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Abstract

Immune function abnormalities have been implicated in the pathophysiology of schizophrenia
(SZ). This is primarily based on the observation that the levels of proinflammatory cytokines are
significantly increased in the serum of SZ patients compared with normal control (NC) subjects.
However, it is not known if similar cytokines abnormalities are also present in the brain of SZ
patients. To further examine the involvement of inflammatory cytokines in the brain of SZ
patients, we determined the protein and mRNA levels of TNF-a, IL-1B, IL-2, IL-6, IL-8, IL-10,
IL-13, LTA and IL-1RA in the prefrontal cortex (PFC, Brodmann area 9) of SZ patients. We found
that the protein and mRNA expression levels of the cytokines TNF-a and IL-6 are significantly
increased and those of IL-10 are significantly decreased in the PFC of SZ patients. No difference
in the protein and mRNA levels of IL-1p, IL-13, and IL-1RA was observed between SZ patients
and NC subjects. The protein expression levels of IL-8 were significantly decreased and those of
LTA were significantly increased in SZ patients, but no significant difference in the mRNA levels
of 1L-8 and LTA was observed between SZ patients and NC subjects. The levels of IL-2 were
undetectable or very low in the postmortem brain of either SZ or NC subjects. These results
suggest abnormalities of specific pro- and anti-inflammatory cytokines in the postmortem brain of
SZ patients. These observations may have important implications in understanding the role of
inflammatory cytokines in the pathophysiology of SZ.
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1. Introduction

Immune function abnormalities have been implicated in the etiology and pathophysiology of
schizophrenia (SZ). Several studies suggest that prenatal infections act as a risk factor for
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immune function alterations later in life, such as abnormal cytokine production and marked
changes in cognitive and affective behaviors throughout the lifespan (Miller et al., 2013).
Several other studies also reported increased microglial activation in SZ patients (Bayer et
al., 1999; Schnieder and Dwork, 2011; Steiner et al., 2008).

Cytokines are major mediators of immune function and hence it is not surprising that
cytokines have been widely studied in SZ. The suggestion that abnormalities of cytokines
are associated with SZ is based on several lines of evidence. For example, the administration
of cytokines, such as interferon (IFN)-y, to rats and humans produces a syndrome known as
‘sickness behavior’ (Dantzer et al., 1999). The development of psychosis with IFN therapy
have been generally observed and reported, as reviewed by Cheng et al. (2009) and by Crane
et al. (2003). Also, the administration of cytokines to cancer patients is associated with side
effects such as anxiety, depression, psychosis, mania and delirium (Capuron et al., 2001).
That abnormalities of cytokines are associated with SZ is also supported by the findings that
proinflammatory cytokines are abnormally expressed in the serum of SZ patients, as
reviewed by Potvin et al. (2008) and by Zakharyan and Boyajyan (2014). The involvement
of cytokines in SZ is also based on studies of behavioral effects after peripheral
administration of cytokines (Cheng et al., 2009). However, it is not clearly understood if
cytokine abnormalities are also present in the brain. Cytokines can either be synthesized in
the brain or transported from the periphery (Dantzer et al., 2008). Therefore, it is quite
possible that cytokine abnormalities may also be present in the brain and associated with the
pathophysiology of SZ. The initial evidence that abnormalities of cytokines may be present
in the brain is substantiated by the reports of abnormal levels of cytokines in the
cerebrospinal fluid (CSF) of SZ patients (el-Mallakh et al., 1993; Garver et al., 1999; Garver
et al., 2003; Soderlund et al., 2009).

Some studies suggest an abnormal expression of cytokines in the postmortem brain of
patients with mood disorders and SZ (Fillman et al., 2013; Shelton et al., 2010; Volk et al.,
2015). For example, Shelton et al. (2010) found abnormal expression of several
proinflammatory cytokines in the postmortem brain (PFC) of depressed subjects. Dean et al.
(2010) also reported abnormalities of soluble and membrane-bound tumor necrosis factor
(TNF) in the postmortem brain of patients with major depressive disorders (MDD).

