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Abstract

Studies of cellular and cytokine profiles have contributed to the inflammation hypothesis of 

schizophrenia; however, precise markers of inflammatory dysfunction remain elusive. A number 

of proton magnetic resonance spectroscopy (1H-MRS) studies in patients with first-episode 

psychosis (FEP) have shown higher brain levels of metabolites such as glutamate, myo-inositol 

(mI) and choline-containing compounds (tCho), suggesting neuroinflammation. Here, we present 

peripheral inflammatory profiles in antipsychotic-naive FEP patients and age-and-sex matched 

healthy controls, as well as cortical glutamate, mI and tCho levels using 1H-MRS. Inflammatory 

profiles were analyzed using cytokine production by peripheral blood mononuclear cells, that were 

either spontaneous or stimulated, in 48 FEP patients and 23 controls. 1H-MRS of the medial 

prefrontal cortex was obtained in 29 FEP patients and 18 controls. Finally, 16 FEP patients 

were rescanned after 4 weeks of treatment (open-label) with Risperidone. FEP patients showed a 

higher proportion of proinflammatory Th1/Th17 subset, and an increased spontaneous production 

of Interleukin (IL)-6, IL-2 and IL-4 compared with the control group. Results obtained from 1H-

MRS showed no significant difference in either glutamate, mI or tCho between FEP and control 
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groups. At baseline, CD8% showed a negative correlation with glutamate in FEP patients; after 

4 weeks of risperidone treatment, the FEP group exhibited a decrease in glutamate levels which 

positively correlated with CD4+ T cells. Nevertheless, these correlations did not survive correction 

for multiple comparisons. FEP patients show evidence of immune dysregulation, affecting both the 

innate and adaptive immune response, with a predominantly Th2 signature. These findings, along 

with the changes produced by antipsychotic treatment, could be associated with both systemic and 

central inflammatory processes in schizophrenia.
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1. Introduction

Psychosis is a complex phenomenon of multifactorial etiology that can be conceptualized 

as a neurodevelopmental disorder that manifests after multiple hits at critical stages, 

affecting a variety of systems, until the appearance of symptoms (Lieberman and First, 

2018). One of these hits is neuroinflammation, which has become increasingly relevant, 

as recent research provides evidence for the association between abnormalities of the 

immune system and the pathophysiology of psychosis (Feigenson et al., 2014; Meyer, 

2013; Miller et al., 2011; Muller et al., 2012). Specifically, subclinical inflammation 

of the central nervous system (CNS) and failures in immune regulation are present in 

patients with schizophrenia: neuroinflammation may lead to alterations in white matter, 

failures in neuronal connectivity and thus to the onset of psychosis (Najjar and Pearlman, 

2015), even in individuals at clinical high-risk (Goldsmith et al., 2019; Mondelli et al., 

2023). Emerging evidence suggests that changes in signaling protein expression of PBMCs, 

which might reflect cell signaling networks in the brain immune cells (i.e. microglia) 

(van Rees et al., 2018), can predict clinical outcomes in schizophrenia (Lago et al., 

2022). Studies show that T lymphocytes transmigrate to the CNS and are responsible for 

the release of cytokines, neurogenesis modulation, cognitive deficits, as well as altered 

behavior (de Miranda et al., 2017; Kipnis et al., 2004). Additionally, another process 

in which cytokines are released in CNS is microglia activation. It could contribute to 

apoptosis, inhibition of neurogenesis, and white matter abnormalities in patients with 

recent onset and relapse stages of schizophrenia (de Witte et al., 2014; Garcia-Bueno et 

al., 2014). Other studies suggests that cytokines may also impact some neurotransmitter 

systems; inflammatory cytokines that activate the kynurenine pathway, both peripherally 

and centrally, pass the blood-brain barrier, activating immune responses in the CNS 

(Schwarcz and Stone, 2017). TNF-α and IFN-γ, for instance, act as inducers of indolamine 

2,3-dioxygenase (IDO)-1 expression (Schwarcz and Stone, 2017). IDO-1 is involved in 

the conversion of tryptophan to kynurenine (KA). In brain, downstream metabolization of 

