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A B S T R A C T 

Introduction 

 

Schizophrenia (SCZ) is a neurodevelopmental disorder with a complex 

etiology that includes genetics and environmental factors [1, 2]. The 

contributing factors work by affecting the immune system, which 

appears as changes in the level of immunology markers in blood, 

cerebrospinal fluid and brain tissue of schizophrenia patients [3, 4]. The 

dysfunction of brain macrophages and peripheral monocytes has been 

hypothesized (microglial hypothesis) to be involved in the development 

of the disease [5]. Macrophages are important cells of the immune 

system that are differentiated from monocytes and play a pivotal role in 

the elimination of pathogens, modulation of adaptive immunity, 

induction of inflammation or tissue repair, and work as scavengers for 

clearing dead cells and waste molecules [6]. 

 

However, macrophages have been considered in schizophrenia due to 

the induction of cytokine-mediated neurodegenerative inflammation and 

participation in neuronal synapses formation through cell-cell contact [7-

9] . One of the ways for schizophrenia to be treated is the recovery of a 

correct immune system through the direction of anti-inflammatory 

macrophages or reduction of their induced inflammation. Non-steroidal 

anti-inflammatory medications (NSAIDs) with both analgesic and anti-

inflammatory activities are administered to reduce inflammation [10-

12]. 

 

Background: It has been suggested that the function of myeloid immune cells, especially macrophages in 

schizophrenia patients (SCZ), is impaired. Considering the role of macrophages in induction of 

inflammatory responses, the purpose of this study is to examine the response of monocyte-derived 

macrophages (MDM) of schizophrenia patients to Toxoplasma gondii (T. gondii) challenge. 

Materials and Methods: MDMs were generated from 20 SCZ and 10 healthy controls (HC). The cells 

were exposed to T. gondii. The Cytokine (IL-10, IL-12, IL-6, and TNF-α) and nitric oxide (NO) productions 

were measured. The expression of miR146a and miR155 was examined using qPCR. 

Results: The level of NO was significantly higher in the supernatant of MDMs of SCZ compared with the 

HC (P≤0.05) in response to T. gondii. There was no difference in cytokine (IL-10, IL-12, IL-6, and TNF-α) 

production of SCZ compared to the controls. The effect of miR-155/ miR-146a on inflammatory cytokine 

production was confirmed using anti-miRNAs. There were no significant effect in miR-155/ miR-146a 

expression of macrophages of schizophrenia patients to T. gondii compared to control. 

Conclusion: In this study, although the cytokine response and the amount of miR-155/ miR-146a expression 

of macrophages to T. gondii was not significantly different between the schizophrenia patients and the 

healthy subjects, the significant differences in the production of nitric oxide strengthen the hypothesis of 

the functional failure of these cells. 
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However, NSAIDs like ibuprofen, diclofenac, naproxen sodium, and 

acetylsalicylic acid that act through cyclooxygenase-1 and 2 inhibition 

have a controversial role in macrophage function, especially if 

administered chronically [13-15]. In addition, macrophages display a 

spectrum of diverse phenotypes depending on environmental conditions 

like chronic inflammation [16]. For example, in Type 2 diabetes, the M1 

macrophage is induced, which prevents insulin secretion through the IL-

1β production, so IL-1R antagonists and anti-IL-1β-neutralizing 

antibodies will have a therapeutic effect [17]. In the case of 

atherosclerosis that is induced by M1 macrophages, the induction of 

PPAR-γ as a regulatory factor for macrophage lipid metabolism and 

inflammatory responses will be effective [18]. Therefore, the exact 

recognition of the phenotypic and functional characteristics of the 

macrophages of schizophrenic patients will help to find the correct way 

to control their function. Various studies have characterized the brain 

microglia or peripheral blood monocytes of schizophrenic people in the 

aspects of cell surface marker, phagocytosis, cytokine production, 

chemokine/complement receptors, and neural interaction [19-21]. 

