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Abstract

Schizophrenia (SZ) is a severe psychiatric disorder associated with a dysregulation of the im-
mune system. Immune-related genes and environmental factors including stress, food, infec-
tions, and microbiota, alter the immune system’s homeostasis and play a role in SZ patho-
genesis. The most distinctive feature in the pathophysiology of the disease is a shift in the 
T helper 1(Th1)/Th2 balance toward Th2 dominance in the immune system. Also, mi-
croglial and Th17 cell activation cause inflammatory responses in the central nervous sys-
tem (CNS). Antibodies play a role in the pathophysiology of SZ and give more evidence 
of a link between humoral immune reactivity and the disease. Accordingly, an imbalance 
in cytokine activities and neuroinflammation has been considered the main contributor to 
the pathogenesis of the SZ. Overall, the deregulation of the immune system caused by ge-
netic, environmental, and neurochemical effects may all play a role in the etiology of SZ. 
This review summarized the etiological factors for SZ and discussed the role of immune re-
sponses and their interaction with genetic and environmental factors in SZ pathogenesis. 
[GMJ.2023;12:e3109] DOI:10.31661/gmj.v12i.3109
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Introduction

Schizophrenia (SZ) is a severe psychiatric 
disorder characterized by dysregulation of 

immune responses in the central nervous sys-
tem (CNS). Although the etiology of SZ has 
not yet been determined, the impacts of envi-
ronmental and genetic risk factors, including 
inflammatory-related genes, have been indi-
cated in the disease [1-3]. Adverse immune 
responses in the CNS and a shift toward a T 
helper (Th) 2 immune response have been 

indicated in patients suffering from SZ [4]. 
Besides, the high prevalence of autoimmune 
diseases and the presence of autoantibodies 
against specific brain structures in حatient 
with SZ suggests that autoimmunity may play 
a role in the pathophysiology of the disease 
[5, 6]. Also, prenatal exposure to infection has 
been suggested to increase the development 
of SZ in adolescents [7] and chronic inflam-
mation in the CNS is established in patients 
with SZ [8]. Pro-inflammatory cytokines pro-
mote the degradation of tryptophan along the 
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kynurenine pathway, which can lead to psy-
chiatric abnormalities [9]. Analysis of neu-
roinflammation in postmortem brains of SZ 
subjects revealed increased microglial activity 
[10]. Infiltration of Th17 cells into the CNS 
is also involved in neuroinflammation in SZ 
[11]. This review will discuss the possible role 
of etiological factors, including the  immune 
system, in SZ pathogenesis. 

1. Immune-related Genes in SZ
In recent years, methods including DNA/
RNA chip technology have hardly been used 
in the assessment of neuroinflammation-re-
lated genes in SZ [12], so the association be-
tween inflammatory genes and SZ incidence 
has been identified [13]. 
Up-regulation of pro-inflammatory genes was 
observed in a patient with a recent onset of 
SZ. Several genetic studies on SZ have sug-
gested that polymorphisms in the cluster of 
genes on human chromosome 6 (the major 
histocompatibility complex (MHC) region) 
are associated with SZ [14]. Also, the relation 
between inflammatory cytokine or chemokine 

genes and SZ has been indicated in previous 
studies. Association studies have suggested 
polymorphisms in pro-inflammatory cyto-
kines, including genes coding for interleukin 
(IL)-6, tumor necrosis factor (TNF)-α, IL-1, 
and IL-8 genes, correlate with SZ outcome 
[15]. Polymorphism in these cytokines leads 
to the overproduction of pro-inflammatory cy-
tokines without infection, usually found in SZ 
patients [14]. Furthermore, a missense muta-
tion in neuregulin-1 (NRG-1) has increased 
cytokines including IL-8, TNF-α, and IL-6 in 
SZ subjects [16]. The association between cy-
tokine gene polymorphisms with SZ has also 
been related to IL-2, IL-3, IL-3Rα, IL-4 genes, 
and the IL-10 promoter region [17, 18].

2. Environmental Factors Affecting the Im-
mune System in SZ
Several environmental factors determine the 
pathobiology of SZ. Stress, diet, infections, 
urban living, and immigrant status are critical 
factors in SZ development [19]. These factors 
will be discussed in more detail (Figure-1).

Figure 1. The impacts of environmental factors on the pathogenesis of schizophrenia. Environmental fac-
tors including maternal infections, diet, microbiota, and stress change the balance of the immune system 
and induce an inflammatory response that influences the CNS. CNS: Central Nervous System
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2.1.  Stress
Some evidence has shown that maternal stress 
during pregnancy may be associated with 
an increased risk of SZ in children [20]. Ac-
cordingly, a high rate of the disease has been 
reported in the children of women who were 
pregnant at the time of the German invasion 
of the Netherlands during World War II [21]. 
However, the effect of prenatal stress on the 
immune system and its role in SZ pathogene-
sis is controversial. Merlot et al. have suggest-
ed that prenatal stress leads to the downregu-
lation of immune function [22]. A few studies 
have shown enhanced inflammatory immune 
responses after prenatal stress [23]. 
Some possible mechanisms for prena-
tal-stress-induced immune changes include; 
1) the direct effect of maternal hormones and 
neurotransmitters on the ontogeny of immune 
cells, 2) deregulation of the hypothalamic-pi-
tuitary-adrenal (HPA)-axis in the prenatally 
stressed children, and 3) change in placental 
function via stress mediators [22]. Stress af-
fects the HPA axis and sympathetic nervous 
system, leading to the production of neuroen-
docrine products including cortisol and cate-
cholamines. These two primary mediators of 
stress can regulate various immune cell func-
tions such as cytokine and chemokine produc-
tion, trafficking, proliferation, and differentia-
tion [24]. Studies have shown that stress has 
been associated with increased pro-inflamma-
tory cytokines and reduced anti-inflammatory 
cytokine levels [25]. Animal model studies 
have also suggested that peripubertal stress 
can induce SZ-like behavioral changes (in-
creased anxiety, reduced prepulse inhibition), 
neurotransmitter abnormalities (increased do-
pamine concentrations), and activation of hip-
pocampal microglial cells [26]. Acute stress 
and early adverse life events may contribute 
to inflammation in patients with psychotic 
disorders, including SZ.

2.2. Diet
Diet is a second environmental factor that 
may be associated with psychiatric diseases, 
including SZ [27]. It is well-known that the 
immune system can be regulated by nutrient 
compounds including vitamin D, anti-oxi-
dants, and polyunsaturated fatty acids (PUFA) 
[28]. Several studies have shown the low 

concentration of PUFA in both the brain and 
periphery of people with SZ. The decrease 
in PUFA may be due to the increased degra-
dation of arachidonic acid. This state results 
from the altered immune function and over-
production of prostaglandins, especially pros-
taglandin E [29].
Regarding this view, recent studies have sug-
gested that adjuvants including aspirin and 
celecoxib can lessen symptoms of SZ [30]. 
Different epidemiological studies have shown 
an inverse relation between fish consumption 
and mood disorders [31]. Certain omega-3 
fatty acids are present in cell membranes, and 
a change in their concentrations could change 
the structure and function of various cell 
membrane proteins. Omega-6 fatty acids have 
the potential to cause inflammatory responses, 
but omega-3 fatty acids are recognized to have 
anti-inflammatory effects (Laye et al., 2018). 
So, an imbalance of omega-6/omega-3 could 
increase the production of pro-inflammatory 
cytokines [32, 33] (Figure-1).
 On the other hand, the association between 
prenatal exposure to famine and SZ suscep-
tibility has been indicated in previous stud-
ies[34, 35]. Accordingly, Xu et al. recently 
investigated the effect of starvation on SZ 
development in a rat model, and they found 
an essential role for famine-induced oxidative 
stress in SZ induction [36]. Additionally, ox-
idative stress disrupts the immune system’s 
balance, which may also contribute to the 
pathogenesis of SZ [37] (Figure-1).

2.3. Infection
Several environmental factors can elevate cy-
tokine production during the prenatal period, 
and this overproduction affects neural devel-
opment and  psychiatric  status [38, 39].  Ma-
ternal infections are a significant candidate 
in SZ pathogenesis among the various envi-
ronmental factors. Several studies established 
an association between maternal infection 
and an increased incidence of SZ in adult-
hood [40]. Moreover, the association between 
childhood infections in the CNS and SZ has 
been demonstrated [41-43]. Maternal infec-
tions could promote the release of cytokines 
and inflammation [44]. In this state, the in-
flammatory response can disrupt fetal brain 
development via increasing pro-inflammatory 
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cytokines within the placenta, amniotic fluid, 
circulation, and brain [45]. Several studies of 
SZ have shown an increase in immune cells 
and pro-inflammatory cytokines during CNS 
infection [46]. They suggested that cytokines 
can disturb oligodendrocytes’ maturation and 
cause white matter abnormalities [21]. In line 
with this view, Brown et al. showed that ele-
vated maternal level of the pro-inflammatory 
cytokine IL-8 due to infections in the second 
and third trimester of pregnancy was associat-
ed with an increased risk for SZ [47]. Another 
study also mentioned a relation between the 
blood levels of IL-8 in the mothers and struc-
tural brain abnormalities in schizophrenic 
children [48]. Maternal infections induce im-
mune system activation, leading to the over-
production of pro-inflammatory cytokines in 
the placenta and amniotic fluid [48]. These 
cytokines may act on developing neurons and 
activate potential processes including astrog-
lia and microglia stimulation (Figure-1). 
It has been documented that SZ is associated 
with several infectious agents, including cyto-
megalovirus [49], Toxoplasma gondii [50], in-
fluenza [51], measles [52], polio [53], herpes 
simplex virus type 2 (HSV-2) [54], diphtheria, 
and pneumonia [55]. Several studies have 
shown that the serum level of toxoplasma 
antibodies is higher in patients with SZ than 
in the general population. Also, mothers of 
children with SZ have higher IgG antibodies 
against toxoplasma [56]. 
Boska et al. reported that exposure of the 
developing fetus to influenza in the first tri-
mester of pregnancy was accompanied by a 
seven-times higher chance of developing SZ 
[57]. Another study has shown that moth-
ers who were seropositive for HSV-2 during 
pregnancy had twice the risk of their chil-
dren developing SZ. Also, mothers exposed 
to rubella had a 10- to 20-fold increased risk 
of giving birth to a child with SZ. The effect 
of maternal infections on SZ development 
results from the immune responses, as most 
infections can’t cross the placenta (except par-
asitic infections, like toxoplasmosis). Likely, 
maternal antibodies cross the placenta and 
interact with fetal brain antigens, disrupting 
fetal brain development. However, some stud-
ies have also shown that many individuals ex-
posed to similar infectious agents do not go on 

