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SUMMARY
There are many theories about the etiology of schizophrenia. This paper presents the assumptions and latest findings about many
immunological characteristics of schizophrenia. According to the neuroimunological theory, this disorder is due to neuroimunological disbalance, increased microglial activity and increased levels of proinflammatory cytokines. Studies have found that
intrauterine infections in pregnant women have an effect on the fetal brain development, and that infections with rubella, measles,
herpes virus, and toxoplasma are associeted with schizophrenia onset in adult life. In the first episode of schizophrenia and during
exacerbation in the serum of the patient, an increased level of proinflammatory cytokines was found. Increased levels of IL-6, TNF-Į
and IL-1ȕ, and decreased levels of anti-inflammatory cytokines, Il-10. Interleukin 6 levels increase in the psychotic phase of the
disease and normalize after the antipsychotic drug treatment. Increased level of IL-6 is associated with severe cognitive impairment
and it is more common with patients who had been without adequate treatment for a long time and patients with therapeutic-resistant
schizophrenia. Treatment of schizophrenia could be improved by the introduction of anti-inflammatory drug in the therapy.
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* * * * *
INTRODUCTION
Although the clinical manifestation of schizophrenia
has been recognised and described over 100 years ago,
the pathophysiology and etiology of this disease remain
unclear to this day (Elaine et al. 2004, Rubesa et al.
2011). Limited understanding of brain functions in
schizophrenia prevents us from recognizing and defining molecular treatment targets, as well as preventive
strategies. Multifactoriality of the disease has brought
together scientists of different neuroscientific areas in
the attempt to clarify the pathophysiology of schizophrenia. There are numerous research results that point
out the biochemical basis of schizophrenia, but with no
unified basic findings (Rubesa et al. 2011). The discovery of well defined etiological factors might enable
the prevention of development of schizophrenia.
At the moment it is well established that schizophrenia has a genetic basis combined with environmental agents (Heston 1970). Massive gene deletions
(>500 kb) were found in schizophrenic patients. In
general population massive gene deletions are rare but
penetrant, meaning they can significantly contribute to
the development of the disease (Turnpenny & Emeryjeve 2011). However, the deletions are not exclusively
linked to schizophrenia. More recent genetic studies
have identified the association with HLA-region at the
chromosome 6p21.3-6p21.1, introducing thus the immune system components as risk factors for the
development of the disease (Turnpenny & Emeryjeve
2011). The interest for genetic aspect of schizophrenia
is enormous, and has sparked in 2016 the largest whole
genome association study with a total of 36989 patients
and 113075 control subjects. The study revealed 108
independent schizophrenia-linked loci, 83 of them were
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previously unknown. Some of the newly discovered loci
suggest that immune functions are indeed involved in
the etiology of schizophrenia, and further research is
granted (Schizophrenia Working Group of the Psychiatric Genomics Consortium 2014).
The most widespread theories on the etiology of
schizophrenia are neurodevelopmental, neurodegenerative, viral, and neuroimmunological theory (Sadock &
Sadock 2009).
This brief review is focused on neuroimmunological
theory.
As early as at the beginning of the last century,
scientists have observed that schizophrenia occurs more
frequently in children born in the winter and early
spring. They later made a connection of that fact with
influenza epidemics that were also more frequent at that
time of the year (Menninger 1926, Machón et al. 1983).
Following those results, many more infective diseases
that were considered detrimental for neurological development of a foetus were scrutinised (Suvisaari et al.
1999, Brown 2000, Brown et al. 2001, Buka et al. 2001,
Mortensen et al. 2007, Ellman et al. 2009). Recent research has revealed a number of inflammatory proteins
that are elevated in schizophrenia (Buka et al. 2001,
Miller et al. 2011, Canetta et al. 2014, Upthegrove et al.
2014). PET scans of schizophrenic patient's brains show
increased activity of microglia (Doorduin et al. 2009),
while experimental treatment that combined antiinflammatory and antipsychotic agents produced better outcome than antipsychotic medication treatment alone (Yrjanheikki et al. 1998, Müller et al. 2004, Giuliani et al.
2005, Müller et al. 2010, Laan et al. 2010, Grazio 2015).
