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ABSTRACT

Many studies have aimed to investigate and compare immune system and systemic inflammation
parameters in patients with bipolar disorder (BD) and major depressive disorder (MDD) suffering from a depressive
episode. However, no systematic review of the results has been conducted so far.

The aim of this study was to conduct a scoping review of research studies comparing immune and systemic
inflammation parameters in patients with BD and MDD during a depressive episode.

The search for studies was conducted in the Medline and eLIBRARY databases for the period from January
1994 to December 2022. Open-access articles written in English and Russian were selected. The review included
original studies that compared groups of patients with BD and MDD (diagnosed based on the DSM-IV, DSM-5, or ICD-
10 criterion) by immune and systemic inflammation parameters (such as the counts, ratio, and functions of blood cells,
erythrocyte sedimentation rate, concentrations of immunoglobulins, cytokines, acute phase proteins, complement
components, and autoantibodies).

The review included 24 studies. Current depressive episodes in patients with BD were associated with
higher concentrations of chemokines (C-C motif chemokine ligand 3 (CCL3), CCL4, CCL5, CCL11), platelet-derived
growth factor B, and interleukin 9 (IL-9) (two studies in each case), whereas patients with MDD tended to have higher
concentrations of soluble tumor necrosis factor receptor 1 and immunoglobulin G to oxidized low-density lipoproteins
(two studies each). Patients with BD and MDD had comparable concentrations of IL-8 (five studies); IL-2 and IL-10 (four
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studies each); IL-13 and gamma interferon (three studies each); IL-17, IL-1Ra, the vascular endothelial growth factor,
as well as white blood cells, monocyte, and platelet counts (two studies each). Contradictory results were obtained
for the levels of tumor necrosis factor-a (the concentrations did not differ in five studies, were elevated in BD patients
in five studies, were elevated in MDD patients in two studies), IL-6 (the concentrations did not differ in eight studies
and were elevated in BD patients in four studies), C-reactive protein (the concentrations did not differ in six studies,
were elevated in BD patients in two studies), IL-4 (the concentrations did not differ in three studies and were elevated
in MDD patients in two studies), IL-1p and the neutrophil count (the levels did not differ in one study each and were
elevated in BD patients in two studies). Several studies have demonstrated an association between immune and
systemic inflammation parameters and the severity of depressive and anxiety symptoms, melancholic depression,
age of mood disorder onset, body mass index, and imipramine equivalent.

Some immune and systemic inflammation parameters are associated with a current depressive episode
in patients with MDD or BD. These parameters may be considered as potential biomarkers for a differential diagnosis
of these disorders.

AHHOTALMA

MHoruve nccnefoBaHns CTaBUN 3ajayein UsyyeHve 1 cpaBHeHne nokasartenerl UMMYHHO cUcTeMbl
1 CUCTEMHOTrO BOCNaneHus Npu AenpeccuBHbIX 3NN304ax Y NaLMeHTOoB ¢ 6UNoNsapHbIM adpPekTUBHLIM PacCTPOCTBOM
(BAP) 1 pekyppeHTHbIM AenpeccnBHbIM paccTporicTBoMm (PAP). OgHako cnctemMaTmnyeckoe 0606LLeHMe VX pe3ynbTaToB
[I0 HaCTOSILLIero BpeMeHu He NMpoBOANIOCh.

MpoBecTy 0630p NpeaMeTHOro NoAA NCCIeA0BaHWNA, B KOTOPbIX CPaBHWBaAM NoKa3aTenn UMMYHHOM CUCTEMBI
1 CUCTEMHOIO BOCManeHus npu TekyLlemM AenpeccMBHOM 3rnmn3oje y naumeHTos ¢ BAP v PAP.

Mounck nccnegoBaHni NpoBoanncs B 6a3ax gaHHbIx Medline n eLIBRARY (cTaTby Ha pycckom sA3blke) 3a
nepuog ¢ sHBaps 1994 r. no gekabpb 2022 r. OTOMpPannCb CTaTbM B OTKPLITOM JOCTYMe, HanMCaHHbIe Ha aHTINIACKOM
1 PYCCKOM 5i3blKax. B 0630p 6611 BKIHOUEHbI OPUrMHANbHBIE NCCAEeA0BAHNS, B KOTOPLIX CPaBHUBANM rpynnbl NaLMeHTOB
C TEeKYLLIMM JenpeccrBHbIM 3nmn3o40M npu BAP v PAP (gnarHo3bl yctaHoBneHb! No kputepusMm DSM-IV, DSM-5 nan
MKB-10) no nokasaTensiM MMMYHHOWM CUCTEMbI U CUCTEMHOIO BOCManeHus (KONMYeCcTBO, COOTHOLLEHME N GYyHKLMN
KN1eTOK KPOBW, CKOPOCTb OCeaHNS 3pUTPOLIUTOB, KOHLEHTPaLMN UMMYHOrN06YNMHOB, LIUTOKMHOB, 6e/1KOB OCTPOIA
¢da3bl BOCManeHus, KOMNOHEHTOB KOMMIEMEeHTa, ayToaHTuTen).

B 0630p BKAtOUEHO 24 nccnefoBaHuns. C TekyLLMM JenpeccnBHbIM 3MM3040M npu BAP accoummpoBaHsl
6onee BbICOKME KOHLeHTpaLumu xeMoknHoB (C-C motif chemokine ligand 3 (CCL3), CCL4, CCL5, CCL11), TpoMboLmMTapHOro
dakTopa pocta B, nHtepnerikuHa 9 (U/1-9) (Mo 2 nccnefoBaHUs B KaxXAom cnydyae), npyu PAP — 6onee Bbicokme
KOHLeHTpaLMn pacTBOPMUMOro peLienTopa pakTopa Hekpo3a onyxoau 1 1 UMMYHOrN06YIMHOB Kacca G K OKUCIEHHbIM
IMNONPOTENHAM HU3KOM MNAOTHOCTM (MO 2 nccnefoBaHus). MaumenTsl ¢ BAP 1 PAP nmenn conoctaBrMble KOHLEHTpaLmm
WN-8 (5 nccnegosanuin); -2 n U-10 (no 4 nccnegoanus); U1-13 n uHtepdepoHa ramma (no 3 nccnegosaHus); N/1-
17, WN-1Ra, dakTopa pocTa aHAOTENNS COCYA0B, a TakXKe KOMYeCTBO NeiKOLUTOB, MOHOLIMTOB 1 TPOM6BOLUTOB (Mo
2 nccnegoBanus). MpoTnBopeUnBble pe3ynbTaThl 6blAV NoAyYeHbl 418 GakTopa HeKpPo3a Onyxonm a (KOHLeHTpaLumm
He pa3nuyanucek B 5 ncciefoBaHnAX, NosbilweHbl Mpy BAP B 5, nosbiweHsb! npy PAP B 2), N/1-6 (KOHLEHTpauny He
pa3snn4yanncb B 8 NCCIeA0BaHMAX, NOBbILLEHbI Npy BAP B 4), C-peakT1BHOro 6eka (KOHLeHTpaLmm He pasanyanncb
B 6 nccnefoBaHusAX, nosbleHbl Npu BAP B 2), J1-4 (KOHLEHTPpaLMn He pasinyanics B 3 NCC1ef0BaHUAX, NOBbILLEHbI
npw PAP B 2), N1-13 n konn4yectea HelTpodmoB (He pasnnyanmce no 1 nccnefoBaHmio, NoBbILeHb! npy BAP B 2).
B Heckonbkunx nccnefoBaHUsAxX belna obHapyXKeHa accoumaymsa nokasaTeneil MUMMYHHOW CUCTEMbI Y CUCTEMHOTO
BOCMaNieHNs C TAXECTbIO AEMPEeCcCMBHOM N TPEBOXHOM CUMATOMAaTUKN, MENAaHXOINYEeCKUM NOATUNOM Aenpeccuu,
BO3paCTOM AebroTa pacCTpOriCTBa HAaCTPOEHUS, MHAEKCOM MacChl Tena v UMUNPaMUHOBLIM 3KBUBAIEHTOM.



