUMOCTLH, MHAEKCOM BNSA-
HWA rofIoBHOM 60nM Ha NoBceaHeBHYH W3Hb. [lpu BbipaxenHon HACT oTMevaeTcs M3MeHEHWe COOTHOLLEHWUS! MOHOLMTOB
B M0J1b3y NMPOBOCMANMTENBHOM CYONONynALMK, YTO, BEPOATHO, ABASETCA 0OJHOM U3 NPUYMH BOMBLLIONO YMC/IA HEMCUXOTUYECKUX
MCUXMYECKMX PAcCTPOMCTB M HapYLLEHWIA CO CTOPOHbI BEreTaTUBHON HEPBHOW CUCTEMBI Y AaHHOW KaTeropuy nalmeHToB.

3aknoyenue. ToBbILeHMe YKUCa NPOBOCMANMUTENBHBIX MOHOLMTOB Npu BbipaxeHHon HACT urpaet BaxHyto posib B pas-
BMTUW NCUXOBEreTaTUBHbIX HapyLLeHWi. KoppeKums AucniacTM4ecKoro npoLecca MoXeT CTaTb BaXHbIM 3BeHOM B Npodunak-
TUKE U JIEYEHUN Pa3NINYHBIX HEBPOJIOTUYECKUX U HEMCUXOTUHECKUX MCUXMYECKUX PacCTPOMCTB, Takux Kak CBJL u TpeBoxHo-
LEnpeccuBHbIA CUHAPOM Y JULL MOJIOLOr0 BO3pacTa.

KntoueBble cnoBa: MOHOLUTLI; nposocnanauTesibHble LUTOKWUHbI; HACT; aenpeccus; uepeﬁpaanaﬂ niieMus; HeﬁponereHepauMﬂ.
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Role of monocytes in the development
of psychovegetative disorders in young people
with undifferentiated connective tissue dysplasia

Irina V. Malceva, Irina |. Sheremetieva, Elena F. Kotovshchikova, Anastasia A. Selezneva,
Evgenia V. Buylova

Altai State Medical University, Barnaul, Russian Federation

ABSTRACT

BACKGROUND: The immune system plays an important role in the development of neuropathology. Dysfunction of monocytes/
macrophages can contribute to environmental health and the development of neuroinflammatory and neurodegenerative
diseases. Two subpopulations of monocytes are distinguished, namely, anti-inflammatory and activated pro-inflammatory
monocytes, producing cytokines interleukin (IL)-1, IL-6, IL-2, IL-8, and tumor necrosis factor (TNF)-a, which are involved
in immune inflammation in mental diseases. Violations of cellular, phagocytic, and/or humoral immunity are often found in
patients with undifferentiated connective tissue dysplasia (UCTD). Monocytes are assumed to be involved in the development
of psychovegetative disorders in patients and connective tissue insufficiency.

AIM: To study the relationship between the number of monocytes and pro-inflammatory cytokines (IL-1, IL-6, and TNF-a)
in the peripheral blood with possible non-psychotic diseases and autonomic dysfunction syndrome in UCTD in young people.

MATERIALS AND METHODS: We examined 95 people aged 18-22 years. Neuropsychological examination, general clinical
blood tests, pro-inflammatory cytokines (IL-1, IL-6, TNF-a), markers of neurodegeneration (neuron-specific enolase) and
cerebral ischemia (antibodies to NR2) were sent.

RESULTS: An increase in the absolute monocyte count in the peripheral blood is accompanied by a lesser severity of
psychovegetative, ischemic, and neurodegenerative cases. An inverse correlation was found between the level of monocytes
in the peripheral blood and the number of UCTD indicators, a direct correlation between UCTD and autonomic dysfunction
syndrome (ADS), asthenic condition, personal anxiety, depression, neuraosis, Internet addiction, and headache research index for
everyday life. Severe UCTD leads to a change in the proportion of monocytes in the use of the pro-inflammatory subpopulation,
which is probably one of the reasons for the numerous non-psychotic diseases and autonomic nervous system diseases in
these patients.

CONCLUSION: An increase in the pro-inflammatory monocyte count in severe UCTD plays an important role in the
development of psychovegetative disorders. The correction of the dysplastic process can become an important role in the
prevention and detection of various neurological and non-psychotic diseases, such as ADS and anxiety—depressive syndrome
in young people.