However, more well designed studies are necessary in
order to allow for accurate conclusions on the role of
autoimmunity in a disease as complex as schizophrenia.
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SCHIZOPHRENIA AS A CONSEQUENCE
OF INTRAUTERINE OR EARLY
CHILDHOOD INFECTIONS

CORRELATION BETWEEN
SCHIZOPHRENIA AND
AUTOIMMUNE DISEASES

Various intrauterine and early childhood infections
that might contribute to the development of the disease
were the first arguments proposed to represent immunological component in the etiology of schizophrenia. The
earliest link between schizophrenia and infections was
found in the environmental studies that had concluded
that more children born in winter and early spring
develop schizophrenia during their lifetime. That is also
the time of a year when influenza epidemics are most
frequent (Machón et al. 1983).
Early in 20th century scientists tried to establish the
link between inflammatory processes and schizophrenia.
In 1926, Menninger described 200 cases of psychosis in
the survivors of the great influenza epidemics in Boston
in 1918. As many as one third of the patients were
diagnosed as 'dementia praecox' (Menninger 1926).
Following the initial idea of influenza as a potential
cause of schizophrenia, scientists started scrutinizing every
possible perinatal infection that was likely to produce
similar consequences. Other than influenza, some other
intrauterine infectious diseases were proposed as culprits: rubella (Brown et al. 2001), juvenile paralysis
(Suvisaari et al. 1999), upper respiratory tract inflammations (Brown et al. 2000), birth canal infections, herpes
virus type 2 (Buka et al. 2001), and parasitic infection
with Toxoplasma gondii (Mortensen et al. 2007). The
infections were thought to be the agents that might have
altered the foetal brain development, or were able to
modify the genetic material already predisposed for
schizophrenia which is going to be phenotypically expressed (Clarke et al. 2009, Brown & Derkits 2010).
Some scientists proposed that the increase of inflammatory proteins in pregnancy, without actual infection is
enough to cause schizophrenia in a child. C-reactive
protein (CRP) and tumor necrosis factor alpha (TNF-Į)
are the most frequently quoted causative agents (Buka et
al. 2001, Canetta et al. 2014). Except during pregnancy,
the infections may have a role in the etiology of
schizophrenia in postnatal period as well. Meta-analysis
of 2424 cases showed that a CNS viral infection in early
childhood almost doubles the probability for the development of schizophrenia in comparison to healthy
counterparts (Khandaker et al. 2012). It has been shown
that childhood infection with Epstein-Barr virus increases the frequency of subclinical psychotic symptoms in adolescence (Khandaker et al. 2014). Paramyxovirus parotitis also appears to be a significant
contributing factor in the etiology of schizophrenia.
Following parotitis infection children may suffer from
long lasting neurological disturbances and difficulties in
memory functions (Julkunen et al. 1985).
It is interesting to point out that adult patients in the
acute stage of schizophrenia are more susceptible to infections; for example, hospitalised patients are 30 times
more likely to develop urinary infections than stable
outpatients (Miller et al. 2013).

Patients with schizophrenia show various features of
immunological diseases, such as previous infections
(Khandaker et al. 2012), presence of autoantibodies
(Pearlman et al. 2014), antiinflammatory cytokines
(Miller et al. 2011) or other inflammatory proteins in
the blood, or co-existence of other autoimmune disease
(Benros et al. 2011).
The pivotal task of the immune system is differentiation between the self and alien. Once alien matter is
detected, a series of responses are activated with the aim
to eliminate the intruder. Immune system is capable to
recognise microorganism's antigens as well as altered
self and tumor antigens (Gamulin et al. 2005). Autoimmune diseases develop when the basic function, that
is, differentiation between self and alien, fails, i.e. natural tolerance towards some of the self antigens is
abolished (Andreis 2010).
Autoimmune diseases are frequently found in schizophrenic patients (3.6%), and as many as 3.1% of autoimmune disease patients have a relative with schizophrenia (Benros et al. 2014). Many comparisons between
autoimmune diseases and schizophrenia were made. In
the study which compared genome of schizophrenic patients with that of patients suffering from Crohn's disease, multiple sclerosis, psoriasis, rheumatoid arthritis and
ulcerose colitis, 6 independent mutant loci were found
in genomes of both schizophrenic and autoimmune
diseases patients. 6 of 108 loci of the genome previously
linked to schizophrenia, were found to encode proteins
involved in immunological processes within brain
(Pouget et al. 2016).
