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Abstract
Aim To investigate whether circulating Tcells including regulatory Tcells (Treg) and derived cytokines contribute to the immune
imbalance observed in schizophrenia.
Methods Forty patients with schizophrenia and 40 age, sex, body mass index, education, and smoking status–matched healthy
controls (HC) are included in the study. We stained cells with anti-CD14, anti-CD3, anti-CD4, anti-CD8, anti-CD19, anti-CD20,
and anti-CD16/56. Peripheral blood mononuclear cells (PBMCs) were isolated and stained with the human FoxP3 kit containing
anti-CD4/anti-CD25 and intracellular anti-Foxp3. PBMCs were cultured for 72 h and stimulated with anti-CD3/anti-CD28.
Cytokines (IL-2, IL-4, IL-6, IL-10, IFN-γ, TNF-α, and IL-17A) were measured from the culture supernatant and plasma using
the Th1/Th2/Th17 cytokine bead array kit.
Results In comparison with HC, Treg percentages in schizophrenia were higher (1.17 ± 0.63 vs 0.81 ± 0.53, P = 0.005) in
unstimulated but lower in the stimulated condition (0.73 ± 0.69 vs 0.97 ± 0.55, P = 0.011). Activated T cell percentages were
higher in schizophrenia than HC in unstimulated (2.22 ± 0.78 vs 1.64 ± 0.89, P = 0.001) and stimulated (2.25 ± 1.01 vs 1.72 ±
1.00, P= 0.010) conditions. The culture supernatant levels of IL-6 (7505.17 ± 5170.07 vs 1787.81 ± 1363.32, P < 0.001), IL-
17A (191.73 ± 212.49 vs 46.43 ± 23.99, P < 0.001), TNF-α (1557 ± 1059.69 vs 426.57 ± 174.62, P = 0.023), and IFN-γ
(3204.13 ± 1397.06 vs 447.79 ± 270.13, P < 0.001); and plasma levels of IL-6 (3.83 ± 3.41vs 1.89 ± 1.14, P= 0.003) and IL-
17A (1.20 ± 0.84 vs 0.83 ± 0.53, P= 0.033) were higher in patients with schizophrenia than HC.
Conclusion Our explorative study shows reduced level of Foxp3 expressing Treg in a stimulated condition with induced levels of
proinflammatory cytokines in patients with schizophrenia.
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Introduction

Accumulating evidence suggest that the immune system may
play an important role in the pathogenesis of schizophrenia.
Immune imbalance observed in patients with schizophrenia
includes changes in circulating CD4+ T lymphocytes (Miller
et al. 2013; Miller and Goldsmith 2017). Recent studies have
indicated that the central nervous system can be influenced by
the neuroinflammation mediated by CD4+ T cells (Louveau
et al. 2015; Najjar and Pearlman 2015). Neurotransmitters
such as dopamine are particularly capable of modulating the
functions of T cells (Contreras et al. 2016; Prado et al. 2012).
In support of this view, dopaminergic receptor (DR) gene
variants were mainly associated with the count of CD4+ T
cells but not with the count of CD8+ T cells (Cosentino
et al. 2015). CD4+ CD25+FoxP3 regulatory T cells (Treg)
have a function in maintaining peripheral tolerance, suppress-
ing the activation of the immune system, and thereby limiting
chronic inflammation (Debnath and Berk 2014). Treg cells are
especially sensitive to dopamine and cAMP levels in lympho-
cytes; and the functions of Treg cells are mediated by DR
signaling (Levite et al. 2017; Osorio-Barrios et al. 2018).
Furthermore, Treg cells show a neuroprotective response, pos-
sibly by upregulating the expression of neurotrophic factors
and downregulating the synthesis of proinflammatory cyto-
kines and reactive oxygen species (Gendelman and Appel
2011), which may be associated with an impairment of the
higher-order brain functions and may also lead to the progres-
sive brain changes (Anderson et al. 2013).

Several studies reported increased relative Tcell counts and
functions (Henneberg et al. 1990; Sperner-Unterweger et al.
1999), diminished T cell proliferation and functions
(Craddock et al. 2007; Steiner et al. 2010), or no differences
between patients with schizophrenia and healthy controls
(Rudolf et al. 2004). Few studies investigating the numbers
of Treg cells showed that the Tcell systemwas associatedwith
the activation of both proinflammatory (high percentages of
activated CD3+CD25+ T cells and Th17 cells) and anti-
inflammatory (high percentages of Treg cells and IL-4-
containing lymphocytes) states in the patients with recent-
onset schizophrenia (Drexhage et al. 2011). One study showed
a proportional shift toward naive T cells from antigen-
experienced CD4+ T cell and decreased Treg populations in
treatment-resistant patients with schizophrenia (Fernandez-
Egea et al. 2016). In contrast, a recent study found that Treg
cells were increased in medicated patients with schizophrenia
(Kelly et al. 2018).