In light of this background, it was of interest to examine if alterations in inflammatory
cytokines are present in the postmortem brain of SZ patients. Therefore, the aim of the
present study was to examine mRNA and protein expression levels of inflammatory
cytokines, such as TNF-a, interleukin (IL)-1p, IL-2, IL-6, IL-8, IL-10, IL-13, and
lymphotoxin-A (LTA) in the PFC of SZ patients.

2. Methods

2.1 Subjects

The study was performed in the PFC (Brodmann area 9 [BA9] of 31 SZ patients (16 SZ
suicide victims and 15 non-suicide SZ patients) and 24 NC subjects. Brain tissues were
obtained from the Maryland Brain Collection at the Maryland Psychiatric Research Center,
Baltimore, Maryland. Tissues were collected only after a family member gave informed
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consent. All tissues from NC and SZ subjects were grossly examined by experienced
neuropathologists. Toxicology data were obtained by blood and urine samples analysis. All
procedures were approved by the University of Maryland Institutional Review Board (IRB)
and by the University of Illinois IRB.

2.2 Diagnostic method

Subject diagnosis was based on the Structured Clinical Interview for DSM-1V (SCID)
(Spitzer et al., 1992). At least one family member and/or a friend, after giving written
informed consent, underwent an interview. Diagnoses were made by a consensus of two
psychiatrists from the data obtained in the interview, medical records from the case, and
records obtained from the Medical Examiner’s office. Normal control subjects were verified
as free from mental illnesses using these consensus diagnostic procedures.

2.3 Determination of mMRNA levels

2.3.1 RNA extraction—RNA was isolated from 100 mg of tissue using the TRIZOL
(Invitrogen) reagent followed with DNase treatment, as per the manufacturer's instructions.
RNA concentration and quality was determined using NanoDrop®ND-1000 (Thermo
Scientific, Waltham, MA) and Agilent Bioanalyzer 2100 (Agilent, Santa Clara, CA)
respectively. RNA integrity number (RIN) showed no significant difference between groups
and was >7.0 for all samples.

2.3.2 Quantitative real-time PCR—Gene expression was determined using a two-step
real-time RT-PCR (qRT-PCR) method, as previously described (Pandey et al., 2012). Briefly,
lug of total RNA was reverse transcribed using 200 units MMLV-reverse transcriptase in
50ng random hexamers, 2mM dNTP mix, 10 units ribonuclease inhibitor, with final reaction
volume of 20 pl.

gPCR was performed using Pre-designed Tagman gene expression assays (Applied
Biosystems, Foster City, CA) for all target and housekeeping genes, on MX3005p sequence
detection system (Agilent, Santa Clara, CA ). The TagMan assay IDs are listed in Table 1.
To determine the stability and optimal number of housekeeping genes we used geNORM
version 3.4 (PrimerDesign Ltd, UK) to test twelve commonly used reference genes of
different functional classes in 10 samples from each test group (VVandesompele et al., 2002).
geNorm analysis was used to determine number and stability of normalizing genes. p-actin
and GAPDH ranked as the most stable genes in our samples. PCR efficiency was tested over
5-log dilution series and confirmed that all target genes and housekeeping genes similar
amplification efficiencies. For each primer/probe set, the PCR reaction is carried out using
10 ul of cDNA diluted 1:10 fold. Each qPCR plate includes a “no reverse transcriptase” and
“no template” control to eliminate non-specific amplification. One sample, from each target
gene is run on a gel to confirm specificity and all samples were run in triplicates. Target gene
gPCR data is normalized to the geometic mean of p-actin and GAPDH and is expressed
relative to the control samples using 2 (A2 method, where AACT = (CT target - CT
internal control) Subject - (CT target - CT internal control) Control, and CTjnternal control 1S
the geometric mean of ACTB and GAPDH CTs. Outliers were excluded if the normalized
(delta Cy) values were greater than 2 standard deviations from the group mean. Relative
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expression levels are reported as fold change and AC; values are used for further statistical
analysis (Applied Biosystems User Bulletin No. 2).