In cerebrospinal liquor of patients with schizophrenia anti-NMDA-receptor autoantibodies were found
(Dekaris et al. 2014). These patients are three times as
likely to have elevated titre of anti-NMDA-receptor autoantibodies, when compared to healthy controls. This is
also the case in depression and bipolar affective disorder
(Pearlman & Najjar 2014). Anti-NMDA-receptor cause
autoimmune process in anti-NMDA receptor encephalitis,
which is a progressive disease that is initially manifested
with psychiatric symptoms. Elimination of autoantibodies
and immune therapy provide clinical recovery of a patient
(Lennox & Vincent 2012). Antagonism of NMDAR and
glutamate hypofunction has long been proposed as causal
mechanisms of psychotic symptoms and cognitive dysfunctions in schizophrenia. Injection of a NMDAR antagonist ketamine in healthy volunteers causes positive
psychotic symptoms such as hallucinations and delusional ideas, as well as negative symptoms (Pomarol-Clotet
et al. 2006).

CORRELATION BETWEEN
SCHIZOPHRENIA AND ATOPIC DISEASES
Atopic diseases in children, particularly asthma, are
found more often in patients who later developed schizoS181
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phrenia. Besides asthma, other atopic disease that are
found more frequently in patients with schizophrenia,
such as atopic dermatitis, urticaria and atopic rhinitis
(Pedersen et al. 2012).
Recent study by Wang et al. (2017) that included
75069 subjects showed that asthmatic patients indeed do
have greater risk to develop schizophrenia. 25023 asthmatic patients were included in the study; after 6 years
follow up 100 of them developed schizophrenia. On the
other hand, only 138 out of 50046 healthy control subjects developed schizophrenia. One must also consider
that asthmatic patients often regularly take corticosteroids that are often considered potentially psychosisinducing (Drozdowicz & Bostwick 2014).

MICROGLIA AND SCHIZOPHRENIA
Microglia are resident macrophages within central
nervous system. By producing inflammatory cytokines,
chemokines and proteases in the brain tissue they are
essential for the communication between peripheral
immune system and brain. Activated microglia express
mitochondrial translocation protein 18kDa (TSPO)
which is used as a quantitative indicator of neuroinflammation (Cosenza-Nashat et al. 2009). PET brain
images during acute schizophrenia show augmented
expression of translocation protein (TSPO) and activation of microglia in cerebral grey matter and hippocampus (Doorduin et al. 2009). Brain has long been
considered immunologically privileged, protected by
brain-blood barrier. However, in response to systemic
inflammation, microglia release cytokines which get
linked to specific neuronal receptors and modify neurotransmitters, synaptic plasticity and cortisole concentration, resulting in alterations of mood, cognition and
memory (Khandaker et al. 2015).

CYTOKINES IN SCHIZOPHRENIA
The most reliable studies that consider schizophrenia
to be predominantly inflammatory disease are those
based on quantification of citokyne level in peripheral
blood. Namely, multiple meta-analyses showed that in
the first schizophrenic episode, as well as during relapses, there is an increase in serum level of inflammatory cytokines. The levels of interleukin 6, TNF-Į and
interleukine 1ȕ are increased, with simultaneus decrease
of antiinflammatory cytokine interleukin 10. Following
antipsychotic medication treatment and stabilization of
the disease, the levels of cytokines return to their normal
values (Miller et al. 2011, Upthegrove et al. 2014)
On the other hand, levels of citokynes show variations
in many different circumstances, such as age, sex, inflammatory diseases and infections, trauma, metabolic syndrom, obesity, smoking; in females they are additionally
influenced by hormonal status. They are also influenced
by diet and caffeine intake. Insomnia is another influencing factor; often encountered in schizophrenia, it contributes to abnormal citokyne levels (Koola 2016).
