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Cytokines are one of the most important components of the immune system. They
orchestrate the brain’s response to infectious and other exogenous insults and are crucial
mediators of the cross-talk between the nervous and immune systems. Epidemiological
studies have demonstrated that severe infections and autoimmune disorders, in
addition to genetic predisposition, are risk factors for schizophrenia. Furthermore,
maternal infection during pregnancy appears to increase the risk of schizophrenia,
and proinflammatory cytokines may be negatively involved in the neurodevelopmental
process. A cytokine imbalance has been described in the blood and cerebrospinal fluid of
schizophrenia patients, particularly in the T helper type 1 [Th1] and type 2 [Th2] cytokines,
albeit the results of such studies appear to be contradictory. Chronic stress, likewise,
appears to contribute to a lasting proinflammatory state and likely also promotes the
disorder. The aim of this mini-review is to investigate the roles of different cytokines
in the pathophysiology of schizophrenia and define how cytokines may represent key
molecular targets to regulate for the prevention and treatment of schizophrenia. How
current antipsychotic drugs impact cytokine networks is also evaluated. In this context,
we propose to change the focus of schizophrenia from a traditionally defined brain
disorder, to one that is substantially impacted by the periphery and immune system.

Keywords: serum molecular target, inflammatory cytokines, T helper type 1, CNS and Immune system cross-talk,
molecular targets

INTRODUCTION

Schizophrenia, a chronic and often debilitating mental disorder, impacts ~1% of the world’s
population and generally occurs in late adolescence or early adulthood. It is characterized by a
symptomatology that includes the presence of auditory, visual, tactile and olfactory hallucinations,
delusions, confusion, impaired concentration that includes cognitive scarcity, lethargy, and
movement disorders (1). Although genetic vulnerability and environmental stressors during
the early stages of life are fundamental for the progression of schizophrenia, inflammation
is considered a primary causative/contributing/mediating factor in the onset of schizophrenia
(2-4). Disturbances of the immune system and its complex interactions with the nervous system
may hence contribute to the pathogenesis and pathophysiology of schizophrenia (5, 6). As a
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consequence, a bidirectional interaction between the immune
system and the brain has aroused an increasing interest in the role
of the immune system in neuropsychiatric diseases. Abnormal
blood lymphocyte parameters, such as the numbers of total T
lymphocytes, T helper cells, an increased CD4/CD8 ratio (7), and
a decreased mitogen-induced lymphocyte proliferation have been
reported (8), and the presence of select antibrain antibodies have
been detected in the serum of schizophrenic patients (9).

An interesting current debate concerns the relationship
between different immune factors and the pathophysiology
of schizophrenia, and particularly cytokine dysregulation in
patients with schizophrenia. It is well-known that cytokines are
key messengers in the cross-talk between the central nervous
system (CNS) and immune cells. In the light of this, several
studies have hypothesized that in patients with schizophrenia
and severe mood disorders, the proinflammatory cytokine
microenvironment is likely involved in the pathogenesis
and pathophysiology of schizophrenia and the ensuing
psychopathological symptoms (10-14).

An increasing number of studies indicating a role of
inflammation and immunity in the pathogenesis of symptoms
of schizophrenia have provided evidence that systemic
inflammation can exert a profound influence on the brain
that leads to changes in mood, cognition, and behavior. In this
regard, the peripheral immune system-to-brain communication
pathways have been studied extensively in the context of
other neuroinflammmatory diseases in which inflammatory
cytokines are, likewise, considered to play a critical role
(15-17). Several hypotheses have been formulated to both
highlight and account for the involvement of immune cells and
cytokines in schizophrenia. One hypothesis was based on the
macrophage-T lymphocyte theory, according to which cytokines
such as interleukin-1 (IL-1), IL-2, tumor necrosis factor-o
(TNF-a), interferon-a (IFN-a), and IFN-y that are produced
by chronically activated macrophages and T lymphocytes, are
the key mediators of schizophrenia (18). A further hypothesis is
the Th2 hypothesis, according to which Th2-mediated immune
responses are the most important events in schizophrenia
(19). There is evidence to indicate that altered cytokines and
gray matter abnormalities, such as the cortical thickness of the
bilateral Broca’s area and temporal gyrus, are associated with
schizophrenia (20). In this light, it is possible to speculate that
abnormal levels of cytokines could potentially be used as a
disease indicator and may provide a diagnostic or prognostic
biomarker in schizophrenia (21, 22).

ROAD MAP

The focus of this mini-review is to evaluate whether and how
alterations in peripheral cytokines may impact schizophrenia.
In undertaking this task, we first define what cytokines are
and where they derive from. We next review their involvement
in schizophrenia, particularly in relation to studies that have
quantified elevations and declines of select cytokines in the
periphery or CNS. In this regard, there are numerous studies
providing data on different cytokine combinations, with several

providing apparently conflicting results in relation to change
direction that potentially arise from disease stage and patient
state. Medications may, likewise, modify cytokine levels, and we
therefore review studies assessing them in subjects treated with
antipsychotics. Although first-line therapy, numerous patients
do not adequately respond to antipsychotics, and we hence
evaluate studies incorporating other medications with a focus on
immunomodulatory agents that more directly impact cytokine
levels. Finally, we provide a synopsis of where the field is
heading and how recent advances, such as sampling exosomes
enriched for brain origin, may aid our understanding of
cytokine imbalances in schizophrenia and their targeting as a
treatment approach.

CYTOKINE OVERVIEW

Cytokines, low molecular weight proteins, affect nearly every
biological activity, including embryonic development, disease
pathogenesis, specific and non-specific immune responses,
cognitive function, as well as progression of the degenerative
processes of aging. These effects are mediated by impacting
the cells that secrete them (i.e., autocrine action), neighbor
them (i.e., paracrine action), and/or are remote from them (i.e.,
endocrine action). In this regard, the same cytokine can act on
many different cell types (i.e., pleiotropic action), or a similar
function can be instigated by different cytokines and the same
cytokine may have overlapping actions and may regulate several
different immune functions (i.e., redundant action). Cytokines
can also act synergistically or antagonistically by activation or
inhibition of its target cells to generate additional cytokines
to, thereby, amplify or dampen an inflammatory response.
Although cytokines are generated by numerous cell types, such as
fibroblasts and endothelial and epithelial cells, the predominant
producers are the white blood cells and, in particular, T cell
subsets and macrophages.

In this regard, CD4+4 T helper cells are traditionally
considered the cytokine-generating cells and, according to their
pattern of cytokine production, Th cells are classified as Thl,
Th2 (23), Th17 (24), and Th9 cells (25). In addition, two
subpopulations of CD8+ effector T cells; specifically, types 1
and 2 cytokine-producing subsets have been identified (26) and,
in both physiological and pathological processes, cytokines may
be produced in and by peripheral nerve tissue by resident and
recruited macrophages, mast cells, endothelial cells, as well as
Schwann cells.

