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Schizophrenia is a chronic, severe, and often highly disabling neurodegenerative disorder affecting
1% of the global population. To this day, the pathogenesis of schizephreniaemains insufficiently
understood; however, there is increasing evidence pointing to the role of,the immune system in the
development of all psychotic disorders, including schizophrenia. Despite the discovery of newer
generations of antipsychotic medications, a significant percentage of therapy-resistant schizophrenia
persists, with about one-third of patients affected by this form of schizophrenia. As recent emphasis
is placed on prevention, early detection of the’ disease, and the development of personalized
treatment approaches, there is a growing need to,identify new markers to facilitate this process.
Immune biomarkers such as interleukins/and<C-reactive protein, which can be rapidly measured
from easily accessible bodily fluids, are emerging as potential biomarkers for schizophrenia. Their
use could facilitate diagnosis, monitoring of disease progression and prognosis, as well as tracking

response to antipsychotic therapy.

Keywords: schizophrenia, biomarkers, interleukins, C-reactive protein



Pregledni rad

doi:10.5633/amm.2026.0413
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Shizofrenija je hronicni, teski i ¢esto visoko onesposobljavajuéi neurodegenerativni poremecaj koji
pogada oko 1% svetske populacije. Do danas patogeneza shizofrenije nije u potpunosti razjaSnjena;
medutim, sve je viSe dokaza koji ukazuju na ulogu imunskog sistema\u razvoju svih psihoticnih
poremecaja, ukljucujudi i shizofreniju. Uprkos razvoju novijih generacija antipsihotika, znacajan
procenat terapijski rezistentne shizofrenije i dalje postoji,pri Cemunje.oko jedne treéine pacijenata
pogodeno ovim oblikom bolesti. Kako se savremeni fokus sve viSe,usmerava na prevenciju, rano
otkrivanje bolesti i razvoj personalizovanih terapijskih pristupa, javlja se rastuéa potreba za
identifikacijom novih markera koji bi olakSali ovajproces. Imunski biomarkeri, poput interleukina i
C-reaktivnog proteina, koji se mogu brzo odreditiiz lako dostupnih telesnih te¢nosti, namecu se kao
potencijalni biomarkeri shizofrenije. Njihova primena mogla bi doprineti dijagnostici, pracenju

progresije bolesti i prognoze, kao i proceni edgovora na antipsihoticku terapiju.

Kljuc¢ne redi: shizofrenija, biomarkeri;.interleukini, C-reaktivni protein



Introduction

Schizophrenia is a chronic, hereditary, and disabling neurodegenerative brain disease with
a heterogeneous genetic and neurobiological background. Symptoms of schizophrenia include
positive, negative, and cognitive symptoms, as well as mood changes. Hallucinations, delusions, and
disorganized speech and behavior are considered as positive symptoms, whereas emotional
passivity, social dysfunction, poverty of speech, and loss of interest and motivation: belong to
negative ones. Cognitive symptoms include deficits in working memory, attention, and executive
functions, such as the ability to organize and abstract thinking. It is estimated that schizophrenia
affects 1% of the population worldwide (1-3). According to the World Health Qrganization, psychotic
disorders, including schizophrenia, are the eighth leading global causefof disability for individuals
aged 15 to 44, ranked above violence, hearing loss, and disability resulting from war injuries (4).

The etiopathogenesis of schizophrenia is far from clear. The earliest proposed pathogenic
mechanism of schizophrenia relies on dopamine hypothesis;, where changes in dopamine
neurotransmission are considered responsible for positive and negative symptoms (5). There is a
consensus that psychotic disorders are heterogeneous, in many cases with a complex multifactorial
etiology.

Among other, family, twin, and.adoption.studies suggest a significant role of genetic factors
in its etiology. Genetic factors could be associated with susceptibility to the disorder (i.e., they
represent risk factors) in the presence, of negative environmental influences, and it has been
proposed to be referred as plasticity variants, as they modulate sensitivity to both negative and
positive environmental® influences (1). However, in recent years, there has been increasing
discussion ‘about the role of adaptive and innate immune processes in the etiology of psychotic
disorders,. (6). Recent genome-wide association studies (GWAS) suggest a link between
schizophrenia and genes involved in immune function, such as the major histocompatibility complex
(MHC) locus (7) and complement genes (8). Several studies have found that adjuvant treatment
with nonsteroidal anti-inflammatory drugs (NSAIDs) may be associated with improvements in
psychopathology in some patients with schizophrenia (9, 10), and that baseline levels of
inflammatory biomarkers in the blood may predict the response to these agents (11, 12).
Epidemiological studies have also confirmed the association between psychotic disorders and
autoimmune diseases. The rates of autoimmune disorders such as celiac disease, Graves' disease,