Keywords: monocytes; pro-inflammatory cytokines; UCTD; depression; cerebral ischemia; neurodegeneration.
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BACKGROUND

Modern research confirms the crucial role of the immune
system in the development of central nervous system (CNS)
pathologies. Neuroinflammatory and neurodegenerative
diseases may be caused by dysfunction of monocytes/
macrophages and microglial cells, which perform the function
of resident macrophages in the brain parenchyma and are
involved in maintaining CNS homeostasis and neurogenesis,
neurotrophism, and synaptic remodeling [1, 2].

Peripheral  monocytes/macrophages  represent
a heterogeneous group of cells consisting of two
subpopulations, one of which is the subpopulation of
classical monocytes, which constitute approximately 95% of
peripheral blood monocytes. The remaining monocytes, the
nonclassical ones, are proinflammatory, since they implement
inflammatory reactions, participate in the mechanisms of
development of chronic inflammation, and are characterized
by increased secretion of chemokines and biologically active
proinflammatory cytokines, namely, interleukin (IL)-1, IL-6,
IL-8, IL-12, and tumor necrosis factor a (TNF-a) and receptors,
and therefore, based on the level of these proinflammatory
marker level, the predominance of a certain subpopulation of
monocytes can be indirectly determined [1-3].

The counts of active circulating monocytes/macrophages
has been found to increase in patients with mental disorders,
and as a result of disruption of the integrity of the blood—
brain barrier, they migrate to the CNS [4-6]. Activated
monocytes/macrophages and microglial cells intensively
synthesize proinflammatory cytokines, which play a critical
role in immune inflammation, which destabilizes the brain,
causes neuronal degeneration, and with the participation of
certain environmental factors and genetic predisposition, can
cause the development of mental disorders, which has been
proven in relation to schizophrenia, bipolar affective disorder,
and depression [2, 3, 7-9].

Depression is a severe multifactorial disease associated
with various brain processes, including synaptic dysfunction
and neuroinflammation. Immune inflammation in the
pathogenesis and etiology of depression is evidenced by an
increase in the counts of proinflammatory subpopulations
of monocytes, neutrophils, activated T lymphocytes, and
inflammatory cytokine (IL-|, IL-2, IL-6, IL-8, TNF-a) secretion,
inducing changes in the metabolism of monoamines, which
leads to dopamine, norepinephrine, and serotonin deficiency,
which is considered a main causes of depression [5].
Previous studies have shown the participation of chemokines,
also secreted by monocytes, in neuroendocrine function,
neurotransmission, and neurodegeneration and the inclusion
of a proapoptotic cascade [2], which confirms the critical role
of the monocyte component of immunity in the development
of various mental and neurological diseases.

The syndrome of immunological disorders, including
insufficiency of the cellular, phagocytic, and/or humoral
components of the immune system, is often found in
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patients with undifferentiated connective tissue dysplasia
(UCTD) [10]. Moreover, up to 90% of UCTD patients have
neurological and/or mental disorders, such as autonomic
nervous system dysfunction, asthenic conditions, neurotic
disorders, hypochondria, anxiety and depressive syndromes,
and behavioral disorders [10, 11]. It can be assumed that
monocytes/macrophages and proinflammatory cytokines are
involved in the development of psychovegetative disorders in
patients with connective tissue deficiency.

This study aimed to analyze the relationship between the
counts of monocytes and proinflammatory cytokines (IL-1,
IL-6, and TNF-a) in the peripheral blood and the development
of nonpsychotic mental disorders and autonomic dysfunction
syndrome in UCTD in young people.

MATERIALS AND METHODS
Study design

An observational, single-center, prospective, full-design
study was conducted.

Compliance criteria

The study was completed in two stages. At stage 1,
212 students studying at the Altai State Medical University
were evaluated. Inclusion criteria were age of 18-22 years
and signed informed consent. The noninclusion criteria for
this group were organic brain diseases, a history of psychotic
mental disorders, acute and chronic somatic diseases in the
stage of decompensation, and intake of antidepressants.