KA occurs through divergent routes, especially in microglia and astrocytes; in the latter, 

KA is metabolized by kynurenine aminotransferases to kynurenic acid, which is a well-

established antagonist of all ionotropic glutamate receptor subtypes (Skorobogatov et al., 

2021). It has been hypothesized that abnormally elevated kynurenic acid levels may result in 
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glutamate hypofunction by sustained N-methyl-D-aspartate (NMDA) receptor antagonism 

(Skorobogatov et al., 2021), which has been associated with the onset of psychotic 

symptoms and cognitive and social impairments in schizophrenia (Javitt, 2007). This 

NMDA receptor alteration is also associated with dysfunction of parvalbumin containing 

γ-aminobutyric acid (GABA) interneurons, resulting in excessive glutamate release (Cohen 

et al., 2015). Proton Magnetic Resonance Spectroscopy (1H-MRS) allows the quantification 

of intracellular and extracellular glutamate, and other metabolites such as myo-inositol (mI) 

and total choline (phosphocholine + choline; tCho).

The medial prefrontal cortex (mPFC) has been a frequent target of 1H-MRS studies in 

schizophrenia since it has been implicated in processes that are altered in the disorder, 

such as reward, decision making, social processing, and episodic memory (de la Vega 

et al., 2016). Although some 1H-MRS studies have reported elevations of glutamatergic 

compounds in the mPFC of unmedicated schizophrenia (Kegeles et al., 2012) and 

antipsychotic-naive first-episode psychosis (FEP) patients (Cen et al., 2020; de la Fuente-

Sandoval et al., 2018; Simmonite et al., 2023; Yang et al., 2015), these results were not 

supported by a recent mega-analysis (Merritt et al., 2023). Even though studies of the 

mPFC in patients with schizophrenia have found no differences in tCho or mI compared 

to controls (Birur et al., 2020; Bojesen et al., 2021; de la Fuente-Sandoval et al., 2018; 

Iwata et al., 2018; Kraguljac et al., 2012; Theberge et al., 2002), our group has previously 

reported neurometabolic differences in the striatum of antipsychotic-naive FEP patients 

(de la Fuente-Sandoval et al., 2013; Plitman et al., 2016). Increased levels of mI and 

tCho, which are present in higher concentrations within glial cells than in neurons, were 

found. These metabolites have been proposed to reflect glial activation (Chang et al., 

2014; Inglese et al., 2003; Miller et al., 1993), which is commonly associated with a 

neuroinflammatory response (Chang et al., 2013). In the present study, we compared 

glutamate, mI and tCho (measured by 1H-MRS), in the mPFC of individuals with FEP 

and assessed immunophenotypic characterization of the peripheral blood mononuclear cells 

(PBMCs) and cytokines in serum and cell culture supernatant. This could be relevant 

since most of the available literature used immunoassay to profile static cytokine levels. 

Also, these studies consist of cross-sectional measurements mainly conducted in medicated 

patients.

These measures were repeated after 4 weeks of antipsychotic treatment, since these 

medications could normalize differences in inflammatory markers between FEP patients and 

controls (Kelsven et al., 2020). Finally, all results were compared with a group of age- and 

sex-matched healthy controls. We hypothesized to find increased glutamate levels, as well 

as pro-inflammatory cytokines in FEP individuals in comparison to healthy controls. After 

antipsychotic treatment in FEP patients, we expected a tendency towards normalization of 

glutamate and pro-inflammatory cytokines. Finally, we hypothesized positive correlations 

between glutamate, tCho and mI with pro-inflammatory cytokines before antipsychotic 

treatment.
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2. Materials and Methods

2.1 Participants and clinical assessments

Forty-eight antipsychotic-naive FEP patients were recruited through the inpatient and 

outpatient services of the Instituto Nacional de Neurología y Neurocirugía in Mexico City 

(INNN). For the control group, 23 age-and-sex matched subjects were recruited. Inclusion 

and Exclusion criteria are described in the Supplementary Material.