 

Considering that the stimulation of macrophages with pathogen-

associated molecular patterns or an infectious agent is one of the best 

methods for evaluating their function, in this study, we encountered 

schizophrenic macrophages with Toxoplasma gondii (T. gondii) and 

compared their immune response with the normal group. Toxoplasma 

gondii is among the infectious agents that causes neurodegenerative 

diseases and is a prime candidate of schizophrenia development [22]. 

For this purpose, PBMC isolated monocytes were differentiated to 

macrophages and infected with T. gondii. The Cytokine and nitric oxide 

responses were measured. In addition, regarding the role of microRNA 

in schizophrenia development and macrophage polarization, the miR-

146a and miR-155 expression and their effect on cytokine production by 

infected macrophages were assessed [23]. 

 

Materials and Methods 

 

I Subjects 

 

This study was conducted at the Roozbeh Hospital affiliated with the 

Tehran University of Medical Sciences (Tehran, Iran) in 2016. Blood 

samples were derived from 20 schizophrenia patients and 10 healthy 

controls. The schizophrenia diagnosis was confirmed by psychiatrists 

using the Diagnostic and Statistical Manual of Mental Disorders (DSM-

IV). All participants signed an informed consent form prior to any 

involvement. The sample size was based on the lowest number of 

patients that could provide statistical analysis and evaluation of similar 

studies [24, 25]. The inclusion criteria for the healthy controls were: (i) 

no family history of mental disorder; (ii) no antidepressant, 

antipsychotic, or mood-stabilizing drugs during the last one month; and 

(iii) normal C-reactive protein (CRP) level and erythrocyte 

sedimentation rate (ESR) value. The exclusion criteria for both the 

patient and the control group were as follows: (i) use of any non-

psychotropic drugs interfering with immune function; (ii) acute 

infections and allergic/inflammatory responses for at least one month 

prior to blood sampling; (iii) chronic medical illnesses known to be 

accompanied by changes in immune functions such as autoimmune 

disorders, inflammatory bowel disease, and acquired immunodeficiency 

syndrome; and (iv) alcohol and drug abuse. All participants were non-

smokers and non-obese. This study was approved by the Medical Ethics 

Committee of the Tarbiat Modares University . 

 

II Generation of MDMs 

 

Peripheral blood mononuclear cells (PBMCs) were isolated by 

performing a Ficoll-Paque™ PLUS gradient (GE Healthcare, UK) 

according to the standard protocol, and subsequently, monocytes were 

isolated from the PBMCs using anti-CD14 magnetic beads (Miltenyi 

Biotec GmbH, Germany) according to the manufacturer’s protocol. Cell 

purity was determined by flow cytometry using directly conjugated anti-

CD14 antibodies (DakoCytomation) and the mean CD14positive cells 

were 94%. To obtain the macrophages from the monocytes, CD14+ cells 

were immediately washed and seeded at 5×105 cells per well of 4-well 

plates for each sample. The monocytes were cultured in a complete 

RPMI 1640 medium supplemented with 10% heat-inactivated fetal calf 

serum (HyClone Laboratories, Logan, UT) and 5% heat-inactivated 

normal human AB serum (Sanquin, the Netherlands), 100 U/mL 

penicillin, 100 mg/mL streptomycin, 2 mM L-glutamine, and incubated 

at 37ᵒC, 5% CO2 for seven days [26]. 

 

III Parasites 

 

Tachyzoites of the virulent RH strain of T. gondii were harvested from 

the peritoneal fluid of the BALB/c mouse, five days after the 

intraperitoneal injection of tachyzoites. The suspended parasite was 

collected by centrifugation of the peritoneal fluid at 2000 rpm, 10 min, 

4°C. After washing the obtained parasite with RPMI-1640 (Gibco) 

medium, the number and viability of tachyzoites were determined by the 

Trypan blue exclusion in a hemocytometric chamber. 

