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progression of affective disorders (ADs), the cytokine
hypothesis emphasizes inflammatory factors as key
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Abstract—Cytokines play a critical role in brain functioning by modulating neurotransmitter and energy
metabolism, neuroplasticity, and neuronal activity. Dysregulated or excessive cytokine production can dis-
rupt neuronal metabolic processes and contribute to brain dysfunction. Among the proposed mechanisms
underlying the development and progression of affective disorders (ADs), the cytokine hypothesis empha-
sizes the role of inflammatory markers as key factors in the development of depressive pathologies. The
aim of this study was to investigate molecular characteristics of selected immunoinflammatory markers in
patients with AD. The study included 239 patients diagnosed with AD and 205 healthy controls. Polymorphic
variants of the immunoinflammatory genes IL1B (rs16944, rs1143627), IL13 (rs1295686), TNFB (rs2229094),
and TGFA (rs2166975) were analyzed, and cytokine levels in the blood serum and peripheral blood mono-
nuclear cells were measured. As association was identified between the rs2229094 polymorphism of the
TNFB gene and AD: the carriage of the A allele and the AA genotype of this variant was associated with
an increased risk of AD. Furthermore, the levels of TGF-a and IL-13 in peripheral blood mononuclear cells
and the serum content of TNF-f were significantly elevated in patients with AD compared with healthy
controls. These pilot findings suggest that the studied cytokines may contribute to the pathogenetic mech-
anisms underlying development of ADs.
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INTRODUCTION contributors in the AD pathogenesis [1-3]. This hy-
pothesis is based on the observation that elevated
Among the existing concepts on the etiology and levels of inflammatory markers can induce alterations

in brain neurotransmitter systems, including seroto-
nergic, dopaminergic, and glutamatergic pathways, as

well as in tryptophan metabolism [4]. These changes
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can also affect energy metabolism and neuroplasticity
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and influence neuronal activity through astrocytes
and microglia, as commonly observed during depres-
sive episodes in patients with AD.

Excessive cytokine production disrupts neuronal
metabolism and leads to brain dysfunction, while cy-
tokine-mediated activation of microglia contributes to
the development of neuroinflammatory and neurode-
generative cascades and oligodendrocyte death [5, 6].

Microglia, represented by resident immune effec-
tor cells of the central nervous system (CNS), plays
a central role in the regulation of neuroimmune re-
sponses and participates in the bidirectional commu-
nication with the serotonergic system. Cytokines can
activate the microglia and perivascular macrophages
in the brain parenchyma, thus contributing to alter-
ations in serotonin synthesis and reuptake. Activation
of microglia toward a pro-inflammatory phenotype
can disrupt serotonergic neurotransmission by al-
tering the expression and function of the serotonin
transporter (SERT) and modulating downstream sig-
naling pathways mediated by 5-HT receptors. Con-
versely, serotonergic neurotransmission mediated by
5-HT1A, 5-HT2A/2B, and 5-HT7 receptors can regulate
microglial phenotypic polarization and cytokine pro-
duction, thereby shaping the inflammatory environ-
ment and affecting CNS homeostasis [7].

The involvement of central and peripheral in-
flammation in the pathogenesis and prognosis of
major depressive disorder (MDD) has been increas-
ing recognized. Sarmin et al. [8] reported elevated
levels of cytokines, such as interleukins 12 (IL-12)
and 4 (IL-4), and their association with the severity
of depression. Increased levels of cytokines, includ-
ing tumor necrosis factor alpha (TNF-a), IL-1B, IL-2,
and IL-6, in the cerebrospinal fluid and peripheral
blood [9-11] in individuals with depression may trig-
ger peripheral inflammation and neuroinflammatory
processes in the brain. Meta-analysis showed that
elevated baseline levels of inflammatory markers,
in particular, C-reactive protein (CRP) and IL-6, are
predictive risk factors for the MDD development [10].
Patients with MDD and elevated levels of pro-inflam-
matory biomarkers are less likely to respond to anti-
depressant therapy, whereas new immunotherapeutic
drugs may potentially offer improved efficacy in this
patient subgroup [10]. In a previous pilot study [12],
we observed elevated serum levels of the pro-inflam-
matory cytokine interferon alpha (IFNa) and reduced
levels of the anti-inflammatory cytokine IL-1 receptor
antagonist (IL-1RA) in patients with AD compared to
healthy individuals [12].

Neuroinflammation causes changes in tryptophan
metabolism, leading to reduced serotonin synthesis
and decreased expression of brain-derived neuro-
trophic factor (BDNF), thereby disrupting brain neu-
roplasticity mechanisms [13]. In parallel, inflamma-
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tory processes contribute to the glutamate-mediated
excitotoxicity [14]. Through these pathways, cytokines
can affect neuronal connectivity in brain circuits that
regulate mood, motivation, motor activity, and anx-
iety, ultimately contributing to the development of
depressive symptoms.