A subsample of 29 FEP patients and 18 controls was scanned for 1H-MRS. At enrollment 

FEP patients were evaluated with the Positive and Negative Syndrome Scale (PANSS), and 

then, after the 1H-MRS session, treated with oral risperidone for 4 weeks, with an open 

flexible regimen based on clinical judgment, starting with 1mg and up to 5mg per day. 

Sixteen patients were rescanned after four weeks. The control group was only scanned at the 

initial evaluation.

The Ethics and Scientific Committees of the INNN approved this study. All participants 

provided written informed consent. For participants younger than 18 years of age, consent 

was obtained from both parents.

2.2 Immunophenotypic characterization of the peripheral blood mononuclear cells 
subsets

At the time of recruitment (baseline) and one month after the antipsychotic treatment, 

twenty milliliters of venous peripheral blood to each FEP patient were drew. Then, PBMCs 

were isolated by density gradients after centrifugation with Ficoll-Paque (GE Healthcare, 

Chicago, Illinois, USA). After two washes with phosphate buffered saline (PBS) (Fisher 

scientific, Waltham Massachusetts, USA), viability was assessed using the Zombie Aqua 

staining (Biolegend, San Diego, California, USA). Afterwards, the cells were washed twice 

with 5% fetal bovine serum (FBS) (Fisher scientific, Waltham Massachusetts, USA) in 

PBS. For the immunophenotypic characterization, PBMCs were stained with the following 

fluorochrome-coupled antibodies: CD3-APC/Fire 750, CD19-APC, CD4-Alexa Fluor 488, 

CD8-PE/Dazzle 594, CD25-PE, FoxP3-Brilliant Violet 421, CD56-PE, NKp46-Briliiant 

Violet 605, CD14-PerCP, CD16-APC (Biolegend, San Diego, California, USA). To evaluate 

the CD4+ T helper subsets, PBMCs were stimulated with 50 ng/mL phorbol myristate 

acetate (PMA), 1 μ/mL ionomycin (Sigma-Aldrich, Saint Louis, Missouri, USA) and 

monensin (BD Biosciences, Franklin Lakes, New Jersey, USA) for five hours. After 

two washes with 5% FBS in PBS, cells were fixed and permeabilized using the cytofix/

cytoperm kit (BD Biosciences, Franklin Lakes, New Jersey, USA) according to the 

manufacturer’s instructions. The following intracytoplasmic cytokines with fluorochrome 

coupled antibodies were assessed: IFN-γ-APC, Interleukin (IL) −4-PE, and IL-17A-Brilliant 

Violet 421 (Biolegend, San Diego, California, USA). One million events from all the 

samples were acquired in a LSR Fortessa flow cytometer (BD Biosciences, Franklin Lakes, 

New Jersey, USA).

The proportions of the following cell subsets were quantified using the gating strategy 

described in Figure 1 of the Supplementary Material: B cells (CD3-, CD19+), CD8+ T 

cells (CD3+, CD8+), CD4+ T cells (CD3+, CD4+), regulatory T cells (Tregs) (CD3+, 
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CD4+, CD25hi, FoxP3+), classical monocytes (CD14++, CD16-), intermediate monocytes 

(CD14+, CD16+), non-classical monocytes (CD14+, CD16++). NK cells were defined as 

CD3-, NKp46+ and further divided into CD56hi and CD56dim. The proportions of T 

helper subsets were characterized as follow: Th1 (CD4+, IFN-γ+), Th2 (CD4+, IL-4+), 

Th17 (CD4+, IFN-17A+), Th1/17 (CD4+, IFN-γ+, IL-17A+). For lymphoid subsets, the 

percentages refer to the proportion of live cells in the total lymphocyte gate; for the 

monocytic subsets, refers to the proportion of live cells in the monocyte gate according 

to the gating strategy. The analysis was performed using the FlowJo v10.8.1 software.

2.3 Assessment of cytokines responses

Two million PBMCs were cultured during 72 hours with and without stimulation with 50 

ng/mL PMA and 1 μ/mL ionomycin. Afterwards, samples were centrifugated for 10 minutes 

at 1600 rpm. The supernatant was recovered and stored at −80ºC until further analysis. 