 

IV Cells Stimulation and In Vitro Study Groups 

 

MDM culture from both the healthy subjects and schizophrenia patients 

was divided into two groups, control and T. gondii stimulated, 

respectively. After seven days, the culture of the monocyte and 

macrophages of the test groups were infected with the tachyzoites of T. 

gondii at 1:5 ratio for 12 hours. According to the preliminary study, at 

that time an average of 95% of the macrophages would be infected with 

at least one T. gondii. At the end of the macrophage-T. gondii incubation 

time, all the macrophages of the control and test groups were washed and 

replaced with fresh media. Twenty-four hours post incubation at 37ᵒC, 

5% CO2, the medium was harvested to measure the secretion of 

cytokines/ nitric oxide and the cells were lysed for total RNA extraction. 

All treatments were done in triplicate. 

 

V Cytokine Measurement 

 

Twenty-four hours post in vitro treatment of the MDMs with the parasite, 

the supernatant of both the control and the test groups were collected and 

stored at −20oC until use. The IL-10, IL-12, IL-6, and TNF-α 

concentrations were measured by the ELISA method using R&D 

systems-kits (Minneapolis, MN, USA) according to the manufacturer's 

instructions. The ELISA assay was performed in triplicate for each 

sample and the cytokine concentrations were calculated using standard 

curves. 
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VI Nitric oxide Measurement 

 

Twenty-four hours post in vitro treatment of the MDMs with the parasite, 

the supernatant of both the control and test groups were collected and 

analyzed for nitric oxide (NO) production. For this purpose, 100ml of 

the Griess reagent was added to 100ml of the supernatant. The 

absorbance of the developed color was read at 540 nm. NO 

concentrations were calculated using a standard solution of sodium 

nitrite (Merck) prepared in culture media. All in vitro treatments were 

analyzed in triplicate and data reported as mean ± SD. 

 

VII Transfection with miR-146a and miR-155 Inhibitors 

 

To determine the effective role of mir-146a and miR-155 on the MDMs’ 

response in T. gondii infection, a microRNAs inhibition assay was used. 

The MDMs were prepared from the healthy control. The MDMs of each 

case were cultured at 5×105 cells per wells and divided into three in vitro 

study groups that were transfected with: LNA anti-155(50 nM), LNA 

anti-146a(50 nM), and scramble siRNA(50 nM). All groups were 

transfected 24 hours before infecting the MDMs with toxoplasma, using 

the Lipofectamine 2000 transfection reagent (Invitrogen) in the 

OptiMEM medium (Gibco) according to the manufacturer's protocol. 

Scrambled siRNA does not target any known miRNA in the 

macrophage. The MiRCURY LNA™ microRNA inhibitor and scramble 

siRNA were purchased from EXIQON, Denmark. The LNA anti-miRs 

and scramble sequences that were used are shown in (Table 1). Twenty-

four hours after the LNA anti-miRs and scramble transfection, the 

medium was replaced with fresh RPMI containing 10% FBS. 

Simultaneously with the replacement, the wells of the samples were 

infected with T. gondii for 12 h (ratio of 5 parasites per cell). Twelve 

hours after stimulation, the medium was replaced with fresh RPMI 

containing 10% heat-inactivated fetal calf serum and 5% heat-

inactivated normal human AB serum, 100 U/mL penicillin, 100 mg/mL 

streptomycin, and 2 mM L-glutamine. Twenty-four hours later, the 

medium was harvested to measure the secretion of cytokines and the 

cells were lysed for total RNA isolation according to the methods 

described above. 

 

Table 1: Oligonucleotide sequences of the primers designed for miRNA measurement. 