to develop SZ [58]. Recently, the role of mi-
crobiota in the balance of the immune system 
and neuronal development has been investi-
gated. As a result, the microbiota-gut-brain 
axis regulates essential neural processes [59, 
60]. Xu et al. analyzed nineteen gut microbi-
ota taxonomies in SZ subjects through two-
stage metagenomic-wide association studies 
and calculated the index of microbial dysbio-
sis (MD). They found that the MD index was 
positively correlated with gut IgA levels but  
negatively associated with the gut microbiota 
population [61]. It seems that the gut microbi-
ome contributed to the balance of the immune 
system and the SZ etiology. An imbalance of 
intestinal flora probably activates the immune 
system to produce inflammatory cytokines 
that disrupt synaptic/neuronal activity [62].

2.4. Urban Residence
Epidemiological studies have shown that the 
SZ prevalence rate increased with urban res-
idence and higher population density [63]. 
This may be due to the higher prevalence of 
infectious diseases in urban areas [63]. Due to 
differences in socioeconomic status, culture, 
and access to medical health services, the dis-
tribution of patients with SZ was different in 
urban and rural areas [64]. Several underly-
ing environmental factors in urban areas may 
contribute to disease pathogenesis [65].

2.5. Immigrant Status
Recent studies have shown that being a first- 
or second-generation immigrant is significant 
in how likely you are to get SZ. It may be due 
to psychosocial stress and the lack of innate 
immunity to a new environment, contribut-
ing to increased susceptibility to infection 
and potentially increased risk of SZ [66, 67]. 
The prevalence of SZ is higher in developed 
or wealthier countries. It is probably because 
these countries are located at higher latitudes 
with more prenatal exposure to vitamin D de-
ficiency and certain infections [68]. Vitamin 
D plays a role in brain development and im-
mune function, and vitamin D deficiency may 
contribute to SZ by disrupting the early devel-
opment of the nervous system. Maternal vita-
min D deficiency may also increase  therisk 
many of the prenatal infections pointed out in 
SZ [69].
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3. Neurochemical Effects Mediated Immune 
System Imbalance 
Studying the metabolic pathway of the es-
sential amino acid tryptophan could help 
shed light on the pathophysiology of SZ [70]. 
There are two metabolic pathways for break-
ing down tryptophan:
1. The methoxyindole pathway leads to the 
formation of the critical neurotransmitter 
5-hydroxytryptamine or serotonin.
2. The kynurenine (KYN) pathway that induc-
es the formation of kynurenic acid (KYNA) 
(an antagonist of the N-methyl-d-aspar-
tate (NMDA) receptor) and quinolinic acid 
(QUIN) (NMDA receptor agonist) via the 
production of KYN [70].
Several studies have shown a change in KYN 
levels in SZ [71]. High levels of KYNA and 
its precursor KYN have been reported in CSF 
of patients with SZ [72]. Increased levels of 
KYNA induce SZ-like behavior such as dis-
rupted prepulse in inhibition and auditory 
sensory gating, as well as impaired contextu-
al discriminations, spatial working memory, 
and attentional set-shifting in rodents [73]. A 
study had shown that lower tryptophan and 
KYN could be measured in patients with SZ 
when they were added antipsychotic drugs 
and stimulated with LPS [74]. 
On the other side, meta-analysis studies have 
suggested that cytokine balance is shifted to-
ward an inflammatory response in SZ [75, 
76]. Pro-inflammatory status leads to trypto-
phan metabolism more than the KYN arm [77, 
78]. Pro-inflammatory cytokines including 
interferon (IFN)-γ, TNF-α, IL-1β, or IL-6 are 
known to induce indolamine 2,3- dioxygenase 
(IDO) expression, the critical enzyme that de-
grades tryptophan to KYN and increases the 
level of KYN [79, 80]. Stimulation of IDO 
enzymes results in the depletion of tryptophan 
and activation of kynurenine metabolites, as 
well as the release of neurotoxic glutamate 
[81]. In this state, a reduction in the serotonin 
secretion pathway leads to a decrease in sero-
tonin synthesis. Serotonin decline is an essen-
tial determinant of the development of depres-
sion [80]. Together, the production of pro-in-
flammatory cytokines leads to a decrease in 
serotonin and a shift toward the formation of 
KYN, which has an apoptotic and neurotoxic 
effect [23]. 

4. Immune System Alternations in SZ
To better understand the impaired immune 
function in patients with SZ, we will provide a 
brief overview of innate and adaptive immune 
responses in SZ.

4.1. Innate Immune Responses 
Hyperactivation of the innate immune cells, 
including monocytes/macrophages in SZ, 
induces inflammation and the secretion of 
pro-inflammatory cytokines [82]. Cytokines 
cannot cross the blood-brain barrier (BBB) 
passively. Still, they might enter the brain 
under different conditions, such as increased 
permeability of the BBB with inflammation 
and stress or through circumventricular or-
gans. Also, during inflammation, cytokines 
could be produced by resident immune cells 
of the brain, such as microglia [4]. The cy-
tokines disrupt the important neurotransmit-
ters and deregulate the neurodevelopmental 
systems, causing psychotic symptoms. They 
can also act directly on brain cells and acti-
vate IDO enzymes that result in the depletion 
of serotonin needed for tryptophan synthe-
sis, triggering mood disorders [83]. Several 
studies have determined abnormal levels of 
pro-inflammatory cytokines and their recep-
tors in the blood and CSF of schizophrenic 
patients and their relatives [84]. 
The roles of IL-6 and TNF-α are well un-
derstood in this field of study [85]. The high 
prevalence of IL-6 in SZ has been reported in 
many studies, but there are conflicting reports 
in this field. IL-6 increases the proliferation of 
B-lymphocytes and appears to play a crucial 
role in the immunologic abnormalities ob-
served in patients with SZ. Also, IL-6 is asso-
ciated with the deregulation of antibody pro-
duction. So, the prevalence of autoantibodies 
may be due to increased cytokine concentra-
tions. Elevated levels of IL-6 have been re-
ported in mood disorders and possibly play a 
role in affective psychopathology in psychotic 
disorders [86].
 Moreover, a significant increase in IL-6 pro-
duction has been observed during acute stress 
[87]. It is worth mentioning that an elevated 
level of IL-6 is associated with more pro-
longed illness duration in patients with SZ 
[88]. Furthermore, high levels of IL-6 in SZ 
preserve more information on chronic im-
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mune activation and inflammatory syndromes 
in SZ [89]. IL-6 stimulates the release of ace-
tylcholine, serotonin, and corticotropin-re-
leasing hormone (CRH) in the CNS and plays 
an essential role in brain development, signal 
transduction, and behaviors related to feeding, 
sleep, and stress [90]. Alteration of plasma 
IL-6 level may be due to unspecific factors as-
sociated with the onset of SZ, including stress 
(social, travel, and infection) [89].
TNF-α and C reactive protein (CRP) have 
been found to rise in patients with SZ, which 
are important markers of innate immunity [91, 
92]. CRP assessment has been suggested as a 
potential agitation marker [91, 93]. TNF-α 
plays an important role in neuroplasticity, cell 
resilience, and neuronal survival [94]. TNF-α 
levels are also elevated in this disease, indi-
cating a genetic predisposition to the disease 
[95]. The TNF-α gene is found on the small 
arm of chromosome 6 near the MHC loci.
It has been expressed that this cytokine could 
be a susceptibility marker [96]. The high 
amounts of TNF-α promote Th1 and Th17 
responses. They might be associated with SZ 
pathogenesis by  activating the hypothalam-
ic-pituitary-adrenocortical axis (HPA a-axis) 
and neuronal serotonin transporters. There-
fore, IL-6 and TNF-α could be state or trait 
markers, respectively. Several studies have 
elucidated the complement proteins or genes’ 
dysregulation in patients with SZ, but their re-
sults are inconsistent. 
However, complement component 4 (C4), 
CUB (complement C1r/C1s, Uegf, Bmp1), 
and Sushi Multiple Domains 1 (CSMD1) have 
been recently introduced as potential genetic 
markers of SZ [97]. As an important index, 
the neutrophil-to-lymphocyte ratio (NLR)  
has also been examined in different studies 
[98]. In a meta-analysis study, the NLR was 
evaluated in subjects with SZ by Karageor-
giou et al. They found an increase in NLR in 
both chronic disease and first-episode psycho-
sis [99]. Microglia are resident macrophages 
in the brain and form approximately 15% of 
the CNS cells. They play different roles in 
immune response, neurodevelopment, and 
synaptic function. The role of microglia in the 
immune system as the first line of defense in 
the CNS is the secretion of inflammatory cy-
tokines, free radicals, and anti-inflammatory 