Paa rnokasarenen VIMMyHHOI\/II CNCTEMbI N CUCTEMHOIO BOoCnaaeHunda accounmnpoBaH C TeKyLWnm

fenpeccBHbIM 3MM3040M y naumeHToB ¢ PAP nan BAP. 3T nokasatenn MoryT 6blTb pacCMOTPeHbI B Ka4ecTse

noTeHUMaNbHbIX 61MoOMapkepoB 415 AnddepeHUnanbHON ANarHOCTUKN YKa3aHHbIX PacCTPONCTB.

INTRODUCTION

The role of inflammation and immune system disorders in
the pathogenesis of depression has been studied for several
decades [1, 2]. As a result, numerous clinical findings have
confirmed the connection between neuroinflammation
and the development of depression [3, 4]. Additionally,
patients with depression have been found to have high
concentrations of interleukin-6 (IL) and the C-reactive
protein (CRP) [5, 6], to show signs of microglial activation
[71and increased levels of kynurenine associated with the
effect of the neuroinflammation on serotonin synthesis [4].
It has also been shown that the pro-inflammatory cytokine
interferon (IFN) a induces depression as a side effect [8,
9]. Moreover, patients who received higher doses of IFNa
for 24 weeks showed more severe depressive symptoms
[9]. In contrast, it appears that some drugs with anti-
inflammatory activity may also have antidepressant effects
[4]. The antidepressant effect has also been studied in
nonsteroidal anti-inflammatory drugs, cytokine inhibitors,
statins, polyunsaturated fatty acids, and corticosteroids,
but the results have been contradictory [10].

Some authors critically evaluate the formal diagnostic
approach (based on Diagnostic and Statistical Manual of
Mental Disorders, DSM and the International Classification
of Diseases, ICD) to the verification of depression in major
depressive disorder (MDD) and bipolar disorder (BD),
considering their pathogenetic and clinical features [11].
In patients with BD, the final diagnosis is usually made 6-8
years after the first affective phases [12]. The most common
incorrect diagnosis is MDD, which is related to the typical
onset of BD with depressive phases and the delayed onset
of hypo/manic phases or difficulties in retrospectively
verifying them [13]. As a result, antidepressants are often
mistakenly prescribed for the treatment of the current
depressive episode, leading to pharmacogenetic phase
inversions and the development of mixed episodes and
rapid cycling in patients with BD [14].

It seems logical to consider the differences in the
pathogenesis of depression in MDD and BD [15, 16]. In this
regard, molecular, genetic, and neuroimaging studies
of specific markers that can differentiate depressive
episodes in BD and MDD on a neurobiological basis are
highly relevant [17]. Studies of immunological markers in
peripheral blood in BD and MDD have revealed disruptions
inimmune response regulation [18, 19]. Itis suggested that
these markers could be used to improve the accuracy of
the differential diagnosis of BD and MDD [20].

However, there is a lack of studies on the specificimmune
system and systemic inflammation markers that compare
current depression in BD and MDD, especially in conjunction
with clinical manifestations and disorder course features.
These findings are crucial for further understanding whether
both phenotypes are biologically continuous conditions
within the same spectrum of pathophysiological changes,
or whether BD and MDD are independent conditions with
different pathophysiological bases [21-23]. Comparison
of immune system and systemic inflammation markers
in depression in patients with MDD and BD is necessary
for identifying the biomarkers of these disorders, finding
new psychopharmacological targets, and predicting the
effectiveness of the standard treatment for BD and MDD.

To our knowledge, scoping reviews, systematic reviews,
and meta-analyses comparing immune system and systemic
inflammation markers in a current depressive episode
in patients with BD and MDD have not been conducted.
On this basis, we conducted a systematic literature analysis
using the scoping review methodology to describe and
summarize the results of these studies.

METHODS

The description of the review was carried out in accordance
with the recommendations (checklist of control questions)
from the PRISMA (Preferred Reporting Items for Systematic
Reviews and Meta-Analyses) guidelines, modified for scoping



reviews [24]. The protocol for this study has not been
registered in public sources. The protocol can be obtained
by sending a justified request to the corresponding author.

Inclusion criteria:

The review included articles published in peer-reviewed
journals in English or Russian, containing the results of
studies on patient groups with current depressive episodes
in MDD and BD (type | or Il), comparing immune system
and systemic inflammation markers (immunoglobulins
(Ig) A, M, G, and E, autoantibodies, cytokines, complement
components, acute-phase proteins, growth factors,
erythrocyte sedimentation rate, blood cell counts, ratios,
and functions). Diagnosis of MDD and BD was based on
the criteria of the DSM-IV, DSM-5 or the ICD-10.

Exclusion criteria:

+ Case report studies.

* Full or partial data duplication (in the case of
partial duplication, the publications with the largest
sample size were included in the review).

« Absence of mean or median values for immune
system and systemic inflammation markers and/
or results of statistical comparisons between the
patient groups with BD and MDD.

+ Studies that have analyzed mixed patient groups
(including patients with dysthymia, cyclothymia,
schizophrenia spectrum disorders).

* The article with the research results is behind a
paywall or the author did not grant access upon
request.

The search was conducted in the electronic databases
Medline and eLIBRARY. The search period covered ran
from January 1994 to December 2022. The search was
limited to 1994, because that year marked the release
of DSM-IV, which contained the first description of the
diagnostic criteria for BD Il. The search was carried out
in December 2023.

The search query in the Medline database included the
following combination of keywords and search operators:
[(unipolar depression) OR (major depressive disorder) OR
(recurrent depressive disorder)] AND [(bipolar depression)

OR (bipolar disorder) OR (bipolar affective disorder) OR
(bipolar disorder | type) OR (bipolar disorder Il type)]
AND [(immunological alterations) OR (immunomarkers)
OR (immunological markers) OR (immunological) OR
(immune-inflammatory profiles) OR (cytokines) OR
(immunity) OR (neuroinflammation) OR (inflammation)
OR (immune system)]. The search query in Russian in
the eLIBRARY database included: [(unipolar depression)
OR (major depressive disorder) OR (recurrent depressive
disorder)] AND [(bipolar depression) OR (bipolar disorder)
OR (bipolar affective disorder) OR (bipolar I disorder) OR
(bipolar Il disorder)] AND [(immunological alterations)
OR (immunomarkers) OR (immunological markers) OR
(immunological) OR (immune-inflammatory profiles) OR
(cytokines) OR (immunity) OR (neuroinflammation) OR
(inflammation) OR (immune system)]. The search query was
formulated by (AK) and approved by all co-authors. When
searching the Medline electronic database, additional time
filters, as mentioned above, were used. When searching in
the eLIBRARY database, the following filters were applied:
search by title and abstract; publication type: journal article.

The primary screening of potentially relevant articles was
conducted by reviewing their titles and abstracts and
performing a preliminary assessment if they meet the
eligibility criteria. The selected articles were listed for further
review of their full texts and selection of relevant studies
that met all the planned inclusion and exclusion criteria.
The screening and content review of the articles were
performed (AK) and confirmed by two other authors of the
review (PS, NP). The final decision in case of disagreements
regarding the included articles was made by one author (NP).

A standardized form in the format of an electronic
spreadsheet was used for data extraction. The following
data were extracted from the relevant (selection criteria-
compliant) articles: title, authors, year of publication, country,
study design, patient sample size, biological material,
study method, immune system and systemic inflammation
markers, drug therapy at the time of participation in the
study, and group comparison results considering sex or
type of BD. Data were extracted by one author (AK) and
then double-checked and confirmed by the other authors of
the review (PS, OL, and NP). Disagreements were resolved
by one author (NP).