Because immunoinflammatory processes in AD
are systemic, many studies assess cytokine levels in
peripheral blood, which have been shown to reflect,
to some extent, processes occurring in the CNS [15].
For example, peripheral inflammation has been as-
sociated with changes in the volume of brain white
matter and severity of depressive symptoms [16].
In addition to a significant role of protein compo-
nents of systemic inflammation in the AD pathogen-
esis, lipid mediators derived from polyunsaturated
fatty acids, particularly w-3 and w-6 fatty acids, have
also been implicated as contributors to chronic in-
flammation in AD [17, 18].

The studies of metabolic processes in the brain
of patients with mental disorders have certain lim-
itations and are often conducted using postmortem
material only. In this context, peripheral blood mono-
nuclear cells (PBMCs) represent a practical and ac-
cessible model for biomarker research. Recent stud-
ies have shown a correlation between peripheral
markers and the molecular state of cells in the CNS.
Gladkevich et al. [19] argued that blood lymphocytes
can be considered a convenient model, albeit for
investigating a limited number of cellular functions
(e.g., protein and gene expression). Numerous studies
have shown similarities in receptor expression and
signal transduction mechanisms in nervous system
cells (neurons and glia) and lymphocytes. In several
mental disorders, changes in metabolism and cellular
functions in the CNS, as well as disruptions in major
neurotransmitter and hormonal systems, are accom-
panied by changes in the function and metabolism
of blood lymphocytes. According to some authors, as-
sessment of cytokine levels in PBMCs (which reflect
the ability of cells to produce cytokines) is one of the
most informative methods for evaluating the func-
tional state of immune cells. This approach is consid-
ered comparable to other established assays, such as
lymphocyte blast transformation assay or assessment
of cellular phagocytic activity [20, 21].

Polymorphisms in cytokine-encoding genes may
influence the structure and function of the encoded
proteins and are associated with depressive disor-
ders and their clinical manifestations [22]. The most
frequently confirmed and significant associations in
depression have been found for polymorphisms of
the IL1B, IL6, and TNFA genes [23]. Previously, we
demonstrated an association between the rs2069840
polymorphism of the IL6 gene and clinical severity of
AD symptoms [24].
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The aim of the present study was to identify the
molecular characteristics of several immunoinflam-
matory markers in patients with AD to provide data
on changes in protein and genetic markers of sys-
temic inflammation, thereby supporting the hypoth-
esis that AD development is accompanied by immu-
noinflammatory activation at various levels of cellular
organization.

MATERIALS AND METHODS

Study design. The study compared biomarkers
in patients with established diagnoses of mood (af-
fective) disorders (ICD-10: F31-F33) and experiencing
a current depressive episode (DE) and healthy vol-
unteers. All patients underwent genetic analysis for
cytokine gene polymorphisms. To assess intracellular
cytokine content in PBMCs and corresponding serum
levels, a subsample matched for sex, age, and clinical
diagnosis was formed from the overall patient group.

Patients. The study included 239 patients treat-
ed at the Affective States Department of the Mental
Health Research Institute, Tomsk National Research
Medical Center, who were experiencing current DEs
(including single DE, recurrent depressive disorder
(RDD), or bipolar disorder (BD)) (ICD-10: F31-F33)
(Table 1). To determine the eligibility, the patients
were screened for affective pathology via clinical
examination on the first day of hospitalization. The
comparison group included 205 healthy individuals
(women, 50.5%), matched for age to the patient group.

The patient group contained 76.3% women,
which is consistent with a higher prevalence of AD
in the female population. The median age of partic-
ipants was 43 [28; 54] years. The median age of AD
onset was 28 [19; 44] years; the median duration of
a current DE was 5 [2; 9] months.
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The inclusion criteria were as follows: provision
of informed consent to participate in the study; con-
firmed diagnosis of AD according to ICD-10 criteria
(F31-33); age between 18 and 60 years; and Cauca-
sian ethnicity. The exclusion criteria were refusal to
participate in the study at any stage; presence of de-
mentia, intellectual disability, or other severe organic
brain disorders accompanied by significant cognitive
impairment; chronic decompensated somatic diseases;
or acute-phase somatic illnesses.

Laboratory methods. Venous blood was collect-
ed in the morning after an overnight fasting (212 h)
prior to the initiation of active psychopharmacother-
apy. The blood was collected into tubes containing
anticoagulants (EDTA and lithium heparin), and clot
activator (SiO,).

Genomic DNA from patients and healthy vol-
unteers was extracted from whole blood using the
standard phenol-chloroform method. PBMCs were
isolated by Ficoll-Urografin density gradient centrif-
ugation. Cell lysates were prepared using MILLIPLEX
MAP Lysis Buffer for Multiplexing (Merck, Germany).
Serum was obtained by centrifugation under stan-
dard conditions while avoiding hemolysis.

Genotyping of polymorphic variants of the immu-
noinflammatory genes IL1B (rs16944, rs1143627), IL13
(rs1295686), TNFB (rs2229094), and TGFA (rs2166975)
was performed by qPCR with a QuantStudio™ 5
Real-Time PCR System (Applied Biosystems, USA) and
DTprime real-time PCR System (DNA-Technology, Rus-
sia) using BioMaster UDG HS-qPCR Lo-ROX (2x) Kits
(Biolabmix, Russia).