Cytokines are classified as proinflammatory and anti-
inflammatory. The time-dependent pro- and anti-inflammatory
balance determines the outcome of an inflammatory response.
As an example among many, elevated levels of proinflammatory
cytokines, such as IL-6, IL-1, IL-17, and TNF-a have been
demonstrated in the cerebrospinal fluid (CSF) and in
demyelinating plaques of patients with multiple sclerosis
(MS), suggesting a pivotal role in the pathogenesis of this and
other neurodegenerative disorders (27, 28). The synthesis and
release of cytokines in response to a variety of stimuli supports
their interaction/binding to receptors that, in turn, signal a
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TABLE 1 | Several cytokines, cytokine receptors, signaling, and source.

Cytokine Receptor family Signaling Source
IL-1 Immunoglobulin superfamily NF-kB, IRAK, MyD88, TRAF6 Many cells, expecially
receptors monocytes/macrophages; epithelial
and endotelial cells; fibroblasts;
astrocytes
IL-2 Class | cytokine receptors JAK1, JAK3, STATS Th1, NK cells
IL-4 Class | cytokine receptors JAK1, JAK3, STAT6 Th2, mast cells, other cells
IL-6 Class | cytokine receptors JAK1, STAT3 Macrophages, fibroblasts, T cells
IL-10 Class Il cytokine receptors JAKT, TYK2, STAT3 Th2, Treg
IL-12 Class | cytokine receptors JAK2, TYK2, STAT4 Macrophages, NK cells, DCs, B cells
IL-17 Immunoglobulin superfamily MAPKSs, PI3K, NF-kB. Th17
receptors
IL-18 Immunoglobulin superfamily IRAK, MyD88, TRAF6, NF-xB Many cells, expecially macrophages,
receptors keratinocytes
IFNy Class Il cytokine receptors JAKT, JAK2, STAT1 Th1, NK cells
TNFa TNF receptors NF-kB; JNK, ERK, p38 Activated myeloid, T and other cells
TGFB Receptor serine kinase family MAPK Treg, macrophages, other

response to their target cells—whether proximate or distant—
that then leads to a change in cell function or activity. Such
cytokine receptors are linked to multiple signaling pathways
within the cytoplasm and nucleus, leading to transcriptional and
post-transcriptional activation of multiple factors. In this regard,
select transcription factors, such as nuclear factor kB (NF-«B),
activator protein-1 (AP-1), and nuclear factor of activated T cell
(NFAT), are crucial in cytokine production (Table 1).

The expression level of receptors can be induced by some
cytokines and may, thereby, modify target cell responsiveness.
As a consequence, cytokine interactions can be considered a
“cytokine network” in light of the numerous potential feedback
mechanisms between the various cytokines as well as their
targets. Depending on the cytokine concentrations available,
target and receptor expressions, the activation of different signal
transduction pathways occurs that will lead to a different gene
expression in response to different cytokines that share some
biological effects. This adavantagiously provides the potential
combinations of cytokines to orchestrate multiple different
actions to maintain homeostasis in response to a broad array
of challenges during health, but, conversely creates a complex
picture that is difficult to interpret in the presence of disease
and, particularly a mental disorder such as schizophrenia.
Furthermore, different secretory pathways characterize the
cytokine secretion process based on a cytokine’s function and
cell type. In this regard, many immune cells store cytokines in
granules that allow their rapid release in response to receptor
signaling from toll-like receptors (TLRs), Fc receptors, cytokine
receptors, and complement receptors, among others (29, 30).
Secretion may occur via the constitutive or non-conventional
secretory pathways, with cytokines such as IL-2, IL-3, IL-6, IL-10,
IL-12, and TNF-a being constitutively secreted, while others such
as IL-1B, IL-1a, IL-33, and high-mobility group box 1 (HMGBI)
being unconventionally secreted.

In synopsis, the synthesis and release of cytokines is
an important part of the immune response and can act

in a homeostatic protective manner or, when secreted
inappropriately or excessively, can be involved in chronic
conditions such as a generalized systemic inflammatory response
or a neurodegenerative/neuropsychiatric disorder. As cytokines
have such potent actions, it has become increasingly clear that
dysregulation of cytokine generation and release, as well as
cytokine signaling can contribute to human disease and lead to
pathogenic effects.

CYTOKINES IN SCHIZOPHRENIA

Our increasing understanding of the functioning of the immune
system has strengthened psycho-neuroimmunological theories
hypothesizing that schizophrenia is a systemic syndrome,
involving both the nervous and immune systems, in which
abnormalities in immune system and cytokine functioning have a
pivotal role (Figure 1). Recently, evidence linking schizophrenia
to autoimmunity has been highlighted; autoimmune-related
antibodies anticardiolipin, antinuclear, anti-DNA, antihistone,
and anti-NMDA receptors have been reported present in
the serum of schizophrenia patients. Gene polymorphisms
of several cytokines are associated with the development of
the schizophrenia syndrome. In patients with schizophrenia,
presence of gene polymorphisms of proinflammatory cytokines,
such as IL-1B and IL-6, have been linked to high serum
levels of these cytokines. An emerging literature suggests that
prenatal and postnatal exposure to pathogens may contribute
to the etiopathogenesis of schizophrenia via the actions of
cytokines. In fact, cytokines produced in response to infection
are not only involved in the inflammatory response but also
in the development and function of the CNS. During prenatal
infections, maternally produced cytokines may cross the placenta
and blood-brain barrier and drive behavioral, neurochemical,
psychophysiologic, and histologic abnormalities ultimately found
in schizophrenia patients (31). An imbalance between T helper
(Th) 1, Th2, Thl7, and Treg cells and cytokines produced,
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Potential role of aberrant cytokine levels in schizophrenia pathogenesis

Immune system dysregulation
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FIGURE 1 | Potential role of aberrant cytokine levels in schizophrenia pathogenesis. Cytokines may represent a common pathway for environmental and genetic
components of schizophrenia: (A) Cytokines produced after immune activation due to prenatal or perinatal infection may contribute to schizophrenia. (B)
Autoantibody, dysregulated T cell polarization and inflammatory environment, detected in autoimmune diseases, were associated with an increased risk of psychotic
disorders and vice versa. (C) Cytokine alteration might be genetically determined and contributed to the risk and pathogenesis of schizophrenia. (D) Alterations of
Th1/Th2/Th17/Treg balance influence the dopaminergic, noradrenergic, and serotonergic neurotransmission.

represent the essential component of immune dysregulation
in schizophrenia.