2.4 Determination of Brain Protein Levels Using ELISA

Levels of proinflammatory cytokines (IL-1p, IL-6, TNF-a.) were determined in brain
homogenates (100 pL) by enzyme-linked immunosorbent assay (ELISA) using
commercially available Quantakine® kits (R & D Systems, Inc., Minneapolis, MN) for
human IL-1p, human IL-6, and human TNF-a, according to the manufacturer’s instructions.

2.5 Determination of Brain Protein Levels Using Western Blot Method

Immunolabeling of inflammatory cytokines (IL-8, IL-10, IL-13, IL-1RA, LTA) was
determined by the Western blot method in membrane fractions, as described in detail in one
of our earlier publication (Dwivedi and Pandey, 2000). Briefly, the brain samples of PFC
were homogenized directly in Tris-HCI buffer (50 mM, pH 7.5). Equal volumes of
membrane fractions isolated by this procedure (30 pg of protein in 20 uL) were separated
from 4-12% Bis-Tris gel (Invitrogen, Grand Island, NY, USA) and transferred to
nitrocellulose membranes (Amersham). The membrane was blocked for 1 h at room
temperature with 5% non-fat milk in phosphate-buffered saline ( pH 7.4) and the blots were
initially developed using the polyclonal primary antibodies (1:1000 dilution) overnight and
detected by using anti-rabbit IgG (Amersham) at (1:3000 dilution)for 4 h followed by the
application of the ECL chemiluminescence western blotting kit (Amersham).

The membranes were stripped using stripping solution (Chemicon International, Temecula,
CA) To normalize the data, B-actin level was measured in the same immunoblot using p-
actin as the primary monoclonal antibody (1:5000 for 2 h) and anti-mouse IgG (1:5000 for 2
h) as the secondary antibody. The levels of inflammatory cytokine proteins were calculated
as a ratio of the optical density of the primary antibody to the optical density of f-actin
antibody. The following polyclonal antibodies were purchased from Santa Cruz
Biotechnology, Inc. (Santa Cruz, California, USA): IL-8 (molecular weight 8kDa), IL-10
(molecular weight 37 kDa), IL-13 (molecular weight 13 kDa), and IL-1RA (molecular
weight 25 kDa). LTA polyclonal antibody (molecular weight 19 kDa) was purchased from,
Abnova (Walnut, CA). Secondary antibodies were purchased from (GE Healthcare Life
Sciences, Pittsburgh, PA).

2.6 Determination of IL-2 Protein and mRNA Expression levels

We tried to determine the mRNA levels of IL-2 using the following probe: Hs00174114 m1
(see Table 1). However, we found that either the IL-2 mRNA levels were very low or
undetectable. Similarly, we used the Quantikine ELISA kit (purchased from R & D Systems,
Inc., Minneapolis, MN) for the immunoassay of human IL-2. Using this method, we found
that the I1L-2 protein expression levels were either not present or were very low. Because of
this we could not quantitate the levels of IL-2 in the postmortem brain samples.

2.7 Statistical Analysis and Effect of Confounding Variables

We analyzed the data using SAS 9.2 statistical software package. First, we used two sample
t-test to compare NC subjects with SZ patients. In order to examine the effect of
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confounding variables, we used generalized linear model (PROC GLM in SAS) for each
outcome measure to compare those two groups adjusting for fixed covariates like age, sex
and race. To examine the association between group and gender we performed a contingency
chi-square test.

We did not observe any significant effect of confounding variables, such as age, race, sex,
postmortem interval (PMI) or brain pH on either protein or mRNA expression of the main
outcome measures between SZ and NC groups.

3.1 mRNA levels of inflammatory cytokines in the PFC of SZ and NC subjects

We determined the mRNA levels of TNF-a, LTA, IL-1, IL-6, IL-8, IL-10, IL-13 and IL-1
receptor antagonist (IL-1RA) in the PFC of SZ patients. The results are shown in Figure 1.