Cytokine levels in PBMCs and serum were as-
sessed using MAGPIX and Luminex 200 multiplex
analyzers (Luminex, USA) with HCYTMAG-60K-PX41
MILLIPLEX® Human Cytokine/Chemokine Magnet-
ic Bead Panel (Merck) and Magnetic Luminex Assay
Kit (Cloud-Clone, China). Intracellular cytokine levels

Table 1. Sociodemographic and clinical characteristics of the study groups

Parameter AD group (n = 239) Control group (n = 205) | p, statistical test
Age 43 [28; 54] 39 [29; 51] 0.43; Mann-Whitney U test
Sex 9 - 76.3% 9 —50.5% ¥% =31.9; p < 0.001
d - 23.7% d -49.5%
ICD-10 diagnosis F31 - 33.8% - -
F32 - 30.4%
F33 - 35.8%
Age of AD onset (years) 28 [19; 44] - -
9 — 29 [21; 47]
o - 23 [16; 42]
Duration of current AD 5[2; 9] - -
episode (months)
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were normalized to cell number and expressed as
concentrations in lysates corresponding to 107 cells
per mL. Final cytokine concentrations in the lysates
and serum were reported in pg/mL.

All laboratory experiments were conducted us-
ing the equipment of the Medical Genomics Center
for Collective Use (Tomsk National Research Medical
Center).

Statistical analysis was performed with Statis-
tica for Windows (v.12.0) using nonparametric tests
were applied, including the Mann-Whitney U test,
Kruskal-Wallis test, and Pearson’s XZ test. Odds ratios
with 95% confidence intervals (OR [95% CI]) were cal-
culated. Distribution of genotype was tested for com-
pliance with the Hardy—-Weinberg equilibrium using
Pearson’s y? test.

783
RESULTS

Polymorphic variants of cytokine genes. The
frequencies of genotypes of the studied cytokine gene
polymorphisms were tested for compliance with the
Hardy-Weinberg equilibrium. All polymorphic vari-
ants were found to conform to the Hardy-Weinberg
equilibrium (p > 0.05).

Comparative analysis of frequencies of genotypes
and alleles of polymorphisms in the cytokine genes
IL1B (rs16944, rs1143627), IL13 (rs1295686), TNFB
(rs2229094), and TGFA (rs2166975) revealed signif-
icant differences only for the rs2229094 polymor-
phism of the TNFB gene (x*> = 51.42; p < 0.001 for al-
leles and % = 44.79; p < 0.001 for genotypes) (Table 2).
The A allele was more frequent in the AD patient

Table 2. Allele and genotype frequencies of cytokine gene polymorphisms in patients with ADs and control group

SNP Genotypes/ | AD patients, n (%) | Control group, n (%) | OR [95% CI] ¥ p
alleles

rs16944 IL1B AA 24 (10.2%) 27 (13.6%) 0.72 [0.4-1.29] 1.277 0.528
AG 106 (44.9%) 87 (43.9%) | 1.04 [0.71-1.52]
GG 106 (44.9%) 84 (42.4%) | 1.11 [0.76-1.62]
A 154 (32.6%) 141 (35.6%) | 0.88 [0.66-1.16] 0.852 0.356
G 318 (67.4%) 255 (64.4%) | 1.14 [0.86-1.51]

rs1143627 IL1B AA 109 (45.6%) 89 (43.6%) | 1.08 [0.74-1.58] 1.108 0.575
AG 106 (44.4%) 88 (43.1%) 1.05 [0.72-1.53]
GG 24 (10%) 27 (13.2%) | 0.73 [0.41-1.31]
A 324 (67.8%) 266 (65.2%) | 1.12 [0.85-1.49] 0.662 0.416
G 154 (32.2%) 142 (34.8%) | 0.89 [0.67-1.18]

rs1295686 IL13 cC 132 (56.2%) 114 (55.9%) | 1.01 [0.69-1.48] 1.975 0.372
CT 91 (38.7%) 73 (35.8%) | 1.13 [0.77-1.67]
TT 12 (5.1%) 17 (8.3%) | 0.59 [0.28-1.27]
C 355 (75.5%) 301 (73.8%) 1.1 [0.81-1.49] 0.357 0.550
T 115 (24.5%) 107 (26.2%) 0.91 [0.67-1.24]

rs2229094 TNFB | AA 134 (56.1%) 59 (29.1%) | 3.11 [2.10-4.63] | 44.786 | <0.001*
AG 86 (36%) 88 (43.3%) 0.73 [0.5-1.08]
GG 19 (7.9%) 56 (27.6%) 0.23 [0.13-0.4]
A 354 (74.1%) 206 (50.7%) | 2.77 [2.09-3.68] | 51.418 | <0.001*
G 124 (25.9%) 200 (49.3%) | 0.36 [0.27-0.48]
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Table 2 (cont.)
SNP Genotypes/ | AD patients, n (%) | Control group, n (%) | OR [95% CI] ¥ D
alleles
rs2166975 TGFA AA 27 (11.4%) 17 (8.4%) 1.41 [0.75-2.68] 2.143 0.342
AG 97 (41.1%) 77 (37.9%) 1.14 [0.78-1.68]
GG 112 (47.5%) 109 (53.7%) 0.78 [0.53-1.13]
A 151 (32%) 111 (27.3%) 1.25 [0.93-1.67] 2.256 0.133
G 321 (68%) 295 (72.7%) 0.8 [0.6-1.07]