Peripheral Cytokines

Numerous studies have investigated alterations in peripheral
cytokine levels in schizophrenia. Among these, the study of
Smith and Maes proposed that in schizophrenia, chronically
activated macrophages and T lymphocytes produce cytokines,
such as TNF-a, IL-1, IL-2, IFN-a, and IFN-y, that have a
key role in this disorder’s development (18). On the basis of
this study, the relationship between schizophrenia and cytokine
levels was evaluated, and two meta-analyses were performed to
shed light on the relationship of abnormal cytokine levels with
schizophrenia. Data from 62 studies, analyzed IFN-vy, IL-4, IL-
2, soluble IL-2 receptor (sIL-2R), IL-1f, IL-1 receptor antagonist
(IL-1RA), TNF-q, IL-6, soluble IL-6 receptor (sIL-6R), and IL-
10 in schizophrenia. Increased levels of IL-1RA, sIL-2R, and IL-6

were evident in vivo, whereas in vitro IL-2 was decreased, and
no significant differences were observed for the other cytokines.
This, thereby, provided the first evidence to consider the
occurrence of an inflammatory syndrome in schizophrenia (32).
A meta-analysis by Miller et al. (33) investigated cytokines in
schizophrenia at various disease stages and treatment conditions
in an analysis of 40 studies. Patients were separated into
three groups: drug-naive first-episode psychosis, acute relapse of
psychosis, and schizophrenia patients who were stable medicated
outpatients with treatment-resistant psychosis. Results showed
that patients with first-episode psychosis and those with acute
relapse of psychosis had significantly elevated levels of IL-1, IL-
6, TNF-a, IFN-y, and IL-12, and patients under antipsychotic
treatment showed a significant decline in IL-6, IL-1f, and IFN-y
and a rise in IL-12 and soluble IL-2 receptor.

Taken together, these findings highlight that cytokine
alterations in schizophrenia may vary with clinical status
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Increased Decreased Unchanged
IL-2 Petrikis et al. 2015 Potvin et al., 2008
IFN-y Miller et. Al, 2011; Ding et al.2014 Reale et al.,2011; Na et al.,2007; Al- Di Nicola et al., 2013
Asmari et al., 2014; Das et al., 2014
TNF-o. Upthegrove et al., 2014;Falcone et  Lv et al.,2015; Zhu et al.2018; Tian Potvin et al, 2008
al, 2015; Goldsmith et al., 2016; et al,2014
Miller et al., 2011; Wei et al.,
2018; Zhu et al., 2018
IL-1B Upthegrove et al., 2014; Falcone Baldtsev et al. 2017; Zhu et al., 2018 Potvin et al., 2008
et al., 2015; Goldsmith et al., 2016;
Lesh et al, 2018; Di Nicola et al.,
2013; Zhu et al.,2018
IL-6 Potvin et al, 2008;Miller et al., Hope et al., 2009; Wei et al.,2018
2011; Goldsmith et al., 2018;
Frydecka et al.,2018;Lesh et al.,
2018
IL-4 Eftekharian et al. 2018; Falcone et Goldsmith et al., 2016; Bal6tsev et Upthegrove et al, 2014; Potvin et al.,
al., 2015 al. 2017; Noto et al. 2015 2008; Wei et al., 2018; De Witte et al,
2014; Kartalci et al., 2016
IL-10 Noto et al., 2007, 2015, 2019; Fu Goldsmith et al., 2016 Di Nicola et al., 2013; Petrikis et al.,
etal., 2019 2015; Boerrigter et al.,2017; Dahan et
@ al, 2018
TGF-B Goldsmith et al., 2016; Ergiin S., Kartalci et al., 2016 Kapelski et al., 2016
2018
IL-17 Ding et al., 2014;Li et al., 2016; Yu-  Dimitrov et al. 2013; Borovcanin et Fang et al, 2018

Ting et al.,2017;Chenniappan et al.
2020

FIGURE 2 | Immune cells and related cytokines. Immune cells and related cytokines that modulate immunity. Level variation of most investigated cytokines implicated
in schizophrenia. IFN, interferon; IL, interleukin; TGF, transforming growth factor; TNF, tumor necrosis factor.

al., 2012

and antipsychotic treatments. Thus, in light of significant
heterogeneity across studies, due to patient numbers, different
methods of cytokine measurements, use of different diagnostic
systems and factors such as age, gender, and smoking habits,
concomitant infectious, endocrine, or cardiovascular diseases
and obesity, results are highly heterogeneous and report elevated,
decreased, as well as unaltered levels of cytokines. Hence, they
must be interpreted with caution (Figure 2).

Numerous cytokines, particularly IL-1p, IL-6, IL-18,
and TNF-a, are released from microglia and astrocytes
and can be quantified in brain, CSE, and plasma. Whereas
the CNS 1is generally considered sheltered from the
peripheral immune system by the blood-brain barrier
(BBB), serum cytokines can reach the CNS under normal
physiological conditions; for example, by saturable transport
(34, 35) or BBB damage (36) or via the circumventricular
organs that lack a classical BBB (37), and thus a
peripheral contribution to CSF cytokine levels should not
be excluded.

CNS Cytokines

Largely due to the lack of a matched control group of healthy
volunteers, relatively few studies have analyzed differences in
the level of cytokines within CSE, and only a restricted number
of cytokines have been evaluated. In the CSF of patients with
drug-naive schizophrenia, levels of IL-1p were found elevated
(38), whereas levels of IL-6 and IL-8 were reliably detectable and
unchanged, and levels of IL-2, IL-4, IL-5, IL-10, granulocyte-
macrophage-colony stimulating factor, IFN-y, and TNF-a were
at the level of detection and appeared unchanged. In contrast,
levels of IL-1p were found reduced in the CSF and serum of
treated schizophrenic patients, compared with healthy controls,
IL-2, IL-6, and TNF-a were determined unchanged, and soluble
IL-2 receptor was found decreased in CSF and highly elevated in
serum Barak et al. (39).

Although the exact role of cytokines in schizophrenia and the
correlation between clinical status, disease duration, symptom
gravity, and cytokine remain to be fully clarified, evaluation of
their level variations in CSF and plasma offers further support
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to an immunological component in schizophrenia pathogenesis
(Table 2).

IL-6

IL-6 can be considered a “state marker” of schizophrenia. In this
regard, the levels of IL-6 and sIL-6R are elevated in the serum
of patients with schizophrenia (40, 41). IL-6 is reported raised in
subjects with at-risk mental state (ARMS) and might be a marker
of transition from ARMS to schizophrenia (42). IL-6 levels
are reported to be high in first-episode psychosis and acutely
relapsed patients and to normalize with antipsychotic treatment.
An association between treatment-resistant schizophrenia and
an elevated level of IL-6 has been described (43) and between
the IL-6 level and illness duration (44). Increased IL-6 levels in
the CSF of schizophrenia patients in a study by Sasayama et al.
further supports the occurrence of inflammatory activity in the
CNS in schizophrenia (45). Recently, Arabska et al. (46) reported
that serum levels of IL-6 and TNF-a in schizophrenia patients
were not significantly different with respect to healthy subjects.
Significantly higher plasma levels of IL-6, IL-10, and TNF-a
were, however, detected in schizophrenia patients treated with
olanzapine or clozapine, as compared with normal controls (47).

