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ABSTRACT

Objective: S100B is a calcium-binding protein that is secreted from astrocytes and other glial cells in the central nervous system and may
affect the growth and/or differentiation of neurons and astrocytes. The neuropathological studies in cell cultures of Toxoplasma gondii and
postmortem studies in patients with schizophrenia revealed many glial abnormalities, particularly in astrocytes. This study aimed to evaluate
S100B protein levels in patients with schizophrenia having seropositive and seronegative toxoplasma.

Methods: This study included 40 patients with schizophrenia and 39 healthy control groups, with 20 toxoplasma seropositive in each group. The
patients’ psychopathology were evaluated with the positive and negative syndrome scale (PANSS). S100B level and T. gondii immunoglobulin G
(IgG) were analyzed by electrochemiluminescence immunoassay and the enzyme-linked immune-sorbent assay method, respectively.

Results: No significant difference was found in S100B values between the patients with schizophrenia and healthy controls (p=0.94). No
statistically significant correlations were found between S100B and both PANSS subscale scores and disease duration. ST00B median values
between toxoplasma IgG-positive and negative groups have no statistically significant difference in both healthy controls (p=0.38) and patients
with schizophrenia (p=0.93).

Conclusion: This study found no association between S100B protein levels and both schizophrenia and latent toxoplasma. Some studies report
a role for S100B in schizophrenia; however, uncertainties still exist and are in some ways contradictory.
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6z

Amag: S100B, merkezi sinir sistemindeki astrositlerden ve diger glial hiicrelerden salgilanan, néronlarin ve astrositlerin blylimesinde ve/veya
farklilasmasinda rol oynayabilen kalsiyum baglayici bir proteindir. Toxoplasma gondii hiicre kiiltirlerinde yapilan néropatolojik calismalarda ve

sizofreni hastalarinda yapilan postmortem calismalarda, 6zellikle astrositlerde olmak lizere bircok glial anormallik gésterilmistir. Bu calismanin
amaci, toksoplazma seronegatif ve seropozitif sizofreni hastalarinda S100B protein diizeylerini degerlendirmekti.

Gereg ve Yontem: Calismaya her grupta 20 toksoplazma seropozitif olmak lzere toplam 40 sizofreni hastasi ve 39 saglikli kontrol grubu dahil
edildi. Hastalarin psikopatolojisi, pozitif ve negatif sendrom &lcegi (PANSS) ile degerlendirildi. S100B seviyesi ve T. gondii immunoglobulin (IgG),
sirastyla elektrokemiliiminesans immunoassay yontemi ve enzime bagl immiin-sorbent yontemi ile analiz edildi.

Bulgular: Sizofreni hastalari ile saglikli kontroller arasinda S1T00B degerlerinde anlamli fark yoktu (p=0,94). S100B ile hem PANSS skorlari hem de
hastalik stiresi arasinda istatistiksel olarak anlamli bir iliski yoktu. Toxoplasma imminoglobulin G (IgG) pozitif ve negatif gruplar arasinda S100B
medyan degerlerinde hem saglikli kontrollerde (p=0,38) hem de sizofreni hastalarinda (p=0.93) istatistiksel olarak anlamli bir fark yoktu.

Sonug: Bu calismada, S100B protein seviyeleri ile hem sizofreni hem de latent toksoplazma arasinda bir iliski bulunmamistir. Bazi galismalar
S100B'nin sizofrenide bir roli oldugunu bildirmektedir, ancak bu konuda belirsizlikler hala mevcuttur ve bazi yonlerden celiskilidir.
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INTRODUCTION

The etiology of schizophrenia remains largely unclear and
is believed to be multifactorial. In the past two decades,
numerous studies have been conducted to find a direct
link between latent toxoplasmosis and schizophrenia.
Toxoplasma gondii is a common protozoan parasite that
infects one-third of the world's population. Toxoplasma
showing neurotropism is a parasite that migrates within the
brain tissue, predominantly in the gray matter, localizing in
neurons, astrocytes, and microglia. Its dormant form, the
bradyzoite, can persist in the host brain for many years and
perhaps until death (1,2).