Oligonucleotide name Product name Sequence (5′—3′) Product by 

hsa-miR-155-5p 

Forward primer CCGTTAATGCTAATCGTGA 

Macrogen 
Reverse primer GAGCAGGGTCCGAGGT 

probe FAM-AGGGGTGTCGTATGCAGTGC-BHQ1 

RT GTCGTATGCAGAGCAGGGTCCGAGGTATTCGCACTGCATACGACACCCCT 

MiRCURY LAN Inhibitor CCTATCACGATTAGCATT Exiqon 

hsa-miR-146a-5p 

Forward primer CCGATGAGAACTGAATTCC 

Macrogen 
Reverse primer GAGCAGGGTCCGAGGT 

probe FAM -TGGGTTGTCGTATGCAGTGC-BHQ1 

RT GTCGTATGCAGAGCAGGGTCCGAGGTATTCGCACTGCATACGACAACCCA 

MiRCURY LAN Inhibitor ACCCATGGAATTCAGTTCTC Exiqon 

has-SNORD-47 

Forward primer ATCACTGTAAAACCGTTCCA 

Macrogen 
Reverse primer GAGCAGGGTCCGAGGT 

probe FAM-TGATTCTGAGGTTGTCGTATGCA-BHQ1 

RT GTCGTATGCAGAGCAGGGTCCGAGGTATTCGCACTGCATACGACAACCTC 

Scramble siRNA Scramble siRNA GTGTAACACGTCTATACGCCCA Exiqon 

 

VIII miR-146a and miR-155 Quantitation 

 

The total RNA was extracted from the MDM cells of the test and control 

groups by a Trizol reagent (Gibco BRL) according to the manufacturer’s 

instructions. The total RNA concentration and purity were determined 

with the NanoDrop 2000 (Thermo Scientific, MA) and stored at −80ᵒC 

until the cDNA synthesis was performed. About 10 ng total RNA in a 

final volume of 20 μL, were reversely transcribed into cDNA using the 

Thermo Scientific Revert Aid First Strand cDNA Synthesis Kit 

(#K1622) as described in the manufacturer’s protocol. Real-time PCR 

reactions were performed in duplicates in a final volume of 20 μL 

containing 10 μL Real Q PCR 2x Master Mix for Probe, High ROX 

(Ampliqon, Denmark), 0.2 μL Special Probe, 1μL primer mix (2 

pmol/mL), and 5 ng of cDNA. Oligonucleotides were synthesized by 

Macrogen (South Korea) and are shown in (Table 1). Real-time PCR was 

performed on the Step One Plus Real-Time PCR System (Applied 

Biosystems) in two steps with the following thermal settings: 15 min at 

95°C for initial enzyme activation followed by 40 amplification cycles 

(each 15 seconds at 95°C, 30 seconds at 60°C with fluorescent 

detection). The relative expression levels were normalized (2Δct) to 

RNU47 as the endogenous control and analyzed using the REST® 2009 

software, which compares target and control samples using 2000 

iterations [27]. 

 

IX Statistical Analyses 

 

The one-way Analysis of Variance (ANOVA) was used to compare the 

supernatant levels of cytokines and NO between the experimental 

groups. The data are presented as mean ± SE. The differences between 

the mean values were considered significant when P<0.05. The data 

were analyzed using the GraphPad Prism 5.0 software (Graph Prism Inc., 

San Diego, Ca). The relative expression levels were normalized (2Δct) to 

RNU47 as the endogenous control  and analyzed using the REST® 2009 

software, which compares target and control samples using 2000 

iterations [27, 28]. 
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Table 2: Clinical and demographic characteristics of patient and control 

groups. 

Groups 

Parameters 

Patient 

N=20 

Control 

N=10 
p value 

Sex (M/F) 20(10/10) 10(5/5) 0.930 

Age (years, mean ± SD) 34.02±5.81 33.52±5.23 0.523 

Age of onset (years, 

mean ± SD) 

24.30±4.29  0.000 

Duration of illness (years, 

mean ± SD) 

4.35±2.81   

Positive symptoms (mean 

± SD) 

15.48±5.32  0.000 

Negative symptoms 

(mean ± SD) 

14.61±5.09  0.002 

General psychopathology 

(mean ± SD) 

30.65±6.23  0.000 

 

Results 

 

I Demographic Data 

 

Table 2 shows the demographic characteristics of the patient and control 

groups. Our results showed that the mean duration of illness was 

4.35±2.81 years in the patient group. The positive and negative 

symptoms of the schizophrenia groups were assessed using a Positive 

and Negative Syndrome Scale (PANSS) [29]. 