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Increased levels of proinflammatory citokynes
in patients with schizophrenia
Large number of studies confirmed the increase of
levels of IL-1ȕ, IL-6 i TNF-Į, with simultaneous decrease of antiinflammatory citokynes such as interleukin
10. Following antipsychotic medication treatment and
stabilization of the disease levels of citokynes return to
their normal values (Miller et al. 2011, Upthegrove et al.
2014). Experiments conducted with healthy volunteers
showed that peripheral immune activation increased
circulating citokynes, induced anxiety, bad mood and
reduced cognitive functioning (Reichenberg et al. 2001).
Interleukin 6 is the most quoted factor in the immunological theory of the etiology of schizophrenia. IL-6 is a
multifunctional proinflamatory citokyne. It's over-expression is found in many diseases: rheumatoid arthritis,
juvenile idiopathic arthritis, systemic lupus erithematosus, ankyloze spondilitis, psoriasis and Crohn’s disease (Simpson et al. 1997, Gabay 2006). Interleukin 6 is
also often quoted as important factor in the pathophysiology of schizophrenia. Animal research showed that
interleukin 6 stimulates the survival of cathecholaminergic neurons and stimulates the transmission of
serotonin and dopamine in hippocampus and in prefrontal cortex (Zalcman et al. 1994). Increased level of
IL-6 is related to more severe cognitive defects. Visual
perception, speed of information processing, working
memory and speech and articulation abilities are reduced in patients with schizophrenia with increased
level of interleukin 6. Also, increased level of IL-6 are
found in patients with long duration of the disease that
caused significant deterioration, as well as in the
patients that remained untreated for a long time during
acute psychotic episode (Frydecka et al. 2015). Treatment-resistant schizophrenia is also associated with
increased level of IL-6 (Lin et al. 1980). The level of
IL-6 increases during first psychotic episode and also
during relapses, and only go back to normal value
following antipsychotic medication treatment (Miller et
al. 2011).

ANTIINFLAMMATORY DRUG
TREATMENT OPTIONS
IN SCHIZOPHRENIA
In present times, the most frequently used drugs for
treatment of schizophrenia are atypical antipsychotics
that act on dopamine and serotonin receptors. Although
dopamine abnormalities are frequent target for antipsychotic agents, they are not present in all patients with
schizophrenia. The complexity of brain functioning is
still far from being fully understood, as are the mechanisms of processes that cause schizophrenia. Therefore,
the treatment is at least partly experiential. Currently
used antipsychotic drugs are highly efficient and are
certainly the method of first choice in the treatment of
schizophrenic symptoms. On the other hand, in cases of
treatment-resistant schizophrenia, when not even cloza-
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pine helps, further investigation of pathophysiological
mechanisms that produce particular set of symptoms is
necessary in order to create adequate treatment (Lobos
et al. 2014).
Celecocsib (Müller et al. 2004, Müller et al. 2010,
Grazio 2015), aspirin (Laan et al. 2010) and minocyclin (Yrjanheikki et al. 1998, Giuliani et al. 2005), to
name but a few antiinflammatory drugs that might,
combined with antipsychotics, contribute to the treatment of schizophrenia. Groups of patients that were
treated with combination of antipsychotic agents and
minocyclin showed greater improvement in PANSS
score than the group of patients treated with antipsychotic–placebo combination. Furthermore, the most
pronounced improvement was found in negative and
cognitive symptoms PANSS subscales, i.e. in the symptoms that are often more difficult to treat (Miyaoka et
al. 2008, Levkovitz et al. 2010).
Other than known antiinflammatory drugs, antipsychotics, risperidone more than others, show similar
activity. Risperidone is capable of significant stabilisation of citokyne levels in the first episode patients. In
the early days of risperidone treatment, citokyne levels
return to normal before the improvement of psychiatric
symptoms, indicating direct action of risperidone on the
concentration of some citokynes, independently of its
antipsychotic effects (Noto et al. 2015). Risperidone
inhibits the synthesis of IL-1ȕ, IL-6 i TNF-Į; it also
produces antiinflammatory effects by reduction of nitric
oxide synthesis and suppression of microglial activation
that may be toxic to neurones and may inhibit neurogenesis and oligodendrogenesis (Kato et al. 2007).