However, the altered numbers of T cell and responses in
schizophrenia still remain unclear. It appears that this discrep-
ancy may partially be explained by differences in the method-
ology and sampling, such as differences in clinical stages of
schizophrenia (Meyer 2011). In addition, several confounding
factors such as age, sex, body mass index (BMI), smoking,

antipsychotic use, and socioeconomic status may influence
the analysis of T cell functions in schizophrenia (Miller et al.
2013; Miller and Goldsmith 2017). The analysis of cytokines
in cellular supernatants is advantageous to serum/plasma sam-
pling with a more precise measurement of the cellular source
of cytokines (do Prado et al. 2013). A recent meta-analysis
proposed that the validation of the cell sources (e.g., TH1 vs
TH2 vs TH17 cells) of specific cytokines might clarify the
inconsistency of immune findings in schizophrenia (Miller
and Goldsmith 2017). Also, peripheral blood mononuclear
cell (PBMC) cultures may offer a better platform with the
stimulated condition than the measurement of cytokines in
serum/plasma (Koola 2016). The investigation of the T cell
stimulation, which closely mimics T cell activation from
antigen-presenting cells (T cell in vivo proliferation) and T
cell ex vivo expansion, may provide new insights to the im-
mune responses in patients with schizophrenia (Frauwirth and
Thompson 2002).

Given that, we aimed to investigate a specific subset of T
cells that may influence the inflammatory state observed in
patients with schizophrenia. Specifically, we measured the
following in patients with stable-chronic schizophrenia and
compared with healthy controls: (a) the distribution of various
lymphocyte subsets and regulatory T cells in PBMC culture,
(b) the proliferation of regulatory T cells during T cell stimu-
lation with anti CD3/CD28 co-culture, (c) Th1/Th2/Th17 cy-
tokines in culture supernatants and plasma.

Material and methods

Participants

This cross-sectional study was conducted in the Department of
Psychiatry, Istanbul, BezmialemVakıf University, at April 2017
to June 2017. The age range of all participants was between 18
and 65 years. Weight and height were measured to calculate
body mass index (BMI). Exclusion criteria for all participants
were as follows: alcohol or drug abuse or dependence (except
for nicotine use), history of head trauma, being a shift worker,
having a severe medical illness (including infections, allergies,
autoimmune disorders, heart disease, epilepsy, hepatic or renal
diseases, diabetes, aplastic anemia), and medication use that
may influence immune markers (e.g., non-steroid anti-inflam-
matories, antibiotics) in the last 4 weeks.

Fifty-seven patients diagnosed with schizophrenia were el-
igible for the current study. Of these patients, 18 patients were
referred from local community psychiatry service and 39 were
followed up at our outpatient clinic. Seven patients refused
study participation. Clinical stability, defined as no change
in medication dosage in the past 6 months and no hospitaliza-
tion in the past 1 year, was an inclusion criterion. Seven pa-
tients had an acute psychotic episode in the last 6 months.
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Three patients had major medication change in the last
2 months. After exclusion of these patients, 40 clinically stable
patients diagnosed with schizophrenia were confirmed with
the Structured Clinical Interview for DSM-IV-Patient
Edition (First et al. 1997) by two senior psychiatrists and
medical records. The Positive and Negative Syndrome Scale
(PANSS) was used to assess psychopathology scores. The
mean of duration of illness was 17.5 ± 10.2 years in patients
with schizophrenia. All patients were on antipsychotics at the
time of sample collection: clozapine (n = 7, 17.5%), other
atypical antipsychotics (n = 11, 27.5%), typical antipsychotics
(n = 8, 17%), atypical antipsychotic long-acting injection (n =
14, 35%), and typical/atypical antipsychotic combination (n =
21, 52.5%). The average cumulative chlorpromazine equiva-
lent dose (CPZe) was 713.35 ± 430.45 mg.