components [100]. Microglia are divided into 
two subtypes, namely M1 and M2 microglia. 
M1 microglia are classically activated and 
have a pro-inflammatory function, while M2 
cells are alternatively activated to express re-
ceptors and cytokines to inhibit inflammation 
and homeostasis [101]. 
There are various post-mortem and in vivo 
findings for microglia activation in SZ. In 
post-mortem studies, the activated microglia 
were identified by HLA-DR expression in a 
subset of schizophrenic patients [102]. Oth-
er studies showed an increase in HLA-DR+ 
microglia in the posterior hippocampus of 
paranoid schizophrenic patients who present-
ed positive symptoms. This finding contrasts 
with patients who indicated negative symp-
toms and high CD3+ and CD20+ lymphocyte 
density in the same areas [103]. In SZ, there 
was a significant increase in HLA-DR+ mi-
croglial cell numbers in the frontal and tem-
poral areas but not in the cingulate cortex. 
These cells had degenerative features leading 
to apoptotic changes [104]. The signs of ac-
tivated microglia in the prefrontal and visual 
cortex have been observed. Microglia activity 
has also been followed by detecting calprotec-
tin protein that binds to S100 protein.
Cell death occurs in this state due to high levels 
of exogenous calprotectin [105]. Activation of 
microglia in the body can be determined by 
PK11195, which is a ligand for benzodiaze-
pine receptors, using the PET (positron emis-
sion tomography) technique [106]. The PET 
tracer binds to the mitochondrial translocator 
protein (TSPO) and leads to increases in acti-
vated microglia and pro-inflammatory astro-
cytes [107]. 
Two small studies have observed inflamma-
tion in the hippocampus and gray matter re-
gions of schizophrenic patients compared to 
controls. This tracer could easily be used in 
human and animal model studies monitoring 
disease progression and therapy response in 
neurodegenerative patients. The findings have 
indicated that the activation of the immune 
system components, including microglia, oc-
curring in the brain is associated with the spe-
cific illness process. This is supported by the 
fact that hippocampal functions like memory, 
sensory, and emotional are defective in pa-
tients with SZ [108].



GMJ.2023;12:e3109
www.gmj.ir

76 GMJ.2023;12:e3109
www.gmj.ir

Schizophrenia and the Imbalance of the Immune System Lotfi N, et al.

Furthermore, other subjects are associated 
with microglial activation, including neu-
rotransmitters. Activation of microglia could 
disrupt the regulation of neurotransmitters. 
The cytokines including IL-1β and IL-2 mod-
ulate the catecholamine concentration in the 
brain. The systemic application of IL-2 in pa-
tients undergoing anticancer therapy can re-
sult in psychotic or depressive symptoms. In 
addition to this, nitric oxide (NOS), produced 
from activated microglia, could influence ce-
rebral monoaminergic substances and sero-
tonin reduction. Additionally, reactive oxygen 
species (ROS) and cytokines produced by 
activated microglia can affect neuronal func-
tions and myelination. Also, microglia are 
involved in the tryptophan degradation path-
way, which produces quinolinic acid. Finally, 
increased concentrations of pro-inflammatory 
cytokines in the peripheral blood of subjects 
with SZ might lead to activation of the periph-
eral immune system and over-expression of 
these proteins. Besides disruption of the BBB, 

the increased cytokines can induce activation 
of microglia and astrocytes in the CNS [109] 
(Figure-2). 

4.2. Acquired Immune Responses
Studies have shown that Th1 cytokines in-
cluding IL-2 and IL-12 are reduced in SZ 
while Th2 cytokines such as IL-10 and IL-4 
are increased. IL-2 has a dose-related impact 
on dopamine secretion. High concentrations 
of IL-2 decrease dopamine, whereas low con-
centrations increase it. Many in vitro and in 
vivo studies confirmed the decreased produc-
tion of IL-2 by lymphocytes, but some studies 
showed no change in IL-2 expression or even 
an increase in it [84]. One study demonstrat-
ed a correlation between low serum IL-2 and 
prolonged illness. In a recent report, increased 
serum levels of IL-2 were associated with in-
creased severity of negative symptoms and 
tardive dyskinesia [15]. Also, several studies 
have shown that antipsychotic therapies are 
responsible for decreased IL-2 levels [110]. 

Figure 2. Immune system activation in schizophrenia. Innate immune cells such as MQ and Neutrophils 
are activated by environmental triggers. These cells produce pro-inflammatory cytokines such as IL-6, 
TNFα, IL-1, and IL-8. Activation of oxidative stress induces the production of NO and ROS. Also, CRP 
as an innate immune response protein and NLR are increased in patients with SZ. On the other side, 
activation of acquired immune cells such as Th2 and Th17, which produce IL-4, Il-10, and IL-17, plays 
an important role in SZ pathogenesis. While Th1 cytokines such as IL-12 and IL-12 are decreased in SZ. 
Activation of both innate and acquired immune cells influences BBB and induces inflammation in the CNS. 
In this state, microglia and astrocytes produce pro-inflammatory cytokines, NO, and ROS. Pro-inflamma-
tory cytokines can also directly act on brain cells and activate IDO enzymes that result in the depletion of 
serotonin needed for tryptophan synthesis, which can trigger mood disorders. Numerous microglia cells 
show the expression of MHC II such as HLA-DR.  SZ: schizophrenia, MQ: Macrophages, Ne: Neutrophil, 
IL-6: Interleukin-6, IL-1: Interleukin-1, TNFα: Tumor Necrosis Factor α, IL-8: Interleukin-8, CRP: C reactive 
protein, NLR: neutrophil-to-lymphocyte ratio, Th1: T helper1, Th2: T helper2, Th17: T helper17,  IL-2: 
Interleukin-2, IL-12: Interleukin-12, IL-10: Interleukin-10, IL-4: Interleukin-4, IL-17: Interleukin-17, BBB: 
Blood-Brain Barrier, NO: Nitric Oxide, ROS: Reactive Oxigen Species, IDO: Indoleamine dioxygenase, 
MHC II: major histocompatibility complex class II.
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These findings suggest that IL-2 might have a 
crucial role in dopaminergic metabolism and 
psychotic symptoms in patients with SZ. 
Soluble intercellular adhesion molecule-1 
(sICAM-1) is prominently expressed through 
Th1  activation and decreased levels in some 
patients with SZ, which may reflect the shift-
ing of Th1 towards Th2-activity. Therefore, 
reduced levels of sICAM-1 may indicate re-
duced immune system activity, at least in a 
subgroup of patients patients with SZ. The 
presence of IgG and albumin in CSF is cor-
related with the progression of negative symp-
toms in SZ [111]. 
Also, antibodies against common antigens 
in the body, including heat-shock protein-60 
(HSP-60) have been documented in SZ. They 
are a supportive sign of the theory that in some 
patients, Th2-activity is prominent [112]. HSP 
is involved in neuroprotective mechanisms, 
and antibodies against HSP inhibit neuropro-
tection [113].
Further, Riedel et al. have reported that skin 
responses to different antigens significantly 
decrease in patients suffering from SZ. These 
findings point to a clear attenuation of cellular 
immune response and support the theory of a 
shift toward Th2 [114]. However, other stud-
ies have reported different results regarding 
the immune system polarisation of Th2 cells. 
This hypothesis has been challenged and 
questioned by other studies and two recent 
meta-analyses. For example, the IL-4 level of 
the Th2 system does not increase at the on-
set of the first acute exacerbation. IL-10, an-
other cytokine of Th2, has even been shown 
to decrease in patients with relapsed SZ and 
acute SZ [84]. IL-10 is an anti-inflammatory 
cytokine that plays a vital role in inhibiting 
pro-inflammatory cytokines [115]. 
Studies in animals or cell cultures have 
demonstrated the neuroprotective effect of 
IL-10 against glutamate-induced or hypox-
ic-ischaemic neuronal cell death, LPS- or in-
terferon-induced oligodendrocyte cell death, 
and traumatic brain injury [116]. The mech-
anisms underlying IL-10’s neuroprotective 
effect on dopaminergic neurons are most 
likely due to the suppression of microglia or 
macrophage-mediated inflammatory media-
tor release. Because IL-10 has been reported 
to inhibit the production of cytokines such as 