systemic lupus erythematosus (SLE), multiple sclerosis, autoimmune hepatitis, and psoriasis are



higher in individuals with schizophrenia (13). Peripheral inflammation could enhance the
permeability of the blood-brain barrier, leading to a cerebral inflammation (6). Possible mechanisms

of immune-mediated psychosis is presented in Figure 1.
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Figure 1. lllustrative representation’of passible mechanisms of immunologically induced psychosis.
Modified from Khandaker et al., 2015. (6)

Several systematic reviews and meta-analyses provide evidence of altered cytokine levels
in the peripheral blood of patients with first-episode psychosis or schizophrenia, further indicating
increased immune activation (14-25). Miller et al. demonstrated that patients with an acute relapse
of schizophrenia express elevated levels of peripheral interleukins (IL), including IL-6, IL-8, tumor
necrosis factor-alpha (TNF-a), interferon-gamma (IFN-y), and reduced levels of IL-10 compared to
healthy:controls (18). Two post-mortem studies showed that markers of microglial activation, IFN-
Yy, and TNF-a were also elevated in post-mortem brain tissue in these patients (26, 27). All these
studies suggest increased peripheral and central inflammation in patients with established

schizophrenia and its association with treatment response.



Antipsychotics in the treatment of schizophrenia

Antipsychotic medications have been the cornerstone of schizophrenia treatment since the
1950s, when first-generation antipsychotics (FGAs) were introduced and shown to alleviate positive
symptoms of the disorder (26). Despite decades of therapeutic use, the treatment of schizophrenia
remains a considerable clinical challenge, as current antipsychotics are not uniformly effective across
the full spectrum of symptoms. All available antipsychotic drugs primarily exert their effects through
modulation of the dopamine D2 receptor. FGAs and second-generation antipsychotics, (SGAS)
function as D2 receptor antagonists, whereas third-generation antipsychotics act as partialhagonists
or ligands at this receptor, and some also target related dopamine receptor subtypes (e.g¢, D3, D4,
D5) (27).

Chlorpromazine, a prototypical FGA, exerts its antipsychotic action by blocking D2 receptors
in the brain. However, this mechanism is associated with a broad frange of adverse effects, including
extrapyramidal symptoms, tardive dyskinesia, and dystonia. In contrast, clozapine, an SGA,
primarily acts as an antagonist of serotonin 5-HT2A receptors and presents a lower risk of motor
side effects. Nevertheless, clozapine use is frequently accompanied by metabolic disturbances,
including a high prevalence of metabolic syndrome (28, 29). Aripiprazole, representative of the third
generation of antipsychotics, differs fundamentally, from previous agents in that it acts as a partial
agonist at D2 receptors. Rather than completely blocking dopamine activity, it modulates dopamine
transmission, helping to stabilize dopamine levels within a physiologically optimal range. This
pharmacological profileshas earned aripiprazole the designation of a “dopamine stabilizer” (28).

Approximately one-third of patients with schizophrenia meet the criteria for treatment-
resistant schizophrenia (TRS) (30). The biological mechanisms behind the lack of response to
antipsychotics are still unclear (31), but there is increasing evidence that excessive immune system
activity may be of importance (15, 32, 33). There are two leading theories on TRS: one suggests
normal. dopamine function but with dysregulation of serotonergic, glutamatergic, or inflammatory
pathways, while the second theory proposes that dopaminergic supersensitivity leads to TRS over
time (34).

All of the above highlights need to consider newer treatment options, more frequent use of
personalized treatments, as well as finding objective biomarkers for easier and earlier diagnosis,
monitoring, and prediction of disease progression, as well as markers for assessing treatment

response. Immune biomarkers are increasingly being used as markers for numerous physical



conditions because they can be quickly measured from easily accessible bodily fluids such as
plasma/serum, urine, and cerebrospinal fluid (CSF), and as such, they impose themselves as
potential biomarkers for schizophrenia (35, 36, 37).