Potential healthy controls (HC) were selected from a pool
of administrative hospital staff who share the same residential
area codes with patients. A senior psychiatrist and a psychia-
trist in training interviewed 67 HC for mental disorders and
evaluated their electronic health records. HCswerematched in
terms of age, sex, ethnicity, education, BMI, and smoking
habits. Participants with a life-time diagnosis of major mental
disorder that might be associated with immune-related chang-
es (i.e., psychotic disorders, major depressive disorder, bipolar
disorders, and obsessive-compulsive disorder) were excluded.
Nine participants were diagnosed with chronic systemic dis-
eases. Eight participants did not match with patients’ BMI.
Two participants took anti-inflammatory agents over the last
2 weeks. Six participants refused to give blood sample. After
exclusion of these participants, 40 HCs were enrolled in the
study.

Blood collection and cell isolation

Twenty milliliters (10 ml with each sample in heparinized and
EDTA tubes) of peripheral blood were collected by venipunc-
ture between 8:00 and 10:00 am. No fasting was required.
Heparinized tubes were extracted freshly between 10:00 am
and 1:00 pm on the same day for the peripheral blood mono-
nuclear cell (PBMC) isolation. Blood samples were diluted 1/
1 (v/v) with sterile PBS. PBMCs were isolated by density-
gradient centrifugation for 20min at 2000 rpm. The buffy coat
was collected, washed twice with complete RPMI 1640
(cRPMI) medium (RPMI supplemented with 10% FBS and
1% penicillin/streptomycin) by centrifugation at 1500 rpm for
5 min. Supernatant discarded and remaining cell pellet was
resuspended with cRPMI medium for culturing. Cells were
counted by means of microscopy (× 100) and viability always
exceeded 95%, as judged from their ability to exclude Trypan
Blue (Sigma). The other 10 ml of blood were immediately
centrifuged at 3000g for 10 min for the analyses of cytokines
(IL-2, IL-4, IL-6, IL-10, IFN-γ, TNF-α, and IL-17A), and the
plasma was collected and stored at − 80 °C until assayed.

PBMC culture conditions

Investigating the function of cell activation during T cell stim-
ulation may provide new insights into understanding normal
immune responses (T cell in vivo proliferation), as well as T
cell ex vivo expansion, which is a critical requirement for
recent study protocols. Anti-CD3 and anti-CD28 is a cocktail
of antibodies that bind to CD3 and CD28 on the surface of all
T cells, which triggers intracellular signaling pathway and
enhances proliferation of T cells (Trickett and Kwan 2003).
Therefore, we decided to use anti-CD3/CD28 co-culture to
investigate CD4+CD25+Foxp3 cells’ frequency and cytokine
profiles of T cell in during stimulation (Huang et al. 2017).
Briefly, 5 × 105 cells were placed in 48 well plates in 500-μL
culture medium and stimulated with anti-CD3/anti-CD28 (CD
mix). All cells were incubated for 72 h in 37 °C incubator with
5% CO2.

Immunophenotyping

A large panel of lymphocyte and monocyte subpopulations
was identified by multi-color flow cytometry in the whole
venous blood. To evaluate monocyte and specific lymphocyte
subsets, cells were stained for 30min with the combinations of
the following monoclonal human antibodies: anti-CD14, anti-
CD3 FITC, anti-CD4 PE, anti-CD8 APC, anti-CD19 PE, anti-
CD20 APC, anti-CD1656 PE (all from BD Biosciences).
After incubation, FACS Lysing Solution was added and incu-
bated for 10min in the dark at room temperature. Immediately
after staining, cells were washed, resuspended, and analyzed
by flow cytometry. The instrument was checked for sensitivity
and overall performance with Cytometer Setup and Tracking
beads (BDBioscience) before data acquisition. Aminimum of
10,000 lymphocytes was identified by size (forward scatter
[FSC]) and granularity (side scatter (SSC)) and acquired with
a FACSCalibur flow cytometer (BD Biosciences). Data were
analyzed using the Cell Quest software (BD Biosciences).

Intracellular detection of FoxP3

CD4+CD25+Foxp3+ cells were analyzed in PBMCs. The
cells were assessed via flow cytometry using Human regula-
tory T cell Kit according to the manufacturer’s instructions
(eBiosciences). Briefly, cells were washed for twice with cold
1× PBS. Pellet was stained with anti-CD4 and anti-CD25 for
20 min in dark room. After incubation, cells were washed and
pellet was diluted with lysis buffer, and lysate was stained
with Foxp3 antibody. After incubation period, a minimum of
100,000 events on lymphocyte population was acquired for
analysis. The same protocol was applied for PBMCs in culture
after 72 h of the culture period.
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Supernatant and plasma cytokine determinations