Research in rats showed that risperidone reduces the
levels of proinflammatory proteins, such as TNF-Į and
IL-1ȕ when the inflammation was intentionally induced
with the known potent inflammatory endotoxine lipopolysaccharide (MacDowell et al. 2013).

DISCUSSION
More than a century of research of etiology and
pathophisiology of schizophrenia yielded no definitive
conclusions. Most authors quote the stress-diathesis as a
cause of schizophrenia, meaning that some stress factors
combined with preexisting biological diathesis may
cause schizophrenia.
A lot of biological diatheses were investigated in
schizophrenia. Genetics of schizophrenia is one of them,
and has been extensively investigated (Heston 1970,
Schizophrenia Working Group of the Psychiatric Genomics Consortium 2014). Results confirm the genetic
base of schizophrenia. The exceptional interest for
genetics of schizophrenia is probably best illustrated by
enormous whole genome association study in 2016. It
included a total of 36989 patients and 113075 controls.
The study detected 108 independent loci linked to schizophrenia, as many as 83 were newly discovered, previously unknown. Several loci suggesting immunological component in the etiology of this disease were also

discovered indicating the course for further research
(Schizophrenia Working Group of the Psychiatric
Genomics Consortium 2014).
However, the importance of epigenetic (environmental) factors has become very pronounced. The
theory of double hit is often quoted; it conceptualises
the combination of genetic factors that are responsible
for faulty brain development and synaptic links, and the
wide range of environmental components that may
cause additional damage to neurological functions. Biological environmental components may occur during
pregnancy and delivery, e.g. intrauterine fetal hypoxia,
infections and malnutrition. Non-biological components
are psychosocial stressors, e.g. urban living, dysfunctional families (Tsuang 2000).
Wide spectrum of phenotypic manifestations in
schizophrenia dictates the necessity for wide range of
research of multiple etiological agents that might be
pivotal in triggering schizophrenia, determining the
gravity of clinical presentation and therapeutic response.
Parallel to most prominent neurodevelopmental and
neurodegenerative theories of schizophrenia, neuroimmunological theory, discussed in this paper, is also
being widely investigated. A hunch that immunological
mechanisms might play an important role in the
pathophyisiology of schizophrenia took place when
scientists realized that schizophrenia occurs more frequently in children born in the winter and early spring.
This finding was linked to the influenza epidemics, also
more frequent in those seasons. It further sparked the
research of many other infective diseases with the
potential to cause disturbances of neurological development in infants. The proofs were produced that maternal
exposure to rubella (Brown et al. 2001), polio virus
(Suvisaari et al. 1999), Toxoplasma gondii (Mortensen
et al. 2007) or having upper respiratory tract inflammations during pregnancy (Brown et al. 2000), increases
the risk in children for the development of schizophrenia later in life.
Infections may have important role in the etiology of
schizophrenia postnatally as well. The meta-analysis of
2424 cases showed that viral CNS infection in childhood doubled the likelyhood of developing schizophrenia in comparison with the individuals that had no
viral CNS infection (Khandaker et al. 2012). Parotitis
can also cause neurological damage and memory
defects (Julkunen et al. 1985); children who had
Epstein-Barr virus infection are more likely to develop
some form of psychosis during adolescence (Khandaker
et al. 2014).
The cause of immunological mechanisms involved
in schizophrenic process, such as increased levels of
proinflammatory parameters, is unknown in majority
of cases. Possible proinflammatory activity of antipsychotic drugs that also cause obesity and metabolic
syndrome must certainly be considered. Furthermore,
many patients with schizophrenia are smokers, stressed
out by their disease, stigma, family problems, job loss
and many other adversities (Rojo et al. 2015).
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Findings suggest autoimmune disease elements in
schizophrenia. Interestingly, autoimmune diseases are
more frequent in patients with schizophrenia, while as
many as 3.1% autoimmune diseased patients have a
relative with schizophrenia (Benros et al. 2014). Many
comparisons between autoimmune diseases and schizophrenia were conducted. In genome comparison study
of patients with schizophrenia and Crohn's disease,
multiple sclerosis, psoriasis, rheumatoid arthritis and
ulceroze colitis, 6 independent loci carrying schizophrenia-specific mutations were also found in those
autoimmune diseases. Among 108 loci of the genome
previously linked to schizophrenia, 6 were identified to
code for immunological proteins that act within brain.