3.1.1. TNF-a and LTA in the PFC of SZ and NC subjects—We compared the mRNA
levels of TNF-a as well as LTA between SZ and NC subjects. We found that the mRNA
levels of TNF-a. were significantly increased in SZ compared with NC subjects (Figure 1).
The mRNA levels of LTA were not significantly different between the SZ and NC subjects
(Figure 1).

3.1.2. IL-1B, IL-2, IL-6 and IL-1RA in the PFC of SZ and NC subjects—We then
compared the mRNA levels of IL-1p and IL-6 between the SZ and NC subjects and found
that the mRNA levels of IL-6 were significantly increased in the PFC of SZ patients
compared with NC subjects (Figure 1). No significant differences in the mRNA levels of
IL-1B between SZ and NC subjects were observed (Figure 1).

We could not detect the mRNA levels of IL-2 in the PFC of SZ and NC subjects. There was
no significant difference in the mMRNA expression levels of IL-1RA between SZ and NC
subjects (Figure 1).

3.1.3IL-8, IL-10 and IL-13 in the PFC of SZ and NC subjects—The mRNA levels
of IL-8, IL-10 and IL-13 are shown in Figure 1. When we compared the mRNA levels of
IL-10 between SZ and NC subjects we found that these were significantly decreased in SZ
patients compared with NC subjects. However, there was no difference in the mRNA levels
of IL-8 or IL-13 between the SZ and NC subjects (Figure 1).

These results suggest that the levels of TNF-a and IL-6 are significantly increased in the
PFC of SZ patients compared with NC subjects and that the mRNA levels of IL-10 are
significantly decreased in the PFC of SZ patients compared with NC subjects. However,
there was no significant difference in the mRNA levels of either IL-8 or IL-13 between SZ
and NC subjects.
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3.2 Protein expression levels of cytokines in the PFC of SZ and NC subjects

Since we observed changes in mRNA levels of several cytokines we studied in the PFC of
SZ patient, we also determined the protein expression of these cytokines in SZ patients and
NC subjects.

Representative immunoblots of two SZ suicide patients and two NC subjects are shown in

Figure 2. As can be seen, protein levels of IL-8, IL-10 and IL-1RA appear to be decreased,
while LTA levels appear to be increased in the two SZ suicide subjects compared with the

two NC subjects.

When we compared the protein levels of cytokines between SZ patients and NC subjects, we
found that the protein expression levels of TNF-a, IL-6, and LTA were significantly
increased and those of IL-8 and IL-10 were significantly decreased in the PFC of SZ patients
compared with NC subjects, as shown in Figure 3 (A and B). The protein levels of IL-1p,
IL-13 and IL-1RA were not significantly different in the PFC of SZ patients compared with
NC subjects, showing that, in general, both protein and mRNA expression levels of the
cytokines are altered in the PFC of SZ patients.

3.3 mRNA and protein levels of inflammatory cytokines in SZ suicide, SZ non-suicide and
NC subjects

The SZ group consisted of SZ patients who died of natural causes and those who died by
suicide. Since some of these inflammatory cytokines have been shown to be altered in the
postmortem brain of suicide subjects (Pandey et al., 2012; Tonelli et al., 2008) and in the
plasma of suicidal patients [see review by Miller et al.(2013)], it was of interest to examine
if the observed changes in the inflammatory cytokines in SZ were specific to suicide or to
non-suicide SZ patients. Fifteen SZ patients died of natural causes (i.e., non-suicide) and 16
SZ patients died by suicide. We did not observe any significant differences in the mRNA
(Figure 4) and protein (Figure 5) expression of any of the inflammatory cytokines studied
between SZ patients who died of natural causes and those who died by suicide. It was
interesting to observe that similar to total SZ group, the mRNA expression of TNF-a and
IL-6 was significantly increased and that of 1L-10 was significantly decreased in both non-
suicide SZ and suicide SZ patients compared with NC subjects (Figure 4). In terms of
protein expression, both non-suicide and suicide SZ patients showed similar trends and there
was no difference in the levels of any of the cytokines between SZ suicide and non-suicide
patients (Figure 5). The only exception was that IL-1RA was significantly decreased in SZ
suicide but not in SZ non-suicide (Figure 5 B).