IL-B
Several studies have suggested that IL-1f plays an important role
in the etiology and pathophysiology of schizophrenia. Although
studies investigating peripheral levels of IL-1p in schizophrenic
patients have provided largely inconsistent results, Gilmore
et al. proposed the involvement of IL-1f in the possible link
between prenatal exposure to infection and schizophrenia (48).
An increased release of IL-1p by peripheral monocytes before
treatment, and then normalization by antipsychotic medication,
has been described in patients with schizophrenia (49). Barak
et al. (39) detected significantly lower IL-1f in CSE other than
in serum, of schizophrenic patients compared with controls. In
contrast with these results, S6derlund et al. reported that CSF
IL-1B concentrations were markedly elevated and hypothesized
the activation of the brain immune system in first-episode
schizophrenia (38). They suggested that the increase of IL-1f
may be normalized or downregulated along the disease course
or during prolonged antipsychotic treatment. Thus, whether
or not an increase of IL-1p is congenital, acquired during the
prodromal phase or absent until the time of first psychotic
episode has not yet been clarified. Acute schizophrenics are
reported to have significantly elevated IL-1f concentrations in
serum, without correlation with age or duration of illness (50).
However, serum levels of IL-1f, corrected for age, gender, body
mass index, and smoking have been described as no different in
patients with schizophrenia and controls and among subtypes
of schizophrenia (51). Schizophrenia has been attributed to a
dysfunction of brain dopaminergic and glutamatergic circuits,
and it is known that IL-1f can induce the conversion of rat
mesencephalic progenitor cells into a dopaminergic phenotype
(52). In relation to glutamate neurotransmission, the action of
IL-1f may include both excitatory and inhibitory components,
potentially acting on intercellular brain signaling or altering the
expression of genes encoding the enzymes regulating glutamate

TABLE 2 | Relationship between levels of key cytokines and severity of clinical
symptoms.

High
IL-6 and IL-4 Longer disease duration
IL-6 and IL-1B More severe positive symptoms

IL-6, TNF-q, IL-1B, IFN-y, IL-4, TGF-B
IL-6, IL-17, TGF-p

Exacerbated negative symptoms

Increased PANSS score

IL-6 Worse cognitive abilities
Low
IL-2, IL-17 Exacerbated negative symptoms

TNF-a and IL-10 Worse cognitive abilities

neurotransmission. However, whether or not the activation of
IL-1B is causally related to the development of schizophrenia
or is a consequence of associated dopaminergic/glutamatergic
dysfunction remains to be established.

IL-2

Several studies have described altered peripheral levels of IL-2
when compared with healthy controls, as well as a reduction in
IL-2 by leukocytes after mitogen stimulation, and such studies
also reported that higher levels of IL-2 were indicative of
less bad symptomatology and a better cognitive performance.
If true, IL-2 may have a key role in the pathophysiology of
schizophrenia (53-55).

IL-2R, a key signaling component expressed on T
lymphocytes, has been reported to be over-expressed in
schizophrenia patients (56), and soluble IL-2R levels are
described to be increased in both treatment-naive and treatment-
free patients with schizophrenia, as well as in acute and chronic
disease patients (57, 58). A study by Bresee and Rapaport
(59) suggests that serum-soluble IL-2R levels may represent a
biomarker for patients with treatment-resistant psychosis, and
a positive correlation between the severity of symptoms and the
IL-2R underlines its involvement in schizophrenia.

IL-8

Other than IL-2 and IL-6, serum levels of IL-8 have also
been described as increased in patients with schizophrenia,
and correlations between serum IL-2 or IL-8 concentrations
at baseline and the therapeutic outcome have been reported
(60). Serum levels of IL-8 was statistically significantly elevated
in patients with the diagnosis of paranoid schizophrenia, as
compared with the control group (61, 62). Such an IL-8 increase
may be related to the activation of monocytes and macrophages,
as IL-1 and TNF-a released from these cells have been shown
to be elevated in schizophrenia. IL-8 expression has also been
reported to be significantly increased in the brain tissue of
schizophrenia patients, compared with controls, as evaluated
by qPCR and immunohistochemistry assay, and confirmed by
western blotting. Such elevated levels of IL-8, IL-6, and TNF-
o imply that schizophrenia might represent an autoimmune
neuropsychiatric spectrum disorder that may emerge during
an autoimmune CNS disease (63). Furthermore, there may be
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connections between the overexpression of IL-8 in patients with
schizophrenia and cancer (64). Indeed, an elevation of cytokines
may provide insight as to why many patients jointly may have
schizophrenia and autoimmune diseases (65, 66).

IL-3

Genetic studies have shown that the IL-3 and IL-3 receptor
alpha subunit (IL-3RA) genes are located near genetic markers
associated with schizophrenia (67, 68). With regard to IL-3,
studies have reported abnormal levels in chronic schizophrenia
patients (69-71). Fu et al. reported that IL-3 levels were
significantly decreased in first-episode drug naive (FEDN)
schizophrenic patients, with respect to healthy control subjects
and chronic treated schizophrenic patients (72). Additionally,
and consistent with previous studies showing significantly
higher levels of IL-3 and IL-3-like activity (IL-3-LA) released
by peripheral blood mononuclear cells in chronic-medicated
patients, IL-3 levels were significantly higher in schizophrenic
chronic medicated patients compared with control subjects
(70, 71). Such higher IL-3 levels may be associated with
disease progression as well as with antipsychotic treatment.
A significantly positive association between the Positive and
Negative Syndrome Scale (PANSS) general psychopathology
subscore and IL-3 was also described in chronic medicated
patients with schizophrenia. In contrast, no significant
association between IL-3 and any clinical psychopathology
in FEDN patients with schizophrenia was observed. As a
consequence, it has been speculated that reduced IL-3 levels in
FEDN patients might be associated with both neuronal apoptosis
and abnormal early development of the CNS, which may
potentially be implicated in the pathogenesis of schizophrenia.

IL-10

Activated macrophages, regulatory T cells, Th2 lymphocytes,
and Th3 cells involved in mucosal immunity and protection
produce IL-10 (33) that can potentially inhibit the expression
of Thl-related cytokines, such as IFN-y, IL-2, and TNF-a
to, thereby, dampen the immune and inflammatory response.
Previous studies have found that IL-10 and IL-10 receptors are
synthesized in the brain, including by microglia and astrocyte
(73). Thus, these may be considered to be an important
modulator of the inflammatory response within the CNS (74).
Studies performed to understand the relationship between IL-
10 and schizophrenia have provided contradictory results. In
some studies, an elevation in IL-10 serum levels was detected
in patients with schizophrenia (75-78) but other studies failed
to replicate this (79, 80). In yet other studies, a decline in
serum IL-10 levels was observed in paranoid schizophrenia (62),
or in patients with schizophrenia at late stage (81), and no
significant differences were detected in IL-10 gene expression
levels in peripheral blood cell samples obtained from patients
with schizophrenia vs. healthy controls (82). In schizophrenia,
elevated peripheral IL-10 levels were associated with the loss of
microstructural white matter integrity, supporting the opinion
that inflammation is associated with schizophrenia playing a key
role in the pathology of microstructural white matter (72).