Multiple soluble cytokines (IL-2, IL-10, IL-4, IL-6, IFN-γ,
TNF-α, IL-17A) were simultaneously measured by flow cy-
tometry using the Cytometric Bead Array (CBA) Human Th1/
Th2/Th17 Kit (BD Biosciences) from culture supernatants
and plasma according to the manufacturer’s protocol. The
samples were thawed in the same day and processed together.
Samples were acquired in a FACSCanto II flow cytometer
(BD Biosciences). The instrument had been checked for sen-
sitivity and overall performance with Cytometer Setup and
Tracking beads (BD Biosciences) prior to the data acquisition,
and the quantitative results were generated using the FCAP
Array v1.0.1 software (Soft Flow Inc., Pecs, Hungary).
Results were expressed as picograms per milliliter. The detec-
tion limits for these assays ranged from 2.4 to 4.9 pg/mL (IL-
2, IL-10, IL-4, IL-6, IFN-γ, TNF-α) and 18.9 pg/mL for IL-
17A. Undetectable plasma samples were measured for several
times.

Statistics

Statistical analysis was performed using the SPSS 22.0 package
for Macintosh (SPSS Inc., USA). Data were tested for normal
distribution using the Kolmogorov-Smirnov test. The majority
of the variables were non-normally distributed. Therefore, non-
parametric, Mann-Whitney U tests were carried out to identify
significant expression differences between patients and HC.
Furthermore, two-tailed Wilcoxon rank-sum tests were per-
formed to identify within-subject differences between
unstimulated and stimulated percentages of CD4+CD25+
Foxp3 and CD4+CD25+ in patients and HC. The specific tests
used were mentioned in the tables and figure legends. The
statistical significance level was set at P = 0.05 (two-tailed).

Results

Demographic data

Demographic and clinical characteristics of the sample are
summarized in Table 1.

Immune cell subsets

PBMCs from patients with schizophrenia and HC were stained
for surface markers in ex vivo condition. Monocyte and lym-
phocyte subpopulations were evaluated by the expression of the
membrane-bound molecules CD14+, CD3+, CD4+, CD8+,
CD19+, CD20+, and CD16+CD56+ by the activation marker
CD25. Gating strategy is shown in Supp. Figure 1.

In comparisonwith HC, patients with schizophrenia present-
ed lower percentages of CD3+ Tcells (Z = − 1.862, P= 0.001),

and particularly lower percentages of CD3+CD4+ Th cells
(Z = − 3.618, P < 0.001). Additionally, the percentage of
CD19+ B cell (Z = − 1.650, P= 0.031) was higher in patients
with schizophrenia than in HC. Table 2 reports all unstimulated
and stimulated results of immune cell subsets.

The percentages of CD4+CD25+ Foxp3 (Z = − 2.820,
P= 0.005) and CD4+CD25+ (Z = − 3.407, P = 0.001) were
higher in patients with schizophrenia than in HC in
unstimulated condition. In contrast, CD4+CD25+ Foxp3 cells
were lower in patients with schizophrenia than in HC after
in vitro stimulation (Z = − 2.555, P = 0.011). The percentage
of activated CD4+CD25+ remained higher in patients with
schizophrenia than in HC after in vitro stimulation (Z =
2.565, P = 0.010). Analysis of CD4+CD25+ (Fig. 1a, b) and
CD4+CD25+FoxP3 cells (Fig. 1c, d) by flow cytometry is
illustrated in Fig. 1.

Within-subject comparison showed that the percentages of
CD4+CD25+ Foxp3 cells decreased after stimulation in pa-
tients with schizophrenia (Z = − 2.877, P = 0.004), but not in
HC (Z = − 1.788 P = 0.074). The stimulation did not influence
the percentages of CD4+CD25+ cells in patients with schizo-
phrenia (Z = − 0.56 P = 0.955) or HC (Z = − 0.27 P = 0.979).

Cytokine production

In culture supernatants, patients with schizophrenia had higher
levels of IL-6 (Z = − 4.815, P< 0.001), IL-17A (Z = − 6.002,
P< 0.001), TNF-α (Z = − 2.230, P= 0.023), and IFN-γ (F =
79.954, df = 77, P < 0.001) than HC. We found a trend-
significant higher IL-2 in patients with schizophrenia than in
HC (Z = − 1.919, P= 0.056) (Table 3).

In plasma samples, patients with schizophrenia had higher
levels of IL-6 (Z = − 3.014, P = 0.003) and IL-17A (Z = −
2.137, P = 0.033) than HC (Table 4).