Recently, numerous studies have suggested a link between
schizophrenia and S100B protein. The S100 protein family
that was described in the mid-1960s has been the subject
of many studies in recent years. This protein family is called
S100 since it is 100% soluble in ammonium sulfate and
was originally purified from bovine brain and described as
brain-specific (3). Currently, the S100 protein family consists
of >20 calcium-binding proteins with structural similarities.
Additionally, some members of the S100 protein family
bind copper and/or zinc. ST00B is secreted from many cells,
i.e., astrocytes, oligodendrocytes, neurons, lymphocytes,
or adipocytes. In physiological concentrations, S100B has
neurotrophic and neuroprotective effects (4,5). However,
overproduction of S100B can lead to neurotoxicity and
inhibit the proliferation and differentiation of neurons, and
it can induce neurodegeneration and apoptosis (6). S100B
secretion is increased by pro-inflammatory cytokines and
this protein could be involved in the unstable inflammatory
response that is observed in various central nervous system
disorders, including schizophrenia, Alzheimer's disease,
and major depression (7). Therefore, measuring the
functionality of astrocytes in patients with schizophrenia via
the S100B protein, which can be detected in both serum
and cerebrospinal fluid (CSF) is important. This study aimed
to compare serum S100B levels in toxoplasma seronegative
and seropositive schizophrenia cases.

METHODS

Participants

This study included 40 patients with schizophrenia and 39
healthy control groups, with 20 toxoplasma seropositive
in each group. The clinical diagnosis of patients with
schizophrenia was made through the Diagnostic and
Statistical Manual of Mental Disorders. The positive and
negative syndrome scale (PANSS) was used to measure
the symptoms of patients with schizophrenia. Exclusion

criteria included patients with a history of meningitis,
encephalitis, mental retardation, head trauma, substance
abuse, alcoholism, and immunodeficiency diseases. The
control group consisted of 39 healthcare workers without a
history of schizophrenia or psychiatric disorders. This study
was approved by the Firat University Ethical Committee
(reference number: 08/12/26042016). The study was
conducted following the Declaration of Helsinki.

Laboratory Analysis

Blood samples were obtained under sterile conditions from
all study participants. Samples were stored at -20 °C until T.
gondii IgG and S100B test analyses after centrifugation. Al
samples for T. gondii immunoglobulin (IgG) detection were
analyzed using a commercial enzyme-linked immunosorbent
kit (Vircell, Granada, Spain) on the Triturus system (Grifols,
Parets del Valles, Spain) following the manufacturer's
instructions. T. gondii IgG levels below 10 IU/mL were
considered negative, and levels above 10 IU/mL were
considered positive. Serum S100B level was analyzed by
electrochemiluminescence immunoassay method on Cobas
8000/e602 analyzer (Roche Diagnostics, Risch Rotkreuz,
Switzerland) using Roche kit. The S100B measuring range is
between 0.005 pg/L and 39 pg/L.

Statistical Analysis

Statistical analyses were performed using the Statistical
Package for the Social Sciences version 21.0 software (IBM
Corp., Armonk, NY USA). The Kolmogorov Smirnov or
Shapiro-Wilk test was used to determine the data normality
distribution. Student’s t-test or Mann-Whitney U test was
used to compare continuous variables between the groups.
The Chi-square test or Fisher's Exact test was used for
categorical comparisons between the different groups.
The Pearson correlation or Spearman’s rho test was used
to analyze the correlation between the parameters. The
p-value of <0.05 was considered statistically significant.

RESULTS

This study included 40 patients with schizophrenia, 20
females and 20 males, with ages ranging between 22
and 54 years. The control group consisted of 39 healthy
healthcare workers, 20 females and 19 males, with ages
ranging between 24 and 56 years. No statistically significant
difference was found between patients with schizophrenia
and healthy controls in terms of age and gender (Table
1). lliness duration in schizophrenia cases ranged from 5
months to 31 years, and the median duration was 12 years.

The median S100B values that are detected in schizophrenia
and healthy control groups are shown in Table 1. No
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Table 1. Demographic, clinical, and laboratory characteristics
of patients with schizophrenia and healthy controls

Schizophrenia Healthy

patients controls
Number of participants 40 39 -
Age (mean = SD) 38.70+8.36 38.97+8.11 0.88
Gender
Male 20 19 0.91
Female 20 20
T. gondii IgG positive, N 20 20 0.91
S100B, pg/L (median) 0.046 0.045 0.94
PANSS subscales
Positive subscale score

) 17 - -

(median)
Negative subscale score 29 89+8.11 ) i
(mean)
General psychopathology 37.22+14.45 ) i
subscale score (mean)
PANSS total (median) 91.50 - -

PANSS: Positive and negative syndrome scale, IgG: Immunoglobulin G, SD:
Standard deviation

significant difference was found in S100B values between
the two groups (p=0.94). No correlations were determined
between S100B values and PANSS positive (r=0.24, p=0.15),
PANNS negative (r=-0.11, p=0.52), general psychopathology
(r=0.11, p=0.52), and PANNS total scores (r=0.26, p=0.12)
in the patients. No significant correlation was determined
between disease duration and S100B level (r=0.26, p=0.12).