At stage 2, the study included 95 patients comparable in
age, sex, and severity of UCTD with the groups of stage 1.

Conditions

The study was conducted by Professor Barkagan from the
Department of Propaedeutics of Internal Diseases, Altai State
Medical University (Barnaul).

Study duration
The duration of the study was 3 months.

Description of medical intervention

The present study used the following research methods.
At stage 1, the severity of UCTD was determined using
a scoring scale for the significance of phenotypic criteria
with an assessment of the total score by Kadurina (2009).
This scale was proposed to determine the severity of
UCTD in children and adolescents and is widely used in
pediatrics. However, for patients aged 18 years, there is still
no confirmed list of diagnostic criteria for UCTD; there is
no generally accepted diagnostic algorithm and diagnostic
threshold for scoring connective tissue insufficiency. To
distribute the participants according to the severity of UCTD,
we set point criteria: >17 points and <39 points, moderate, and
239 points, severe. To verify and quantify the manifestations
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of psychovegetative syndrome, generally accepted methods
were used, namely, Vein's questionnaire to identify signs of
autonomic disorders (autonomic dysfunction syndrome, ADS),
Malkova's scale of asthenic state (adapted by Chertova) to
assess the severity of asthenia, and Spielberger—Hanin's test
to determine situational and personal anxiety. The presence
of depression and its level were assessed using the Beck
Depression Inventory, and the effect of headache on daily
activity was analyzed using the HIT-6 index. Moreover, Hall's
technique was used to assess emotional intelligence and
the Heck—Hess test to evaluate the probabilities of neurosis.
Additionally, typological personality traits were determined
using Jung’s test; Kraepelin's technique was used to assess
mental performance, and a questionnaire to determine
Internet addiction was applied.

At stage 2, a general clinical blood test was performed.
IL-1, IL-6, TNF-a, neuron-specific enolase (NSE) levels were
determined using reagents from Vector (Russia), and the
level of antibodies to NR2 (NR2-At) was determined using
the NR2-AT-ELISA reagent kit (DRD, Russia).

Statistical analysis

Empirical data distributions were tested for agreement
with the law of normal distribution using the Shapiro—-Wilk
test. Because of the nonnormal distribution of data, the
nonparametric Mann-Whitney U rank test was used to
compare continuous indices between groups. Descriptive
characteristics are presented as median (Me [Q1; Q3]) for
numerical data and quantities (percentage) for categorical
data. Fisher's exact two-tailed test was used to compare
categorical and binary indices. Pairwise relationships between
indicators were identified by calculating the Spearman
correlation coefficient. The study of the relationships
between the indicators under consideration was conducted
by constructing single-factor linear regression models.
Differences were considered statistically significant at
p <0.05. Statistical calculations were performed using the
RStudio program in the R language (version 4.0.2).

Ethical considerations

This study was approved by the local ethics committee
of Altai State Medical University (protocol no. 9;
November 27, 2018).

RESULTS

According to the criteria for determining UCTD, among
212 students, moderate UCTD was detected in 121 (57%) cases,
severe UCTD was revealed in 59 respondents (28%), and the
total score of external phenotypic manifestations of connective
tissue insufficiency was <17 points in 32 patients (15%).

At stage 2, the study included 95 patients comparable in
age, sex, and severity of UCTD with the groups in stage 1.

Table 1 presents the comparative characteristics of
UCTD indicators, psychovegetative status, proinflammatory
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cytokines (IL-1, IL-6, and TNF-a), markers of cerebral
ischemia (NR2-At), and neurodegeneration (NSE) in patients
with different monocyte concentrations.

An increase in the counts of monocytes in the blood
is associated with a lower number of disorders of
psychovegetative status, as evidenced by lower scores of
autonomic dysfunction, asthenia, depression, neurosis,
index of the impact of headache on daily life, Internet
addiction, and higher rates of emotional intelligence and
mental performance. An inverse correlation was noted
between the level of monocytes in the peripheral blood and
the asthenic state scores (r=—0.23; p=0.033), the index of
the impact of headache on daily life (r=—0.27; p=0.030), and
magnesium level in the blood (=0.39; p <0.001). Moreover,
the differences were more pronounced in the group with an
absolute increase in the production of monocytes by the bone
marrow than in the group with a relative redistribution of
leukocytes in favor of monocytes.