 

II Inflammatory Cytokine Production in Response to T. gondii 

 

Forty-eight hours after the encounter of both schizophrenia and control 

MDMs with T. gondii, the level of IL-6, TNF-α, and IL-12 were 

measured by ELISA. Our results showed that there was no significant 

difference in the defined cytokine production between the schizophrenia 

and control groups before and after the T. gondii challenge, although the 

schizophrenia cases demonstrated a higher amount of TNF-α production. 

After the T. gondii challenge, the mean cytokine production of the 

schizophrenia patients were induced significantly (P≤0.05) from 140.6 ± 

24.6 pg/ml (IL-6), 68.81 ± 11.63 pg/ml (TNF-α), and 12.6 ± 1.49 pg/ml 

(IL-12) to 43.12 ± 7.36 pg/ml, 24.3 ± 4.15 pg/ml, and 5.58 ± 1.6 pg/ml, 

respectively. A similar increase pattern was obtained in the cytokine 

level of the control group’s MDMs in response to the T. gondii (Figure 

1). In addition, a small increase was observed in the level of IL-10 

production in both the schizophrenia and control MDMs in response to 

the T. gondii, which was not statistically different (Figure 1, A-D). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Level of cytokines response of MDMs of schizophrenia patients and controls in response to T. gondii stimulation. 

T. gondii challenge significantly induced the level of IL-6 compared to Basel level in control groups (P = 0.0013) and patients (P =0.0013) (A). No significant 

increase in level of IL-10 in control and patient group after T. gondii challenge (B). Increased level of TNF-α  and IL-12 compared to Basel level were 

observed, in control groups (P = 0.042) (P =0.008)  and patients (P=0.008)  (P =0.009), respectively (C, D) NO secretion was significantly higher in the 

patient group(47.1 ± 5.66 μ/m) as compared to the healthy control (27.18 ± 5.06 μ/m) after T. gondii stimulation (P=0.01) , (E). It was no significant 

difference in terms of levels of IL-6, TNF-α, IL-12 and IL-10 between the patient and control groups after T. gondii challenge (A-D). The data represent the 

means ± SE. 
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III Nitric Oxide Production in Response to T. gondii 

 

The results showed a significantly increased level of NO from 9.31 ± 

1.08 μM to 47.1 ± 5.66 μM in the MDMs of the schizophrenia patients 

in response to the T. gondii challenge. A significantly increased level of 

NO (27.18 ± 5.06 μ/m) was observed in the control group after the T. 

gondii challenge compared to the basal level of 6.51 ± 1.03 μM. The NO 

secretion was significantly (P≤0.05) higher in the patient group (47.1 ± 

5.66 μ/m) as compared to the healthy control (27.18 ± 5.06 μ/m) after 

the T. gondii stimulation ( Figure 1 E). 

 

IV miR-146a and miR-155 Effects on MDMs Cytokines 

Production 

 

To determine the effect of miR-146a and miR-155 on the MDMs’ 

cytokine production in response to the T. gondii infection, the MDMs of 

healthy subjects were transfected with anti-miR-146a LNA, anti-miR-

155 LNA, and Scramble siRNA, 24 hours before the T. gondii infection. 

Forty-eight hours post infection, a significant reduction in both micro 

RNAs was confirmed by the Real-time PCR analysis, and the 

supernatant was assessed for cytokine production. According to the 

obtained results, the infected MDMs showed a significant (P≤0.05) 

increase in the IL-6 (307.1 ± 48.53 pg/ml) and TNF-α (247.4 ± 18.53 

pg/ml) levels in the presence of the anti-miR-146a LNA compared to the 

IL-6 (189.8 ± 17.22 pg/ml) and TNF-α (59.1 ± 13.91 pg/ml) production 

in the Scramble treated groups. The MDMs’ treatment with anti-miR-

146a LNA had no significant effect on the IL-10 and IL-12 production. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2: Changes in the expression of IL-6, IL-10, IL- 12, TNF-α and 