Note. x%, Pearson’s criterion; * p < 0.05, statistically significant differences from the control group.

group than in the control group (74.1% vs. 50.7%;
OR [95% CI] = 2.77 [2.09-3.68]). The AA genotype was
also more frequent in AD patients than in the con-
trol group (56.1% vs. 29.1%; OR [95% CI] = 3.11 [2.10-

Table 3. Cytokine content in PBMCs

Cytokine &D:pBa(;[)i ents fr? ng group Pmu

IL-1p [2.81; s%ét? [2.31; 84.1.757? 0-51
TGF-a [0.13; o?é?g [0.05; 0.4(1)5 0.042*
1L-13 [4.1; 10(.56% [2.85; 4'1702315] 0.015%

Note. Data are presented as median, lower, and upper quar-
tiles (Me [Q1; Q3]), pg/mL; * p < 0.05, statistically significant
differences between the patient and control groups; py_us
Mann-Whitney U test.

Table 4. Cytokine concentration in blood serum

Cytokine &D:pBas'[)i ents fr? Ti% group Pmu

IL-1p [0.51; 21.(')425] [0.23; 91.5?5? 0.62
TNE-B [16.6; 21520%? [6.0; 34% 0.039*
TGF-a [0.40; 39'292?1 [0.71; 31.;;)? 0.42
1L-13 [12.5; 11192? [3.2; 24?5? 0.09

Note. Data are presented as median, lower, and upper quar-
tiles (Me [Q1; Q3]), pg/mL; * p < 0.05, statistically significant
differences between the patient and control groups; py_us
Mann-Whitney U test.

4.63]). No other statistically significant differences in
the allele and genotype frequencies were detected for
the remaining studied polymorphisms (p > 0.05).

Intracellular cytokine content. The cytokine
levels in PBMCs of AD patients are presented in
Table 3. Comparison between the patient and control
groups revealed statistically significant differences in
the levels of TGF-a (p = 0.042) and IL-13 (p = 0.015).
Specifically, the contents of TGF-a (0.34 [0.13; 0.96]
pg/mL) and IL-13 (6.84 [4.1; 10.64] pg/mL) were high-
er in patients with AD than in healthy donors (0.1
[0.05; 0.46] pg/mL and 4.035 [2.85; 7.21] pg/mL, re-
spectively).

Cytokine concentration in blood serum. Com-
parative analysis of cytokine levels in the blood
serum of patients with AD and healthy individuals
(Table 4) demonstrated a significantly higher concen-
tration of TNF-f in the patients than in healthy donors
(129.6 [16.6; 250.6] pg/mL vs. 8.7 [6.0; 34.6] pg/mL, re-
spectively; p = 0.039).

Correlation between the studied parameters.
The relationship between the cytokine levels in PBMCs,
cytokine concentrations in blood serum, and car-
riage of genotypes of polymorphic variants of the
IL1B (rs16944, rs1143627), IL13 (rs1295686), TNFB
(rs2229094), and TGFA (rs2166975) genes was eval-
uated using association and correlation analyses.
No statistically significant associations were identi-
fied between the cytokine concentrations in blood
serum and cytokine levels in PBMCs among carriers
of different genotypes, although a moderate positive
correlation (r = 0.40) was found between the serum
levels of IL-1B and IL-13 in AD patients (p < 0.05).

DISCUSSION
The compensatory and adaptive reactions initi-
ated by the immune system are aimed at maintain-
ing homeostasis and preventing the development of

pathological conditions [25, 26]. Hormonally stimu-

BIOCHEMISTRY (Moscow) Vol. 91 No. 5 2026



CYTOKINES IL-1B, IL-13, TNF-B, TGF-a IN AFFECTIVE DISORDERS

lated leukocytes circulating in the bloodstream can
either activate or suppress the immune response
through the secretion of pro- and anti-inflammatory
cytokines that can regulate brain activity and emo-
tions [27, 28]. Systemic inflammation is accompanied
by the disruption of cytokine balance and develop-
ment of neuroinflammation, which may ultimately
lead to the onset of mental pathologies, including de-
pressive symptoms.

Like many mental disorders, AD is a multifac-
torial disease caused by a combination of genetic,
ecological, psychological, and biological factors [29].
In this work, we performed a comprehensive study
of several cytokines (IL-1pB, IL-13, TNF-B, and TGF-a)
involved in the development of neuroinflammation.

IL-1B is a pro-inflammatory cytokine encoded by
the IL1B gene located on chromosome 2q14.1. It had
been first discovered as a factor involved in the etiol-
ogy of behavioral disorders and was later associated
with depressive disorder [30]. Several studies have
demonstrated that IL-1p levels are significantly high-
er in patients with depression compared with healthy
individuals [31, 32]. Ferreira et al. [33] reported a
possible link between the rs16944 single nucleotide
polymorphism (SNP) in the IL1B gene and increased
susceptibility to depression in patients with multiple
sclerosis. However, in our study, we did not observe
any association between IL-1B levels (either in serum
or PBMCs) and AD, nor did we detect relationships
with polymorphic variants of the IL1B gene.