Therefore, in this review we sumarized the most common immune biomarkers that could be

of help in predicting therapeutic response in schizophrenia.

Immunological biomarkers as predictors of treatment response in schizophrenia

Immunological biomarkers are widely utilized in the diagnosis and monitoring of numerous
physical illnesses, including both systemic conditions and those confined to.the central nervous
system (CNS). Given the growing recognition of the immune system’s involvement in psychotic
disorders, it is increasingly likely that immunological biomarkers will assume a significant role in the
field of biological psychiatry in the future (38). A substantial body of evidence supports the role of
inflammation as a contributing factor in the pathophysiology of schizophrenia. Studies have identified
associations between elevated levels of specific perinatal inflammatory cytokines (IL-6, IL-13, TNF-
a, IL-8, IFN-y) and an increased risk of developing schizophrenia later in life (39). Additionally,
epidemiological data indicate that a history of severe infections or autoimmune diseases is associated

with a heightened risk of schizophrenia (40).

C-reactive proteinand schizophrenia

C-reactive protein,(CRP), as a marker of the acute phase of inflammation, is one of the most
sensitive biological markers of peripheral inflammation applied in clinical practice. Its synthesis in
hepatocytes in the liver dramatically increases in response to any type of inflammation, and it
particularly reacts to stimulation by IL-6 or TNF-a (41). The role of CRP in schizophrenia is well-
documented (42, 43). Namely, higher CRP levels have been confirmed in the peripheral blood of
individuals with schizophrenia compared to healthy controls (44-47). These elevated CRP levels
correlate with more severe symptoms as assessed by the Positive and Negative Syndrome Scale
(PANSS), aggression and agitation, comorbid depression and suicidal risk, cognitive decline, and

treatment resistance (48-54).



Few studies have assessed the intensity of inflammation according to different phases of the
disease. One longitudinal study (55) has found that CRP levels were significantly elevated during the
acute phases of the illness, continuing even after 8 weeks of treatment, suggesting CRP as a "marker
of characteristics"” rather than a "marker of state."” However, four meta-analyses failed to find such
an association when comparing patients before and after antipsychotic treatment (45) or patients
with their first episode of schizophrenia who had not used medication compared to controls (23, 56,
57). A meta-analysis that included 50 studies with patients at different stages of the disease; found
that individuals with schizophrenia had higher CRP levels compared to controls in both acute and
stable phases of the disease (58). Additionally, they found that patients with an acute exacerbation
of the disease had higher CRP levels than stable patients, but this difference was not maintained
when considering patients who were taking antipsychotics in both phases*(58). Research has also
been conducted to monitor CRP levels after the administration of specific.antipsychotic medications.
For example, Baptista et al. measured CRP levels in patients with'chronic/schizophrenia treated with
different types of antipsychotics, and then switched to monotherapy with olanzapine. Increase of
serum CRP levels were observed after 8 weeks of treatment with olanzapine (59).

A recent meta-analysis involving 2398 patients found an inverse relationship between CRP
levels, as well as IL-6, IL-1B, and TNF-a intheplasma of schizophrenia patients, and the cognitive
functioning of these patients across five caognitive domains (attention-processing speed, executive
function, working memory, verbal and visual learning, and memory). The results of the meta-
analysis indicated a significant decline in cognitive performance with higher inflammatory markers

(60).

Interleukin-6.and schizophrenia

Interleukin-6 (IL-6) is an immune biomarker synthesized by macrophages, T and B
lymphoeytes, or by CNS microglia. Multiple functions of IL-6 include regulation of neurodevelopment,
altering synaptic plasticity, regulation of various behaviors related to nutrition, sleep, and stress,
and release of growth hormone (GHRH) and thyroid-stimulating hormone (TSH) (61, 62). Evidence
from animal studies suggests that IL-6 may convert tryptophan into quinolinic acid by activating
indoleamine 2,3-dioxygenase, and then into an NMDA antagonist in the central nervous system,

which may activate schizophrenia symptoms (63).