Correlation between lymphocyte subsets, cytokines,
and symptom severity

In our sample, the percentages of Treg cell were not correlated
with clinical data and other immunological parameters
(Table 5). Both CD19+ and CD20+ percentages were posi-
tively correlated with PANSS total and global scores. The
supernatant levels of IL-4 and IL-10 were negatively correlat-
ed with PANSS negative scores (Table 5). There were no
significant differences in Treg and other immune cells and
cytokine concentrations between patients on clozapine (n =
7) and the rest (data not shown).

Discussion

To the best of our knowledge, this is the first study investigating
the percentages of the Treg cells and levels of Th1/Th2/Th17
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cytokines both plasma (unstimulated) and stimulated (co-cul-
ture 72 h with CD3+CD28+) condition in stable patients with
schizophrenia. The main finding of our study is that although
patients had an increased level of Treg cell in unstimulated
condition, Treg cell levels in stimulated condition decreased
in parallel with higher cytokine production (IL-6, IL-17A,
TNF-α and IFN-γ) compared with HC.

We showed that patients with schizophrenia had higher per-
centages of natural regulatory T cells (CD4+ CD25+ FoxP3+)
than HC in unstimulated culture condition. In line with this
finding, the higher percentages of Treg cells have been found

in first episode psychosis (Drexhage et al. 2011) and remitted
patients with schizophrenia (Kelly et al. 2018). However, one
study showed decreased levels of Treg in a sample of 18
treatment-resistant clozapine-treated patients with schizophre-
nia compared with those in healthy controls (Fernandez-Egea
et al. 2016). The discrepancy might be explained by the hetero-
geneous nature of schizophrenia spectrum disorder and the dif-
ferences in the course of illness (e.g., FEP, treatment-resistant,
and clinically stable schizophrenia). Although Treg cells are
known to play a pivotal role in immune regulation, only a
few studies investigated Treg cells in schizophrenia. For

Table 1 Sample characteristics
Schizophrenia N = 40 Healthy control

N = 40

P value

Age, years (mean ± SD) 40.75 ± 11.959 40.55 ± 9.62 0.93

Female (%) 16/40 (40) 16/40 (40) 1.00

Education (mean ± SD) 8.90 ± 2.58 8.37 ± 3.03 0.39

BMI (mean ± SD) 28.11 ± 5.33 27.63 ± 3.81 0.64

Smoking (yes/no) 24/40 (5%8) 22/40 (5%2) 0.82

Age at onset (mean ± SD) 23.63 ± 9.15 –

Duration of illness (mean ± SD) 17.5 ± 10.2 –

PANSS-P (mean ± SD) 15.98 ± 6.51 –

PANSS-N (mean ± SD) 18.50 ± 6.66

PANSS-G (mean ± SD) 33.53 ± 6.93 –

PANSS-T (mean ± SD) 68.00 ± 15.50 –

CPZe (mean ± SD, mg) 713.34 ± 430.45 –

Clozapine (%) 7/40 (17.5) –

BMI, body mass index; PANSS-P, Positive and Negative Syndrome Scale-positive symptoms; PANSS-N, Positive
and Negative Syndrome Scale-negative symptoms; PANSS-G, Positive and Negative Syndrome Scale-global;
PANSS-T, Positive and Negative Syndrome Scale-total; CPZe, chlorpromazine equivalent dose

Data were analyzed by Student’s t test or χ2 test

Table 2 Immunophenotyping of
immune cell subsets Cell type Marker Schizophrenia

N = 40
Healthy control
N = 40

P value

Monocyte CD14+ 13.66 ± 6.87 11.86 ± 8.66 0.063a

T cell CD3+ 63.82 ± 9.27 69.46 ± 8.92 0.001a

Th cell CD3+CD4+ 40.22 ± 8.51 45.90 ± 5.80 < 0.001a

Tc cell CD3+CD8+ 22.44 ± 6.76 24.39 ± 6.02 0.177b

T activated cell CD4+CD25+ 2.22 ± 0.78 1.64 ± 0.89 0.001a

T Regulatory Cell CD4+CD25+
Foxp3

1.17 ± 0.63 0.81 ± 0.53 0.005a

B cell CD19+ 10.96 ± 5.48 8.82 ± 2.73 0.031b

B cell CD20+ 10.90 ± 5.48 9.01 ± 4.42 0.093a

NK cell CD16+56+ 13.07 ± 7.27 12.52 ± 6.05 0.564a

T activated cell (stimulated) CD4+CD25+ 2.25 ± 1.01 1.72 ± 1.00 0.010a

T regulatory cell
(stimulated)