IL-13 is generally considered as an anti-inflam-
matory cytokine; however, its effects can be pleiotro-
pic. Under certain conditions, IL-13 may not contrib-
ute to the suppression of pro-inflammatory responses.
Doong et al. [34] found that the A allele of the IL13
gene (rs1295686) is associated with a complex of
symptoms, including pain, fatigue, sleep disturbances,
and depression. In contrast, we observed no such as-
sociation, which may be attributed to differences in
the patient populations, as Doong et al. examined
patients prior to breast cancer surgery, whereas our
study focused on individuals with AD without comor-
bid pathologies.

Several studies have reported elevated IL-13
levels in the serum of patients with MDD [35, 36].
The most likely explanation for this elevation is that
chronic stress associated with MDD causes a chronic
increase in cortisol levels, which, in turn, increases
IL-13 content in peripheral blood. Consistently, our
study found elevated IL-13 levels in PBMCs of patients
with AD.

TNF-B is a multifunctional pro-inflammatory cy-
tokine of the TNF superfamily. It is encoded by the
TNFB gene located on chromosome 6p21.33. Dunn
et al. [37] found an association between the rare A al-
lele of rs2229094 of the TNFB gene and subsyndromal
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depression. Consistent with this, we found that both
the allele and the genotype of rs2229094 are associ-
ated with AD. The A allele and the AA genotype oc-
curred more frequently in AD patients than in the
control group, suggesting that their presence consti-
tutes a risk factor for AD development. Furthermore,
Das et al. [38] demonstrated increase TNF levels in
MDD that correlated with the disease severity. In line
with these findings, we observed that patients with
AD exhibited higher TNF-B concentrations compared
to healthy controls.

TGFs are a family of polypeptide growth factors
including TGF-a and TGF-B. These cytokines play cru-
cial roles in embryonic development and regulation
of specific immune responses, particularly through
their ability to induce T-regulatory (Treg) cells. Bialek
et al. [39] demonstrated that the AG genotype of the
rs2166975 polymorphism in the TGFA gene is associ-
ated with an increased risk of developing depression,
whereas the GG genotype appears to confer a pro-
tective effect. In parallel, our findings indicated that
TGF-a levels in PBMCs are elevated in AD patients
compared to healthy controls.

It should be noted that the present study is the
first to report the results of a comprehensive investi-
gation of immunoinflammatory features across vari-
ous levels of molecular organization, including assess-
ment of genetic polymorphisms, protein expression in
PBMCs, and serum cytokine levels in patients with
AD compared to healthy individuals. At the same
time, our study has a number of limitations. Thus,
expression of cytokines was evaluated in PBMCs and
may not directly reflect processes occurring in the
brain. Goossens et al. [40] conducted a systematic re-
view and concluded that, despite inherent limitations,
heterogeneity in study designs, and a small number
of original studies, several characteristics of PBMCs,
particularly those related to inflammatory pathways
and cell viability, show potential as clinically relevant
biomarkers. However, caution should be exercised
when extrapolating findings from peripheral cells to
brain processes, as evidence regarding intracellular
signaling in the central nervous system remains lim-
ited and sometimes contradictory.

CONCLUSION

For the first time, an association has been iden-
tified between the rs2229094 polymorphism of the
TNFB gene and AD, along with elevated expression
of TGF-a and IL-13 in PBMCs and increased serum
levels of TNF-B in patients with AD. These findings
demonstrate the involvement of studied cytokines
in the pathophysiological mechanisms underlying
AD development.
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Abbreviations

AD affective disorder

IL interleukin

MDD major depressive disorder

PBMCs peripheral blood mononuclear cells
TGF-a transforming growth factor alpha
TNF-B tumor necrosis factor beta
Contributions

L.A.L, S.AL, EVM.,, and N.A.B. developed the concept
and supervised the study; EV.M., A.S.B., EV.E, NMJV,
D.Z.P,, and O.V.R. conducted experiments; EV.M. wrote
the text of the article; S.A.I, L.A.L.,, A.S.B,, OV.R, and
G.G.S. editing the manuscript.

Funding

This study was supported by the Russian Science Foun-
dation (project no. 23-15-00338; https://rscf.ru/project/
23-15-00338)).

Ethics approval and consent to participate

The study was conducted in accordance with the eth-
ical principles of human research and was approved
by the Biomedical Ethics Committee of the Mental
Health Research Institute, Tomsk National Research
Medical Center, and was in compliance with the Hel-

MIKHALITSKAYA et al.

sinki Declaration for experiments involving humans
(protocol no. 164 from June 16, 2023). All patients
signed informed consent to participate in the study.

Conflict of interest
The authors of this work declare that they have no
conflicts of interest.