TNF-α, IL-1β, IL-6, prostaglandin E2 (PGE2), 
ROS, and NO in glial cells [117]. Therefore, 
it seems that IL-10 may influence cognitive 
disorders in SZ through its neuroprotective 
action on dopaminergic neurons [118]. A de-
creased level of IL-10 has been reported in the 
early stages of SZ. Also, a low level of IL-
10 has been associated with a high frequen-
cy of negative and cognitive symptoms in SZ 
[119]. In contrast, others have demonstrated 
unchanged levels in both medicated and un-
medicated patients or even increased levels in 
SZ [119, 120].
 Th17 cells play an important role in autoim-
munity, inflammation, and mucosal defense. 
These cells can secrete high concentrations of 
IL-17A, IL-17F, IL-21, IL-22, and GM-CSF. 
They infiltrate the CNS through disruption of 
the BBB by the direct effects of IL-17 and IL-
22 [121]. Th17 cells are involved in the patho-
genesis of encephalomyelitis and neuroin-
flammation in multiple sclerosis (MS) [122]. 
They activate microglia in the CNS and result 
in the production of IL1-β, TNF-α, and IL-6, 
which play a fundamental role in neuroin-
flammation. This process results from ROS 
production, which causes oxidative stress and 
might be used as a biomarker in the etiopatho-
genesis and follow-up of clinical periods in 
SZ [123]. Neuroinflammation has also been 
observed in several post-mortem brain studies 
showing upregulation of inflammatory genes 
[124]. Due to the importance of Th17 cells in 
the onset of encephalomyelitis and its correla-
tion with SZ, Th17 activity can be imagined to 
play a role in SZ. Increasing Th17 cell activity 
has also been reported in bipolar disorder, au-
tism, and depression [11]. 
Dopamine interacts directly with dopaminer-
gic receptors on T cells and activates them 
through the upregulation of adhesion mole-
cule expression. The increased expression of 
dopamine receptor D3 mRNA has been de-
scribed in T cells of patients with SZ [125]. 
Also, stimulation of the dopamine D5 recep-
tor, which is expressed on dendritic cells, 
could elicit the activation of Th17 cells. The 
antagonist of the D1 dopamine receptor can 
inhibit Th17 differentiation [126]. Attention 
to the hyperdopaminergic hypothesis in SZ 
suggests that Th17 cell responses could be en-
hanced by dopamine [127].
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The role of the humoral immune system, as 
another arm of the specific immune response, 
has been indicated in the development of SZ. 
Hyperactivation of humoral immunity acti-
vates 2,3 IDO with the enhancing transfor-
mation of tryptophan to kynurenine, which 
acts as an NMDA antagonist [128]. However, 
some studies have emphasized the IDO en-
zyme catalyzation/degradation of L- trypto-
phan to KYN by Th1 cytokines. They again 
highlighted that oxidative stress can be asso-
ciated with cellular immune activity (a Th1-
like response) [29]. Many studies have report-
ed increased levels of MCP-1 in patients with 
SZ. It seems that MCP-1 gene polymorphisms 
are responsible for resistance to antipsychot-
ic therapy and can be found in patients suf-
fering from severe subtypes of disease [129]. 
Enhanced levels of CCL11, which is a ligand 
for CCR3 and is expressed on Th2 cells, mast 
cells, and eosinophils, have been reported in 
SZ. This finding reinforces a shift toward in-
creased Th2 response in SZ [130] (Figure-2).

5. Autoimmunity in SZ
Another immune-related theory in the SZ 
pathogenesis field is the autoimmune hypoth-
esis. It was described by finding an increased 
rate of autoimmune diseases in relatives of pa-
tients with SZ, co-occurrence of autoimmune 
diseases and mental disorders, and common 
pathways between them [131]. Autoimmune 
diseases are characterized by failure to toler-
ate self-antigens, causing an immune response 
to these antigens, resulting in injury and tissue 
damage. For the development of autoimmune 
disorders, genetic susceptibility and a trigger-
ing event is usually needed, which may be 
either infection or another type of tissue in-
jury [132]. Several autoimmune abnormalities 
have been associated with SZ [133]. SZ also 
has a high rate of co-morbidity with several 
autoimmune disorders, including Graves’s 
disease [134], multiple sclerosis [135], pso-
riasis [136], type-1 diabetes [137], and auto-
immune hepatitis [138]. Based on a Danish 
study, a large population-based study, having 
an autoimmune disease increases SZ risk to 
1.29. This risk is even higher in autoimmune 
hepatitis (2.75 fold), while rheumatoid arthri-
tis is not associated with an increased risk 
of SZ [139]. In a study by Benros et al., it 

has been reported that autoimmune diseases 
increased the risk of SZ (1.29 fold), hospi-
tal-treated infections (1.60 fold), and 2.75 fold 
in the presence of both autoimmune disorders 
and hospital-treated infections [140]. These 
findings show that hospital-treated infections 
might trigger autoimmune disease and both 
conditions together (autoimmune disease and 
hospital-treated infections). These conditions 
highlight the fact that deregulation of the im-
mune system can enhance the risk of SZ [141]. 
Some autoimmune disorders are caused by 
auto-antibodies reacting to systemic antigens, 
while others are specific to damaged organs.. 
Psychotic symptoms in mental disorders are 
associated with certain auto-antibodies, such 
as antibodies against the glutamate recep-
tor and anti-p antibodies [139]. Antibodies 
against specific brain structures inc;uding the 
hippocampus, spectrum, cingulated gyrus, 
amygdala, and frontal cortex have also been 
recognized [142]. It has been suggested that 
reacting antibodies in the brain are evident 
and relevant in SZ [6]. In Benros’ study, au-
toimmune diseases in which brain antibodies 
are present have a higher association with SZ 
than other autoimmune disorders (1.48 vs. 
1.19, respectively) [141]. 
Moreover, anti-cardiolipin, anti-nuclear, an-
ti-DNA, and anti-histone antibodies have 
been reported in SZ. Other studies have in-
dicated an association between antibodies 
against nerve growth factor (NGF), a neu-
ro-specific protein, with positive symptoms 
and antibodies against leukocyte elastase (LE) 
with adverse symptoms in SZ [143].  Other 
antibodies including platelet-associated anti-
bodies and muscarinic acetylcholine-receptor 
(mAChR) antibodies, particularly antibodies 
against the α-7 subunit of the acetylcholine 
nicotinic receptor (α7AChN-R, have been 
reported to have a positive relation with SZ 
[6]. The α7AChNR receptors modulate gam-
ma-aminobutyric acid and glutamate neu-
rotransmitter release, and reduced levels of 
those neurotransmitters are common findings 
in SZ [144]. According to Gallowitsch-Puer-
ta and Tracey’s study, α 7AChNR also plays 
a role in balancing the pro-inflammatory and 
anti-inflammatory mechanisms of the immune 
system. It supports the theory of Th1-Th2 im-
balance in SZ [145]. 
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Many different antibodies may play a role in 
the development of SZ, but more research is 
needed to back up the findings made so far 
and show that the immune system isn’t work-
ing properly.
Autoimmune T-cell deficiency is another 
aspect of the immune disorder in SZ. This 
theory highlights the decreased response of 
T-cells (as evidenced by reduced production 
of cytokines) in some patients with SZ, which 
may result from neurodevelopmental damage 
following maternal immune activation [146]. 
Investigators have suggested that cytokine ac-
tivity or inflammation in the fetal brain could 
disrupt the differentiation process of T cells 
and result in a reduced repertoire of naïve T 
cells [143]. Decreased T-cell function in SZ 
has also been demonstrated by reduced secre-
tion of IL-2 from T-cells in untreated patients 
with SZ, have an attenuated response to anti-
gens like myelin essential protein (MBP). Be-
sides, impaired functional pathways of T-cells 
such as the cell cycle, oxidative stress, and in-
tracellular signaling have been indicated [20]. 
It was suggested that this deficiency of T-cells 
could be associated with the onset or progress 
of SZ. This theory is further supported by the 
observation in mouse models of disturbed ho-
meostasis of neurotransmitter production, in-
cluding glutamine and dopamine. Thus, psy-
chotic behavior could potentially be improved 
by increasing the autoimmune T-cell popula-
tion [147].

Conclusion

Alterations of the immune system and in-
flammation might contribute to pathological 

processes in SZ. In addition, immune-related 
genes and environmental factors, including 
stress, food, infections, and microbiota, alter 
the immune system’s homeostasis and play a 
role in SZ pathogenesis. Neuroinflammation 
has been suggested as the primary cause of SZ 
pathogenesis.
According to previous studies, the genes in-
volved in SZ are predominantly inflammato-
ry. The most distinguishing hallmark of the 
disease pathophysiology is a shift in the Th1/
Th2 balance toward Th2 dominance in the im-
mune system. Furthermore, the link between 
serum level antibodies and the progression of 
negative symptoms in SZ is a piece of posi-
tive evidence for the theory that Th2-activity 
is prominent in some individuals. Antibodies 
play a part in the pathophysiology of SZ and 
give more evidence of a link between humoral 
immune reactivity and the disease. It should 
also be noted that T-cell function is signifi-
cantly decreased, and there is no obvious cel-
lular immune reaction in patients with SZ. SZ 
appears to be a disease with different patho-
logical processes. Overall, the deregulation of 
the immune system caused by genetic, envi-
ronmental, and neurochemical effects may all 
play a role in the etiology of SZ.

Acknowledgment

This study was funded by Shiraz University 
of Medical Sciences (Grant number: 26704).

Conflict of Interest

None.

10 GMJ.2023;12:e3109
www.gmj.ir

1.	 Howell KR, Law AJ. Neurodevelopmental 
concepts of schizophrenia in the genome-
wide association era: AKT/mTOR signaling 
as a pathological mediator of genetic 
and environmental programming during 
development. Schizophrenia research. 2020 
Mar 1;217:95-104. 

2.	 Pergola G, Papalino M, Gelao B, Sportelli 
L, Vollerbergh W, Grattagliano I et al. 
Evocative gene-environment correlation 
between genetic risk for schizophrenia and 
bullying victimization. World psychiatry. 