These results thus show that the significant changes observed in TNF-a,, IL-6, IL-8, IL-10,
and LTA in SZ patients are not related to suicide, but appear to be related to SZ.

3.4 The effect of psychoactive medication on mRNA and protein levels of inflammatory
cytokines in SZ patients

One of the limitations of the study of cytokines in the postmortem brain samples from SZ
patients is the presence and history of previous treatment with psychoactive drugs at the time
of death. One of the issues is therefore to examine if the observed changes in cytokine levels
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in the PFC of SZ patients are related to the presence and/or treatment with psychoactive
medication. Out of 31 SZ patients, 21 had the presence of psychoactive drugs, primarily
neuroleptics, at the time of death and 10 were free of any psychoactive or neuroleptic drugs.
We therefore compared the cytokine levels between SZ patients with psychoactive drugs (SZ
MEDS) and SZ patients with no psychoactive drugs (SZ No-MEDS) at the time of death.
We found that the mRNA levels of IL-1B (p = 0.008) and IL-6 (p = 0.005) were significantly
decreased in the PFC of SZ MEDS patients compared with SZ Non-MEDS patients. There
was no significant difference in the PFC protein levels of any of the cytokines we studied
between SZ MEDS and SZ Non-MEDS group.

A previous meta-analysis of the effect of psychoactive medication in SZ patients has been
carried out by Miller et al. (2011). Combining all the studies which examined the effect of
neuroleptic treatment on various cytokines, they found that there was a significant increase
in sIL-2R and IL-12 levels, and a significant decrease in IL-1B, IL-6 and TGF- in the blood
of SZ patients. Although these studies were carried out in blood samples, it is quite possible
that the lack of significant difference for IL-1p observed in the current study between SZ
patients and NC subjects could be attributed to the presence of SZ patients who were on
neuroleptic treatment. However, the levels of IL- 1p in SZ patients were still higher than in
the NC subjects (p = 0.06), but missed the significance.

4. Discussion

In this study, we examined the role of inflammatory cytokines in the pathophysiology of SZ.
We determined both the pro and anti-inflammatory cytokines in the PFC obtained from SZ
patients and NC subjects. We observed that the protein and gene expression of TNF-a and
IL-6 were significantly increased and those of IL-10 were significantly decreased in the PFC
of SZ patients compared with NC subjects. In addition, only protein levels of IL-8 were
significantly decreased and those of LTA were significantly increased in SZ patients
compared with NC subjects. No significant differences were found in the protein and mRNA
expression of IL-1f, IL-1RA and IL-13 in the PFC of SZ patients compared with NC
subjects.

We found good association between protein and mRNA expression differences in TNF-a,
IL-6, and IL-10 levels (i.e., the mMRNA and protein expression levels changed in the same
direction). However, there was dissociation between protein and mRNA expression levels of
LTA and IL-8. Although the reasons for this dissociation are unclear, in some of our
previous studies we have observed dissociation between protein and mRNA expression, for
example TLR3 (Pandey et al., 2014). Many other investigators find a lack of association or
correlation between mRNA and protein expression levels, as reviewed by Maier et al.
(2009). A lack of association between mRNA and protein expression has been attributed to
many biological factors such as transcription, translation and post-translational changes,
such as half-lives of proteins. Abnormalities in the translational and transcriptional
efficiency and/or protein half-life or protein turnover may be responsible for the observed
dissociation. Sometimes, the methods used for the determination of mRNA or protein levels
may also cause this dissociation (Maier et al., 2009). We have used Western blot method for
the determination of LTA and IL-8, and Western blot methodology may have contributed
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towards this dissociation. However, in summary, such dissociations between mRNA and
protein expression are not uncommon (Maier et al., 2009).