UCTD is characterized by the development of
immunological disorders in which monocytes/macrophages
play a crucial role with lymphocytes and plasma cells. The
present study included 15 patients without UCTD (group 0),
38 patients with moderate and severe UCTD (group 1), and
42 students (group 2) (Table 2).

Table 2 shows that psychovegetative disorders increase
as the UCTD scores increase. With a general decrease
in monocytes in the group with severe UCTD, the level of
inflammatory markers was higher than in the group with
moderate dysplasia, which may indicate the predominance
of the proinflammatory subpopulation of monocytes in the
case of severe connective tissue inadequacy. The increase
in antiinflammatory monocytes in the moderate UCTD group
may be a manifestation of adaptive mechanisms aimed at
restoring mental health, whereas the depletion of adaptive
resources in severe UCTD is accompanied by both a decrease
in the production of monocytes and an increase in the activity
of inflammatory processes. An inverse correlation was
detected between the level of monocytes in the peripheral
blood and the UCTD score (r=—0.25; p=0.017), and a direct
correlation was noted between UCTD and ADS (r=0.55;
p <0.001), asthenic state (r=0.4; p <0.001), personal anxiety
(r=0.14; p=0.048), depression (r=0.33; p <0.001), neurosis
(r=0.18; p=0.016), Internet dependence (r=0.29; p <0.001),
and the index of the impact of headache on everyday life
(r=0.31; p=0.001).

Figure 1 presents the distribution of the severity of
connective tissue deficiency at different monocyte levels in
the blood. Among the students who had pronounced UCTD,
absolute monocytosis was not detected.

Our study did not detect any differences between
the counts of monocytes and the level of TFN-a and IL-1
in students without depression (n=50) and in those with
depression of varying severity (n=45) (Table 3). This may be
due to the probable short history of depressive disorder in
students, as several studies have not revealed differences
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Table 1. Indicators of undifferentiated connective tissue dysplasia, psychovegetative status, and blood in patients with different levels

of monocytes, Me [Q1; Q3]

Monocyte count

Monocyte count

Monocyte count

Monocyte count

Indicators <0.8x10%/L >0.8x10%/L p <9% >9% p
(n=86) (n=9) (n=65) (n=30)