IL-12 and IL-23

IL-12 and IL-23 are generated by inflammatory myeloid cells
and influence the development of Th1 and Th17 cell responses.
IL-12p40 is a component of IL-12 and IL-23 and is induced in
excess over the other subunits of IL-12 and IL-23. Plasma levels
of IL-12 were investigated in patients with schizophrenia and,
likewise, have produced contradictory results (83, 84). A putative
role for IL-12p40 as a potential marker in schizophrenia has been
proposed, and it has been suggested that its dysregulation may be
involved in the pathogenesis of the disorder (85).

IL-17 and TGF-B

Th17 cells are known to generate the pro-inflammatory cytokine
IL-17, which has been implicated across various immune and
inflammatory processes (86). Interestingly, recent studies have
shown that Th3 and Th17 cells are activated in schizophrenia,
and that treatment with antipsychotics mitigated such activation
(86, 87). Th3 cells exert their action primarily by secreting
transforming growth factor beta-1 (TGF-p1) that plays an
immune regulation role by exerting potent anti-inflammatory
and immunosuppressive effects to dampen pro-inflammatory
cytokine synthesis, natural killer cell activity, and growth
of T and B cells. However, TGF-B can, under appropriate
conditions, provide proinflammatory functions through its
stimulatory effects on inflammatory Th17 cells and, in addition
to IL-6, can stimulate IL-17 production. In this regard, it
is notable that schizophrenia has been associated with the
enhanced expression of TGF-f receptors (88) and the release
of TGF-B (87). Data from the literature remains controversial,
however. A significant elevation in TGF-f serum levels has been
reported in patients with schizophrenia during relapse and first-
episode psychosis, as compared with a control group, suggesting
that TGF-f may provide a marker for acute exacerbation of
schizophrenia (33). However, this has not been confirmed in
other studies that could not detect differences between patients
with schizophrenia and controls (89). TGF-f signaling has been
associated with schizophrenia, as suggested by data from a
pathway analysis of a genome wide association study (90). A
hyperactivity of TGF-p signaling pathways in schizophrenia may
represent a neuroprotective mechanism (91) by promoting the
survival of midbrain dopaminergic neurons (92), and increasing
neurogenesis within the subventricular zone (93).

A hypothesized role of an IL-17 pathway inbalance in
schizophrenia has been strengthened by a study that found
an increased activation of Thl7 cells in patients with recent
onset schizophrenia (94). Borovocanin et al. reported decreased
levels of IL-17 in schizophrenia patients (95), and found a
significant decrease in Th17 cells. Recently, the percentage of
IL-17-producing lymphocytes in peripheral blood of patients
with stable schizophrenia and the possible correlation of IL-17
systemic levels with proinflammatory cytokines and cognitive
scores was analyzed by Borovocanin et al. (96).

A trend toward a decline in plasma levels of IL-17 was reported
by Ding et al. in first-episode schizophrenia patients after 4 weeks
of risperidone treatment (86), and Diitrov et al. described a
significant reduction in IL-17 levels in chronic schizophrenia
patients, as compared with controls (97). In contrast, an

Frontiers in Psychiatry | www.frontiersin.org

March 2021 | Volume 12 | Article 536257


https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org
https://www.frontiersin.org/journals/psychiatry#articles

Reale et al.

Cytokine Imbalance in Schizophrenia

increased production of IL-17 following antipsychotic treatment
was reported by Himmerich et al. (98). Hence, results on IL-
17 in psychosis may be affected by antipsychotic treatment. A
recent meta-analysis with drug-naive first-episode psychosis and
healthy control subjects evidenced the absence of significant
differences of IL-17 levels between these two groups, suggesting
that IL-17 may not be involved in the pathological mechanism
underpinning schizophrenia (99) albeit this conclusion derives
strictly from the analysis of only drug-naive FEP patients.

IL-18

IL-18, a member of the IL-1 family of proinflammatory cytokines,
plays an important role in the Thl response (100) and, hence,
its abnormality in schizophrenia would support the activated
macrophage theory. In this regard, IL-18 reppresent a link
between the immune and nervous systems (101, 102). As IL-
18 and its CNS receptors mediate brain neuroinflammation,
modulating homeostasis and behavior (102), several studies
have been conducted to clarify the involvement of IL-18
in schizophrenia.

Elevated levels of IL-18 were detected in serum of
schizophrenic patients by Tanaka et al. (100), possibly as a
result of high levels of constitutively or lipopolysaccharide
(LPS)-induced IL-18 released by peripheral blood mononuclear
cells of schizophrenic patients, as compared with healthy
controls (103). Significantly higher IL-18 levels were detected
in the serum of chronic schizophrenia patients, with respect to
first-episode patients and normal controls, by Xiu et al. (104).
Additionally, significant positive associations between IL-18
and the PANSS were observed in chronic patients, whereas no
significant association was found between IL-18 and clinical
psychopathology in FEP patients. Finally, in chronic patients,
there were no differences in IL-18 levels between patients treated
with typical or atypical antipsychotics or with dose or duration
of treatment (104). The observed elevated IL-18 levels further
support the previously described link between autoimmunity
and schizophrenia, which also is consistent with the macrophage
and T lymphocyte theory.

Genes, such as IL-18, IL-18BP, IL-18R1, IL-18RAP, IL-12B,
and IL-12, which mediate IL-18 functions were analyzed by a
pathway-oriented approach in schizophrenic patients. Five single
nucleotide polymorphisms (SNPs) in four genes were associated
with schizophrenia (105). The most prominent among these was
rs2272127 at IL-18RAP, which is also associated with herpes
simplex virus 1 (HSV1) seropositivity in patients.

Although the IL-18 signaling pathway remains to be
fully clarified, its potential role in the pathophysiology of
schizophrenia remains speculative rather than proven (106).

IFN-y
As IL-18 acts on the immune system—inducing IFN-y
production from Thl and NK cells—and as IFN-y is, in turn,
the major activating cytokine of macrophages, the involvement
of IFN-vy in schizophrenia has also been studied. In this regard,
IFN-y elevations have been frequently noted in patients with
schizophrenia and, above all, in first-episode schizophrenia.
A correlation has been observed between the spontaneous
production of IFN-y and Positive and Negative Syndrome Scale

G subscore. Additionally, a relationship between IFN-y and the
percent whole-brain gray matter suggests that it contributes to
the pathophysiology in schizophrenia. Furthermore, a significant
reduction of IFN-y expression in peripheral blood mononuclear
cells obtained from schizophrenic patients is in accord with
a deficiency in the Thl-dependent immune response as well
as with reduced IEN-y protein levels, as described by Arolt
et al. in treated patients (107). Notably, Kim et al. reported
that antipsychotic treatment normalized elevated IFN-y levels
(108). Finally, the study by Jemli et al. (109), in part, validates
the hypothesis of excessive proinflammatory cytokines in the
physiopathology of schizophrenia.