The concentrations of IL17A, IFN-γ, TNF, IL-10, IL-6, IL-4 and IL-2 were evaluated in 

serum and in cell culture supernatants using the human Th1/Th2/Th17 cytometric bead 

array (CBA) kit (BD Biosciences, Franklin Lakes, New Jersey, USA) according to the 

manufacturer’s instructions. Samples were analyzed using the FCAP array v3.0 software.

2.4 Image acquisition

Magnetic Resonance studies were performed at the INNN on a 3T scanner (Magnetom 

Skyra, Siemens, Germany), using a 20-channel phased array transmit/receive-head coil. 

First, we acquired a high-resolution T1-weighted three-dimensional magnetization-prepared 

rapid acquisition with gradient echo (MPRAGE; TE=5ms, TR=12 ms, inversion time=450 

ms, flip angle=20⁰, FOV=25.6 cm, 256×256 matrix, 186 slices, slice thickness=1 mm), 

oriented above and parallel to the anterior commissure-posterior commissure line. For the 

acquisition of 1H-MRS, the MPRAGE structural image was reformatted to sagittal and 

coronal views for voxel placement. 1H-MRS spectra was obtained using point-resolved 

spectroscopy (PRESS, TE=35 ms, TR=2000 ms; spectral width=5000 Hz; 4096 data points 

used; 128 water-suppressed and 16 water-unsuppressed averages) in a 2.5×2.5×2.5 cm voxel 

centered in the mPFC bilaterally (portions of Brodmann areas 10, 24, 32, and the pregenual 

anterior cingulate cortex).

2.5 1H-MRS analysis—Water-suppressed spectra were analyzed using LCModel, 

version 6.3–1L (Provencher, 2001), detailed in the Supplementary Material. Metabolite 

levels were corrected for the cerebrospinal fluid (CFS) fraction of the voxel (Gasparovic et 

al., 2006). Metabolites fits with a %SD Cramér–Rao lower bound exceeding 20% spectra 

or with a full-width at half maximum exceeding 12 Hz as reported by LCModel were 

considered poor quality and were excluded from further analyses.

2.6 Data analysis

Parametric and non-parametric tests were used accordingly based on data distribution 

previously examined with normality tests (Shapiro-Wilk). Demographic and clinical 

characteristics between FEP and control groups were compared using χ2 test for nominal 

variables, and Student t test or Mann-Whitney U for numerical continuous variables. 

Data is shown using means with standard deviation, or medians with interquartile range, 
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respectively. Systemic inflammatory profile and neurometabolites were also analyzed 

comparing means or medians, Student t test or Mann-Whitney U. Comparison of FEP 

patients before and after treatment was done with paired t test or Wilcoxon test, depending 

on data distribution. Statistical significance level for these variables was established at 

p<0.05. Finally, exploratory correlations between systemic inflammatory profile variables, 

1H-MRS neurometabolites, and PANSS scores were examined using Pearson or Spearman 

linear correlation tests. The statistical threshold for these exploratory correlations was set 

p<0.016 (p<0.05/3) for the neurometabolites (glutamate, mI and tCho), and at p<0.012 

(p<0.05/4) for the clinical scores (PANSS Total score and Positive, Negative, and General 

Psychopathology subscales). All statistical analyses were performed using GraphPad Prism, 

version 9.3.1.

3. Results

3.1 Sociodemographic and clinical characteristics

Demographic and clinical characteristics of study participants are shown in Table 1. No 

statistical differences were found between groups for age, gender, tobacco or cannabis use. 

The FEP patients had less education (t70=5.22, p<0.001), and parental education (U=326, 

p=0.01) in comparison to the control group. The mean (SD) PANSS total scores for the FEP 

group at baseline were 107.1 (20.2) and 64.8 (20.9) after 4 weeks of antipsychotic treatment 

(t31=8.71, p<0.01). The mean (SD) daily dose of risperidone after 4 weeks was 2.38 (0.72) 

mg.

3.2 Altered immune function in first episode of psychosis

Differences on the systemic inflammatory profile were found between participants with FEP 

and controls at baseline (Figure 1a, Supplementary Table 1). FEP patients had a higher 

proportion of the proinflammatory Th1/Th17 subset compared to controls (U=325, p=0.03). 