Critical assessment
No critical assessment of the sources included in the
review was conducted.

Analysis of results

A descriptive analysis of the selected sources was
performed. The results of the comparison of the BD and
MDD groups based on immune system markers and
systemic inflammation values in each study were described
using categories such as “Higher in BD"” and “Higher in
MDD if differences were statistically confirmed, and “No
differences” if no significant differences were found. We
also analyzed the relationship between immune system
markers, systemic inflammation, and various clinical
characteristics of depressive episodes in BD and MDD
found in the included studies.

RESULTS

Source selection

As a result of the database search, 710 articles were netted,
allin Medline. After reviewing the titles and abstracts, 143
articles were deemed potentially relevant, of which 126
were publicly available or provided by the authors. After
reading the full texts of the articles, 24 original studies
that met the eligibility criteria were included in the final
analysis (Figure 1) [18, 20, 25-46].

Characteristics of the sources

Atotal of 2,785 patients with BD and 10,944 patients with
MDD participated in 24 studies included in the review.
The studies were published between 2007 and 2022. Of
the 24 studies, 20 used a cross-sectional design, while the
remaining four employed different approaches: cohort
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studies (n=2), case-control studies (n=1), and a double-
blind placebo-controlled study (n=1). Most studies were
conducted by authors from Europe (ltaly — four studies,
Bulgaria — three, Belgium — two, Turkey — two; Romania,
Poland, Germany, Netherlands — one each), Asia (China —
five studies; Taiwan — four; Thailand — three), and North
America (Canada and the USA — four studies each).
Additionally, three studies were conducted by authors
from Australia, and one from Brazil. No studies in Russian
that met the inclusion criteria were identified.

Table 1 presents the results of the comparison ofimmune
system and systemic inflammation markers during a current
depressive episode in patients with BD and MDD. Promising
markers of the current depressive episode in BD include
chemokines (C-C motif chemokine ligand 3 (CCL3), CCL4,
CCL5, CCL11), platelet-derived growth factor B (PDGFB), and
IL-9 (with two confirming studies for each). In MDD, promising
markers include soluble tumor necrosis factor receptor 1
(STNFR1) and IgG to oxidized low-density lipoproteins (LDL)
(with two studies for each). Patients with BD and MDD
had comparable concentrations of IL-8 (reported in five
studies), IL-2 and IL-10 (in 4 studies), IL-13 and IFN-y (in
three studies); IL-17, IL-1Rq, vascular endothelial growth
factor, leukocyte, monocyte, and platelet counts (in two
studies). Contradictory results were obtained for TNF-a
(no differences found in five studies, increased level in BD
in five, increased level in MDD in two), IL-6 (no differences
found in 8 studies, increased level in BD in four), CRP (no
differences found in six studies, increased level in BD in
two), IL-4 (no differences found in three studies, increased
level in MDD in two), IL-1(3, and neutrophils (no differences
found in one study, increased level in BD in two).

The type of BD was considered in three studies when
analyzing immune system and systemic inflammation
markers. In the study by Brunoni et al. [18], no differences
in the studied markers (IL-6, TNF-a, STNFR2, etc.) were found
between patients with BD | and II. The study by Simeonova
et al. [33] found that in BD |, compared to BD II, the total
concentrations of IgM to NO adducts, lipopolysaccharide
(LPS) of Morganella morganii and Citrobacter koseri, IgA to
LPS of Pseudomonas putida and Citrobacter koseri, and the
integral index ratio of IgM/IgA to LPS of all Gram-negative
bacteria were higher. Higher concentrations of IgM and
IgA to LPS of Gram-negative bacteria in BD | were also
found in a third study [34].

The biological sex of patients was also considered
in three studies when analyzing immune system and
systemic inflammation markers. The study by Wei et al.
[26] showed that in patients with MDD, neutrophil and
lymphocyte counts were higher in men compared to women.
In patients with BD, neutrophil and lymphocyte countsin
men were also higher, while platelet counts were lower
than in women [26]. In the study by Lu et al. [35], it was
found that in patients with MDD and BD during depressive
episodes, the concentration of IL-8 in serum was higher
in men than in women. In the study by Becking et al. [43],
no statistically significant differences were found in the
concentrations of TNF-q, IL-6, and CRP when comparing
men with MDD and BD, as well as separately comparing
women with MDD and BD. Comparison of immune system
and systemic inflammation marker values between men
and women was not performed in this study.

In patients with MDD and BD, positive correlations were
found between various immune system and systemic
inflammation markers and the severity of depressive and
anxiety symptoms, the melancholic subtype of depression,
age of onset of mood disorder, and the body mass index
(Table 2). Negative correlations were also observed between
various immune system and systemic inflammation markers
and the imipramine equivalent and the level of anxiety
symptoms in both patient groups.

DISCUSSION

For the first time, the results of original studies investigating
immune system and systemic inflammation markers in
current depression among patients with MDD and BD
were summarized. The data related to the most commonly
investigated immune system and systemic inflammation
markers (IL-18, IL-4, IL-6, TNF-a, CRP, neutrophil count) are
contradictory. Differences in the concentrations of IL-2,
IL-8, IL-10, IL-13, IFN-y, IL-17, IL-1Raq, vascular endothelial
growth factor, leukocyte, monocyte, and platelet counts
in patients with BD or MDD were not identified in any
of the studies. However, promising biomarkers for the
differential diagnosis of a current depressive episode were
shown to include chemokines (CCL3, CCL4, CCL5, CCL1),
PDGFB, IL-9 (higher concentrations in BD), as well as STNFR1
and IgG to LDL (higher concentrations in MDD). Several
studies have identified associations between immune
system and systemic inflammation markers and the clinical
characteristics of the mood disorders under investigation.
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Immune system and systemic inflammation markers

Clinical characteristic
BD

MDD

CRP [37], STNFR1 [39], IgA to LPS of Pseudomonas putida,

Severity of depressive symptoms
(positive relationship)

Citrobacter koseri, Hafnia alvei, Pseudomonas aeruginosa,
Morganella morganii, Klebsiella pneumoniae [33], IgM to azelaic | -
acid and oleic acids, MDA and Pi, total IgM to OSE [34],

+ CCL4 [25] in patients with MDD

Level of anxiety (positive relationship)
Level of anxiety (negative relationship) STNFR2 [18]

Severity of hypo/manic symptoms

(positive relationship) CRP [35]
Age of disorder onset (negative relationship)

Melancholic type of depression
(positive association)

Anxiety as a personality trait
(positive relationship)

Body mass index (positive relationship)

Imipramine equivalents
(negative relationship)

The present review has several important limitations.
First, the broad inclusion criteria meant that the studies
reviewed had examined different components of immunity.
Consequently, despite the number of included studies
and the final sample size, some potentially interesting
immune and systemic inflammation markers had been
investigated in only a small number of studies. Second,
although all the studies had excluded conditions that could
influence immune and systemic inflammation marker
levels, it is impossible to completely rule out this and other
confounding factors because the included studies varied
in how the authors accounted for comorbid conditions or
excluded them (e.g., through clinical examination, patient
self-reporting, or medical records). Third, in 14 (58%) of the
24 studies, immune system and systemic inflammation
markers were assessed during ongoing pharmacotherapy
for mental disorders, which could have affected the results
[47]. Fourth, 17 out of 143 potentially relevant studies were
unavailable as full-text articles and were therefore excluded
from the review. As a result, potentially significant findings
regarding the relationship between immune and systemic
inflammation markers and depressive episodes in MDD
or BD patients might have been overlooked. The original

CD3+CD8+ cytotoxic T lymphocytes [41]

IgA to LPS of C. koseri [33]

STNFR1, STNFR1/sSTNFR2 ratio [18] =

Not determined

Not determined

IL-1B [18], IgA to LPS
of C. koseri [33]

STNFR1, STNFR1/STNFR2 ratio [18] -
IL-1B [25], IL-5 [39], IL-6 [39] =

TNF-a [25], IL-9 [25], CCL4 [25], CCLS5 [25] -

article search was conducted by a single author without
reviewing the reference lists of the included papers,
increasing the risk of missing relevant studies. Most of
the studies included in this review were cross-sectional,
making it impossible to infer causal relationships between
immune and systemic inflammation markers and depressive
episodes in MDD or BD patients.