Figure 1 shows healthy controls that were divided into two
groups as Toxoplasma IgG positive and negative, in which
S100B median value was higher in the positive group (0.047
pg/L) than in the negative group (0.042 pg/L), but this
difference was not significant (p=0.38). Similarly, in patients
with schizophrenia, S100B median values were 0.046 pg/L
and 0.045 pg/L in Toxoplasma IgG-positive and negative
groups, respectively, without a statistically significant
difference (p=0.93).

DISCUSSION

S100B that has neurotrophic and neuroprotective effects
is concentrated in astrocytes and other glial cell types,
such as oligodendrocytes, Schwann cells, retinal Muller
cells, ependymal cells, enteric glial cells, and certain
subpopulations of neurons (5). S100B is thought to mediate
interactions between the glial cells and between the
neurons and glial cells, and it acts as a cytokine after being
secreted from the glial cells (8,9).
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Figure 1. Comparison of S100B values in Toxoplasma gondii IgG
positive and negative groups
IgG: Immunoglobulin G

Recently, various studies have suggested that the S100B
protein is a biomarker of schizophrenia pathophysiology.
Post mortem studies in patients with schizophrenia have
shown that the S100 protein was upregulated in both the
frontal cortex of patients with paranoid schizophrenia,
but it was downregulated in the corpus callosum and
deep white matter of the anterior cingulate gyrus (10-12).
Previous studies that investigate the blood S100B levels in
patients with schizophrenia revealed higher blood S100B
levels in patients with schizophrenia than healthy control
groups (8,13,14). Contrarily, a study reported no correlation
between S100B and schizophrenia and another reported
the decreased levels of S100B in schizophrenia (15,16).
Additionally, serum S100B is reported to be elevated in
drug-free and drug-naive patients with schizophrenia, and
in the early phase of the disease (14,17). This study revealed
no significant difference in S100B values between the
schizophrenia and control groups. The study consisted of
patients with chronic schizophrenia with median disease
duration of 12 years, which may be a factor in the absence
of a significant change in S100B values.

Data about S100B and psychopathology are controversial.
A meta-analysis study revealed an inclusive relationship
between S100B and psychopathology, whereas most studies
did not find any relationship, and a negative correlation was
found between PANNS negative and S100B, whereas a
positive correlation in a few studies (7). This study revealed
no significant correlation between the PANSS total or any
PANSS subscale score and S100B.
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A consensus was not determined on the effect of disease
duration on S100B levels. Almost all studies reported no
association between S100B concentrations and disease
duration (9). Similarly, no relationship was also found
between disease duration and ST00B in this study. Only one
study reported a negative correlation between S100B levels
and disease duration (14).

Many studies reported a possible relationship between
Toxoplasmaandschizophrenia(18). Invitroneuropathological
studies in cell cultures of T. gondii and post mortem studies
on the brains of patients with schizophrenia revealed many
glial abnormalities, particularly in astrocytes (19). No study
has found a relationship between this parasite, which
can remain dormant in the brain for years, and S100B,
which shows the astroglial and microglial activation. This
study found no significant difference was found between
toxoplasma and S100B levels in both schizophrenia and
healthy control groups.

Study Limitations

S100B could leak into the systemic circulation and CSF in the
event of neuronal injury and blood-brain barrier disruption
(20). CSF was not taken from the patients since it required
an invasive procedure. Investigating the level of S100B in
CSF instead of serum may be more valuable. The study
population was relatively small, thus it should be repeated
in the larger population.

CONCLUSION

Our study revealed no association between S100B protein
levels and both schizophrenia and latent toxoplasma. The
information regarding the behavior of this protein in the
brain is lacking, thus uncertainties still exist and are in some
ways contradictory.
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