2019;18(3):366. 
3.	 Torrey EF, Yolken RH. Schizophrenia as 

a pseudogenetic disease: A call for more 
gene-environmental studies. Psychiatry Res. 
2019;278:146-50. 

4.	 Van Kesteren C, Gremmels H, De Witte 
L, Hol E, Van Gool A, Falkai P et al. 
Immune involvement in the pathogenesis 
of schizophrenia: a meta-analysis on 
postmortem brain studies. Transl Psychiatry. 
2017;7(3):e1075. 

5.	 Wang L-Y, Chen S-F, Chiang J-H, Hsu C-Y, 



17.	 Liu Z, Huang L, Wang D, Wu L. Association 
of interleukin 3 (IL-3) polymorphisms with 
schizophrenia in Han Chinese population. 
Neurosci Lett. 2015;605:12-7. 

18.	 Gao L, Li Z, Chang S, Wang J. Association 
of interleukin-10 polymorphisms with 
schizophrenia: a meta-analysis. PLoS One. 
2014;9(3):e90407. 

19.	 Modai S, Shomron N. Molecular risk 
factors for schizophrenia. Trends Mol Med. 
2016;22(3):242-53. 

20.	 Bergink V, Gibney SM, Drexhage HA. 
Autoimmunity, inflammation, and psychosis: a 
search for peripheral markers. Biol Psychiatry. 
2014;75(4):324-31. 

21.	 Mansur RB, Zugman A, Asevedo EdM, 
da Cunha GR, Bressan RA, Brietzke E. 
Cytokines in schizophrenia: Possible role of 
anti-inflammatory medications in clinical and 
preclinical stages. Psychiatry Clin Neurosci. 
2012;66(4):247-60. 

22.	 Merlot E, Couret D, Otten W. Prenatal stress, 
fetal imprinting and immunity. Brain Behav 
Immun. 2008;22(1):42-51. 

23.	 Drexhage RC, Weigelt K, van Beveren N, 
Cohen D, Versnel MA, Nolen WA et al. 
Immune and neuroimmune alterations in 
mood disorders and schizophrenia.  Int Rev 
Neurobiol Elsevier. 2011;101: 169-201.

24.	 Elenkov IJ. Effects of catecholamines on 
the immune response. Neuroimmune Biol. 
2007;7:189-206. 

25.	 Liu Y-Z, Wang Y-X, Jiang C-L. Inflammation: 
the common pathway of stress-related 
diseases. Front Hum Neurosci. 2017;11:316. 

26.	 Bernstein H-G, Steiner J, Guest PC, 
Dobrowolny H, Bogerts B. Glial cells as key 
players in schizophrenia pathology: recent 
insights and concepts of therapy. Schizophr 
Res. 2015;161(1):4-18. 

27.	 Costa R, Teasdale S, Abreu S, Bastos T, 
Probst M, Rosenbaum S et al. Dietary 
Intake, Adherence to Mediterranean Diet 
and Lifestyle-Related Factors in People with 
Schizophrenia. Issues Ment Health Nurs. 
2019;40(10):851-60. 

28.	 Aghanouri R, Sahraii H. Process of economic 
sanctions success or failure: A neuroscience 
translation–To be or not to be! Biomedical 
& Biotechnology Research Journal. 
2022;6(4):520-527. 

29.	 Altamura AC, Buoli M, Pozzoli S. Role of 
immunological factors in the pathophysiology 
and diagnosis of bipolar disorder: comparison 
with schizophrenia. Psychiatry Clin Neurosci. 
2014;68(1):21-36. 

30.	 Sommer IE, van Westrhenen R, Begemann 
MJ, de Witte LD, Leucht S, Kahn RS. Efficacy 

Schizophrenia and the Imbalance of the Immune System Lotfi N, et al.

GMJ.2023;12:e3109
www.gmj.ir

1110 GMJ.2023;12:e3109
www.gmj.ir

Shen Y-C. Autoimmune diseases are associated 
with an increased risk of schizophrenia: a 
nationwide population-based cohort study. 
Schizophr Res. 2018;202:297-302. 

6.	 Glass L, Sinclair D, Boerrigter D, Naude 
K, Fung S, Brown D et al. Brain antibodies 
in the cortex and blood of people with 
schizophrenia and controls. Transl Psychiatry. 
2017;7(8):e1192. 

7.	 Nielsen PR, Laursen TM, Mortensen PB. 
Association between parental hospital-treated 
infection and the risk of schizophrenia in 
adolescence and early adulthood. Schizophr 
Bull. 2011;39(1):230-7. 

8.	 Anderson G, Berk M, Dodd S, Bechter K, 
Altamura AC, Dell'Osso B et al. Immuno-
inflammatory, oxidative and nitrosative stress, 
and neuroprogressive pathways in the etiology, 
course and treatment of schizophrenia. Prog 
Neuropsychopharmacol Biol Psychiatry. 
2013;42:1. 

9.	 Messaoud A, Rym M, Wahiba D, Neffati F, 
Najjar MF, Gobbi G et al. Investigation of the 
relationship among cortisol, pro-inflammatory 
cytokines, and the degradation of tryptophan 
into kynurenine in patients with major 
depression and suicidal behavior. Curr Med 
Chem. 2022;22(25):2119-25.

10.	 Gomez-Nicola D, Boche D. Post-mortem 
analysis of neuroinflammatory changes in 
human Alzheimer’s disease. Alzheimers Res 
Ther. 2015;7(1):42. 

11.	 Debnath M, Berk M. Th17 pathway–mediated 
immunopathogenesis of schizophrenia: 
Mechanisms and implications. Schizophr Bull. 
2014;40(6):1412-21. 

12.	 Henriksen MG, Nordgaard J, Jansson LB. 
Genetics of schizophrenia: overview of 
methods, findings and limitations. Front Hum 
Neurosci. 2017;11:322. 

13.	 Yadav R. Gene expression analysis to network 
construction for the identification of hub genes 
involved in neurodevelopment. Biomedical 
and Biotechnology Research Journal. 
2021;5(4):425-. 

14.	 Fineberg AM, Ellman LM. Inflammatory 
cytokines and neurological and neurocognitive 
alterations in the course of schizophrenia. Biol 
Psychiatry. 2013;73(10):951-66. 

15.	 Momtazmanesh S, Zare-Shahabadi A, Rezaei 
N. Cytokine Alterations in Schizophrenia: 
An Updated Review. Front Psychiatr. 
2019;10:892.

16.	 Na K-S, Jung H-Y, Kim Y-K. The role 
of pro-inflammatory cytokines in the 
neuroinflammation and neurogenesis of 
schizophrenia. Prog Neuropsychopharmacol 
Biol Psychiatry. 2014;48:277-86. 



of anti-inflammatory agents to improve 
symptoms in patients with schizophrenia: an 
update. Schizophr bull. 2013;40(1):181-91. 

31.	 Grosso G, Galvano F, Marventano S, 
Malaguarnera M, Bucolo C, Drago F et al. 
Omega-3 fatty acids and depression: scientific 
evidence and biological mechanisms. Oxid 
Med Cell Longev. 2014;2014:313570.

32.	 Patterson E, Wall R, Fitzgerald G, Ross R, 
Stanton C. Health implications of high dietary 
omega-6 polyunsaturated fatty acids. J Nutr 
Metabol. 2012;2012:539426. 

33.	 Wakabayashi C, Kunugi H. Involvement of 
IL-6 and GSK3β in impaired sensorimotor 
gating induced by high-fat diet. Neurosci Res. 
2019;147:33-8. 

34.	 St Clair D, Xu M, Wang P, Yu Y, Fang Y, 
Zhang F et al. Rates of adult schizophrenia 
following prenatal exposure to the Chinese 
famine of 1959-1961. Jama. 2005;294(5):557-
62. 

35.	 Xu M-Q, Sun W-S, Liu B-X, Feng G-Y, Yu 
L, Yang L et al. Prenatal malnutrition and 
adult schizophrenia: further evidence from the 
1959-1961 Chinese famine. Schizophr bull. 
2009;35(3):568-76. 

36.	 Xu R, Wu B, Liang J, He F, Gu W, Li K et al. 
Altered gut microbiota and mucosal immunity 
in patients with schizophrenia. Brain Behav 
Immun. 2020;85:120-7.

37.	 Ide M, Ohnishi T, Toyoshima M, Balan S, 
Maekawa M, Shimamoto-Mitsuyama C et 
al. Excess hydrogen sulfide and polysulfides 
production underlies a schizophrenia 
pathophysiology. EMBO Mol Med. 
2019;11(12):e10695. 

38.	 Ekeke N, Ossai EN, Kreibich S, Onyima 
A, Chukwu J, Nwafor C et al. A Cluster 
Randomized Trial for Improving Mental 
Health and Well-being of Persons Affected by 
Leprosy or Buruli Ulcer in Nigeria: A Study 
Protocol. International J Mycobacteriology. 
2022;11(2):133-138.

39.	 Kumarasamy PS, Stuart JD, Mohamed 
MA, Sundararajan P. Central nervous 
system tubercular abscess masquerading as 
intracranial space-occupying lesion. The 
International Journal of Mycobacteriology. 
2022;11(2):214-6. 

40.	 Blomström Å, Karlsson H, Gardner R, 
Jörgensen L, Magnusson C, Dalman C. 
Associations between maternal infection 
during pregnancy, childhood infections, and 
the risk of subsequent psychotic disorder—a 
Swedish Cohort Study of nearly 2 million 
individuals. Schizophr Bull. 2015;42(1):125-
33. 