The numerous conflicting findings regarding the association
of immune system and systemic inflammation markers
with current depressive episodes in MDD and BD can be
attributed to the challenges in the psychiatric classification
of these disorders. Until 1980, both conditions were
grouped under the manic-depressive disorders category,
but some researchers now view them as two extremes
of a bipolar spectrum [48, 49]. Given this, it is logical that
MDD and BD share more similarities than differences.
Nevertheless, even subtle distinctions can be crucial in
terms of their differential diagnosis. Below, we present
the available data on the immune system and systemic
inflammation markers identified in this review as the most
promising for distinguishing between major depressive
disorder and bipolar disorder.



In relation to BD, changes in the concentrations of
various cytokines have been the primary focus of previous
research. However, the association of chemokines with
this disorder has also been confirmed by the systematic
reviews conducted by Stuart et al. [50] and Misiak et al.
[51]. Chemokines are a family of cytokines capable of
inducing directed migration (chemotaxis), particularly
to sites of inflammation. All chemokines interact with
transmembrane receptors linked to G-proteins, which
are expressed, among other locations, within the vascular
network of the blood-brain barrier [52]. The link between
chemokines and mental disorders is mediated by their
neuromodulatory and neurotransmitter-like effects, as
well as their role in regulating neurogenesis [50, 51].
The effects of chemokines on the brain are complex, as
these proteins exhibit both neuroprotective and neurotoxic
properties [53]. Understanding the role of chemokines in
the pathogenesis of BD may open new prospects for the
development of therapeutic strategies aimed at modulating
inflammatory processes and immune regulation.

PDGFB, a growth factor stored in platelet granules
and released upon activation, plays a role in blood
vessel formation, proliferation, and the migration of
mesenchymal cells [54]. PDGF-mediated signaling has
been shown to regulate various brain functions, including
neurogenesis [55, 56]. Additionally, PDGF-BB inhibits
the N-methyl-D-aspartate receptor (NMDAR)-mediated
component of excitatory synaptic currents [57, 58], while
glutamatergic neurotransmission via NMDAR is implicated
in the pathophysiology of MDD and BD [58, 59]. Idemoto
et al. [58] suggested that PDGF-BB might contribute to
NMDAR dysfunction in mood disorders and mediate
pathophysiological differences between MDD and BD.
Serum PDGF-BB levels were found to be significantly lower
in MDD groups during both depressive phase and euthymic
state compared to BD groups and healthy controls. These
findings suggest that serum PDGF-BB could be a potential
biomarker for the differential diagnosis of BD and MDD.
The authors hypothesize that decreased PDGF-BB levels in
MDD may be linked to diminished neuroprotective activity
and the activation of NMDAR-mediated excitotoxicity in the
brain [58]. Several studies have also identified a relationship
between PDGF-BB levels and the microstructure of white
matter in depressive patients [25, 60, 61]. Moreover,
Benedetti et al. [60] demonstrated an inverse relationship
between cytokine and PDGF-BB levels and the integrity of
myelin sheaths during demyelination [60]. White matter

structural abnormalities are known to be associated with
the risk of mood disorders, adverse childhood experiences,
affective phases, and cognitive impairments in BD [25,
62, 63], as well as the duration of the disorder, treatment
resistance, and depression severity in MDD [25, 64, 65].

IL-9 is a pleiotropic cytokine primarily produced by type
2 T-helper cells (Th2), as well as by Th17 cells, regulatory
T cells (Treg), and a Th9 subpopulation [54]. This cytokine
promotes survival and activates mast cells, epithelial
cells, B cells, and T cells [54]. IL-9 may contribute to
inflammatory diseases and serves as a key molecule in
the differentiation of Th17 and regulation of Treg function
[66]. The role of IL-9 in depression may involve its influence
on glutamatergic transmission. Th17 cells, through IL-17,
reduce the expression of glutamate transporters [67].
Arecent study by Poletti et al. showed a positive correlation
between IL-9 and glutamate concentrations in the brains
of BD patients [53]. The same study also found that IL-
1B and CCL5 were associated with higher concentrations
of myo-inositol and N-acetylaspartate in the anterior
cingulate cortex, respectively [53]. Thus, the impact of
cytokines, including IL-13 and IL-9, on the pathogenesis
of BD may be mediated through their involvement in
neuroinflammatory processes, effects on neuroplasticity
and brain metabolism, and their roles in neurotransmission
and neurodegeneration.

High concentrations of TNF-a in patients with MDD have
been confirmed by several meta-analyses [68, 69, 70] and
an umbrella review [71]. TNF-a, a molecule of the innate
immune system, is primarily produced by macrophages,
natural killer cells, and T lymphocytes [54]. TNF exists
in both transmembrane and soluble forms, functioning
through binding to tumor necrosis factor receptors 1
and 2 (TNFR1 and TNFR2) [72]. TNFR1 is expressed in all
human tissues, while TNFR2 is predominantly expressed
in immune and endothelial cells, as well as neurons [73].
Both transmembrane and soluble TNF activate TNFR1,
leading to proteolysis of the extracellular domain of TNFR1,
which is then released into the bloodstream as sTNFR1
[72,74]. The production and activity of TNF-a are regulated
through the control of TNF gene expression and the
release of TNF and its receptors in response to various
agonists [75]. It has been suggested that soluble cytokine
receptors may better reflect cytokine activity, as they have
a longer half-life, are more stable in measurements, and
can be detected in plasma even when cytokine levels are
undetectable [76, 77]. Thus, STNFR1 may serve as a marker



of systemic inflammation intensity [78, 79]. Peripheral
concentrations of STNFR1 and sTNFR2 have been studied
in various mental disorders, but the role of STNFR1 in
the development of MDD remains unclear. Neuronal
TNFR1 is thought to contribute to neuroinflammation and
demyelination, as well as axonal damage, oligodendrocyte
loss, and the induction of glial cell autophagy through the
enhancement of oxidative stress in neurons [80].

Increased concentrations of IgG targeting oxidized LDL
in MDD indicate autoimmune responses associated with
systemic inflammation — a known mechanism in the
pathogenesis of depression [33]. These autoimmune IgG
responses in MDD patients are linked to dysregulated lipid-
targeting antioxidant defense and repair mechanisms [34].
This is driven by oxidative stress and chronic inflammation
[34]. This relationship is particularly noteworthy, because
concentrations of IgG to oxidized LDL are directly associated
with a coronary artery disorder, which often co-occurs
with both MDD and BD [33, 81].

Further research into immune system and systemic
inflammation markers for distinguishing between MDD and
BD offers promising directions for the scientific community.
These directions may include:

« The transition from studying individual immune
and inflammatory markers to a comprehensive
immunoprofiling to determine complex changes in
concentrations of cytokines (including chemokines),
immunoglobulins, lymphocyte, subpopulations,
and other markers in peripheral blood or other
biological media. Immunoprofiling provides a broad
view of the immune response and can help identify
the specific immune profiles associated with MDD
and BD.

+ For a better understanding of the dynamics of immune
and inflammatory markers and their associations
with the pathogenesis, progression, and prognosis
of MDD and BD, prospective studies are needed.
Such studies will allow one to track changes in the
immune status depending on the disorder phase
and therapy effectiveness.