Open access

This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits
use, sharing, adaptation, distribution, and reproduc-
tion in any medium or format, as long as you give
appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons li-
cense, and indicate if changes were made. The im-
ages or other third party material in this article are
included in the article’s Creative Commons license,
unless indicated otherwise in a credit line to the
material. If material is not included in the article’s
Creative Commons license and your intended use
is not permitted by statutory regulation or exceeds
the permitted use, you will need to obtain permis-
sion directly from the copyright holder. To view a
copy of this license, visit http://creativecommons.org/
licenses/by/4.0/.

REFERENCES

1. Jeon, S. W, and Kim, Y. K. (2016) Neuroinflammation and cytokine abnormality in major depression: cause or
consequence in that illness? World J. Psychiatry, 6, 283, https://doi.org/10.5498/wjp.v6.i3.283.

2. Nikitina, V. B., Lobacheva, O. A., Vetlugina, T. P, Aksyonov, M. M., and Lebedeva, V. F. (2018) Neuroimmune-
endocrine disorders in mental disorders and addiction diseases, Sib. J. Psychiatry Narcol., 2, 45-55, https://

doi.org/10.26617/1810-3111-2018-2(99)-45-55.

3. Steffen, J., Focken, N., and Caligkan, G. (2024) Recognizing depression as an inflammatory disease: the search
for endotypes, Am. J. Physiol. Cell Physiol., 327, C205-C212, https://doi.org/10.1152/ajpcell.00246.2024.

4. Troubat, R., Barone, P, Leman, S., Desmidt, T., Cressant, A., Atanasova, B., Brizard, B., El Hage, W., et al. (2021)
Neuroinflammation and depression: a review, Eur. J. Neurosci., 53, 151-171, https://doi.org/10.1111/ejn.14720.

5. Krishnadas, R., and Cavanagh, J. (2012) Depression: an inflammatory illness? J. Neurol. Neurosurg. Psychiatry,

83, 495-502, https://doi.org/10.1136/jnnp-2011-301779.

6. Fisker, L., Kohler-Forsberg, O., and Hageman, I. (2018) The relation between depression and inflammation, Ugeskr

Laeger, 180, V09170675.

7. Zheng, Y., and Xu, L. (2025) Bidirectional crosstalk between microglia and serotonin signaling in neuroinflam-
mation and CNS disorders, Front. Immunol., 16, 1646740, https://doi.org/10.3389/fimmu.2025.1646740.

8. Sarmin, N., Roknuzzaman, A. S. M., Mouree, T. Z., Islam, M. R,, and Al Mahmud, Z. (2024) Evaluation of serum
interleukin-12 and interleukin-4 as potential biomarkers for the diagnosis of major depressive disorder, Sci.
Rep., 14, 1652, https://doi.org/10.1038/s41598-024-51932-9.

9. Osimo, E. F, Pillinger, T., Rodriguez, I. M., Khandaker, G. M., Pariante, C. M., and Howes, O. D. (2020) Inflamma-
tory markers in depression: a meta-analysis of mean differences and variability in 5,166 patients and 5,083 con-
trols, Brain Behav. Immunity, 87, 901-909, https://doi.org/10.1016/j.bbi.2020.02.010.

10. Drevets, W. C., Wittenberg, G. M., Bullmore, E. T., and Manji, H. K. (2022) Immune targets for therapeutic
development in depression: towards precision medicine, Nat. Rev. Drug Discov., 21, 224-244, https://doi.org/

10.1038/s41573-021-00368-1.

11. Li, Y, Yue, Y, Chen, S., Jiang, W,, Xu, Z.,, Chen, G., Zhu, Z,, Tan, L., and Yuan, Y. (2022) Combined serum IL-6,
C-reactive protein, and cortisol may distinguish patients with anhedonia in major depressive disorder, Front.
Mol. Neurosci., 15, 935031, https://doi.org/10.3389/fnmol.2022.935031.

BIOCHEMISTRY (Moscow) Vol. 91 No. 5 2026



12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29

30.

31.

CYTOKINES IL-1B, IL-13, TNF-B, TGF-a IN AFFECTIVE DISORDERS 787

Mednova, I. A, Levchuk, L. A, Boiko, A. S., Roschina, O. V., Simutkin, G. G., Bokhan, N. A,, Loonen, A. J. M., and
Ivanova, S. A. (2023) Cytokine level in patients with mood disorder, alcohol use disorder and their comorbidity,
World ]. Biol. Psychiatry, 24, 243-253, https://doi.org/10.1080/15622975.2022.2095439.

Porter; G. A, and O’Connor, J. C. (2022) Brain-derived neurotrophic factor and inflammation in depression:
pathogenic partners in crime? World J. Psychiatry, 12, 77-97, https://doi.org/10.5498/wjp.v12.i1.77.

Kouba, B. R, de Araujo Borba, L., Borges de Souza, P., Gil-Mohapel, J., and Rodrigues, A. L. S. (2024) Role of
inflammatory mechanisms in major depressive disorder: from etiology to potential pharmacological targets,
Cells, 13, 423, https://doi.org/10.3390/cells13050423.