CD4+CD25+
Foxp3

0.73 ± 0.69 0.97 ± 0.55 0.011a

Th, T helper cell; Tc, T cytotoxic cell; NK, natural killer cell
a Calculated by Mann-Whitney U test
b Calculated by Student’s t test
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Fig. 1 Analysis of CD4+CD25+
and CD4+CD25+FoxP3 cells by
flow cytometry. a Representative
dot plots of CD4+CD25+-
activated T cells of gated
peripheral lymphocytes in
baseline (day 0) and in stimulated
(day 3) culture condition. b Box
plots show the percentages of
CD4+CD25+-activated T cells of
gated peripheral lymphocytes in
baseline (P = 0.001) and in
stimulated (P = 0.010) culture
condition. c The histogram
graphic demonstrates FoxP3
expression in CD4+CD25+-
activated T cell in baseline and in
stimulated culture condition. d
Box plots show the percentages of
CD4+CD25+FoxP3 of gated
peripheral lymphocytes in
baseline (P = 0.005) and in
stimulated culture condition (P =
0.011). HC, healthy controls; SZ,
schizophrenia. Calculated by
Mann-Whitney test, statistically
significant differences are
indicated P < 0.05

Table 3 In vitro production of
Th1/Th2/Th17 cytokines by
PBMCs

Marker Schizophrenia N = 40 Healthy control N = 40 P value

IL-2 (mean ± SD) 397.18 ± 195.75 24.71 ± 22.28 0.056a

IL-4 (mean ± SD) 4.28 ± 4.74 4.17 ± 4.47 0.98a

IL-6 (mean ± SD) 7505.17 ± 5170.07 1787.81 ± 1363.32 < 0.001a

IL-10 (mean ± SD) 285.59 ± 293.40 232.15 ± 158.69 0.754a

IL-17A (mean ± SD) 191.73 ± 212.49 46.43 ± 23.99 < 0.001a

TNF-α (mean ± SD) 1557 ± 1059.69 426.57 ± 174.62 0.023a

IFN-γ (mean ± SD) 3204.13 ± 1397.06 447.79 ± 270.13 < 0.001b

Peripheral blood mononuclear cells (PBMCs) were isolated and stimulated with CD3+CD28 for 72 h.
Supernatants were collected and cytokines measured by CBA (cytometric bead array, BD)

Data are shown as mean (pg/ml) # SD
aCalculated by Mann-Whitney U test
b Calculated by Student’s t test
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instance, Treg cells prevent immune responses against self-an-
tigens, and they can inhibit both Th1- and Th2-type responses
(Sakaguchi et al. 2008). Therefore, the increased level of Treg
cells can be speculated as a response to an immune response to
balance the high proinflammatory state in the disease and do
not support the concept that the T cell system is in a pure
proinflammatory state, but instead, there is a dysregulation or
imbalance between pro- and anti-inflammatory states in pa-
tients with schizophrenia (Corsi-Zuelli et al. 2019).

However, we found that the level of Treg cells was decreased
in stimulated condition. To the best of our knowledge, this is the
first study that investigates Treg cells in patients with schizophre-
nia in a stimulated condition and shows reduced levels of Foxp3
expressing Treg cells. Tcells in patients with schizophrenia show
abnormalities not only in distribution but also in function, such as
altered responses to mitogenic stimulation and diminished T cell
proliferation and functions (Craddock et al. 2007; Herberth et al.
2010; Steiner et al. 2010). Additionally, it is known that the
lymphocytes and the gene expression patterns of central nervous
system (CNS) are correlated (Sullivan et al. 2006); and several

researchers suggest that pathways of cell cycle, intracellular sig-
naling, and oxidative stress metabolism might be responsible for
abnormal cell function (Bowden et al. 2006; Craddock et al.
2007; Herberth et al. 2011). Furthermore, T cell hypo-
responsiveness is associated with compensation for the immune
system by increased efforts of proinflammatory forces (Craddock
et al. 2007). Decreased levels of Treg cells have also been found
following Toxoplasma gondii-driven Th1-inflammatory re-
sponse (Oldenhove et al. 2009), suggesting that the decreased
number of Treg cells and loss of Foxp3 expression can trigger
several autoimmune conditions (Sawant and Vignali 2014).
Accordingly, schizophrenia has been associated with a 29% in-
crease in risk of prior autoimmune and infectious diseases
(Benros et al. 2011). Epidemiological studies show an associa-
tion between prenatal maternal infection and increased risk of
schizophrenia in the offspring (Meyer 2013). Decreased expres-
sion of Treg in schizophrenia might be under consideration for
the increased rate of autoimmune diseases, in-utero exposure to
infection, decreased T cell immune response, lower type IV de-
layed skin hypersensitivity reactions (Riedel et al. 2007), and