+ Studying disorders beyond the unipolar-bipolar
dichotomy: Considering that numerous immune
and inflammatory markers are similarly elevated in
depressive episodes in both MDD and BD, future
research should focus on specific clinical features,

such as early onset, high recurrence of affective
episodes, subthreshold hypomanic and mixed
symptoms, family history, and treatment response.

+ Understanding the role of inflammatory and
immune markers in the pathogenesis of MDD and
BD is essential for developing novel therapeutic
strategies aimed at modulating the immune system.
For example, drugs targeting specific chemokines
or their receptors could represent a promising
direction in mood disorder treatment.

« The progress in understanding the role of the
immune system in mood disorders requires close
interdisciplinary cooperation among psychiatrists,

Such

collaboration is crucial for integrating data from

diverse fields to create a comprehensive view of the
pathogenesis of MDD and BD.

immunologists, and neurobiologists.

CONCLUSION

The results of this scoping review highlight the complexity
and multifaceted nature of the relationship between the
immune system and mood disorders. The data suggest
potential differences in immune system and systemic
inflammation markers in patients experiencing a depressive
episode in MDD and BD, particularly in chemokines, PDGF-B,
IL-9, STNFR1, and IgG to oxidized LDL. Studying the role
of these markers in the development of mood disorders
may be crucial for understanding their pathophysiology
and developing more targeted therapeutic strategies.
Conversely, immune and inflammatory markers such
as IL-1B, IL-4, IL-6, TNF-a, and CRP showed no significant
differences between patients with MDD and BD. However,
only a limited number of studies considered variables
such as the subtype of BD and patient sex, which could
impact the interpretation of findings. Further research
is warranted to explore the associations between immune
system parameters and mood disorders.

Submitted: 08.05.2024
Accepted: 21.11.2024
Published Online: 13.12.2024

Anastasia Kasyanova — formal
analysis, data management, methodology, investigation,
project administration, conceptualization, drafting the
original manuscript. Polina Sobolevskaia — investigation,



formal analysis, methodology, drafting the original
manuscript. Oleg Limankin — review, editing. Nataliia
Petrova — editing, conceptualization, funding acquisition,
overall supervision, review. All the authors made a significant
contribution to the article, checked and approved its final
version prior to publication.

This study was conducted with financial
support from the Russian Science Foundation (Grant
No. 24-25-00166).

The authors declare no conflicts
of interest.

Kasyanova AA, Sobolevskaia PA, Limankin OV, Petrova NN.
Comparison of immune and systemic inflammation
parameters in patients with a depressive episode in
bipolar disorder and major depressive disorder: a scoping
review. Consortium Psychiatricum. 2024,;5(4):CP15543.
doi: 10.17816/CP15543

*Anastasia Aleksandrovna Kasyanova, Junior researcher, Medical
Institute, Saint Petersburg State University; e-Library SPIN-code: 1814-4315,
Scopus Author ID: 57555016600, Researcher ID: KlI-5878-2024,

ORCID: https://orcid.org/0000-0002-8467-5368

E-mail: aa.kasyanova@yandex.ru

Polina Anatolevna Sobolevskaia, Researcher, Medical Institute,

Saint Petersburg State University; e-Library SPIN-code: 7115-2182,
Scopus Author ID: 57196354667, Researcher ID: JJF-0047-2023,

ORCID: https://orcid.org/0000-0002-0807-1538

Oleg Vasilevich Limankin, MD, Dr. Sci (Med.), Professor, The chief
physician of the Psychiatric Hospital No. 1 named after P.P. Kaschenko;
Department of Psychotherapy and Sexology, North-Western State
Medical University named after I.I. Mechnikov; Senior researcher,
Medical Institute, Saint Petersburg State University;

e-Library SPIN-code: 5228-1344, Scopus Author ID: 49863908800,
ORCID: https://orcid.org/0000-0001-6318-7536

Nataliia Nikolaevna Petrova, MD, Dr. Sci (Med.), Professor,

The Head of Department of Psychiatry and Addiction, Medical Institute,
Saint Petersburg State University; e-Library SPIN-code: 3341-2372,
Scopus Author ID: 57200802997, Researcher ID: AAY-5832-2020,
ORCID: https://orcid.org/0000-0003-4096-6208

*corresponding author

1. Smith RS. The macrophage theory of depression. Med Hypotheses.
1991;35(4):298-306. doi: 10.1016/0306-9877(91)90272-z

2. Maes M, Meltzer HY, Buckley P, et al. Plasma-soluble interleukin-2
and transferrin receptor in schizoprenia and major depression.
Eur Arch Psychiatry Clin Nuerosci. 1995;244(6):325-329.
doi: 10.1007/BF02190412

10.

.

12.

13.

4.

15.

16.

17.

18.

Klyushnik TP, Sarmanova ZV, Subbotskaya NV, et al.

[Systemic immune responses in endogenous depression].
Rossijskij psihiatricheskij zhurnal. 2015;(5):85-91. Russian.

doi: 10.24411/1560-957X-2015-1%25x

Troubat R, Barone P, Leman S, et al. Neuroinflammation

and depression: A review. Eur | Neurosci. 2021;53(1):151-171.

doi: 10.1111/ejn.14720

Haapakoski R, Mathieu J, Ebmeier KP, et al. Cumulative meta-
analysis of interleukins 6 and 1B, tumour necrosis factor a

and C-reactive protein in patients with major depressive
disorder. Brain Behav Immun. 2015;49:206-215.

doi: 10.1016/j.bbi.2015.06.001

Majorova MA, Petrova NN, Stroev Jul, et al. Interrelation of
autoimmune process, endocrine disorders and depression.
Obozrenie psihiatrii i medicinskoj psihologii im. V. M. Behtereva.
2020;(1):8-19. Russian. doi: 10.31363/2313-7053-2020-1-8-19
Richards EM, Zanotti-Fregonara P, Fujita M, et al. PET radioligand
binding to translocator protein (TSPO) is increased in
unmedicated depressed subjects. E[NMMI Res. 2018;8(1):57.

doi: 10.1186/513550-018-0401-9

Reichenberg A, Gorman JM, Dieterich DT. Interferon-induced
depression and cognitive impairment in hepatitis C virus
patients: a 72 week prospective study. AIDS. 2005;19(3):5174-178.
doi: 10.1097/01.aids.0000192087.64432.ae

Friebe A, Horn M, Schmidt F, et al. Dose-dependent development
of depressive symptoms during adjuvant interferon-{alpha}
treatment of patients with malignant melanoma. Psychosomatics.
2010;51(6):466-473. doi: 10.1176/appi.psy.51.6.466

Kohler O, Krogh J, Mors O, et al. Inflammation in Depression and the
Potential for Anti-Inflammatory Treatment. Curr Neuropharmacol.
2016;14(7):732-742. doi: 10.2174/1570159x14666151208113700
Halbreich U. Major depression is not a diagnosis, it is a
departure point to differential diagnosis — clinical and hormonal
considerations (a commentary and elaboration on Antonejevic's
paper). Psychoneuroendocrinology. 2006;31(1):16-22; author reply
23-24. doi: 10.1016/j.psyneuen.2005.08.004

Baldessarini RJ, Vazquez GH, Tondo L. Bipolar depression:

a major unsolved challenge. Int ] Bipolar Disord. 2020;8(1):1.

doi: 10.1186/s40345-019-0160-1

O'Donovan C, Alda M. Depression Preceding Diagnosis

of Bipolar Disorder. Front Psychiatry. 2020;11:500.

doi: 10.3389/fpsyt.2020.00500

Vieta E. Antidepressants in bipolar | disorder: never as
monotherapy. Am ] Psychiatry. 2014;171(10):1023-1026.