NO in Toxoplasma-stimulated in the miR-146a and miR-155-inhibited 

MDMs. In infecting MDMs with toxoplasma, IL-6 levels in the presence 

of anti-miR-146a LNA (307.1 ± 48.53 pg/ml) show a significant increase 

(P=0.04) compared to Scramble's presence (189.8 ± 17.22 pg/ml) and 

TNF-α levels in the presence of anti-miR-146a LNA (247.4 ± 18.53 

pg/ml) show a significant increase (P=0.045) compared to Scramble's 

presence (59.1 ± 13.91 pg/ml), while presence of anti-miR-146a LNA 

no significant effect on the production of IL-10 and IL-12. Conversely 

in infecting MDMs with toxoplasma, anti-miR-155 LNA significant 

decrease IL-6 (75.66 ± 9.04 pg/ml), IL-12 (6.52 ± 1.81 pg/ml), and TNF-

α (16.67 ± 3.24 pg/ml) compared to Scramble's presence IL-6 (189.8 ± 

17.22 pg/ml), IL-12 (17.81 ± 3.01 pg/ml) and TNF-α (59.1 ± 13.91 

pg/ml) (For all P< 0.05) and presence of anti-miR-155 LNA no 

significant effect on the production of IL-10 in MDMs response. NO 

levels in the presence of anti-miR-146a LNA (212.1 ± 33.4 μ/m) show a 

significant increase (P=0.031) 

Conversely, the anti-miR-155 LNA treated MDMs showed a significant 

(P≤0.05) decrease in the IL-6 (75.66 ± 9.04 pg/ml), IL-12 (6.52 ± 1.81 

pg/ml), and TNF-α (16.67 ± 3.24 pg/ml) production compared to the 

Scramble treated groups with higher IL-6 (189.8 ± 17.22 pg/ml), IL-12 

(17.81 ± 3.01 pg/ml), and TNF-α (59.1 ± 13.91 pg/ml) production. The 

anti-miR-155 LNA had no significant effect on the IL-10 production of 

the T. gondii infected MDMs (Figure 2). 

 

V miR-146a and miR-155 effect on Nitric oxide Production 

 

The NO levels in the presence of anti-miR-146a LNA (212.1 ± 33.4 μ/m) 

showed a significant increase (P=0.031) compared to the Scramble 

treated groups (47.51±26.15 μ/m). Conversely, the NO levels in the 

presence of anti-miR-155 LNA (14.11 ± 9.53 μ/m) showed a significant 

decrease (P=0.012) compared to the Scramble's presence (47.51±26.15 

μ/m) in the healthy MDMs in response to the T. gondii (Figure 2). 

 

VI miR-146a and miR-155 Expression in Response to T. gondii 

 

The expression of miR-146a and miR-155 by MDMs has been reported 

in (Figure 2). Our results showed that the miR-146a and miR-155 

expression was significantly (P≤0.05) up-regulated in response to the T. 

gondii challenge in the control (9.7 and 9.6 fold) and schizophrenia 

patients (10.3 and 8.6), respectively. No significant difference was 

observed between the patients and control (Figure 3). 

 

 

 

 

 

 

 

 

 

 

 

Figure 3: Relative expression of miR-155 and miR-146a in control (A) 

and patients (B) after toxoplasma stimulation. Our results showed that, 

miR-155 and miR-146a expression was significantly upregulated in 

response to T. gondii challenge in the patients and control (all ≤ 0.05), 

but no statistically significant difference was found between patients and 

controls . Boxes represent the interquartile range, or the middle 50% of 

observations. The dotted line represents the median gene expression. 