Monocytes, 10%/1 0.40 [0.40; 0.55] 1.0[0.9; 1.7] 0.0001* 0.4 [0.3; 0.5] 0.6 [0.5; 0.8] 0.0002*
Monocytes, % 74 16.0; 9.2] 15.8[10.5; 28.2]  0.0002* 6.5 [5.6; 8.0] 10.5 [9.5; 11.3] 0.001*
UCTD, points 38.0 [26.3; 45.0]  34.0 [22.0; 35.0] 0.167 39.0[29.0; 45.0]  32.5[25.0; 43.0] 0.165
ADS, points 32.0[20.0; 43.0]  23.0[14.0; 30.0] 0.049* 36.0 [18.5; 43.5]  27.0 [22.0; 36.0] 0.141
Asthenic state, points 52.0 [46.0; 66.0]  46.0 [37.0; 53.0] 0.075 51.5[45.5; 65.0]  52.0 [45.0; 63.0] 0.584
Situational anxiety, points 42.0[34.0;51.0]  43.0[34.0; 54.0] 0.677 42.0[35.0; 52.0]  42.5[34.0; 48.5] 0.533
Personal anxiety, points 48.0 [40.0; 53.0]  45.0 [44.0; 49.0] 0.642 49.0 [41.0; 53.01  45.5[40.0; 53.0] 0.642
Depression, points 13.0 [7.0; 23.0] 9.0 [7.0; 14.0] 0.263 13.5 [6.0; 22.0] 11.5 [7.0; 20.0] 0.650
Headache index, points 51.0 [44.0; 62.0]  48.0 [42.0; 55.0] 0.546 54.0 [45.0; 63.0]  46.5[42.0; 56.0] 0.030*
Emotional intelligence 38.0 [26.0; 52.0]  43.0[35.0; 62.0] 0.232 38.0 [26.5; 53.00  39.0 [21.0; 53.0] 0.755
(sum), points:
emotional awareness, 10.0 [7.0; 14.0] 13.0 [12.0; 16.0] 0.031* 11.0 [8.0; 14.0] 10.0 [7.0; 16.0] 0.785
points
Internet addiction, points 28.0[18.0; 38.0] 17.0 [12.0; 24.0] 0.034* 24.5116.0; 37.0] 24.0 [20.0; 35.0] 0.913
Neurosis, points 20.0 [14.0; 27.0] 14.0 [13.0; 21.0] 0.139 20.0 [13.0; 26.5] 19.0 [14.0; 23.0] 0.872
Intro/ambo/extraversion, 45.0 [35.0; 60.0]  60.0 [55.0; 60.0] 0.053 45.0 [40.0; 60.0]  50.0 [32.5; 60.0] 0.888
points
Mental performance, points:
Counting rate, number 90.0 [77.0; 119.0]  103.0 [74.0; 128.0] 0.736 90.0 [76.0; 119.0]  95.0 [77.0; 119.0] 0.978
of characters
Coefficient of attention 0.86 [0.79; 0.93] 0.96 [0.94; 1.0] 0.005* 0.881[0.80; 0.93] 0.85[0.79; 0.94] 0.921
switching, units
Efficiency factor, units 0.9 [0.8; 1.0] 0.91[0.9; 1.0] 0.840 0.89 [0.82; 0.97]  0.92 [0.84; 1.08] 0.305
NR2-At, ng/ml 2.8[1.9;5.3] 1.6 [1.3; 4.1] 0.217 2.8[1.9; 4.8] 2.6 [1.5; 5.7] 0.703
NSE, ng/ml 3.0[2.1; 4.1] 1.7 1.5; 3.3] 0.217 3.3[2.2; 5.0 2.1115; 2.9] 0.002*
TNF-a, pg/ml 3.6 [2.8; 4.4] 2.01 [1.50; 2.70] 0.042* 3.6 [2.8; 4.4] 3.0 [2.6; 4.4] 0.140
IL-1, pg/ml 1.71[1.5; 2.2] 1.45 [1.40; 1.50] 0.049* 1.7[1.5; 2.3] 1.5 [1.4; 1.8] 0.043*
IL-6, pg/ml 1.03 [0.50; 2.20] 0.88 [0.28; 1.0] 0.315 1.310.6; 2.3] 0.68 [0.38; 0.97] 0.007*

Note: UCTD, undifferentiated connective tissue dysplasia; ADS, autonomic dysfunction syndrome; NSE, neuron-specific enolase;
TNF-a, tumor necrosis factor a; IL, interleukin; * statistically significant differences between groups.
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Table 2. Indicators of psychovegetative status and blood in undifferentiated connective tissue dysplasia, Me [Q1; Q3]

Group 0 Group 1 Group 2
Indicators without UCTD with moderate UCTD with pronounced UCTD P
(n=15) (n=38) (n=42)

Po_q <0.001*
UCTD, points 13.0 [9.0; 15.0] 29.0 [25.0; 33.0] 45.0 [41.0; 49.0] Po—, <0.001*
Py, <0.001*

Po_y <0.001*
ADS, points 16.0 [10.5; 26.0] 31.0 [22.0; 41.0] 40.5 [31.0; 49.0] Py <0.001*
pi_p <0.001*

p0_|=0.004*
Asthenic state, points 43.0 [37.0; 48.0] 51.0 [44.0; 61.0] 59.50 [50.25; 69.0] Po_, <0.001*
p1_,=0.002*

p0_1=0.053
Situational anxiety, points 35.0 [30.0; 45.5] 45.0 [36.0; 51.0] 43.5[36.0; 49.5] Py_,=0.090
p-|_2=[]775

pn_‘|=0650
Personal anxiety, points 45.0 [39.0; 51.5] 48.50 [39.75; 53.0] 49.0 [43.25; 54.0] Po-,=0.-263

Depression, points 6.0 [3.0; 16.5] 12.0 [7.0; 17.75] 175 [11.0; 23.0] Po_,=0.005*
p]_2=0.009*

Py =0.071
46,0 [38.0; 50.0] 50.0 [44.75; 59.0] 5.0 [45.0; 62.0] Po_y0.029*
p]_2=0.394