doi: 10.1176/appi.ajp.2014.14070826

Liebers DT, Pirooznia M, Ganna A, et al. Discriminating

bipolar depression from major depressive disorder with
polygenic risk scores. Psychol Med. 2021;51(9):1451-1458

doi: 10.1017/5003329172000015X

Lin S, Zhang C, Zhang Y, et al. Shared and specific neurobiology
in bipolar disorder and unipolar disorder: Evidence based

on the connectome gradient and a transcriptome-connectome
association study. J Affect Disord. 2023;341:304-312.

doi: 10.1016/j.jad.2023.08.139

Phillips ML, Kupfer DJ. Bipolar disorder diagnosis: challenges
and future directions. Lancet. 2013;381(9878):1663-1671.

doi: 10.1016/S0140-6736(13)60989-7

Brunoni AR, Supasitthumrong T, Teixeira AL, et al. Differences

in the immune-inflammatory profiles of unipolar and

bipolar depression. ] Affect Disord. 2020;262:8-15.

doi: 10.1016/j.jad.2019.10.037


https://orcid.org/0000-0002-8467-5368
mailto:aa.kasyanova@yandex.ru
https://orcid.org/0000-0002-0807-1538
https://orcid.org/0000-0001-6318-7536
https://orcid.org/0000-0003-4096-6208
https://doi.org/10.1016/0306-9877(91)90272-z
https://doi.org/10.1007/BF02190412
https://doi.org/10.24411/1560-957X-2015-1%25x
https://doi.org/10.1111/ejn.14720
https://doi.org/10.1016/j.bbi.2015.06.001
https://doi.org/10.31363/2313-7053-2020-1-8-19
https://doi.org/10.1186/s13550-018-0401-9
https://doi.org/10.1097/01.aids.0000192087.64432.ae
https://doi.org/10.1176/appi.psy.51.6.466
https://doi.org/10.2174/1570159x14666151208113700
https://doi.org/10.1016/j.psyneuen.2005.08.004
https://doi.org/10.1186/s40345-019-0160-1
https://doi.org/10.3389/fpsyt.2020.00500
https://doi.org/10.1176/appi.ajp.2014.14070826
https://doi.org/10.1017/S003329172000015X
https://doi.org/10.1016/j.jad.2023.08.139
https://doi.org/10.1016/S0140-6736(13)60989-7
https://doi.org/10.1016/j.jad.2019.10.037
https://doi.org/10.17816/CP15543

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

Aronica R, Enrico P, Squarcina L, et al. Association between diffusion
tensor imaging, inflammation and immunological alterations in
unipolar and bipolar depression: A review. Neurosci Biobehav Rev.
2022;143:104922. doi: 10.1016/j.neubiorev.2022.104922

Mao R, Zhang C, Chen J, et al. Different levels of pro- and
anti-inflammatory cytokines in patients with unipolar

and bipolar depression. ] Affect Disord. 2018;237:65-72.

doi: 10.1016/j.jad.2018.04.115

Akiskal HS. Validating ‘hard’ and ‘soft’ phenotypes within

the bipolar spectrum: continuity or discontinuity? ] Affect Disord.
2003;73(1-2):1-5. doi: 10.1016/50165-0327(02)00390-7

Benazzi F. The relationship of major depressive disorder to bipolar
disorder: continuous or discontinuous? Curr Psychiatry Rep.
2005;7(6):462-470. doi: 10.1007/511920-005-0068-6

Sowa-Kué¢ma M, Styczen K, Siwek M, et al. Are there differences

in lipid peroxidation and immune biomarkers between major
depression and bipolar disorder: Effects of melancholia, atypical
depression, severity of illness, episode number, suicidal ideation
and prior suicide attempts. Prog Neuropsychopharmacol Biol
Psychiatry. 2018;81:372-383. doi: 10.1016/j.pnpbp.2017.08.024
Tricco AC, Lillie E, Zarin W, et al. PRISMA extension for scoping
reviews (PRISMA-ScR): checklist and explanation. Annals of Internal
Medicine. 2018;169(7):467-473. doi: 10.7326/M18-0850

Comai S, Melloni E, Lorenzi C, et al. Selective association

of cytokine levels and kynurenine/tryptophan ratio with alterations
in white matter microstructure in bipolar but not in unipolar
depression. Eur Neuropsychopharmacol. 2022;55:96-109.

doi: 10.1016/j.euroneuro.2021.11.003

WeiY, Feng J, Ma J, et al. Characteristics of platelet-associated
parameters and their predictive values in Chinese patients

with affective disorders. BMC Psychiatry. 2022;22(1):150.

doi: 10.1186/512888-022-03775-9

Bulut NS, Yorguner N, Carkaxhiu Bulut G. The severity of
inflammation in major neuropsychiatric disorders: comparison

of neutrophil-lymphocyte and platelet-lymphocyte ratios between
schizophrenia, bipolar mania, bipolar depression, major depressive
disorder, and obsessive compulsive disorder. Nord J Psychiatry.
2021;75(8):624-632. doi: 10.1080/08039488.2021.1919201

Caldirola D, Dacco S, Cuniberti F, et al. Elevated C-reactive protein
levels across diagnoses: the first comparison among inpatients
with major depressive disorder, bipolar disorder, or obsessive-
compulsive disorder. ] Psychosom Res. 2021;150:110604.

doi: 10.1016/j.jpsychores.2021.110604

Dionisie V, Filip GA, Manea MC, et al. Neutrophil-to-lymphocyte
ratio, a novel inflammatory marker, as a predictor of bipolar type
in depressed patients: a quest for biological markers. J Clin Med.
2021;10(9):1924. doi: 10.3390/jcm10091924

Huang KL, Chen MH, Hsu JW, et al. Using classification and
regression tree modeling to investigate appetite hormones

and proinflammatory cytokines as biomarkers to differentiate
bipolar | depression from major depressive disorder. CNS Spectr.
2022;27(4):450-456. doi: 10.1017/5109285292100016X

Karadag H, Saygil G, YUksel R, et al. Serum TNF-related weak
inducer of apoptosis (TWEAK), TNF-related apoptosis-inducing
ligand (TRAIL) levels in patients with bipolar depression, major
depression and a healthy control group. Psychiatr Danub.
2021;33(3):314-319. doi: 10.24869/psyd.2021.314

Poletti S, Vai B, Mazza MG, et al. A peripheral inflammatory
signature discriminates bipolar from unipolar depression:

A machine learning approach. Prog Neuropsychopharmacol

Biol Psychiatry. 2021;105:110136. doi: 10.1016/j.pnpbp.2020.110136

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43,

44,

45,

46.

47.

Simeonova D, Stoyanov D, Leunis JC, et al. Increased serum
immunoglobulin responses to gut commensal gram-negative
bacteria in unipolar major depression and bipolar disorder

type 1, especially when melancholia is present. Neurotox Res.
2020;37(2):338-348. doi: 10.1007/512640-019-00126-7

Simeonova D, Stoyanov D, Leunis JC, et al. Construction of

a nitro-oxidative stress-driven, mechanistic model of mood
disorders: A nomothetic network approach. Nitric Oxide.
2021;106:45-54. doi: 10.1016/j.niox.2020.11.001

Lu YR, Rao YB, Mou YJ, et al. High concentrations of serum
interleukin-6 and interleukin-8 in patients with bipolar

disorder. Medicine (Baltimore). 2019;98(7).e14419.

doi: 10.1097/MD.0000000000014419

Mazza MG, Tringali AGM, Rossetti A, et al. Cross-sectional study
of neutrophil-lymphocyte, platelet-lymphocyte and monocyte-
lymphocyte ratios in mood disorders. Gen Hosp Psychiatry.
2019;58:7-12. doi: 10.1016/j.genhosppsych.2019.02.003