Whiskers represent the minimum and maximum observations. 

 

Discussion 

 

Schizophrenia is a chronic mental illness that affects approximately 1% 

of the general population worldwide [30]. It is a heterogeneous disorder 

and is considered a multifactorial disease including prenatal infection, 

obstetric complications, genetic vulnerabilities, and Immunologic 

disorders [31-33]. One of the more recent hypotheses proposes that an 

aberrant function of the immune system is associated with schizophrenia 

[34]. The impaired functioning of the myeloid immune cells in 

schizophrenic patients has attracted much attention over the past years. 

Macrophages, as a myeloid cell in the immune system, play an important 

role in the formation and direction of innate and adaptive immune 

Clin Exp Invest doi:10.31487/j.CEI.2020.01.05       Volume 1(1): 5-8 



Evaluation of Immunologic Function of Peripheral Blood Monocytes from Schizophrenic Patients in Response to Toxoplasma Gondii                6 

 

responses. miRNAs can elicit a broad effect on inflammatory gene 

expression and thus, have important implications for inflammation. The 

expression of miR-146a and miR-155 contributes to the regulation of the 

inflammatory response [35]. Several studies have defined the pivotal 

role of miR-146a and miR-155 in the function of macrophages [36].  

 

In this study, monocytes were taken from both schizophrenia patients 

and the control and were found to be macrophages in vitro [37]. We 

screened the MDMs of schizophrenia patients for (1) the expression of 

miR146a and miR155 and (2) the production of TNF-α, IL-10, IL-12, 

IL-6, and nitric oxide (NO) in macrophages in response to T. gondii 

compared with healthy controls. Also, we examined the effects of miR-

146a and miR-155 on the production of IL-6, TNF-α, IL-12, IL-10, and 

nitric oxide (NO) responses to T. gondii in the MDMs in healthy 

individuals. According to our information, this is the first study to 

investigate the response of schizophrenic macrophages to living 

intracellular pathogens. Our data demonstrated that the T. gondii 

infection significantly induced the expression of miR-146a and miR-155 

in the MDMs of patients and controls. Previous studies have shown that 

MicroRNAs play an important role in the immune response processes 

under normal and pathological conditions [38].  

 

Moreover, we did not detect significant alterations in the expression 

level of miR-155 and miR-146a between the patients and controls. Also, 

our data demonstrated that the miR-155 increased the IL-12, TNF-α, IL-

6, and NO production, and the miR-155 decreased the TNF-α, IL-6, and 

NO production in macrophages after the T. gondii infection. These 

findings suggest that miR-146a and miR-155 act as a crucial element in 

modulating the macrophage's response to the T. gondii infection.  

 

Some previous studies have shown that miR-146a modulates the 

production of proinflammatory cytokines in dendritic cells, and a 

decrease in the expression of miR-146a leads to an excessive increase in 

the production of IL-6 and TNF-α [39-41]. MiR-146a attenuates iNOS 

and NO production in infected macrophages with intracellular bacteria 

[42]. MiR-155 is required for IL-12 expression and enhances the 

expression of NO and proinflammatory cytokine in macrophages after a 

lipopolysaccharide challenge [43, 44]. miR-155 direct the inflammatory 

responses through by targeting TNF-α , transcription factor PU.1, SH2 

domain-containing inositol 5-phosphatase 1 (SHIP1) and suppressor of 

cytokine signaling 1 (SOCS1) while the miR-146a affects TNFR-

associated factor 6 (TRAF6), Interleukin-1 receptor-associated kinase 

1and 2 (IRAK1and IRAK2) and Interferon regulatory factor 3 and 5( 

IRF3 and IRF5) [36].  