Those were the single-nucleotide polymorphism (SNP)
mapped at chromosomes 2, 5, 8, 11 and 16, namely
genes DPP4, HSPD1, EGR1, CLU, ESAM i NFATC3
(Pouget et al. 2016).
Besides autoimmune diseases, atopic diseases,
especially asthma, are more frequent in patients with
schizophrenia (Pedersen et al. 2012). However, one
must consider that atopic patients are often given long
term corticosteroid drugs, that are considered as
possible cause of psychotic symptoms (Drozdowicz et
al. 2014).
Scientists often underline that increased microglial
activity plays pivotal role in the neuroimmunological
theory of the etiology of schizophrenia. The proofs of
increased microglial activation are based on PET brain
images during acute stage of schizophrenia. Increased
expression of translocational protein (TSPO) is visible.
It is indicative of the activation of microglia in gray
matter and hippocampus (Doorduin et al. 2009). Microglia in schizophrenia produces increased amounts of
cytokines that have specific receptors on neuronal membranes and cause mood changes, cognition and memory
disturbances (Khandaker et al. 2015). Citokynes are
local inflammation mediators, they influence neuronal
functions and synaptic plasticity, metabolism and reuptake of neurotransmitters such as serotonin, noradrenaline and dopamine (Dantzer et al. 2008). Several
meta-analyses showed an increased levels of proinflammatory citokynes in the first episode schizophrenia and during exacerbation in the serum of
schizophrenic patients. The levels of proinflammatory
citokynes interleukin 6, TNF-Į and interleukin 1ȕ are
increased, while the level of antiinflammatory citokyne interleukin 10 is decreased. Following antipsychotic treatment and stabilization of the disease,
levels of citokynes return to their normal values
(Miller et al. 2011, Upthegrove et al. 2014). However,
cytokines are susceptible to a number of factors, such
as age, sex, inflammatory diseases and infections, trauma, metabolic syndrome, obesity, smoking, also hormonal status in females. Their levels also depend on
nutrition and caffeine intake. Insomnia, frequently present in schizophrenia, causes citokyne levels abnormalities (Koola 2016).
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Peripheral proimflammatory citokynes IL-6 or TNF-Į
that were released during an inflammation may communicate with the brain in several ways: neuronally, via
humoral and cellular pathways. Once within the CNS
they stimulate microglia activity. Microglia secretes
proinflammatory citokynes, chemokynes and proteases
within brain. Those substances metabolise tryptophane
in crinurenine pathway, increase oxidative stress and
activate hypothalamus-hypophysis-adrenal axis. Those
changes are operational in the development of negative,
cognitive and positive symptoms of schizophrenia, as
well as mood alteration, cognition and perception (Khandaker et al. 2016). The same mechanism, activated
microglia, causes the impairment of cognitive functions,
due to reduced release of glutamate, as well as psychotic
symptoms accompanied by cognitive deterioration
mediated by NMDAR antagonism (Schwarcz et al.
2002). Additional proof is the onset of positive symptoms, such as paranoid and delusional ideas, as well as
negative symptoms after an NMDAR antagonist ketamine injection to healthy volunteers (Pomarol-Clotet et
al. 2006). The presence of NMDA-receptor autoantibodies in the cerebrospinal liquor of patients with schizophrenia is an important finding (Deakin et al. 2014).
NMDA-receptor autoantibodies cause autoimmune antiNMDA receptor encephalitis, a progressive disease
which presents itself with psychiatric symptoms at the
onset. Elimination of the autoantibodies and immunological therapy provides significant clinical improvement (Lennox & Vincent 2012). Intentional blocking of
NMDA receptors with ketamine causes auditory and
tactile hallucinations, visual sensations – distorsion of
surrounding objects, and detachment from one's body
(Pomarol-Clotet et al. 2006). Similar symptoms occur in
acute schizophrenia.
Interleukin 6 is also often considered to be significant factor in the immunological theory of the etiology
of schizophrenia. In autoimmune diseases IL-6 sustains
the inflammation, as well as modifies immune reactions
(Gabay 2006). Animal models showed that interleukin 6
aids the survival of catecholaminergic neurons and
stimulates transmission of serotonin and dopamine in
hippocampus and in prefrontal cortex (Zalcman et al.