Table 5 Correlations of
psychotic symptoms with
immune cells and cytokines

PANSS-P PANSS-N PANSS-G PANSS-T

T regulatory cell − 0.255
P= 0.113

− 0.005
P= 0.974

0.027 P= 0.869 − 0.072
P = 0.661

T regulatory cell
(stimulated)

− 0.066
P= 0.687

0.017 P= 0.973 − 0.185
P= 0.253

− 0.104
P= 0.523

CD19 (B cell) 0.170 P= 0.293 0.149 P= 0.357 0.377*
P= 0.016

0.312*
P= 0.050

CD20 (B cell) 0.160 P= 0.323 0.165 P= 0.310 0.380*
P= 0.016

0.319*
P= 0.045

IL-4 (supernatant) 0.169 P= 0.381 − 0.371*
P= 0.047

− 0.138
P= 0.476

− 0.191
P= 0.320

IL-10 (supernatant) 0.059 P= 0.723 − 0.355*
P= 0.026

− 0.160
P= 0.330

− 0.231
P= 0.157

PANSS-P, Positive and Negative Syndrome Scale-positive symptoms;PANSS-N, Positive and Negative Syndrome
Scale-negative symptoms; PANSS-G, Positive and Negative Syndrome Scale-global; PANSS-T, Positive and
Negative Syndrome Scale-total
* Correlation is significant at the 0.05 level (2-tailed)

Table 4 Plasma levels of Th1/
Th2/Th17 cytokines Marker Schizophrenia N = 40 Healthy control N = 40 P value

IL-2 (mean ± SD) 2.25 ± 3.16 2.13 ± 2.23 0.10

IL-4 (mean ± SD) 3.89 ± 4.19 2.48 ± 1.37 0.57

IL-6 (mean ± SD) 3.83 ± 3.41 1.89 ± 1.14 0.003

IL-10 (mean ± SD) 1.05 ± 0.96 1.24 ± 1.14 0.78

IL-17A (mean ± SD) 1.20 ± 0.84 0.83 ± 0.53 0.033

TNF-α (mean ± SD) 1.72 ± 2.03 1.30 ± 0.87 0.99

IFN-γ (mean ± SD) 0.78 ± 0.52 0.62 ± 0.48 0.136

Plasma were isolated from blood and cytokines measured by CBA (cytometric bead array, BD)

Data are shown as mean (pg/ml) SD
* Statistically significant differences are indicated (Mann-Whitney U), P < 0.05

Psychopharmacology (2020) 237:1861–1871 1867



lower antibody responses to vaccination with hepatitis B in
schizophrenia (Russo et al. 1994).

In our study, activated T cell (CD4+CD25+Foxp3−) per-
centages in both unstimulated and stimulated culture condi-
tions were higher in patients with schizophrenia than in HC.
Recent preclinical evidence suggests that proinflammatory
cytokines of Th1, Th2, and Th17 lineages mediate the antag-
onistic downregulation of Foxp3, and in some instances, also
the conversion of Treg cell to effector T cell (Wei et al. 2007;
Yang et al. 2008). Foxp3 deletion in mature Treg leads to a
loss of function and conversion into proinflammatory
cytokine-producing effector T cell (Williams and Rudensky
2007), but these immune mechanisms have been not investi-
gated thoroughly in schizophrenia. Furthermore, IL-6 in con-
junction with IL-1 and IL-23 induces ROR γ t and
downregulates Foxp3+ leading to the consequent secretion
of IL-17A by the lack of Foxp3 (Lal et al. 2009; Yang et al.
2008). In stimulated condition, we found an increased effort of
Th1, Th2, and Th17 cell axis with a greater tendency toward
production of proinflammatory cytokines (IL-6, IL-17A),
lower Treg (CD4+CD25+Foxp3+) function, and higher acti-
vated T cell (CD4+CD25+Foxp3−) percentages in patients
with schizophrenia than in HC. Our results are in line with
the preclinical literature showing that the higher levels of IL-6
might cause Foxp3 loss of function and also explain the higher
secretion of IL-17A.