Meta-analysis of Zhou et al. showed that the IL-6 serum level in schizophrenia patients was
higher than in healthy controls (64). Furthermore, the IL-6 serum levels remained elevated even
after treatment, as compared to healthy controls, suggesting important role of IL-6 in the
pathogenesis of schizophrenia (64). Another study demonstrated positive correlation of IL-6 with
the dose of applied antipsychotics, and negative correlation to general cognitive performance (65).
Additionally, in patients with the first episode of psychosis, severe inflammation partially impaired
the effectiveness of antipsychotics, with higher levels of IL-6 and IFN-y associated withesa poor
response to antipsychotic therapy (15). Similarly, Song et al. (66) monitored IL-6, IL-13 and TNF-a
levels in the serum during six months of risperidone therapy in patients with first-episode psychosis
who had not been previously treated. They observed that IL-6 and IL-1B levels decreased during
the first months but gradually returned to baseline levels by the 6-month period. In contrast, TNF-
a levels continued to increase over time. Another study included«14 patients with first-episode
schizophrenia who had not previously used medication. Biomarker levels before and after eight
weeks of monotherapy with olanzapine were monitored.' It was:found that negative symptoms on
the PANSS scale positively correlated with initial IL-6 levels, as well as with IL-27 levels (67).

Furthermore, a positive correlation was/ found between IL-6 levels and PANSS general
psychopathological subscales in patients with TRS, thus providing evidence of IL-6 as a TRS predictor

(68).

CRP and IL-6 as markers/of metabolic syndrome induced by the use of SGA

It is well-established that second-generation antipsychotics (SGAs) can contribute to the
development,of metabolic syndrome (MetS), a major risk factor for cardiovascular disease (69).
Existing, literature, indicates that immune dysregulation may play a role in the onset of chronic
metabolic conditions (70), and abnormal levels of inflammatory biomarkers have been observed in
individuals with schizophrenia undergoing treatment with SGAs (71). This suggests that chronic low-
grade inflammation may be a contributing factor in the pathogenesis of MetS in patients with
schizophrenia.

Moreover, research has demonstrated a link between MetS and its individual components
with cognitive decline and an increased risk of dementia (72, 73). A preliminary study by Zhang et
al. found that patients with schizophrenia and comorbid MetS exhibited more severe cognitive

impairments than those without MetS, with inflammation potentially playing a central role in this



association (74). Among SGAs, clozapine and olanzapine have been most strongly associated with
obesity, further contributing to MetS risk. Patients diagnosed with MetS have been found to exhibit
significantly elevated plasma levels of interleukin-6 (IL-6), suggesting a heightened inflammatory
state in individuals with both schizophrenia and MetS (75).

Early studies have also proposed that inflammation may be a primary mechanism underlying
clozapine-induced MetS. Evidence indicates that clozapine may stimulate IL-6 secretion in insulin=
responsive and obesity-related cell types (76). Additional correlation analyses have identified 'lk-6
as being significantly inversely related to high-density lipoprotein (HDL) levels, suggesting that
higher IL-6 concentrations are associated with lower HDL levels (77). Notably, elevated IL-6 levels
were detected only in male patients with MetS, and a significant correlation between IL-6 and HDL
was found in men, but not in women (77).

Despite the limited number of studies systematically examining sex differences in the
inflammatory characteristics of MetS in schizophrenia, existing evidence does suggest gender-
specific variations (78-80). Some studies have reported higher metabolic risk and reduced
antioxidant enzyme activity in men with schizophrenia ‘compared to women (79-81). These
differences may be attributed to the protective, effects of female sex hormones against oxidative
stress and immune-mediated inflammation(82). Consequently, men may be more vulnerable to the
effects of immune activation and IL-6 elevation, potentially making them more prone to developing

MetS.

Interleukin-2 and schizophrenia

Interleukin-2 (IL-2) is a cytokine that functions primarily as a growth factor regulating the
autocrinetsecretion, of T lymphocytes. To a lesser extent, IL-2 is also produced by monocytes,
macrophages, and endothelial cells. IL-2 may play a role in various pathological processes implicated
imthe pathophysiology of schizophrenia, including disturbances in neurotransmitter systems (83).