Chang HH, Wang TY, Lee IH, et al. C-reactive protein:

a differential biomarker for major depressive disorder

and bipolar Il disorder. World J Biol Psychiatry. 2017;18(1):63-70.
doi: 10.3109/15622975.2016.1155746

Hage B, Britton B, Daniels D, et al. Low cardiac vagal tone

index by heart rate variability differentiates bipolar from

major depression. World ] Biol Psychiatry. 2019;20(5):359-367.
doi: 10.1080/15622975.2017.1376113

Park M, Newman LE, Gold PW, et al. Change in cytokine levels

is not associated with rapid antidepressant response to ketamine
in treatment-resistant depression. J Psychiatr Res. 2017;84:113-118.
doi: 10.1016/j.jpsychires.2016.09.025

RenJ, Zhao G, Sun X, et al. Identification of plasma biomarkers
for distinguishing bipolar depression from major depressive
disorder by iTRAQ-coupled LC-MS/MS and bioinformatics
analysis. Psychoneuroendocrinology. 2017;86:17-24.

doi: 10.1016/j.psyneuen.2017.09.005

Wu W, Zheng YL, Tian LP, et al. Circulating T lymphocyte subsets,
cytokines, and immune checkpoint inhibitors in patients with
bipolar Il or major depression: a preliminary study. Sci Rep.
2017;7:40530. doi: 10.1038/srep40530

Schaefer M, Sarkar S, Schwarz M, et al. Soluble intracellular
adhesion molecule-1in patients with unipolar or bipolar affective
disorders: results from a pilot trial. Neuropsychobiology.
2016;74(1):8-14. doi: 10.1159/000446919

Becking K, Spijker AT, Hoencamp E, et al. Disturbances in
hypothalamic-pituitary-adrenal axis and immunological activity
differentiating between unipolar and bipolar depressive episodes.
PLoS One. 2015;10(7):e0133898. doi: 10.1371/journal.pone.0133898
Manalai P, Hamilton RG, Langenberg P, et al. Pollen-specific
immunoglobulin E positivity is associated with worsening

of depression scores in bipolar disorder patients during

high pollen season. Bipolar Disord. 2012;14(1):90-98.

doi: 10.1111/j.1399-5618.2012.00983.x

Su SC, Sun MT, Wen M}, et al. Brain-derived neurotrophic factor,
adiponectin, and proinflammatory markers in various subtypes of
depression in young men. IntJ Psychiatry Med. 2011;42(3):211-226.
doi: 10.2190/PM.42.3.a

Hung YJ, Hsieh CH, ChenYJ, et al. Insulin sensitivity,
proinflammatory markers and adiponectin in young males with
different subtypes of depressive disorder. Clin Endocrinol (Oxf).
2007;67(5):784-789. doi: 10.1111/j.1365-2265.2007.02963.x
Goldsmith DR, Rapaport MH, Miller BJ. A meta-analysis of blood
cytokine network alterations in psychiatric patients: comparisons


https://doi.org/10.1016/j.neubiorev.2022.104922
https://doi.org/10.1016/j.jad.2018.04.115
https://doi.org/10.1016/s0165-0327(02)00390-7
https://doi.org/10.1007/s11920-005-0068-6
https://doi.org/10.1016/j.pnpbp.2017.08.024
https://doi.org/10.7326/M18-0850
https://doi.org/10.1016/j.euroneuro.2021.11.003
https://doi.org/10.1186/s12888-022-03775-9
https://doi.org/10.1080/08039488.2021.1919201
https://doi.org/10.1016/j.jpsychores.2021.110604
https://doi.org/10.3390/jcm10091924
https://doi.org/10.1017/S109285292100016X
https://doi.org/10.24869/psyd.2021.314
https://doi.org/10.1016/j.pnpbp.2020.110136
https://doi.org/10.1007/s12640-019-00126-7
https://doi.org/10.1016/j.niox.2020.11.001
https://doi.org/10.1097/MD.0000000000014419
https://doi.org/10.1016/j.genhosppsych.2019.02.003
https://doi.org/10.3109/15622975.2016.1155746
https://doi.org/10.1080/15622975.2017.1376113
https://doi.org/10.1016/j.jpsychires.2016.09.025
https://doi.org/10.1016/j.psyneuen.2017.09.005
https://doi.org/10.1038/srep40530
https://doi.org/10.1159/000446919
https://doi.org/10.1371/journal.pone.0133898
https://doi.org/10.1111/j.1399-5618.2012.00983.x
https://doi.org/10.2190/PM.42.3.a
https://doi.org/10.1111/j.1365-2265.2007.02963.x

48.

49.

50.

51.

52.

53.

54,

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

between schizophrenia, bipolar disorder and depression.

Mol Psychiatry. 2016;21(12):1696-1709. doi: 10.1038/mp.2016.3
Ghaemi SN, Dalley S. The bipolar spectrum: conceptions and
misconceptions. Aust N Z ] Psychiatry. 2014,48(4):314-324.

doi: 10.1177/0004867413504830

Ghaemi SN, Angst J, Vohringer PA, et al. Clinical research diagnostic
criteria for bipolar iliness (CRDC-BP): rationale and validity. Int ]
Bipolar Disord. 2022;10(1):23. doi: 10.1186/540345-022-00267-3
Stuart MJ, Baune BT. Chemokines and chemokine receptors

in mood disorders, schizophrenia, and cognitive impairment:

a systematic review of biomarker studies. Neurosci Biobehav Rev.
2014;42:93-115. doi: 10.1016/j.neubiorev.2014.02.001

Misiak B, Bartoli F, Carra G, et al. Chemokine alterations in bipolar
disorder: a systematic review and meta-analysis. Brain Behav
Immun. 2020;88:870-877. doi: 10.1016/j.bbi.2020.04.013

Williams JL, Holman DW, Klein RS. Chemokines in the balance:
maintenance of homeostasis and protection at CNS barriers.

Front Cell Neurosci. 2014;8:154. doi: 10.3389/fncel.2014.00154
Poletti S, Mazza MG, Vai B, et al. Proinflammatory Cytokines Predict
Brain Metabolite Concentrations in the Anterior Cingulate Cortex
of Patients With Bipolar Disorder. Front Psychiatry. 2020;11:590095.
doi: 10.3389/fpsyt.2020.590095

Abbas AK, Lichtman AH, Pylori S. Basic immunology: functions

and disorders of the immune system. 6th edition. Amsterdam:
Elsevier; 2019.

Zachrisson O, Zhao M, Andersson A, et al. Restorative effects of
platelet derived growth factor-BB in rodent models of Parkinson’s
disease. | Parkinsons Dis. 2011;1(1):49-63. doi: 10.3233/JPD-2011-0003
Li HH, Liu Y, Chen HS, et al. PDGF-BB-Dependent Neurogenesis
Buffers Depressive-Like Behaviors by Inhibition of GABAergic
Projection from Medial Septum to Dentate Gyrus. Adv Sci (Weinh).
2023;10(22):2301110. doi: 10.1002/advs.202301110

Lei S, Lu WY, Xiong ZG, et al. Platelet-derived growth factor
receptor-induced feed-forward inhibition of excitatory transmission
between hippocampal pyramidal neurons. J Biol Chem.
1999;274(43):30617-30623. doi: 10.1074/jbc.274.43.30617

Idemoto K, Ishima T, Niitsu T, et al. Platelet-derived growth factor
BB: A potential diagnostic blood biomarker for differentiating
bipolar disorder from major depressive disorder. ] Psychiatr Res.
2021;134:48-56. doi: 10.1016/j.jpsychires.2020.12.051