Headache impact index,
points

p0_1=0270
Internet addiction, points 19.0 [15.0; 24.0] 23.0 [14.0; 33.0] 30.0 [23.0; 40.5] Po_,=0.015*
p]_2=0.023*

Monocytes, 10°/L 0.5 [0.4; 0.6] 0.5 [0.4; 0.7] 0.4[0.3; 0.5] Pg_5=0.152
p1_2=0.013*

p[]_1=0.312
Monocytes, % 75[6.0; 93] 8.8 [6.6; 20.5] 73[5.2; 8.8] Po_,=0.510
p1_,=0.019*

p0_1=0.117
TNF-q, pg/ml 42 13.0;5.0] 3.1 [2.5; 4.4] 3.7 [3.0; 4.0] Py <0391
p1_2=0138

po_]z[].[][][l*
IL-1, pg/ml 2.0 [1.6; 2.1] 1.5[1.4; 1.7] 1.8 [1.5; 2.3] Po-,=0.703
p]_z=0016*

IL-6, pg/ml 1.110.9; 2.9] 0.68 [0.4; 1.9] 1.310.6; 2.2] Po_p=0.981
p]_2=0.081

Note: UCTD, undifferentiated connective tissue dysplasia; ADS, autonomic dysfunction syndrome; TNF-a, tumor necrosis factor q;
IL, interleukin; * statistically significant differences between groups.
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in IL-1, IL-6, and IL-10 concentrations in patients with an
initial episode of depression [2, 3]. Moreover, in our study,
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%

100 1
the IL-6 level in the group with severe (according to the Beck
. . . . 90 -
questionnaire) depression was 40% higher (1.26 pg/ml versus 78
0.89 pg/ml); however, the differences were not statistically 801
significant. 70 1
The number of students with severe depression was 60 - 51 53
significantly lower both in the group with relative and in the s - 48
group with absolute monocytosis (Fig. 2). 40 36 3% 2
As a result of studying situational and personal anxiety, %04
a general trend toward a decrease in the level of monocytes 22
and inflammatory markers (except for TNF-a) was noted in 04 16 15 13
groups with high anxiety of both types compared with those 10 4 0
with moderate (normal) anxiety; however, the differences 0 . . .
were not statistically significant in all cases. Notably, more Monocytes  Monocytes  Monocytes  Monocytes
than half of the students had a high level of personal anxiety, DBV 080 <7% >9%
which is an individual stable characteristic that reflects NoUCTD [l Moderate UCTD [ Pronounced UCTD

the participant’s predisposition to anxiety and may indicate
mental maladjustment.

In our study, we studied a reliable marker of cerebral
ischemia, namely, antibodies to the NR2 subunit, in which
an increase of more than 2 ng/ml indicates a history of
single or repeated episodes of cerebral ischemia over

Fig. 1. Distribution of undifferentiated connective tissue dysplasia in
different levels of monocytes, %.

the past 3—6 months. This marker was elevated in 71% 100
of students, indicating a high incidence of cerebral 90 4
blood flow disorders among patients aged 18-22 years. 80 -
Because the students included in the study did not have 67
clinical manifestations of acute cerebral ischemia (acute 70
cerebrovascular accident, transient ischemic attack), we 60 1 50 49 %
can suggest laboratory-confirmed cases of asymptomatic 50
subclinical cerebral ischemia or the onset of chronic cerebral 40 4
ischemia. 30 4 25
In students with elevated levels of antibodies to NR2 | = 20y 22 21 ”
(n=67), the absolute counts of monocytes were significantly 13 n 14
lower than those in individuals who did not have cerebral 10 j 0 3
ischemia (n=28) (Table &), whereas the concentration of 04 - - -
. . . . Monocytes Monocytes Monocytes Monocytes
proinflammatory cytokines was practically the same. This 08109l >0.8x109/L <9% 9%

may indicate a decrease in the counts of classical monocytes
and a lack of growth of nonclassical activated monocytes in
the case of subclinical cerebral ischemia.

With absolute monocytosis, the number of students
without cerebral ischemia was significantly less than those

B Mild depression
I Severe depression

No depression
[ Moderate depression

Fig. 2. Distribution of depression in different levels of monocytes.