Shen, X., Ji, W,, Zheng, H., Yu, B., Wan, Y., Cai, H., Dai, H., and Zhong, H. (2026) Peripheral cytokine dysreg-
ulation, microglial dysfunction in adolescent major depressive disorder: neuroimmune crosstalk implications,
Psychoneuroendocrinology, 183, 107656, https://doi.org/10.1016/j.psyneuen.2025.107656.

Li, W, You, Z., Wang, C., Lan, X., Zhang, F.,, Hu, Z., Chen, X,, Luo, Z., Zeng, Y., Chen, Y., Chen, Y,, Mai, S., Shao, R,
Lu, H., McIntyre, R. S., Sun, X,, Ning, Y., and Zhou, Y. (2025) White matter free water and depressive symptoms
in medication-free depressed adolescents: moderation by peripheral inflammation, Translat. Psychiatry, 15, 407,
https://doi.org/10.1038/s41398-025-03643-6.

Chistyakov, D. V., Astakhova, A. A, and Sergeeva, M. G. (2018) Resolution of inflammation and mood disorders,
Exp. Mol. Pathol., 105, 190-201, https://doi.org/10.1016/j.yexmp.2018.08.002.

Liu, X, Li, Y., Yang, W., Chen, X,, Li, F, Chen, N., Yin, H., and Cui, J. (2025) Blood lipid profiles and mood dis-
orders: a principal component analysis of UK biobank data reveals distinct associations with depression and
bipolar disorder, J. Affect. Disord., 377, 23-34, https://doi.org/10.1016/j.jad.2025.02.040.

Gladkevich, A., Kauffman, H. F, and Korf, J. (2004) Lymphocytes as a neural probe: potential for studying
psychiatric disorders, Progr. Neuro Psychopharmacol. Biol. Psychiatry, 28, 559-576, https://doi.org/10.1016/
j.pnpbp.2004.01.009.

Simbirtsev, A. S. (2019) Immunopharmacological aspects of the cytokine system, Bull. Sib Med., 18, 84-95, https://
doi.org/10.20538/1682-0363-2019-1-84-95.

Oradova, A. Sh., Saduakasova, K. Z., and Lesova, S. D. (2017) Laboratory diagnostics of cytokines (review article),
Bull. Kazakh Natl. Med. Univ., 2, 200-203.

Oraki Kohshour, M., Adorjan, K., Budde, M., Heilbronner, M., Kalman, J. L., Navarro-Flores, A., Reich-Erkelenz, D.,
Schulte, E. C, Senner, F, Vogl, T., Anghelescu, I.-G., Arolt, V., Baune, B. T., Dannlowski, U., Dietrich, D. E., Fallgatter,
A. J., Figge, C., Lang, F. U, Juckel, G, Konrad, C., Reimer, J., Reininghaus, E. Z., Schmauf}, M., Schmitt, A.,
Spitzer, C., Wiltfang, J., Zimmermann, J., Falkai, P, Heilbronner, U., Papiol, S., and Schulze, T. G. (2025) How
variants in inflammatory mediator genes influence symptom severity of psychiatric disorders: findings from
the PsyCourse study, Psychiatry Res., 348, 116492, https://doi.org/10.1016/j.psychres.2025.116492.

Mikhalitskaya, E. V., Vyalova, N. M., Ermakov, E. A., Levchuk, L. A,, Simutkin, G. G., Bokhan, N. A,, and Ivanova,
S. A. (2023) Association of single nucleotide polymorphisms of cytokine genes with depression, schizophrenia
and bipolar disorder, Genes, 14, 1460, https://doi.org/10.3390/genes14071460.

Levchuk, L. A, Vyalova, N. M., Mikhalitskaya, E. V., Paderina, D. Z., Roschina, O. V,, Simutkin, G. G., Bokhan,
N. A, and Ivanova, S. A. (2026) Polymorphic variants of proinflammatory cytokine genes in affective disorders
and in cases of comorbidity with alcohol addiction, Russ. J. Immunol., 29, 131-142, https://doi.org/10.46235/
1028-7221-17220-PVO.

Andersson, U., and Tracey, K. J. (2012) Reflex principles of immunological homeostasis, Annu. Rev. Immunol.,
30, 313-335, https://doi.org/10.1146/annurev-immunol-020711-075015.

Felger, J. C. (2018) Role of inflammation in depression and treatment implications, Handb. Exp. Pharmacol., 250,
255-286, https://doi.org/10.1007/164_2018_166.

Dhabhar, F. S., Malarkey, W. B., Neri, E.,, and McEwen, B. S. (2012) Stress-induced redistribution of immune
cells — from barracks to boulevards to battlefields: a tale of three hormones - Curt Richter Award winner,
Psychoneuroendocrinology, 37, 1345-1368, https://doi.org/10.1016/j.psyneuen.2012.05.008.

Le Bras, A. (2021) Chronic stress and inflammation, Lab Anim. (NY), 50, 309-309, https://doi.org/10.1038/s41684-
021-00884-y.

. Marx, W,, Penninx, B. W. J. H., Solmi, M., Furukawa, T. A., Firth, J., Carvalho, A. F, and Berk, M. (2023) Major
depressive disorder, Nat. Rev. Dis. Primers, 9, 44, https://doi.org/10.1038/s41572-023-00454-1.