Ghasemi M, Phillips C, Trillo L, et al. The role of NMDA receptors in
the pathophysiology and treatment of mood disorders. Neurosci
Biobehav Rev. 2014;47:336-358. doi: 10.1016/j.neubiorev.2014.08.017
Benedetti F, Poletti S, Hoogenboezem TA, et al. Inflammatory
cytokines influence measures of white matter integrity in Bipolar
Disorder. ] Affect Disord. 2016;202:1-9. doi: 10.1016/j.jad.2016.05.047
Poletti S, de Wit H, Mazza E, et al. Th17 cells correlate positively

to the structural and functional integrity of the brain in bipolar
depression and healthy controls. Brain Behav Immun.
2017;61:317-325. doi: 10.1016/j.bbi.2016.12.020

Benedetti F, Bollettini |. Recent findings on the role of white

matter pathology in bipolar disorder. Harv Rev Psychiatry.
2014;22(6):338-341. doi: 10.1097/HRP.0000000000000007

Poletti S, Bollettini I, Mazza E, et al. Cognitive performances associate
with measures of white matter integrity in bipolar disorder. ] Affect
Disord. 2015;174:342-352. doi: 10.1016/j.jad.2014.12.030

ColeJ, Chaddock CA, Farmer AE, et al. White matter abnormalities
and iliness severity in major depressive disorder. Br ] Psychiatry.
2012;201(1):33-39. doi: 10.1192/bjp.bp.111.100594

de Diego-Adelifio J, Pires P, Gbmez-Ansén B, et al. Microstructural
white-matter abnormalities associated with treatment resistance,

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

severity and duration of illness in major depression. Psychol Med.
2014;44(6):1171-1182. doi: 10.1017/S003329171300158X

Nowak EC, Weaver CT, Turner H, et al. IL-9 as a mediator of Th17-
driven inflammatory disease. ] Exp Med. 2009;206(8):1653-1660.
doi: 10.1084/jem.20090246

Kostic M, Zivkovic N, Cvetanovic A, et al. IL-17 signaling in astrocytes
promotes glutamate excitotoxicity: Indications for the link between
inflammatory and neurodegenerative events in multiple sclerosis.
Mult Scler Relat Disord. 2017;11:12-17. doi: 10.1016/j.msard.2016.11.006
Cakici N, Sutterland AL, Penninx BWJH, et al. Altered peripheral
blood compounds in drug-naive first-episode patients with either
schizophrenia or major depressive disorder: a meta-analysis. Brain
Behav Immun. 2020;88:547-558. doi: 10.1016/j.bbi.2020.04.039
Dowlati Y, Herrmann N, Swardfager W, et al. A meta-analysis of
cytokines in major depression. Biol Psychiatry. 2010;67(5):446-457.
doi: 10.1016/j.biopsych.2009.09.033

Goldsmith DR, Rapaport MH, Miller BJ. A meta-analysis of blood
cytokine network alterations in psychiatric patients: comparisons
between schizophrenia, bipolar disorder and depression.

Mol Psychiatry. 2016;21(12):1696-1709. doi: 10.1038/mp.2016.3
Carvalho AF, Solmi M, Sanches M, et al. Evidence-based umbrella
review of 162 peripheral biomarkers for major mental disorders.
Transl Psychiatry. 2020;10(1):152. doi: 10.1038/s41398-020-0835-5
Holbrook J, Lara-Reyna S, Jarosz-Griffiths H, et al. Tumour necrosis
factor signalling in health and disease. FI000Res. 2019;8:F1000
Faculty Rev-111. doi: 10.12688/f1000research.17023.1

Heir R, Stellwagen D. TNF-Mediated Homeostatic Synaptic Plasticity:
From in vitro to in vivo Models. Front Cell Neurosci. 2020;14:565841.
doi: 10.3389/fncel.2020.565841

Nophar Y, Kemper O, Brakebusch C, et al. Soluble forms of tumor
necrosis factor receptors (TNF-Rs). The cDNA for the type | TNF-R,
cloned using amino acid sequence data of its soluble form, encodes
both the cell surface and a soluble form of the receptor. EMBO J.
1990;9(10):3269-3278. doi: 10.1002/j.1460-2075.1990.tb07526.x
Probert L. TNF and its receptors in the CNS: The essential, the
desirable and the deleterious effects. Neuroscience. 2015;302:2-22.
doi: 10.1016/j.neuroscience.2015.06.038

Diez-Ruiz A, Tilz GP, Zangerle R, et al. Soluble receptors for tumour
necrosis factor in clinical laboratory diagnosis. Eur | Haematol.
1995;54(1):1-8. doi: 10.1111/j.1600-0609.1995.tb01618.x

Barbosa IG, Huguet RB, Mendonca VA, et al. Increased plasma
levels of soluble TNF receptor | in patients with bipolar disorder.
Eur Arch Psychiatry Clin Neurosci. 2011;261(2):139-143.

doi: 10.1007/s00406-010-0116-z

Cetin T, Guloksuz S, Cetin EA, et al. Plasma concentrations

of soluble cytokine receptors in euthymic bipolar patients with

and without subsyndromal symptoms. BMC Psychiatry. 2012;12:158.
doi: 10.1186/1471-244X-12-158

Goh XX, Tang PY, Tee SF. Meta-analysis of soluble tumour necrosis
factor receptors in severe mental illnesses. ] Psychiatr Res.
2023;165:180-190. doi: 10.1016/j.jpsychires.2023.07.014

Papazian |, Tsoukala E, Boutou A, et al. Fundamentally different
roles of neuronal TNF receptors in CNS pathology: TNFR1

and IKKB promote microglial responses and tissue injury in
demyelination while TNFR2 protects against excitotoxicity in mice. |
Neuroinflammation. 2021;18(1):222. doi: 10.1186/s12974-021-02200-4
Maes M, Mihaylova |, Kubera M, et al. Increased plasma peroxides
and serum oxidized low density lipoprotein antibodies in major
depression: markers that further explain the higher incidence of
neurodegeneration and coronary artery disease. ] Affect Disord.
2010;125(1-3):287-294. doi: 10.1016/j.jad.2009.12.014


https://doi.org/10.1038/mp.2016.3
https://doi.org/10.1177/0004867413504830
https://doi.org/10.1186/s40345-022-00267-3
https://doi.org/10.1016/j.neubiorev.2014.02.001
https://doi.org/10.1016/j.bbi.2020.04.013
https://doi.org/10.3389/fncel.2014.00154
https://doi.org/10.3389/fpsyt.2020.590095
https://doi.org/10.3233/JPD-2011-0003
https://doi.org/10.1002/advs.202301110
https://doi.org/10.1074/jbc.274.43.30617
https://doi.org/10.1016/j.jpsychires.2020.12.051
https://doi.org/10.1016/j.neubiorev.2014.08.017
https://doi.org/10.1016/j.jad.2016.05.047
https://doi.org/10.1016/j.bbi.2016.12.020
https://doi.org/10.1097/HRP.0000000000000007
https://doi.org/10.1016/j.jad.2014.12.030
https://doi.org/10.1192/bjp.bp.111.100594
https://doi.org/10.1017/S003329171300158X
https://doi.org/10.1084/jem.20090246
https://doi.org/10.1016/j.msard.2016.11.006
https://doi.org/10.1016/j.bbi.2020.04.039
https://doi.org/10.1016/j.biopsych.2009.09.033
https://doi.org/10.1038/mp.2016.3
https://doi.org/10.1038/s41398-020-0835-5
https://doi.org/10.12688/f1000research.17023.1
https://doi.org/10.3389/fncel.2020.565841
https://doi.org/10.1002/j.1460-2075.1990.tb07526.x
https://doi.org/10.1016/j.neuroscience.2015.06.038
https://doi.org/10.1111/j.1600-0609.1995.tb01618.x
https://doi.org/10.1007/s00406-010-0116-z
https://doi.org/10.1186/1471-244X-12-158
https://doi.org/10.1016/j.jpsychires.2023.07.014
https://doi.org/10.1186/s12974-021-02200-4
https://doi.org/10.1016/j.jad.2009.12.014