Table 3. Monocyte count and pro-inflammatory cytokine level in depression, Me [Q1; Q3]

Indicators No depression (n=50) Depression (n=45) p
Depression, points 7.0 [4.0; 10.0] 21.0 [17.5; 27.5] <0.0001*
Monocytes, 10%/1 0.5 [0.4; 0.6] 0.45[0.30; 0.55] 0.367
Monocytes, % 8.116.3; 9.8] 7515.8; 93] 0.432
TNF-a, pg/ml 3.6 [2.7; 4.6] 3.2[27:4.1] 0.249
IL-1, pg/ml 1.6 [1.5; 2.0] 1.6 [1.4; 2.2] 0.716
IL-6, pg/ml 0.9 [0.4; 2.1] 1.1[0.5; 1.9] 0.478

Note: TNF-a, tumor necrosis factor a; IL, interleukin; * statistically significant differences between groups.
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Table 4. Monocyte count and pro-inflammatory cytokine level in brain ischemia, Me [Q1; Q3]

Antibodies to NR2 <2 ng/ml

Antibodies to NR2 >2 ng/ml

Indicators (n=28) (n=67) p
Antibodies to NR2, ng/ml 1411.2; 171 41127, 5.6] <0.0001*
Monocytes, 10%/1 0.5[0.5; 0.7] 0.4 [0.3; 0.6] 0.018*
Monocytes, % 8.3 [6.9; 10.5] 76 [6.1; 9.5] 0.229
TNF-q, pg/ml 3.4[2.8; 4.3] 3.5[2.6; 4.4] 0.836
IL-1, pg/ml 1.6 [1.5; 2.0] 1.7 [1.4; 2.1] 0.869
IL-6, pg/ml 0.8 [0.4; 1.4] 0.98 [0.50; 2.0] 0.330
Note: TNF-a, tumor necrosis factor a, IL, interleukin; * statistically significant differences between groups.
Table 5. Monocyte count and pro-inflammatory cytokine level in different levels of neurodegeneration. Me [Q1; Q3]
Indicators NSE <3.5 ng/ml (n=59) NSE >3.5 ng/ml (n=36) p
NSE, ng/ml 2.15[1.60; 2.70] 4.98 [3.90; 5.80] <0.0001*
Monocytes, 10°/L 0.5 [0.4; 0.6] 0.4 [0.3; 0.5] 0.048*
Monocytes, % 8.2 [6.6; 9.3] 6.1[5.1; 8.0] 0.001%
TNF-a, pg/ml 3.6 [2.9; 4.4] 4.01[3.1; 4.9] 0.102
IL-1, pg/ml 1.6 [1.4; 1.9] 1.9 [1.5; 2.5] 0.013*
IL-6, pg/ml 0.76 [0.38; 1.60] 1.40.7; 4.0] 0.011*

Note: NSE, neuron-specific enolase. TNF-a, tumor necrosis factor a. IL, interleukin; * statistically significant differences between groups.

who had an increased level of the studied marker (Fig. 3),
which confirms the neuroprotective effect of this type of
leukocyte. A negative correlation was noted (r=-0.32;
p=0.007). Furthermore, a statistically significant increase in
the titer of a marker of cerebral ischemia was established

%
100 ~

90 -
80

70 63 65
60 - 2

89

50 43
NER 35

30 +
20
10 4

0 .

Monocytes Monocytes Monocytes Monocytes
<0.8x109/L

>0.8x109/L <9% >9%

Antibodies to NR2 <2 ng/ml [l Antibodies to NR2 >2 ng/ml

Fig. 3. Distribution of the biomarker of brain ischemia in students
with different levels of monocytes.
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in the group with severe UCTD compared with the group of
participants without dysplastic phenotypic signs (3.7 ng/ml
and 2.2 ng/ml, respectively; p=0.012), whereas the number
of patients with a history of cerebral ischemia increased as
the severity of the dysplastic process increased, reaching
almost fourfold predominance in the group with severe UCTD.
In the group with moderate and severe UCTD, the correlation
was inversely mean (r=—0.56 and —0.54, respectively) and
statistically significant in the group with moderate dysplasia.
Additionally, when constructing univariate logistic regression
models, one of the predictors associated with an increase in
the possibility of cerebral ischemia was the presence of UCTD
(odds ratio, 2.12; p=0.024).