In particular, IL-2 has been shown to influence dopamine metabolism (22, 84, 85). Given
that dopaminergic hypersensitivity is one of the most widely accepted hypotheses explaining the
pathogenesis of schizophrenia, several researchers have proposed a potential link between IL-2
levels and the clinical manifestations of the disorder. This includes possible associations with tardive
dyskinesia (TD) (86, 87), as well as the negative and cognitive symptoms characteristic of

schizophrenia. Asevedo and colleagues investigated the correlation between peripheral IL-2 levels,
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symptom severity, and cognitive performance in patients with schizophrenia (88). In a comparative
study involving 29 outpatients receiving long-term antipsychotic therapy and 26 healthy controls,
they found that IL-2 levels were negatively correlated with the severity of negative symptoms and
impairments in language function (88). Furthermore, experimental data suggest that clozapine may
modulate IL-2 levels, exerting anti-inflammatory effects through inhibition of NLRP3 inflammasome
expression, as demonstrated by Giridharan et al. (89). Several human studies have also reported
changes in IL-2 concentrations following antipsychotic treatment. A meta-analysis .indicated’ a
general decrease in IL-2 levels among schizophrenia patients treated with antipsychotics (90). In.a
study by Yuan et al., IL-2 levels in patients with treatment-resistant schizophreniawere found to be
positively correlated with clozapine dosage—but notably, this association was observed only in
female patients (91).

Additionally, a comprehensive meta-analysis of 23 studies reported an increase in IL-2 levels
and a decrease in IL-1B and IFN-y levels following antipsychotic treatment, supporting the notion
that antipsychotics exert anti-inflammatory effects in schizophrenia (92). Despite a substantial body
of research, findings regarding IL-2 levels in schizophrenia remain inconsistent. Some studies have
reported elevated IL-2 levels (93-95), others have documented reductions (88, 96), while some
have found no significant differences compared to, controls (97). These discrepancies may be
attributable to variations in factors such as ethnicity, illness duration, stage of disease progression,

symptom severity, and methodological differences in control group selection.

Interleukin-1a and schizophrenia

Interleukin-1a'(IL-1a) is a pro-inflammatory cytokine that exerts its effects not only through
binding to ‘cell, surface receptors but also via translocation into the cell nucleus, where it may
influence'gene expression (98). It is primarily secreted by activated microglia, macrophages, and
lymphocytes. IL-1a promotes mast cell maturation and the subsequent release of various
inflammmatory mediators, including tumor necrosis factor-alpha (TNF-a), IL-1B, and IL-4 (99).
Emerging evidence suggests that IL-1a may play a role in the development and maturation of the
nervous system. Early studies demonstrated that microglia-derived IL-1a contributes to both
neurodegenerative processes and neuroprotection by regulating synaptic plasticity (100).
Furthermore, IL-1a has been shown to exert trophic effects on dopaminergic neurons in both in vivo
and in vitro models—mechanisms closely linked to the neurobiology of schizophrenia (101).

However, findings on IL-1a levels in plasma and cerebrospinal fluid of individuals with schizophrenia

10



have been inconsistent (102—-104). These discrepancies may be related to the stage of iliness. For
instance, one study reported no significant changes in IL-1a levels following pharmacological
treatment or modified electroconvulsive therapy (105). Additionally, changes in IL-1a were not
correlated with reductions in symptom severity, as measured by the Positive and Negative Syndrome
Scale (PANSS).

Conversely, elevated IL-1a levels have been observed in schizophrenia patients with co=
occurring metabolic syndrome, even after six weeks of treatment with atypical antipsychetics, (106).
In another study, decreased IL-1a expression was found in conjunction with reduced levels ,of
interferon-gamma-inducible protein 10 (IP-10) in patients with schizophrenia (107). These findings
have led to the hypothesis that a suppressed upstream signaling pathway may be involved in the

altered inflammatory response observed in schizophrenia.

Conclusion

Since psychotic disorders, including schizophrenia, are among the most common causes of
global disability, the identification of new forms of therapy ‘and reliable biomarkers for assessing
treatment response is of significant importance. As the etiopathogenesis of schizophrenia remains
insufficiently understood, the role of immune mechanisms in the development of psychiatric
disorders is gaining increasing attention. Numerous studies from the past century have confirmed
this role and suggest that immune biomarkers, such as CRP and interleukins, could serve as
additional diagnostic tools, prognostic markers, and indicators of response to antipsychotic therapy.
However, the data obtained from current studies are heterogeneous, so further research should
focus on further clarifying the already known immune mechanisms in the pathogenesis of
schizophrenia, as well as proving the role of biomarkers in these processes in larger samples.

Future research could explore the effectiveness of incorporating immunological therapy, with
mechanisms of action based on suppressing the overactive immune response in these patients.
Immunological therapy could become an integral part of schizophrenia treatment in the future,
reducing the occurrence of therapy-resistant schizophrenia and improving the quality of life for

patients.
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