CYTOKINE POLYMORPHISMS
IN SCHIZOPHRENIA

It has been proposed that a genetic predisposition for
schizophrenia has a multifactorial character. While the
qualitative and quantitative evaluation of cytokines in biological
fluids can provide functional evidence related to disease
manifestation, genetic investigations can provide insight into
the biological mechanisms underlying susceptibility to disease.
Therefore, several studies have been performed to investigate
associations between SNPs located within genes encoding
cytokines implicated in schizophrenia.

Allelic or genotypic association between the IL-18 C-511T
polymorphism and schizophrenia was reported by case-control
as well as family studies (110, 111). Other studies have reported
no significant association between the IL-18 C-511T or IL-1p
C3954T SNP and schizophrenia (112), which disagrees with a
meta-analysis in a specific population that reported a moderate
association of IL-18 C-511T and C3954T polymorphisms with
schizophrenia in Caucasian samples, suggesting that the genetic
effect of IL-1f on schizophrenia may be ethnicity dependent
(113). The association between the IL-18 GTCC haplotypes G-
31A, C-511T, C-1473T, and C-373T and IL-18 C-373T SNP
(rs4848306) and schizophrenia in the Polish population was
observed by Kapelski et al. (114). Furthermore, schizophrenia in
a Japanese population study was significantly associated with IL-
18 SNPs (C-373T, C-1473T, and C-511T) (115). Additionally, a
study by Sasayama et al. in the Japanese population found an
association between the IL-18 A5810G SNP and susceptibility to
schizophrenia (116).

Several studies have reported an association between the
—174G/C polymorphism in the IL-6 gene and schizophrenia
that influences disease risk (117, 118). The study of Paul-
Samojedny et al. showed a trend toward a significant difference
in genotype distribution and allele frequency between paranoid
schizophrenia patients and healthy controls (119), but this
was not confirmed in other studies (120-122). The study
by Zakharyan et al. demonstrated that the IL-6 —174G/C
polymorphism is associated with increased plasma IL-6 in
schizophrenia patients and constitutes a risk factor for the
disorder (118), and a study by Frydecka et al. indicated
that elevated IL-6 in schizophrenia patients is not due
to genetic variation (123). However, the IL-6 —174G/C
polymorphism may affect the severity of positive symptoms and
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cognitive impairments observed in schizophrenia and might
be the consequence of IL-6 serum levels, thereby, highlighting
that schizophrenia is a progressive disorder with low-grade
inflammation, essential for its pathophysiology that is then
followed by cognitive decline.

The study of Sun et al. reported a signicant association
of 152228145 C allele (Ala allele) of IL-6r with schizophrenia
(124). In contrast, Liu et al. found that genetic variants of
IL-6 and its receptor are not associated with schizophrenia
in Taiwan patients (122). Recently, Kapelski et al. (114)
have evaluated the association of functional polymorphisms in
several interleukins and interleukin receptor genes and have
reported a signicant association of rs2228145 and rs4537545
with schizophrenia. Rafiq et al. (125) found that a common
variant of the IL-6r gene increases IL-6r and IL-6 levels, in
accord with results of Chan et al. (126) showing that individuals
that are homozygous for the minor allele of rs4537545 and
its exome SNP exm-rs4537545 had the highest IL-6r levels, as
compared with individuals homozygous for the major allele,
which had the lowest IL-6r levels. They also reported that SNP,
1s7553796 located within the IL-6r gene was associated with
increasing levels of the IL-6r protein in blood in homozygous
schizophrenia patients.

The association between schizophrenia and IL-8 rs4073,
rs2227306, and rs1126647 nucleotide variations was evaluated
in a Tunisian population. The rs1126647 polymorphism showed
a risk for the development of schizophrenia with a T allele
and TT genotype, in particular in the paranoid subtype of
schizophrenia. In addition, the rs1126647 SNP appears to
predispose more particularly females to the paranoid form. The
rare haplotypes TTT, ACT, and TCT haplotypes at rs4073-
1s2227306-rs1126647, each comprising the risk allele rs1126647T,
were related to the higher risk of paranoid schizophrenia,
whereas only the TCT arrangement constitutes a risk factor for
general schizophrenia (127).

Sun et al. have reported that IL-10 gene polymorphism is
associated with reduced IL-10 production as well as with the
susceptibility and the incidence of schizophrenia (128). IL-10
rs1800896, a SNP, is located upstream of the IL-10 gene. The
A allele of rs1800896 reduces the production of IL-10, and the
known antioxidant actions of IL-10 (129) would therefore be
expected to be reduced, which may make long-term treated
patients on antipsychotics more vulnerable to the development
of tardive dyskinesia (130). Additionally, it has recently
been reported that IL-10-592A/C (rs1800872) polymorphisms
interact with catechol-o-methyltransferase Val158Met (rs4680)
polymorphisms to detrimentally impact cognitive function in
schizophrenic patients (131), which is important in the light of
cognitive deficits being core symptoms of schizophrenia (132,
133).

The study of Liu et al. (134) evaluated two single promoter
polymorphisms, 137 G/C (rs187238) and 607 C/A (rs1946518),
of IL-18 in the light of prior studies indicating their potential
association with immune-related diseases, including Crohn’s
disease, diabetes, rheumatoid arthritis, and potentially also
Alzheimer’s disease, and found that they were not associated with
schizophrenia in a Chinese population.

The study of Suchanek-Raif et al. (author?) (135) evaluated
the potential association between four TNF-a single nucleotide
polymorphisms [1031 T/C (rs1799964), 863 C/A (rs1800630),
857 C/T (rs1799724), and 308 G/A (rs1800629)] and
schizophrenia in a Caucasian population. Results showed
that 1031 T/C, 863 C/A, and 308 G/A are associated with
schizophrenia, sex specifically. In fact, high risk of schizophrenia
for men is associated with the C/C genotype of 863 G/A SNP.
For the —308 G/A SNP, the G/A genotype and A allele were
associated with a risk of schizophrenia in women. In contrast, an
evaluation of 1031 T/C, 863 C/A, 857 C/T, and 308 G/A SNPs
in Caucasian patients with schizophrenia, performed by Tan
et al. (136), did not show any significant differences in the SNPs
evaluated. Other GWA studies have not found the association
between (1031 T/C and 308 G/A) promoter polymorphisms in
the TNF-a gene and schizophrenia risk (137). Xiu et al. (138)
have suggested an important role for cytokine signaling in
mediating the severity of cognitive dysfunction in schizophrenia
and reported that the TNF-a 21031T/C polymorphism may not
play a role in the predisposition of schizophrenia itself but may
be implicated in the cognitive deficits of schizophrenia. In a
case-control study, Suchanek-Raif et al. (139) demonstrated that,
for the TNFR2 gene, the genetic variants of rs3397, rs1061622,
and 151061624 are linked with a higher risk of developing
schizophrenia and a more severe course in men. In contrast,
the genotypes with a polymorphic allele for rs3397 SNP appear
protective for women. Furthermore, the rs1061624 SNP, in
families of people with schizophrenia, might modulate the
beginning of the disease process.