Also, FEP patients had an increased production of IL-6 (U=193, p=0.02), IL-2 (U=196, 

p=0.03), and IL-4 (U=144, p<0.01) compared to controls. The percentage of NK CD56high 

cells was found lower in the FEP patients (U=334, p=0.01), while having an increased 

percentage of NK CD56low cells (U=328, p=0.01), when compared to controls (Figure 1a).

3.3 Inflammatory profile after antipsychotic treatment

Following 4 weeks of antipsychotic treatment, significant changes on several inflammatory 

markers were observed (Figure 1b, Supplementary Table 2): Increased percentage of CD8+ 

cells (Pre vs Post treatment, t29=2.77, p=0.01), CD4+ lymphocytes % (Pre vs Post treatment, 

t29=3.05, p<0.01) and TNF levels (Pre vs Post treatment, W= −102, p=0.04). On the other 

hand, Th2 levels decreased after treatment (Pre vs Post treatment, W=303, p<0.001). No 

differences were found in either Th1/Th17 subset, IL-6, IL-2, and IL-4 after treatment.

3.4 1H-MRS results

1H-MRS data for 7 participants (data for 3 patients and 4 controls) was rejected from 

analyses due to poor fitting. Results showed a trend toward significance for higher glutamate 

levels in FEP compared to controls groups, (t38=1.95, p=0.06) (Supplementary Table 3). 

After 4 weeks of risperidone treatment (Supplementary Table 4), FEP patients were found 
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to have decreased glutamate levels (t15=3.21, p<0.01). No differences in tCho or mI were 

observed between the FEP and control groups at baseline or in FEP before and after 

treatment.

3.5 Relationship between Inflammatory markers and clinical measures

In FEP patients at baseline, CD8% correlated negatively with glutamate (r24=−0.43, 

p=0.03). After 4 weeks of antipsychotic treatment, glutamate levels correlated positively 

with CD4% (r13=0.57, p=0.03), but not with CD8% (r13=−0.03, p=0.92) (Supplementary 

Figure 2). Regarding clinical measures, at 4 weeks total PANSS score negatively correlated 

with induced IL-17 production after 4 weeks of treatment (r18= −0.52, p=0.02). No 

other clinical correlations were observed. None of the reported correlations survived after 

correction for multiple comparisons.

4. Discussion

In the present study, we found that untreated FEP patients are characterized by an immune 

dysregulation that affects both the innate (IL-6, NK cells) and adaptive (Th1/Th17 subset) 

immune response, and that alterations of the innate (TNF) and adaptive (CD8+, CD4+, and 

Th2 cells) immune response are modified after antipsychotic treatment. Previous studies 

have demonstrated the presence of a proinflammatory response in schizophrenia, where 

a higher neutrophil to lymphocyte ratio (Hughes and Ashwood, 2020) and a differential 

pro-inflammatory gene expression were found (Sainz et al., 2013; van Kesteren et al., 2017). 

Indeed, intracellular signaling alterations in PBMCs have been associated with polygenic 

risk of schizophrenia and clinical outcomes (Lago et al., 2022). In the present study, we 

found a higher proportion of the proinflammatory Th1/Th17 subset, an increased production 

of IL-6 upon mitogenic stimulation, and an increased spontaneous release of IL-6 and IL-2 

in PBMCs from FEP patients. Most human studies published to date in psychosis have 

measured plasma-circulating cytokine levels, instead of in vitro cell producing cytokines like 

in our study. While our results contribute to this literature niche, caution is warranted when 

discussing them in the context of current literature due to the previously reported difference 

between these two measurements. Moreover, the relation between plasma-circulating and 

cell produced cytokines might vary depending on several immune-altering factors (Jason et 

al., 2001). For instance, other studies have reported, using enzyme-linked immunosorbent 

assay and by cytometric analysis, increased IL-6 levels in treatment-naive FEP patients 

and recently diagnosed schizophrenia (Azizi et al., 2019; Noto et al., 2014). Aside from 

being elevated in serum and in CSF, IL-6 has been considered as a “state marker”, since 

its increase has been related to a longer duration of the disease and greater symptomatic 