41.	 Blomström Å, Karlsson H, Svensson A, Frisell 

T, Lee BK, Dal H et al. Hospital admission 
with infection during childhood and risk for 
psychotic illness—a population-based cohort 
study. Schizophr Bull. 2014;40(6):1518-25. 

42.	 Nielsen PR, Benros ME, Mortensen PB. 
Hospital contacts with infection and risk of 
schizophrenia: a population-based cohort study 
with linkage of Danish national registers. 
Schizophr Bull. 2014;40(6):1526-32. 

43.	 Debost J-C, Larsen JT, Munk-Olsen T, 
Mortensen PB, Agerbo E, Petersen LV. 
Childhood infections and schizophrenia: The 
impact of parental SES and mental illness, and 
childhood adversities. Brain Behav Immun 
Health. 2019;81:341-7. 

44.	 Claycombe KJ, Brissette CA, Ghribi O. 
Epigenetics of Inflammation, Maternal 
Infection, and Nutrition–3. J Nutr. 
2015;145(5):1109S-15S. 

45.	 Urakubo A, Jarskog LF, Lieberman JA, 
Gilmore JH. Prenatal exposure to maternal 
infection alters cytokine expression in the 
placenta, amniotic fluid, and fetal brain. 
Schizophr Res. 2001;47(1):27-36. 

46.	 Müller N, Weidinger E, Leitner B, Schwarz 
MJ. The role of inflammation in schizophrenia. 
Front Neurosci. 2015;9:372. 

47.	 Brown AS. Prenatal infection as a risk 
factor for schizophrenia. Schizophr Bull. 
2006;32(2):200-2. 

48.	 Ellman LM, Deicken RF, Vinogradov S, 
Kremen WS, Poole JH, Kern DM et al. 
Structural brain alterations in schizophrenia 
following fetal exposure to the inflammatory 
cytokine interleukin-8. Schizophr Res. 
2010;121(1-3):46-54. 

49.	 Grove J, Børglum AD, Pearce BD. GWAS, 
cytomegalovirus infection, and schizophrenia. 
Curr Behav Neurosci Rep. 2014;1(4):215-23. 

50.	 Fuglewicz AJ, Piotrowski P, Stodolak A. 
Relationship between toxoplasmosis and 
schizophrenia: a review. Adv Clin Exp Med. 
2017;26:1031-6. 

51.	 Moreno JL, Kurita M, Holloway T, López J, 
Cadagan R, Martínez-Sobrido L et al. Maternal 
influenza viral infection causes schizophrenia-
like alterations of 5-HT2A and mGlu2 
receptors in the adult offspring. J Neurosci. 
2011;31(5):1863-72. 

52.	 Khandaker GM, Zimbron J, Dalman C, Lewis 
G, Jones PB. Childhood infection and adult 
schizophrenia: a meta-analysis of population-
based studies. Schizophr Res. 2012;139(1-
3):161-8. 

53.	 Carter C. Schizophrenia: a pathogenetic 
autoimmune disease caused by viruses and 
pathogens and dependent on genes. J Pathog. 
2011;2011:128318.

Schizophrenia and the Imbalance of the Immune System Lotfi N, et al.Lotfi N, et al. Schizophrenia and the Imbalance of the Immune System

12 GMJ.2023;12:e3109
www.gmj.ir



54.	 Yolken R. Viruses and schizophrenia: a focus 
on herpes simplex virus. Herpes: the journal of 
the IHMF. 2004;11:83A-8A. 

55.	 Buckley P. Association Between Prenatal 
Exposure to Bacterial Infection and Risk of 
Schizophrenia. Year Book of Psychiatry & 
Applied Mental Health. 2010:341-2. 

56.	 Alipour A, Shojaee S, Mohebali M, 
Tehranidoost M, Masoleh FA, Keshavarz 
H. Toxoplasma infection in schizophrenia 
patients: a comparative study with control 
group. Iran J Parasitol. 2011;6(2):31. 

57.	 Boksa P. Maternal infection during pregnancy 
and schizophrenia. J Psychiatry Neurosci. 
2008;33(3):183. 

58.	 Asher L, Fekadu A, Hanlon C, Mideksa G, 
Eaton J, Patel V et al. Development of a 
community-based rehabilitation intervention 
for people with schizophrenia in Ethiopia. 
PLoS One. 2015;10(11):e0143572. 

59.	 Severance EG, Yolken RH. Deciphering 
microbiome and neuroactive immune gene 
interactions in schizophrenia. Neurobiol Dis. 
2018:104331. 

60.	 Jaskiw GE, Obrenovich ME, Donskey CJ. 
The phenolic interactome and gut microbiota: 
opportunities and challenges in developing 
applications for schizophrenia and autism. 
Psychopharmacol. 2019:1-19. 

61.	 Xu R, Wu B, Liang J, He F, Gu W, Li K et al. 
Altered gut microbiota and mucosal immunity 
in patients with schizophrenia. Brain Behav 
Immun. 2020;85:120-7. 

62.	 Yuan X, Kang Y, Zhuo C, Huang X-F, 
Song X. The gut microbiota promotes the 
pathogenesis of schizophrenia via multiple 
pathways. Biochem Biophys Res Commun. 
2019;512(2):373-80. 

63.	 Colodro-Conde L, Couvy-Duchesne B, 
Whitfield JB, Streit F, Gordon S, Kemper KE 
et al. Association between population density 
and genetic risk for schizophrenia. JAMA 
psychiatry. 2018;75(9):901-10. 

64.	 Hou C-L, Wang S-B, Wang F, Xu M-Z, Chen 
M-Y, Cai M-Y et al. Psychotropic medication 
treatment patterns in community-dwelling 
schizophrenia in China: comparisons between 
rural and urban areas. BMC psychiatry. 
2019;19(1):242. 

65.	 Krabbendam L, Van Os J. Schizophrenia and 
urbanicity: a major environmental influence—
conditional on genetic risk. Schizophr Bull. 
2005;31(4):795-9. 

66.	 Eger G, Reuven Y, Dreiher J, Shvartzman 
P, Weiser M, Aizenberg D et al. Effects of 
country of origin and wave of immigration 
on prevalence of schizophrenia among first 
and second-generation immigrants: A 30-

year retrospective study. Schizophr Res. 
2020;243:247-53. 

67.	 Henssler J, Brandt L, Müller M, Liu S, Montag 
C, Sterzer P et al. Migration and schizophrenia: 
meta-analysis and explanatory framework. Eur 
Arch Psychiatry Clin Neurosci. 2019:1-11. 

68.	 Kinney DK, Teixeira P, Hsu D, Napoleon 
SC, Crowley DJ, Miller A et al. Relation 
of schizophrenia prevalence to latitude, 
climate, fish consumption, infant mortality, 
and skin color: a role for prenatal vitamin d 
deficiency and infections? Schizophr Bull. 
2009;35(3):582-95. 

69.	 Chiang M, Natarajan R, Fan X. Vitamin D in 
schizophrenia: a clinical review. Evid Based 
Ment Health. 2016;19(1):6-9. 

70.	 Chiappelli J, Postolache TT, Kochunov 
P, Rowland LM, Wijtenburg SA, Shukla 
DK et al. Tryptophan metabolism and 
white matter integrity in schizophrenia. 
Neuropsychopharmacol. 2016;41(10):2587. 

71.	 Plitman E, Iwata Y, Caravaggio F, Nakajima S, 
Chung JK, Gerretsen P et al. Kynurenic acid in 
schizophrenia: a systematic review and meta-
analysis. Schizophr Bull. 2017;43(4):764-77. 

72.	 Linderholm KR, Skogh E, Olsson SK, Dahl 
M-L, Holtze M, Engberg G et al. Increased 
levels of kynurenine and kynurenic acid in the 
CSF of patients with schizophrenia. Schizophr 
Bull. 2010;38(3):426-32. 

73.	 Alexander KS, Pocivavsek A, Wu H-Q, 
Pershing ML, Schwarcz R, Bruno JP. Early 
developmental elevations of brain kynurenic 
acid impair cognitive flexibility in adults: 
reversal with galantamine. Neuroscience. 
2013;238:19-28. 

74.	 Krause D, Weidinger E, Dippel C, Riedel M, J 
Schwarz M, Müller N et al. Impact of different 
antipsychotics on cytokines and tryptophan 
metabolites in stimulated cultures from 
patients with schizophrenia. Psychiatr Danub. 
2013;25(4):0-397. 

75.	 Orlovska-Waast S, Köhler-Forsberg O, Brix 
SW, Nordentoft M, Kondziella D, Krogh 
J et al. Cerebrospinal fluid markers of 
inflammation and infections in schizophrenia 
and affective disorders: a systematic 
review and meta-analysis. Mol Psychiatry. 
2019;24(6):869-87. 

76.	 Frydecka D, Krzystek-Korpacka M, Lubeiro 
A, Stramecki F, Stańczykiewicz B, Beszłej 
JA et al. Profiling inflammatory signatures 
of schizophrenia: a cross-sectional and 
meta-analysis study. Brain Behav Immun. 
2018;71:28-36. 

77.	 Badawy AA. Kynurenine pathway of 
tryptophan metabolism: regulatory and 
functional aspects. Int J Tryptophan Res. 

Schizophrenia and the Imbalance of the Immune System Lotfi N, et al.