Studies aimed at investigating the association between
schizophrenia and polymorphisms in genes encoding cytokines
shown that the TGF-p1+869T>C gene polymorphism was
associated with schizophrenia, especially in females in the
context of a TGF-f and estradiol interaction, and the risk of
schizophrenia was more than twofold higher in carriers of a
T allele (CT+TT genotypes), in comparison with individuals
with a CC genotype (140). Also, a significant association
between the +874A/T polymorphism of IFN-y and paranoid
schizophrenia has been described, and the minor allele of this
polymorphism was correlated with an increased expression
of IFN-y (109). On chromosome 5q, several schizophrenia-
related SNPs and haplotypes both in and near the IL-3 cytokine
gene have been identified (141). Finally, with the knowledge
that T cell networks have consistently been linked to the
pathogenesis of schizophrenia, the functional role of the
Th17 pathway in schizophrenia was assessed and involved
evaluation of the G197A single nucleotide polymorphism
associated with production of IL-17A. No association between
the IL-17A gene polymorphism and schizophrenia was
noted (142).

ANTIPSYCHOTIC TREATMENT AND
CYTOKINES

Antipsychotic therapy is indispensable in the treatment of
schizophrenia. However, phenotypic traits related to drug

Frontiers in Psychiatry | www.frontiersin.org

March 2021 | Volume 12 | Article 536257


https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org
https://www.frontiersin.org/journals/psychiatry#articles

Reale et al.

Cytokine Imbalance in Schizophrenia

response, such as responders, delayed responders, or resistant
patients, are potentially endophenotypes associated with
cytokine profile aberrations. Spreading and/or differentiation of
monocytes, T cells and B cells can be modulated by antipsychotic
treatment, as well as by a cytokines’ and cytokine receptors’
gene expression (143, 144). Antipsychotic treatment has been
reported to reduce levels of IL-4, IL-6, IL-17, and IL-27 in
First Episode Psychosis (FEP) patients (145). In addition, in
schizophrenic patients receiving therapy with risperidone,
olanzapine, or clozapine, the basal and LPS-induced production
of RANTES and IL-18 has reported to be increased (103).
A meta-analysis on the effects of antipsychotic treatment
evidenced a reduction of select pro- and anti-inflammatory
cytokines, such as IL-1B, IL-6, TNF-a, IFN-y, and TGEF-f
(33). In a different study, treatment with olanzapine and
risperidone reduced serum levels of the anti-inflammatory
cytokines IL-1RA and IL-10, while not substantially affecting
the expression of seven other evaluated cytokines (146). A
study by Song et al. (147) reported that in drug-naive first-
episode schizophrenia, IL-1p levels measured time dependently
during 6 months of risperidone treatment decreased initially
but then rose gradually over time, and IL-6 and TNF-a levels
changed significantly over the treatment course but eventually
returned to baseline levels after 6 months. This suggests that
risperidone treatment initially provided an anti-inflammatory
effect that declined with treatment, possibly due to a drug-
induced weight gain side effect. In further studies, still, the
levels of anti-inflammatory cytokine IL-10 in peripheral blood
were increased by treatment with risperidone (148) and
chlorpromazine (149).

In vitro studies, likewise, suggest that antipsychotics can
potentially modulate the inflammatory response. Haloperidol, a
typical antipsychotic, has been reported to normalize increased
IL-2 levels (60) and inhibit mitogen-stimulated IL-2 production
(150, 151). In LPS-stimulated peripheral blood mononuclear
cells, IL-4 and IL-10 levels were increased by haloperidol,
and conflicting results have been found in relation to the
production of IFN-y, which in cell cultures may rise (152)
or decline—depending on the study conditions (150, 151).
Clozapine, risperidone, and quetiapine are common atypical
antipsychotics. Quetiapine increased IL-4 levels in LPS-
stimulated peripheral blood mononuclear cells, as well as
IL-10 production in poly(I:C)-stimulated peripheral blood
mononuclear cell cultures—which clozapine and risperidone
treatment also significantly increased. All the antipsychotics
reduced IFN-y levels significantly in LPS- and poly(I:C)-
stimulated cultures (153). In yet other studies, clozapine has
been reported to modulate IL-2, IL-2R, TNF-a and soluble
TNF receptors p55 and p75 (154, 155). In schizophrenic
patients, risperidone treatment lowered plasma levels of
the proinflammatory cytokines TNF-o and IL-6, increased
anti-inflammatory cytokine IL-10, and did not impact IL-4
concentrations (156, 157). In closure, a study by Erbagci
et al. (51) demonstrated that cytokine concentrations in
patients responsive and non-responsive to risperidone were not
significantly different.

CYTOKINE-BASED THERAPEUTIC
APPROACHES

In general, the current treatment of schizophrenia involves the
use of antipsychotics as the first line of therapy (158). This is often
followed by non-steroidal anti-inflammatory drugs (NSAIDS), in
addition to vitamins and herbal products targeting the immune
system and the inflammatory processes (159). It is known that
the inflammatory phenotype should be defined and delineated
at the individual level both for research and clinical purposes, in
order to evaluate an individual treatment for a patient. A recent
meta-analysis study has described the effects of antipsychotics
and NSAIDS therapy on cytokine levels, with a reduction in the
expression levels of proinflammatory ones, such as IL-18, IL-16,
IL-6, and TL-8 (160, 161).

The wide range of pathological phenotypes underlying
schizophrenia and the high possibility of adverse effects
during medication supports the need to study new treatment
strategies that are currently under investigation. Antibody
immunotherapy, tetracycline antibiotics, antirheumatic drugs,
neurosteroids, antioxidants, and statins have been reported as
possible treatment strategies (159). Hence, in this regard, it is
interesting to evaluate the literature as to whether or not they
may impact cytokines and cytokine receptors. Clinical trials to
evaluate the effects of cytokine modulators have to be careful
when considering the pleiotropic and manifold activity of the
cytokines (160). Although not yet studied in schizophrenia, some
monoclonal antibodies directed toward cytokines have been
identified and are either clinically available or in the experimental
phase of drug development. In particular, IL-6, TNF-a, and
IFN-y might represent new therapeutic targets.