severity in positive, negative, and cognitive symptoms (Reale et al., 2021). Moreover, 

increased IL-6 has also been associated with reduced activity of glutamate decarboxylase, 

involved in GABA production (Behrens et al., 2008), which has been hypothesized to lead 

to psychotic symptomatology (Guidotti et al., 2000). Although our results were obtained 

from cell production, it is tempting to consider that if serum IL-6 levels were also measured, 

they might have been also elevated as previously reported (Sahbaz et al., 2020). Ideally, 

future studies will continue to explore possible connections between different measurements 

of IL-6 in psychosis. At present, it seems that changes in the metabolic dynamics of 
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glutamate in CNS are relevant since, in addition to neurotoxic effects (Plitman et al., 2014), 

it has been reported that changes in glutamatergic transmission may precede to alterations 

in downstream neurotransmitter systems such as dopamine (Stone et al., 2007). In turn, 

neurotransmitters such as dopamine are capable of modulating T cell functions. In support 

of this observation, genetic variants of some dopamine receptors have been shown to be 

associated with CD4+ T cell counts (Sahbaz et al., 2020).

On the other hand, other studies have found a Th2 predominance in psychotic disorders 

(Maino et al., 2007; Roomruangwong et al., 2020). In line with this finding, we found an 

increased spontaneous production of IL-4 in FEP PBMCs as previously described in male 

patients with FEP and subjects at clinical high-risk for psychosis (Karanikas et al., 2017). 

Although the role of IL-2 in psychotic disorders remains controversial, with studies showing 

both increased (Mahendran et al., 2004; Na and Kim, 2007) and decreased (Tan et al., 2015) 

levels (probably in relation to treatment status), our findings are in accordance with previous 

studies that shown a higher production of IL-2 in PBMCs of treatment-naive schizophrenia 

patients (Cazzullo et al., 2002; O’Donnell et al., 1996). Moreover, increased IL-2 is related 

to a better cognitive performance and milder symptomatology in schizophrenia (Hope et al., 

2015; Kogan et al., 2018). Higher levels of the soluble IL-2 receptor (sIL-2R) have been 

observed in patients with FEP (Wang et al., 2020), and has been proposed as a potential 

marker of treatment refractoriness (Gilmore et al., 2004).

To the best of our knowledge, the increased proportion of CD56low NK cells and Th1/Th17 

has not been previously reported in FEP patients. Natural killer cells acquire the CD56low 

phenotype after their exposure to IL-2 and promote a Th2 phenotype after they are exposed 

to IL-4 (Moretta et al., 2008). To the best of our knowledge, only one study has evaluated 

NK cells in FEP, finding increased markers of activation but deficient function (Tarantino 

et al., 2021). Furthermore, our study highlights the expansion of the Th1/Th17 in FEP 

as a proinflammatory marker, which has been associated with decreased Treg function in 

autoimmune diseases (Ulivieri and Baldari, 2013). One previous study with flow cytometric 

analyses also found higher percentages of Th17 cells in patients with schizophrenia under 

antipsychotic treatment (Drexhage et al., 2011). Interestingly, the same study found that 

higher Treg percentages correlated with a better clinical outcome, contributing further to 

the already proposed importance of Treg function (and its association with Th17 cells) in 

schizophrenia (Corsi-Zuelli et al., 2021). Such association, as well as the role of NK cells 

and Th1/Th17 subsets in the pathogenesis of FEP, require further investigation.

In accordance with our data, Steiner et al. found an increased number of total T cells 

and CD4+ T lymphocytes after 6 weeks of antipsychotic treatment (Steiner et al., 2010), 

suggesting a neuroprotective role (Byram et al., 2004). We found that after treatment, the 

Th2 subset decreased (Maino et al., 2007), as did glutamatergic compounds levels, as 

previously reported (de la Fuente-Sandoval et al., 2013; de la Fuente-Sandoval et al., 2018). 