Among the examined students, the neuron destruction
marker NSE was within the reference values, despite
the large number of psychovegetative disorders and
high incidence of ischemic events in the CNS. We believe
that in the long term, neurodegeneration severity may
have a crucial prognostic value for the development
of neurological and/or mental diseases; therefore, we
divided the participants into two groups according to NSE
level, in one of which the concentration of this marker
was <3.5 ng/ml (n=59), whereas in another group (n=36),
it was above this level (Table 5).

In the group with higher NSE level, both the absolute
and relative levels of monocytes were significantly lower,
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whereas the inflammatory marker (IL-1 and IL-6) levels were
higher. The correlation between NSE and monocyte count was
r=0.33 (p=0.007), r=0.31 (p=0.007) for TNF-a, r=0.5 (<0.001)
for IL-1, and r=0.55 (p <0.001) for IL-6.

DISCUSSION

In the absence of acute and exacerbation of chronic
diseases, monocytes with antiinflammatory properties
predominate in the peripheral blood, which is confirmed
by significantly lower proinflammatory cytokine (IL-1, IL-6,
and TNF-a) levels. These monocytes/macrophages have
protective properties in relation to the CNS, as evidenced by
the lower severity of psychovegetative disorders and lower
levels of markers of cerebral ischemia and neurodegeneration
in the peripheral blood.

As the phenotypic manifestations of UCTD increase,
nonpsychotic mental disorders (anxiety and depression)
and autonomic nervous system disorders increase, which
probably, with moderate UCTD, leads to the activation of
compensation mechanisms, one of which is an increase
in the count of antiinflammatory monocytes. With severe
UCTD, adaptive reserves are depleted, which is accompanied
by a decrease in the absolute count of monocytes and
a redistribution of existing monocytes toward a subpopulation
of activated proinflammatory cells, which, under conditions
of the blood-brain barrier periodically opening because of
single or repeated subclinical ischemic events, are involved
in neuroinflammatory and neurodegenerative processes
in the CNS. Apparently, subclinical cerebral ischemia does
not cause a pronounced inflammatory reaction; however, it
promotes the penetration of monocytes/macrophages into
the CNS, which then, depending on their direction, participate
in neuroregeneration or immune inflammation. One of the
possible causes of the increase in counts of proinflammatory
monocytes/macrophages in the peripheral blood in patients
with severe UCTD may be the active degradation of the
fibrillar structures of the intercellular substance, particularly
collagen fibers. A similar mechanism was discovered in
the early stages of atherosclerotic plaque formation, when
the activation and directed migration of monocytes, which
underlies the development of immune inflammation, is
regulated by the degradation products of fibrin and collagen
of the vascular wall [1].
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Microglial cells are resident macrophages in the CNS
and, having a common mesenchymal origin with monocytes,
can also be involved in the pathological process in UCTD,
reducing the regenerative potential of the nervous tissue.
Monocytes/macrophages actively interact with microglia
through the blood—cerebrospinal fluid barrier, cerebrospinal
fluid—encephalitic barrier (norm), and blood—brain barrier
damaged because of ischemia [12-16]. Quantitative and
qualitative changes in monocytes in the peripheral blood
possibly influence and reflect the state of microglial cells
in the CNS. Furthermore, antiinflammatory monocytes/
macrophages, which have potent reparative effects on
nervous tissue, are candidates for the treatment of various
neurological and psychiatric diseases [17].

CONCLUSION

Increased antiinflammatory monocyte levels in the
peripheral blood have a protective effect on the CNS,
which is expressed in the prevention of psychovegetative,
ischemic, and neurodegenerative disorders. This may be
because classical monocytes from the peripheral blood are
polarized into antiinflammatory macrophages, which have
neuroregenerative and antiinflammatory effects.

Nonpsychotic mental disorders (e.g., anxiety, depression)
and autonomic nervous system disorders with severe UCTD
may be associated with insufficient antiinflammatory monocyte
production; therefore, correction of the dysplastic process is
crucial for treating various psychovegetative diseases.
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