We also determined the protein and mRNA levels of LTA, also known as TNF-B, which is a
member of the TNF superfamily of cytokines. TNF- is closely related to TNF-a and these
share common receptors (Williams-Abbott et al., 1997). It has been suggested that LTA may
play a role in the development of SZ (Pae, 2007). LTA causes glutamate secretion, the
activation of microglia, (Smith and Maes, 1995) and it plays an important role in the
modulation of other cytokines (Goldbach et al., 1997). LTA has been shown to prevent
prenatal infections such as toxoplasmaosis that may be one of the infections which may
increase risk for SZ (Goldbach et al., 1997; Schluter et al., 2003; Smith and Maes, 1995).
We therefore also studied LTA in SZ brain and found that only the protein but not the mRNA
expression of LTA is increased in SZ brain, suggesting a role of LTA in SZ.

Recently, two studies (Fillman et al., 2013; Volk et al., 2015) investigated inflammatory
markers in the postmortem brain of SZ patients. Fillman et al. (2013) used SOLID next
generation sequencing to quantify neuroimmune mRNA expression levels in dorsolateral
PFC of SZ and matched controls and found several differentially regulated transcripts
present in subjects with SZ. They found that among these genes the mRNA levels of IL-6
and IL-8 were significantly increased in dorsolateral PFC of SZ patients but no change in
IL-1pB. Volk et al. (2015) who studied immune related genes in postmortem brain of SZ
subjects found higher mRNA expression levels of IL-6 and IFN-B in the PFC of SZ subjects.
Our observation that IL-6 is increased in PFC of SZ patients is consistent with both studies.
However, we did not observe changes in IL-8 mRNA levels, as opposed to the observation
by Fillman et al. (2013) in SZ.

The suggestion that abnormalities of proinflammatory cytokines may be associated with the
pathophysiology of SZ, as indicated before, is primarily based on the observation of
increased proinflammatory cytokines in the serum of SZ patients compared with NC
subjects, as reviewed by Potvin et al.(2008) and the meta-analysis reported by Miller et al.
(2011). We have also previously reported an increase in the mRNA and protein expression
levels of IL-1B, IL-6 and TNF-a in the lymphocytes of SZ patients compared with NC
subjects (Pandey et al., 2015). Generally, only cytokines protein expression has been
determined in the serum of SZ patients and, besides our study, there is only one other study
of mRNA expression in the monocytes of SZ patients by Padmos et al. (2008) who, similar
to our results, also reported significantly increased mRNA levels of IL-1B, IL-6 and TNF-a
in the monocytes of SZ patients. Our present findings indicating increased mRNA and
protein levels of TNF-a and IL-6 in the postmortem brain are similar to what we reported in
the lymphocytes and plasma of SZ patients, suggesting a similar abnormality in the brain
and the periphery. The suggestion that abnormalities of inflammation may be present in the
brain of SZ patients is also based on reports of increased microglia activation in the brain of
SZ patients using PET techniques by van Berckel et al. (2008) and by Doorduin et al.
(2009). Increased microglia density in the postmortem brain of SZ patients has been
observed by Steiner et al. (2008) Our studies of inflammatory cytokines in postmortem brain
of SZ patients thus support the earlier reports of neuroinflammation.
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In this study, we not only observed an increase in the levels of proinflammatory cytokines
but also found a decrease in the levels of an important anti-inflammatory cytokine, known as
IL-10. This is one of the most important and best characterized anti-inflammatory cytokine.
IL-10 antagonizes and balances the activity and/or production of proinflammatory cytokines
and thus regulates inflammation (Moore et al., 2001; Murray, 2006). The role of IL-10 in
antagonizing the effects of proinflammatory cytokines has been primarily investigated in
prenatal exposure to infection (Meyer et al., 2009). The development of normal adult brain
function may partly be under the particular influence of a balance between pro- and anti-
inflammatory cytokines during the prenatal life (Meyer et al., 2009), and disturbances of this
balance would precipitate adult behavior pathology (Meyer et al., 2008). Whereas the
induction of both pro- and anti-inflammatory molecules in the fetal brain may diminish each
other’s long-term consequences on the brain and behavioral functions, a shift of the balance
toward proinflammatory cytokines could be considered more pathologically effective
compared to a shift toward the anti-inflammatory side (Meyer et al., 2009). Thus, our
observation that there was an increase in the levels of proinflammatory cytokines and a
decrease in the levels of the anti-inflammatory cytokine IL-10 suggests that decreased 1L-10
levels would exacerbate the behavioral effects of increased proinflammatory cytokines and
may promote the development of SZ.