Interestingly, the initial negative correlation between glutamate and CD8+ was not found 

after treatment, while the positive the correlation between glutamate levels and CD4+ was 

present after treatment, possibly highlights the immunoregulatory function of antipsychotics, 

and the possible glutamatergic mediation of neuroinflammation. However, these correlations 

did not survive correction for multiple comparisons, and it is important to clarify that such 
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comparisons differ in sample size due to the reduced number of scans after treatment, which 

is a limitation on interpreting the significance of these correlations. Several study limitations 

need to be considered: First, clinical factors, such as smoking and cardiovascular disease, 

are known to modify inflammatory markers (Asthana et al., 2010; Danesh et al., 1998; 

El-Zayadi, 2006; Hirano, 2021). In our study we were not able to control these factors given 

the initial design of the study. Second, the groups could not be matched for education; this 

finding is common since patients become ill before reaching their full academic potential 

(Crossley et al., 2022). Third, we did not include cognitive evaluations; therefore, we could 

not address the possible effect of inflammatory markers on cognitive domains. Fourth, 

assessment of direct glutamate neurotransmission is not possible with 1H-MRS, since this 

technique is unable to differentiate neurotransmitter or vesicular and metabolic pools.

In conclusion, the studied cohort of treatment-naive FEP patients presented an enhanced 

Th2 signature and proinflammatory cytokine response in comparison to healthy controls. 

Additionally, the comparison of these parameters before and after treatment allowed us to 

detect the immunomodulatory effects of risperidone, which reduced this Th2 phenotype, 

along with glutamate levels, and enhanced the immune function measured as a higher 

capacity to produce cytokines in vitro.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Highlights

• First episode psychosis patients (FEP) and matched healthy controls were 

studied.

• FEP patients showed higher T helper type (Th)1 / Th17 subset.

• FEP patients showed increased pro-inflammatory interleukin (IL)-6, IL-2 and 

IL-4.
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Figure 1. 
Scatter plots of a) Inflammatory markers of never medicated first episode of psychosis 

subjects compared to healthy controls. b) Inflammatory markers of first episode of psychosis 

before and after 4 weeks of risperidone treatment. FEP, first-episode psychosis group; Th1, 

Type 1 helper T cells; Th17, T helper 17 cells; IL-6, interleukin 6; IL-4, interleukin 4; IL-2, 

interleukin 2; Th2, Type 2 helper T cells; TNF, Tumor necrosis factor. Data shown in the 

Figure has been log transformed for a better visualization. * p < 0.05.
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Table 1.

Demographic and clinical characteristics of study participants.

Characteristic Mean (SD)
Statistic p value

FEP (n=48) Controls (n=23)

Age, years 30.7 
(12.2)

31.6 
(12.4)

U=521 0.71

Female, No. (%) 19 (0.40) 13 (0.57) χ2=1.80 0.18

Education, years 11.21 
(3.48)

15.55 
(2.58)

t=5.22 <0.001

Parental education, years 9.23 
(4.85)

12.73 
(4.98)

U=326 0.01

Tobacco (ever used) 18 out of 
48

5 out of 
23

χ2=1.76 0.18

Cannabis (ever used) 20 out of 
48

6 out of 
23

χ2=1.62 0.20

Duration of untreated psychosis, mean (SD) [range], weeks 232 
(415) 
[1–1729]

NA NA NA

PANSS total score 107.1 
(20.2)

NA NA NA

PANSS subscale score

  Positive symptoms 28.98 
(5.01)

NA NA NA

  Negative symptoms 25.68 
(8.03)

NA NA NA

  General psychopathology 52.43 
(10.75)

NA NA NA

FEP, first-episode psychosis group; SD, standard deviation; PANSS, Positive and Negative Syndrome Scale; NA, not applicable.

Brain Behav Immun. Author manuscript; available in PMC 2024 July 01.


	Abstract
	Introduction
	Materials and Methods
	Participants and clinical assessments
	Immunophenotypic characterization of the peripheral blood mononuclear cells subsets
	Assessment of cytokines responses
	Image acquisition
	1H-MRS analysis

	Data analysis

	Results
	Sociodemographic and clinical characteristics
	Altered immune function in first episode of psychosis
	Inflammatory profile after antipsychotic treatment
	1H-MRS results
	Relationship between Inflammatory markers and clinical measures

	Discussion
	References
	Figure 1.
	Table 1.