 

Based on our findings, it is suggested that in the face of an increased 

expression of miR-146a and miR-155 in the T. gondii stimulated 

macrophage, the role of miR-155 is dominant. The T. gondii infection 

activates the MDM cells (in patients and controls), leading to the 

transcription of inflammatory cytokines, which result in the activation of 

the immune response against this pathogen. Except for a significant 

change in the level of NO after the MDMs’ stimulation with T. gondii, 

we did not detect significant alterations in the secretion of IL-6, TNF-α, 

IL-12, and IL-10 responses between the patients and controls 

 

The results of this study on cytokines is consistent with the study of Paul 

R. Ormel et al (37) while not consistent with the results of some other 

studies [45]. The result of our study. In this research we found a 

significant increase in NO in schizophrenic patients. It suggests that the 

NO response to stimuli might be affected in schizophrenia patients, 

although more research is needed in this area. Nitric oxide (NO) is an 

intermediary gaseous cellular messenger in cell communication in the 

brain that increases the release of dopamine, acetylcholine, and 

glutamate[46]. 

 

The role of NO in the brain is multifunctional. NO regulates the 

proliferation, functions, and fates of neural stem cells, and affects adult 

neurogenesis [47, 48]. It also plays a pivotal role in neural 

differentiation, long-term potential (LTP) changes in the shape of 

synapses, memory, and learning [49-52]. Some studies have suggested 

that NO in the central nervous system (CNS) is cytoprotective at 

physiological concentrations and has a cytotoxic effect at higher levels 

[53-55]. The pathologic NO is known as one of the main mediators in 

brain damage, including glutamate neurotoxicity, hypoxic-ischemic 

injury, oxidative stress, and neurodegeneration [56, 57]. Some studies 

have suggested the possibility of nitric oxide interference in the 

pathophysiology of some psychiatric disorders such as bipolar disorder, 

depression, and schizophrenia [58, 59].There are different studies on the 

serum levels of NO metabolites in schizophrenia with contradictory 

results [60-63]. 

 

However, the present study has two features. The first one is that the 

function of monocytes is examined in cell culture conditions, not in the 

serum that is affected by medication, (65) psychosocial stress (66), and 

sleep disturbances (67, 68). Second, the function of monocytes has been 

investigated in response to an external stimulus such as Toxoplasma, 

which can show the true orientation of macrophage function.  

 

In summary, in this study, we did not detect significant alterations in IL-

6, TNF-α, IL-12, and IL-10 between schizophrenia patients and controls 

after the stimulation of MDMs with T. gondii except than NO. This 

suggests that NO may be involved in the pathogenesis of schizophrenia, 

which needs more investigation. 

 

In addition, although inducible nitric oxide synthase gene is one of the 

targets of miR155, no difference in its expression were observed 

between healthy person and schizophrenia. Therefore, considering the 

effectiveness of miRNAs in the diagnosis and treatment of diseases, 

determination of the level of other miRNAs that are involved in nitric 

oxide induction will be useful in schizophrenia patients. 

 

Acknowledgments 

 

We wish to express our gratitude to the participants and their families. 

We also appreciate the contributions of Dr. Hamid Reza Naghavi 

(Tehran University of Medical Sciences, Tehran, Iran) and Dr. Afra 

Khosravi (Ilam University of Medical Sciences, Ilam, Iran). We also 

wish to thank all the medical staff of Roozbeh Hospital for their 

cooperation. 

 

Conflicts of Interest 

 

None. 

 

Clin Exp Invest doi:10.31487/j.CEI.2020.01.05       Volume 1(1): 6-8 



Evaluation of Immunologic Function of Peripheral Blood Monocytes from Schizophrenic Patients in Response to Toxoplasma Gondii                7 

 

Highlights 

 

• The level of NO was significantly higher in the supernatant of 

MDMs of schizophrenia compared with the control after 

stimulation with T. gondii. 

• Cytokine production in the supernatant of MDMs of schizophrenia 

had no significant difference compared with the control after 

stimulation with T. gondii. 

• The expression of miR-155 and miR-146a showed no significant 

difference between schizophrenia and control in response to T. 

gondii. 
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