We did not find significant differences in the protein or mRNA expression levels of IL-1f in
the PFC of SZ patients. This is consistent with our previous study of IL-1p protein and
MRNA expression in the plasma or lymphocytes of SZ patients (Pandey et al., 2015). In that
study, we found significant differences in the TNF-a and I1L-6 protein and mRNA levels
between SZ and NC subjects. The current findings in the PFC of SZ subjects are similar to
our earlier findings in the blood of SZ patients. Also, several studies did not find changes in
IL-1B protein expression levels in the plasma/serum of SZ patients, but some do (Miller et
al., 2011).

We find a good increase or decrease of TNF-a, IL-6 and IL-10 in the PFC of SZ patients.
For example, we found about 30% increase in TNF-a and IL-6, and about 30% decrease in
IL-10 mRNA and protein expression levels in SZ patients. However, I1L-1f was the
exception where we did not find pronounced differences between SZ and NC subjects.

Some studies report increased and other report decreased IL-1p levels [see meta-analysis by
(Miller et al., 2011) and a review by (Potvin et al., 2008)]. Potvin et al. (2008) found low
effect size for IL-1p in 8 studies in SZ. Some studies report decreased IL-1p in the CSF of
SZ patients (Miller et al., 2011). Thus, the results of IL-1p studies in SZ are inconsistent
(Potvin et al., 2008).

IL-1RA is generally reported to be increased in SZ (Potvin et al., 2008) but we did not find
any IL-1RA change in the brain.

The reason for an increase in proinflammatory cytokines and a decrease in anti-
inflammatory cytokines in the postmortem brain of SZ patients is unclear. Prenatal maternal
infection with several viral and bacterial agents is a major risk factor for SZ (Brown, 2006;
Brown and Susser, 2002). This is based on both human and animal studies suggesting that
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prenatal maternal infection alters cytokine production in placenta and amniotic fluid (Brown,
2006).

The other issue of increased proinflammatory cytokines in the postmortem brain of SZ
patients is their functional and behavioral effects. Different cytokines have specific neural
developmental effects in the brain as evidenced by /n vitro culture studies. For example,
IL-1p is most effective in inducing the conversion of mesencephalic progenitor cells into
adult genetic phenotype, and IL-6 is effective in decreasing the survival of fetal brain
serotonin neurons. Jarskog et al. (1997) have found that, at low concentrations, TNF-a can
disrupt cortical neuron dendrite development and has the same effect as the exposure of fetal
pre-cortical neurons to higher concentrations of IL-f, IL-6 or TNF-a.. These observations
show the important role these cytokines play in neural development. Thus, increased levels
of proinflammatory cytokines and decreased anti-inflammatory cytokines may affect the
neurodevelopment in SZ.

5. Limitations

This study has several strengths. Although brain immune genes have been studied using
Affymetrix assay in SZ postmortem brain, our study is probably the first to determine both
protein and mRNA of pro- and anti-inflammatory cytokines in postmortem brain of SZ
patients individually. The main limitation of this study is that many of the SZ patients were
on neuroleptics or on other psychoactive drugs at the time of death. Thus, it is not clear if the
observed differences in cytokine levels are due to the illness or result from prior treatment
with psychoactive drugs. It appears that the observed changes in inflammatory cytokine
levels may not results from previous neuroleptic exposure because many studies show that
neuroleptic treatment decreases proinflammatory cytokines (Drzyzga et al., 2006) and
increases anti-inflammatory cytokines, such as IL-10, in SZ patients (de Witte et al., 2014).
Since we have observed an increase in the levels of proinflammatory cytokines, this effect
does not appear to be due to neuroleptic treatment. However, the effect of neuroleptics
cannot be ruled out completely.