IL-6 as a Potential Target

IL-6 is implicated in the development, onset, and progression of
several mental disorders and may also be involved in treatment
responses. As described by Potvin et al. levels of IL-6 appear
to be increased in patients with schizophrenia, both in in vivo
and in vitro models (32). As reported by Behrens et al. (162),
it is established that schizophrenic patients have reduced CNS
antioxidant defenses, with notable declines in glutathione, a
tripeptide that is found in high concentrations in most cells and
that is critical to the detoxification of reactive oxygen species
and numerous other radicals. Glutathione has been found to
be reduced (—27%) in the CSF from drug-naive patients with
schizophrenia, in postmortem studies (—41%) of patients with
schizophrenia vs. normal control subjects, and polymorphisms
in the genes for key components of glutathione generation
[glutamate cysteine ligase modifier subunit (gclm) and the
catalytic subunit for glutamate cysteinen ligase (gclc)] are linked
to the risk for schizophrenia. Using a subanesthetic ketamine
model of schizophrenia in rodents, Behrens et al. demonstrated
that IL-6 induces a loss of parvalbumin interneurons that results
in a deficiency in inhibitory circuits and the development of a
schizophrenic phenotype (162). Other studies have demonstrated
that aberrations in parvalbumin interneurons are implicated
in schizophrenia and that elevated IL-6 levels in CNS disrupt
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working memory. Based across this information, clinical trials
using a humanized anti-IL-6 receptor monoclonal antibody,
Tocilizumab developed and approved for rheumatoid arthritis,
were undertaken in five patients with schizophrenia, treated for
4 weeks in an open-label trial. Results showed no significant
changes in psychopathology scores, but an improvement
in cognition, based on Brief Assessment of Cognition in
Schizophrenia (BACS) (163). A more recent randomized,
double-blind clinical trial of Tocilizumab was published in 36
clinically stable, moderately symptomatic schizophrenic patients
(PANSS >60). The drug was well-tolerated; however, there
were no significant effects on positive and negative symptoms
and cognitive deficits (164). These somewhat disappointing
results may reflect the poor brain penetration of Tocilizumab
as well as the schizophrenic patient population evaluated,
as greatest elevations in IL-6 levels are generally found
in first-episode and acute relapsed subjects, rather than in
chronically treated schizophrenia patients—as were evaluated in
the Tocilizumab trial.

The anti-IL-6 mAbs, Sirukumab and Siltuximab, have been
shown to be effective in reducing depressive symptom severity
in patients with rheumatoid arthritis and multicentric Castleman
disease (165). In this light, they hold promise in subjects with
major depressive disorder and, although their actions on CNS
cytokine levels remain to be elucidated, they may be worth
evaluating in schizophrenics patients too (166-168).

TNF-« as a Potential Target

Beyond IL-6, TNF-a is associated with schizophrenia-negative
outcome, and thus can be considered a novel drug target for
schizophrenia therapy. Antibodies targeting TNF-a, Infliximab,
and Golimumab, have been investigated in several clinical
trials in patients with major depression. Infliximab activity
has been explored by evaluating inflammatory markers (169),
sleep parameters (170), and gene expression signatures (171),
and these studies supported a depressant response reduction.
Bekhbat et al. measured the Infliximab-induced antidepressant
response in 26 patients with treatment-resistant depression and
demonstrated that subjects with high inflammation and elevated
levels of lipids and cholesterols were more responsive to the
antidepressant actions of Infliximab. These results support a
role of inflammation as a major driver of metabolic dysfunction
in patients with depression and provide a framework for the
evaluation of TNF-a blocking strategies in schizophrenia (172).

IFN-y as a Potential Target

IFN-y has also been considered a target for cytokine-based
immunotherapy in schizophrenic patients. In the light of studies
reporting that serum levels of IFN-y and in vitro IFN-y
production after stimulation were lower in samples obtained
from unmedicated schizophrenia patients vs. healthy controls
(173,174), a pilot study was undetaken in two treatment-resistant
schizophrenia patients in which IFN-y-1b was administered
subcutaneously and psychopathology was assessed weekly with
the PANSS (175). In the face of numerous caveats in this
small open-label trial, both patients showed a marked clinical
improvement, with impressive declines in PANSS total score and

good tolerability of the treatment over the relatively short study
(6-7 weeks) (175).

IL-12/IL-23 as Potential Targets

Evaluation of the antidepressant activity of immunomodulatory
drugs has also involved investigation of anti-IL-12/IL-23
antibodies. As reported in an interventional clinical trial on
psoriatic patients, Ustekinumab treatment (that binds IL-12 and
IL-23) for 12 weeks, decreased not only psoriasis symptoms but
also depression symptoms, augmenting quality of life (176).

Anticytokine-Targetted Therapy Synopsis
Collectively, clinical trials with anticytokine therapy have, thus
far, been chiefly performed in major depression disorders or
in patients afflicted with physical illnesses, such as psoriasis
and rheumatoid arthritis (i.e., conditions for which the drugs
were primarily developed), and only two studies directly relate
to schizophrenic patients, due—in large part—to the ethical
limitations of treating patients except as an adjuvant therapy.
Results obtained from studies, to date, generally show an
improvement in depressive symptoms in the case of adjuvant
treatment and with reasonable tolerability, suggesting the
possibility of future clinical evaluation in schizophrenic patients.
This approach hence represents a promising avenue that warrants
further preclinical and clinical research. However, it is necessary
to clarify how immunotherapies can best combine with and/or
replace available antidepressant treatments, to better define a
personalized therapy to reduce side effects and improve the
quality of life of patients.

CONCLUSION

Cytokines are ubiquitous molecules that act as key messengers
for and between immune cells and help to maintain a delicate
and intricate balance in the immune system and optimize
the continuous cross-talk between the CNS and periphery. In
untreated schizophrenia patients, a Th1/Th2 imbalance, with
dampened levels of Thl-related cytokines and compensatory
elevated Th2-cytokine levels, has been consistently observed—
suggesting that the inflammatory process is aberrant and plays
a central role in the pathophysiology of schizophrenia. Studies
documenting that cytokines are potent rate-limiting signals and
that some anticytokine therapies have had promising clinical
success open new perspectives on the therapeutic capacity of
targeting cytokines/cytokine receptors in neurological disorders.
Like other prior promising treatments, cytokine/cytokine
receptor-focused therapeutic approaches are not a “magic
bullet” capable of improving every individual. Techniques
will be required to rationally select out potential responders
based on sound scientific principles, which too will require
evaluation. In this regard, non-invasive blood sampling, for
example, can readily provide the small sample amounts needed
to evaluate blood levels of cytokines and represent an attractive
way to identify and quantify disease biomarkers. From these
same blood samples, extracellular vesicles (also known as
exosomes) can be collected and enriched for neuronal and
astrocytic origin to provide a window to cytokine/cytokine
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receptor levels in brain (177-179). Although much research
remains to be undertaken, cytokine-based therapies have
hugely impacted our understanding and treatment of a broad
range of autoimmune disorders and cancers (180) and are
among the current top 20 selling drugs worldwide (181).
Their pleiotropic actions in brain and potential utility in
neurological disorders are only relatively recently being seriously
considered. In this regard, identifying the cytokine profiles that
precede a psychotic episode could direct strategies for relapse
prevention. In addition, biological markers measured during the
prodromal phase could have clinical importance in determining
diagnosis, further treatment strategies, and prediction of disease
progression and treatment response. We have much to gain
from better understanding how cytokine imbalances can impact
schizophrenia as well as other mental disorders for which current
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