Harsanyi, S., Kupcova, I, Danisovic, L., and Klein, M. (2022) Selected biomarkers of depression: what are the
effects of cytokines and inflammation? Int. J. Mol. Sci., 24, 578, https://doi.org/10.3390/ijms24010578.

Ng, A., Tam, W. W., Zhang, M. W,, Ho, C. S., Husain, S. F, McIntyre, R. S., and Ho, R. C. (2018) IL-1B, IL-6, TNF-a
and CRP in elderly patients with depression or Alzheimer’s disease: systematic review and meta-analysis, Sci.
Rep., 8, 12050, https://doi.org/10.1038/s41598-018-30487-6.

BIOCHEMISTRY (Moscow) Vol. 91 No. 5 2026



788

32.

33.

34.

35.

36.

37.

38.

39.

40.

MIKHALITSKAYA et al.

Maes, M., Jirakran, K., Vasupanrajit, A., Zhou, B., Tunvirachaisakul, C., and Almulla, A. F. (2024) Major depres-
sive disorder, neuroticism, suicidal behaviors, and depression severity are associated with cytokine networks
and their intricate interactions with metabolic syndrome, J. Psychosomatic Res., 187, 111951, https://doi.org/
10.1016/j.jpsychores.2024.111951.

Ferreira, A. M., Leal, B., Ferreira, 1., Bras, S., Moreira, I, Samodes, R., Sousa, A. P, Santos, E., Silva, B., Costa,
P. P, Cavaco, S., and Martins da Silva, A. (2021) Depression and anxiety in multiple sclerosis patients: the
role of genetic variability of interleukin 1B, Multiple Scleros. Relat. Disord., 52, 102982, https://doi.org/10.1016/
j.msard.2021.102982.

Doong, S.-H., Dhruva, A., Dunn, L. B.,, West, C., Paul, S. M., Cooper, B. A, Elboim, C., Abrams, G., Merriman, J. D.,
Langford, D. J., Leutwyler, H., Baggott, C., Kober, K., Aouizerat, B. E., and Miaskowski, C. (2015) Associations
between cytokine genes and a symptom cluster of pain, fatigue, sleep disturbance, and depression in patients
prior to breast cancer surgery, Biol. Res. Nurs., 17, 237-247, https://doi.org/10.1177/1099800414550394.

Pavon, L., Sandoval-Lopez, G., Herndndez, M. E., Loria, F.,, Estrada, 1., Pérez, M., Moreno, J., Avila, U., Leff, P,
Antoén, B., and Heinze, G. (2006) Th2 cytokine response in major depressive disorder patients before treatment,
J. Neuroimmunol., 172, 156-165, https://doi.org/10.1016/j.jneuroim.2005.08.014.

Siwek, M., Sowa-Ku¢ma, M., Dudek, D., Styczen, K., Szewczyk, B., Kotarska, K., Misztak, P., Pilc, A., Wolak, M.,
and Nowak, G. (2013) Oxidative stress markers in affective disorders, Pharmacol. Rep., 65, 1558-1571, https://
doi.org/10.1016/S1734-1140(13)71517-2.

Dunn, L. B., Aouizerat, B. E., Langford, D. J., Cooper, B. A., Dhruva, A., Cataldo, J. K., Baggott, C. R., Merriman,
J. D., Dodd, M., West, C., Paul, S. M., and Miaskowski, C. (2013) Cytokine gene variation is associated with
depressive symptom trajectories in oncology patients and family caregivers, Eur. J. Oncol. Nurs., 17, 346-353,
https://doi.org/10.1016/j.ejon.2012.10.004.

Das, R., Emon, M. P. Z,, Shahriar, M., Nahar, Z, Islam, S. M. A., Bhuiyan, M. A., Islam, S. N., and Islam, M. R.
(2021) Higher levels of serum IL-1B and TNF-a are associated with an increased probability of major depressive
disorder, Psychiatry Res., 295, 113568, https://doi.org/10.1016/j.psychres.2020.113568.

Bialek, K., Czarny, P., Watala, C., Wigner, P., Talarowska, M., Galecki, P, Szemraj, J., and Sliwinski, T. (2020)
Novel association between TGFA, TGFB1, IRF1, PTGS2 and IKBKB single-nucleotide polymorphisms and occur-
rence, severity and treatment response of major depressive disorder, Peer], 8, e8676, https://doi.org/10.7717/
peerj.8676.

Goossens, J., Morrens, M., and Coppens, V. (2021) The potential use of peripheral blood mononuclear cells as
biomarkers for treatment response and outcome prediction in psychiatry: a systematic review, Mol. Diagn. Ther.,
25, 283-299, https://doi.org/10.1007/s40291-021-00516-8.

Publisher’s Note. Pleiades Publishing remains neutral with regard to jurisdictional claims in published

maps and institutional affiliations. Al tools may have been used in the translation or editing of this article.

BIOCHEMISTRY (Moscow) Vol. 91 No. 5 2026