6. Conclusion

In this study, we show that the protein and mRNA expression of proinflammatory cytokines,
such as TNF-a and IL-6, are significantly increased and the levels of anti-inflammatory
cytokine IL-10 are significantly decreased. We also report that the protein levels of another
member of the TNF superfamily, known as LTA, are also increased in SZ patients. Since
both TNF-a and LTA are involved in the prenatal clearance of toxoplasmosis in the brain,
this study may suggest that the observed cytokine changes may be a consequence of prenatal
infection, which may be one of the risk factors for SZ. Further studies of innate and adaptive
immunity in SZ in the brain may clarify this point.
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Mean mRNA expression levels of inflammatory cytokines, tumor necrosis factor (TNF)-a,
interleukin (IL)-1p, IL-6, IL-8, IL-10, IL-13, lymphotoxin-A (LTA), and IL-1 receptor
antagonist (IL-1RA) in the prefrontal cortex (PFC) of schizophrenia (SZ) patients and
normal control (NC) subjects. The data are shown as fold change in mRNA levels. Values

are fold change + S.E.M.
*p< .05
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Figure 2.
Representative Western blots showing the immunolabeling of IL-8, IL-10, IL-13, IL-1RA,

LTA, and B-actin in the PFC of two NC subjects and two SZ suicide patients.

Schizophr Res. Author manuscript; available in PMC 2019 February 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuepy Joyiny

1duosnue Joyiny

Pandey et al.

Page 16
ONC ONC
B.
A msz msz
E 60 2
@ 50 * 3] *
2 £15
» 40 5 *
g * o *
230 S 1
£ 20 £
2 gos
o - :
o -9
0 0
TNF-a IL-1B IL-6 -8 I-10  I-13  LTA IL-1RA
Figure 3.

Mean protein expression levels of TNF-a, IL-1p and IL-6 (A) and IL-8, IL-10, IL-13, LTA
and IL-1RA (B) in the PFC of SZ patients and NC subjects.

Values are mean + SD.

*p<.05
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Mean mRNA expression levels of TNF-a, IL-1p, IL-6, IL-8, IL-10, IL-13, LTA and IL-1RA
in the PFC of suicidal SZ patients, non-suicidal SZ patients and NC subjects. The data are

shown as fold change in mRNA levels. Values are fold change £ S.E.M.
*
p< .05

Schizophr Res. Author manuscript; available in PMC 2019 February 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Pandey et al.

g
-}
=)

50 -
40 |
30
20
10

Protein Levels (pg/mg)

Mean protein expression levels of TNF-a, IL-1p and IL-6 (A) and IL-8, IL-10, IL-13, LTA
and IL-1RA (B) in the PFC of suicidal SZ patients, non-suicidal SZ patients and NC
subjects.

Values are mean + SD.

*p <.05
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Table 1
TagMan primers/probes used for qPCR analysis
TagMan accession  Probe location (exon boundary) Assay function
ACTB Hs99999903_m1 1-1 House Keeping (HK)
GAPDH Hs99999905_m1 3-3 House Keeping (HK)
TNF-a Hs99999043_m1 1-2 target gene
IL-1B Hs01555410_m1 3-4 target gene
IL-1RN (IL-1RA) Hs00893626_m1 4-5 target gene
IL-2 Hs00174114 m1 2-3 target gene
IL-6 Hs00985639_m1 2-3 target gene
L8 Hs00174103_m1 1-2 target gene
1L10 Hs00961622_m1 4-5 target gene
1L13 Hs00174379_m1 1-2 target gene
LTA Hs99999086_m1 3-4 target gene
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