12 GMJ.2023;12:e3109
www.gmj.ir

GMJ.2023;12:e3109
www.gmj.ir

13



2017;10:1178646917691938. 
78.	 Kim Y-K, Jeon SW. Neuroinflammation 

and the immune-kynurenine pathway in 
anxiety disorders. Curr Neuropharmacol. 
2018;16(5):574-82. 

79.	 Kindler J, Lim CK, Weickert CS, Boerrigter 
D, Galletly C, Liu D et al. Dysregulation 
of kynurenine metabolism is related to 
proinflammatory cytokines, attention, and 
prefrontal cortex volume in schizophrenia. Mol 
Psychiatry. 2019:1-13. 

80.	 Banzola I, Mengus C, Wyler S, Hudolin T, 
Manzella G, Chiarugi A et al. expression of 
indoleamine 2, 3-Dioxygenase induced by 
iFn-γ and TnF-α as Potential Biomarker of 
Prostate cancer Progression. Front Immunol. 
2018;9:1051. 

81.	 Dantzer R. Role of the kynurenine metabolism 
pathway in inflammation-induced depression: 
preclinical approaches  Inflammation-
Associated Depression: Evidence, Mechanisms 
and Implications. Springer. 2017;31:117-38.

82.	 Ormel PR, van Mierlo HC, Litjens M, 
van Strien ME, Hol EM, Kahn RS et al. 
Characterization of macrophages from 
schizophrenia patients. npj Schizophr. 
2017;3(1):1-9. 

83.	 Christmas DM, Potokar J, Davies SJ. A 
biological pathway linking inflammation 
and depression: activation of indoleamine 
2, 3-dioxygenase. Neuropsychiatr Dis Treat. 
2011;7:431. 

84.	 Miller BJ, Buckley P, Seabolt W, Mellor A, 
Kirkpatrick B. Meta-analysis of cytokine 
alterations in schizophrenia: clinical status 
and antipsychotic effects. Biol Psychiatry. 
2011;70(7):663-71. 

85.	 Lee EE, Hong S, Martin AS, Eyler LT, Jeste 
DV. Inflammation in schizophrenia: cytokine 
levels and their relationships to demographic 
and clinical variables. Am J Geriatr Psychiatry. 
2017;25(1):50-61. 

86.	 Borovcanin MM, Jovanovic I, Radosavljevic 
G, Pantic J, Minic Janicijevic S, Arsenijevic N 
et al. interleukin-6 in Schizophrenia—is There 
a Therapeutic Relevance? Front psychiatry. 
2017;8:221. 

87.	 Carpenter LL, Gawuga CE, Tyrka AR, Lee 
JK, Anderson GM, Price LH. Association 
between plasma IL-6 response to acute stress 
and early-life adversity in healthy adults. 
Neuropsychopharmacol. 2010;35(13):2617-23. 

88.	 Chase KA, Cone JJ, Rosen C, Sharma RP. 
The value of interleukin 6 as a peripheral 
diagnostic marker in schizophrenia. BMC 
psychiatry. 2016;16(1):152. 

89.	 Stojanovic A, Martorell L, Montalvo I, Ortega 
L, Monseny R, Vilella E et al. Increased 

serum interleukin-6 levels in early stages of 
psychosis: associations with at-risk mental 
states and the severity of psychotic symptoms. 
Psychoneuroendocrinology. 2014;41:23-32. 

90.	 Rohleder N, Aringer M, Boentert M. Role of 
interleukin-6 in stress, sleep, and fatigue. Ann 
N Y Acad Sci. 2012;1261(1):88-96. 

91.	 Kachouchi A, Sebbani M, Akammar S, 
Berghalout M, Adali I, Manoudi F et al. 
C-reactive protein and agitation in patients 
with schizophrenia: A cohort study with a 
control group. L'Encephale. 2020;46(4):264-8.

92.	 Maes M, Leonard B, Myint A, Kubera M, 
Verkerk R. The new ‘5-HT’hypothesis of 
depression: cell-mediated immune activation 
induces indoleamine 2, 3-dioxygenase, 
which leads to lower plasma tryptophan 
and an increased synthesis of detrimental 
tryptophan catabolites (TRYCATs), both of 
which contribute to the onset of depression. 
Prog Neuropsychopharmacol Biol Psychiatry. 
2011;35(3):702-21. 

93.	 Steiner J, Frodl T, Schiltz K, Dobrowolny 
H, Jacobs R, Fernandes BS et al. Innate 
Immune Cells and C-Reactive Protein in Acute 
First-Episode Psychosis and Schizophrenia: 
Relationship to Psychopathology and 
Treatment. Schizophr Bull. 2019;46(2):363-73.

94.	 Figiel I. Pro-inflammatory cytokine TNF-alpha 
as a neuroprotective agent in the brain. Acta 
Neurobiol Exp (Wars). 2008;68(4):526-34. 

95.	 Tian T, Wang M, Ma D. TNF-α, a good or bad 
factor in hematological diseases? Stem Cell 
Investig. 2014;1:12. 

96.	 Suchanek-Raif R, Raif P, Kowalczyk M, 
Paul-Samojedny M, Kucia K, Merk W et al. 
Polymorphic Variants of TNFR2 Gene in 
Schizophrenia and Its Interaction with-308G/A 
TNF-α Gene Polymorphism. Mediators 
Inflamm. 2018;2018: 8741249.

97.	 Woo JJ, Pouget JG, Zai CC, Kennedy JL. The 
complement system in schizophrenia: where 
are we now and what’s next? Mol Psychiatry. 
2019:1-17. 

98.	 Tahseen R, Parvez M, Kumar GS, Jahan 
P. Combined Neutrophil-to-Lymphocyte 
Ratio and Serum Neutrophil Elastase: Is it 
an Emerging Marker of Asthma Prognosis? 
Biomedical and Biotechnology Research 
Journal (BBRJ). 2022;6(4):538-42. 

99.	 Karageorgiou V, Milas GP, Michopoulos 
I. Neutrophil-to-lymphocyte ratio in 
schizophrenia: A systematic review and meta-
analysis. Schizophr Res. 2019;206:4-12. 

100.	Sevenich L. Brain-resident microglia and 
blood-borne macrophages orchestrate 
central nervous system inflammation in 
neurodegenerative disorders and brain cancer. 

Schizophrenia and the Imbalance of the Immune System Lotfi N, et al.Lotfi N, et al. Schizophrenia and the Imbalance of the Immune System

14 GMJ.2023;12:e3109
www.gmj.ir



Front Immunol. 2018;9:697. 
101.	Yin J, Valin KL, Dixon ML, Leavenworth 

JW. The role of microglia and macrophages in 
CNS homeostasis, autoimmunity, and cancer. J 
Immunol Res. 2017;2017: 5150678.

102.	Laskaris L, Di Biase MA, Everall I, Chana 
G, Christopoulos A, Skafidas E et al. 
Microglial activation and progressive brain 
changes in schizophrenia. Br J Pharmacol. 
2016;173(4):666-80. 

103.	Busse S, Busse M, Schiltz K, Bielau H, Gos T, 
Brisch R et al. Different distribution patterns of 
lymphocytes and microglia in the hippocampus 
of patients with residual versus paranoid 
schizophrenia: further evidence for disease 
course-related immune alterations? Brain 
Behav Immun. 2012;26(8):1273-9. 

104.	Radewicz K, Garey LJ, Gentleman 
SM, Reynolds R. Increase in HLA-DR 
immunoreactive microglia in frontal and 
temporal cortex of chronic schizophrenics. J 
Neuropathol Exp Neurol. 2000;59(2):137-50. 

105.	Kopi TA, Shahrokh S, Mirzaei S, Aghdaei HA, 
Kadijani AA. The role of serum calprotectin 
as a novel biomarker in inflammatory bowel 
diseases: a review study. Gastroenterol Hepatol 
Bed Bench. 2019;12(3):183. 

106.	Venneti S, Lopresti BJ, Wiley CA. The 
peripheral benzodiazepine receptor 
(translocator protein 18 kDa) in microglia: 
from pathology to imaging. Prog Neurobiol. 
2006;80(6):308-22. 

107.	Dupont A-C, Largeau B, Santiago Ribeiro MJ, 
Guilloteau D, Tronel C, Arlicot N. Translocator 
protein-18 kDa (TSPO) positron emission 
tomography (PET) imaging and its clinical 
impact in neurodegenerative diseases. Int J 
Mol Sci. 2017;18(4):785. 

108.	Zhang Y, Catts V, Sheedy D, McCrossin T, Kril 
J, Weickert CS. Cortical grey matter volume 
reduction in people with schizophrenia is 
associated with neuro-inflammation. Transl 
Psychiatry. 2016;6(12):e982-e. 

109.	Chew L-J, Fusar-Poli P, Schmitz T. 
Oligodendroglial alterations and the role of 
microglia in white matter injury: relevance 
to schizophrenia. Dev Neurosci. 2013;35(2-
3):102-29. 

110.	Romeo B, Brunet-Lecomte M, Martelli 
C, Benyamina A. Kinetics of Cytokine 
Levels during Antipsychotic Treatment 
in Schizophrenia: A Meta-Analysis. Int J 
Neuropsychopharmacol. 2018;21(9):828-36. 

111.	Strous RD, Shoenfeld Y. Schizophrenia, 
autoimmunity and immune system 
dysregulation: a comprehensive model updated 
and revisited. J Autoimmun. 2006;27(2):71-80. 