1994). Increased level of IL-6 is correlated with heavier
cognitive impairment. IL-6 level increases in the first
psychotic episode as well as during exacerbations of the
disease, and decline to normal values after antipsychotic
drug treatment (Miller et al. 2011). Higher increase of
IL-6 was found in patients with longer duration of
untreated disease, who sustained severe damages or
were not adequately treated during the first psychotic
episode (Frydecka et al. 2015). Treatment – resistant
schizophrenia also shows increased level of IL-6 (Lin et
al. 1998).
The research of immunological aspects in schizophrenia offers some new therapeutic options. Much
attention is directed to the studies of the role of antiinflammatory drugs that might be efficient in the treat-
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ment, particularly for drug-resistant schizophrenia.
Celecoxib, aspirin and minocyclin are some of the
antiinflammatory drugs that are considered, in combination with antipsychotic medication, potentially beneficial in the treatment of schizophrenia. Most of them
act by the inhibition of cyclooxygenaze enzyme, which
reduces the production of proinflammatory prostaglandins (Müller et al. 2004, Grazi 2015). The poor
therapeutic response for negative symptoms of schizophrenia is well established; alternative treatment approaches might provide some benefit in this area
(Müller et al. 2010). Besides antiinflammatory drugs, a
second generation tetracyclin antibiotic minocyclin
showed promising results. It exerts antimicrobial properties, but is also antiinflammatory, it penetrates into
brain tissue and is neuroprotective. Minocyclin inhibits
the synthesis of nitric oxide and has some activity on
dopaminergic system. Antiinflammatory effects are
realised by reduced production of prostaglandins and
citokynes, thus the microglial activation and proliferation cannot take place (Yrjanheikki et al. 1998).
Minocyclin also reduces the level of TNF-Į produced
by T lymphocytes in an effort to attach themselves to
the microglia (Giuliani et al. 2005).
Other than known antiinflammatory agents, such as
previously mentioned celecoxib, aspirin and minocyclin, atipical antipsychotic risperidone exhibits similar
action. However, the reduction of proinflammatory
citokynes' level is not primarily correlated with clinical
improvement, a one might expect. Following risperidone treatment, normalisation of citokyne level precedes symptom improvement, indicating the direct
action of risperidone on the citokyne'd level, independently of its antipsychotic activity (Noto et al. 2015).
Namely, research showed that risperidone significantly
corrects the levels of IL-1ȕ, IL-6 i TNF-Į, in that way it
reduces microglial activity which is neurotoxic and
inhibits neurogenesis and oligodendrogenesis (Kato et
al. 2007).
In spite of many proven facts about the involvement
of immunological processes in the etiology of schizophrenia, none of them qualifies as a unique biological
marker of schizophrenia. Furthermore, immunological
theory of schizophrenia fails to explain all phenotypic
properties of schizophrenia. Further research in this
field is clearly necessary.

CONCLUSIONS
Contemporary findings define schizophrenia as a
mutifactorial disease of different genotype and different
phenotype. To this day the etiology of schizophrenia remains unclear. Although investigated for over a century,
numerous theories stil co-exist, immunological theory
being one of them. Prenatal and postnatal infections
might have their role in the etiology of schizophrenia.
Different studies confirmed correlation of proinflammatory citokynes and schizophrenia. Several meta-analyses

showed increased levels of proinflammatory citokynes
in the first episode and during the exacerbation of
schizophrenic process. The levels of interleukin 6, TNFĮ and interleukin 1ȕ are increased, while the level of
antiinflammatory citokyne interleukina 10 decreases.
Interleukin 6 is the most frequently mentioned citokyne
in the immunological theory of the etiology of schizophrenia. Key element of the neuroimmunological theory
of the etiology of schizophrenia is the activation of
microglia in the brains of patients with schizophrenia.
Study results clearly demonstrate some elements of
autoimmune disease in schizophrenia. Many immunological properties of schizophrenia were described, and
none of them stands out as a unique biological marker
for this disease.
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