112.	Avgustin B, Wraber B, Tavcar R. Increased 

Th1 and Th2 immune reactivity with relative 
Th2 dominance in patients with acute 
exacerbation of schizophrenia. Croat Med J. 
2005;46(2):268-74. 

113.	Qu Z, Titus ASCLS, Xuan Z, D’Mello SR. 
Neuroprotection by Heat Shock Factor-1 
(HSF1) and Trimerization-Deficient Mutant 
Identifies Novel Alterations in Gene 
Expression. Sci Rep. 2018;8(1):17255. 

114.	Riedel M, Spellmann I, Schwarz MJ, Strassnig 
M, Sikorski C, Möller H-J et al. Decreased 
T cellular immune response in schizophrenic 
patients. J psychiatric Res. 2007;41(1-2):3-7. 

115.	Iyer SS, Cheng G. Role of interleukin 10 
transcriptional regulation in inflammation 
and autoimmune disease. Crit Rev Immunol. 
2012;32(1):23-63.

116.	Bachis A, Colangelo AM, Vicini S, Doe PP, De 
Bernardi MA, Brooker G et al. Interleukin-10 
prevents glutamate-mediated cerebellar 
granule cell death by blocking caspase-3-like 
activity. J Neurosci. 2001;21(9):3104-12. 

117.	Wojdasiewicz P, Poniatowski ŁA, Szukiewicz 
D. The role of inflammatory and anti-
inflammatory cytokines in the pathogenesis 
of osteoarthritis. Mediators Inflamm. 
2014;2014:561459.

118.	Ribeiro-Santos R, Lucio Teixeira A, 
Vinicius Salgado J. Evidence for an immune 
role on cognition in schizophrenia: a 
systematic review. Curr Neuropharmacol. 
2014;12(3):273-80. 

119.	Xiu MH, Yang GG, Tan YL, Tan SP, 
Wang ZR, De Yang F et al. Decreased 
interleukin-10 serum levels in first-episode 
drug-naïve schizophrenia: relationship 
to psychopathology. Schizophr Res. 
2014;156(1):9-14. 

120.	Chenniappan R, Nandeesha H, Kattimani 
S, Nanjaiah ND. Interleukin-17 and 
Interleukin-10 Association with Disease 
Progression in Schizophrenia. Ann Neurosci. 
2020;27(1):24-8. 

121.	Guglani L, Khader SA. Th17 cytokines in 
mucosal immunity and inflammation. Curr 
Opin HIV AIDS. 2010;5(2):120. 

122.	Jadidi-Niaragh F, Mirshafiey A. Th17 cell, 
the new player of neuroinflammatory process 
in multiple sclerosis. Scand J Immunol. 
2011;74(1):1-13. 

123.	Schmitt A, Bertsch T, Tost H, Bergmann A, 
Henning U, Klimke A et al. Increased serum 
interleukin-1β and interleukin-6 in elderly, 
chronic schizophrenic patients on stable 
antipsychotic medication. Neuropsychiatr Dis 
Treat. 2005;1(2):171. 

124.	Guzman-Martinez L, Maccioni RB, Andrade 
V, Navarrete LP, Pastor MG, Ramos-Escobar 

Schizophrenia and the Imbalance of the Immune System Lotfi N, et al.

14 GMJ.2023;12:e3109
www.gmj.ir

GMJ.2023;12:e3109
www.gmj.ir

15



N. Neuroinflammation as a common feature of 
neurodegenerative disorders. Front Pharmacol. 
2019;10:1008. 

125.	Brito-Melo GE, Nicolato R, de Oliveira 
ACP, Menezes GB, Lélis FJ, Avelar RS 
et al. Increase in dopaminergic, but not 
serotoninergic, receptors in T-cells as a marker 
for schizophrenia severity. J Psychiatry Res. 
2012;46(6):738-42. 

126.	Prado C, Contreras F, González H, Díaz P, 
Elgueta D, Barrientos M et al. Stimulation of 
dopamine receptor D5 expressed on dendritic 
cells potentiates Th17-mediated immunity. J 
Immunl. 2012:1103096. 

127.	Nakagome K, Imamura M, Okada H, 
Kawahata K, Inoue T, Hashimoto K et al. 
Dopamine D1-like receptor antagonist 
attenuates Th17-mediated immune 
response and ovalbumin antigen-induced 
neutrophilic airway inflammation. J Immunol. 
2011:1001274. 

128.	Schwarcz R, Stone TW. The kynurenine 
pathway and the brain: challenges, 
controversies and promises. Neuropharmacol. 
2017;112:237-47. 

129.	Zakharyan R, Boyajyan A, Arakelyan 
A, Melkumova M, Mrazek F, Petrek M. 
Monocyte chemoattractant protein-1 in 
schizophrenia:− 2518A/G genetic variant 
and protein levels in Armenian population. 
Cytokine. 2012;58(3):351-4. 

130.	Teixeira AL, Reis HJ, Nicolato R, Brito-
Melo G, Correa H, Teixeira MM et al. 
Increased serum levels of CCL11/eotaxin in 
schizophrenia. Prog Neuropsychopharmacol 
Biol Psychiatry. 2008;32(3):710-4. 

131.	Cremaschi L, Kardell M, Johansson V, 
Isgren A, Sellgren CM, Altamura AC et 
al. Prevalences of autoimmune diseases in 
schizophrenia, bipolar I and II disorder, and 
controls. Psychiat Res. 2017;258:9-14. 

132.	Ganapathy S, Vedam V, Rajeev V, 
Arunachalam R. Autoimmune Disorders-
Immunopathogenesis and Potential Therapies. 
J Young Pharm. 2017;9(1):14. 

133.	Wang L-Y, Chen S-F, Chiang J-H, Hsu C-Y, 
Shen Y-C. Autoimmune diseases are associated 
with an increased risk of schizophrenia: A 
nationwide population-based cohort study. 
Schizophrenia research. 2018;202:297-302.

134.	Ogah OS, Timeyin AO, Kayode OA, Otukoya 
AS, Akinyemi RO, Adeyemi FI. Graves' 
disease presenting as paranoid schizophrenia 
in a Nigerian woman: a case report. Cases 
journal. 2009;2(1):6708. 

135.	Arneth B. Multiple sclerosis and 
schizophrenia. Int J Mol Sci. 2017;18(8):1760. 

136.	Ungprasert P, Wijarnpreecha K, 

Cheungpasitporn W. Patients with psoriasis 
have a higher risk of schizophrenia: a 
systematic review and meta-analysis of 
observational studies. J Postgrad Med. 
2019;65(3):141. 

137.	Suvisaari J, Keinänen J, Eskelinen S, Mantere 
O. Diabetes and schizophrenia. Curr Diab Rep. 
2016;16(2):1-10. 

138.	Lluch E, Miller BJ. Rates of hepatitis B and C 
in patients with schizophrenia: a meta-analysis. 
Gen Hosp Psychiatry. 2019;61:41-6. 

139.	Suvisaari J, Mantere O. Inflammation theories 
in psychotic disorders: a critical review. Infect 
Disord Drug Targets. 2013;13(1):59-70. 

140.	Benros ME, Nielsen PR, Nordentoft M, Eaton 
WW, Dalton SO, Mortensen PB. Autoimmune 
diseases and severe infections as risk factors 
for schizophrenia: a 30-year population-
based register study. Am J Psychiatry. 
2011;168(12):1303-10. 

141.	Benros ME, Pedersen MG, Rasmussen H, 
Eaton WW, Nordentoft M, Mortensen PB. A 
nationwide study on the risk of autoimmune 
diseases in individuals with a personal or a 
family history of schizophrenia and related 
psychosis. Am J Psychiatry. 2014;171(2):218-
26. 

142.	Mader S, Brimberg L, Diamond B. The role 
of brain-reactive autoantibodies in brain 
pathology and cognitive impairment. Front 
Immunol. 2017;8:1101. 

143.	Richard MD, Brahm NC. Schizophrenia 
and the immune system: pathophysiology, 
prevention, and treatment. Am J Health Syst 
Pharm. 2012;69(9):757-66. 

144.	Young JW, Geyer MA. Evaluating the 
role of the alpha-7 nicotinic acetylcholine 
receptor in the pathophysiology and treatment 
of schizophrenia. Biochem Pharmacol. 
2013;86(8):1122-32. 

145.	Rosas-Ballina M, Goldstein RS, Gallowitsch-
Puerta M, Yang L, Valdés-Ferrer SI, Patel 
NB et al. The selective α7 agonist GTS-21 
attenuates cytokine production in human 
whole blood and human monocytes activated 
by ligands for TLR2, TLR3, TLR4, TLR9, and 
RAGE. Mol Med. 2009;15(7-8):195. 

146.	Kipnis J, Cohen H, Cardon M, Ziv Y, Schwartz 
M. T cell deficiency leads to cognitive 
dysfunction: implications for therapeutic 
vaccination for schizophrenia and other 
psychiatric conditions. Proc Natl Acad Sci. 
2004;101(21):8180-5. 

147.	Kipnis J, Cardon M, Strous RD, Schwartz 
M. Loss of autoimmune T cells correlates 
with brain diseases: possible implications 
for schizophrenia? Trends Mol Med. 
2006;12(3):107-12. 

Lotfi N, et al. Schizophrenia and the Imbalance of the Immune System

16 GMJ.2023;12:e3109
www.gmj.ir