Patients with schizophrenia had higher IL-17A levels than
HC in the stimulated culture supernatant and plasma. Few
studies reported increased IL-17A concentrations in the first
episode psychosis (FEP), but findings were not consistent
likely due to small sample sizes and heterogeneity
(Borovcanin et al. 2012; Ding et al. 2014; Noto et al. 2015).
A recent meta-analysis conducted in a total of 313 patients
with drug-naïve FEP and 238 HC from 5 studies did not find
significant differences between groups for IL-17A concentra-
tions (Fang et al. 2018). One study found significantly de-
creased levels of IL-17A in chronic patients with schizophre-
nia compared with HC (Dimitrov et al. 2013). In contrast,
Himmerich et al. demonstrated that antipsychotics might in-
crease IL-17A production (Himmerich et al. 2011). Taken
together, antipsychotic treatment may have a direct impact
on the levels of IL-17A. Interestingly, a very recent study
has found an increased Th17 percentage in psychotic patients
with 22q11.2 Deletion syndrome was compared with non-
psychotic patients with 22q11.2 deletion syndrome
(Vergaelen et al. 2018). Furthermore, Th17 percentage was
associated with the presence of positive psychotic symptoms.
In a mouse model, researchers showed that increased
infection-induced levels of peripheral IL-17A in the mother
caused irregularities in the neuron layers of the brain cortex in
offspring that were linked to deficits in social interaction, be-
havior, and communication (Choi et al. 2016). Furthermore,
they demonstrated that offspring lacking an essential regulator

of the IL-17A pathway did not show these behavioral deficits,
providing further support for the hypothesis of the role of T
cells, more specifically, Th17 cells in association with psy-
chotic symptoms.

We found increased levels of IFN-γ, which is profound-
ly secreted from Th1 cells. In accordance, increased levels
of Th1 and Th17, and outnumbered Th2 have been report-
ed previously (Drexhage et al. 2011). Further, we found
increased TNF-α in patients. Our findings are in line with
a previous meta-analysis that suggests that elevated levels
of IFN-γ and TNF-α may be trait markers of schizophre-
nia (Miller et al. 2011). Additionally, we showed increased
IL-6 in patients with schizophrenia. However, no signifi-
cant differences in IL-6 levels between stable-chronic pa-
tients and control subjects have been found in the small
number of studies in the stable patients (Miller et al.
2011). A more recent transdiagnostic meta-analysis of cy-
tokines in patients with schizophrenia (acute and chronic),
bipolar disorder (BD) and major depressive disorder
(MDD) revealed that IL-6 were significantly higher in
schizophrenia (chronic), euthymic (but not depressed)
BD, and MDD than in controls (Goldsmith et al. 2016).
Additionally, CSF levels of IL-6 were higher in patients
with schizophrenia and MDD than in HC (Wang and
Miller 2018). The increased pattern in these cytokines in
patients with chronic schizophrenia, BD, and MDD raises
the possibility of common underlying pathways for the
chronic inflammation, such as the NF-κB signaling path-
way (Altinoz et al. 2018).

Increased relative numbers of B cells have been reported in
schizophrenia (Fernandez-Egea et al. 2016; Al-Diwani et al.
2017). In line with these findings, we found increased percent-
ages of CD19+ B cell in patients with schizophrenia.
Moreover, there was an association between B immune cells
(CD19+ and CD20+) and PANNS scores (total and global), in
accordance with previous findings showing an association
between B cell (CD19+) counts and psychosis severity
(Steiner et al. 2010). Also, recent genome-wide association
findings have shown that the MHC and B cell markers
CD19 and CD20 achieve genome-wide significance for
schizophrenia, and further remain significant even after ex-
cluding the extended MHC region (Schizophrenia Working
Group of the Psychiatric Genomics Consortium 2014).
Lastly, we found that IL-4 and IL-10 were negatively associ-
ated with PANNS negative scores. A prior study found that
serum levels of IL-4 and IL-10 were associated with the se-
verity of negative symptoms in patients with early onset
schizophrenia (Simsek et al. 2016). Also, previous findings
consistently show a positive correlation between TNF-α and
IL-6 and negative symptoms in patients with schizophrenia
(Goldsmith et al. 2016). However, we did not find a large or
statistically significant association of PANNS subscales with
TNF-α and IL-6.
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The potential confounders, including age, sex, BMI,
smoking, socioeconomic status, and the time of the day of
blood sampling, are particularly important in the present con-
text of immunological research in schizophrenia, and could
account for differences in immune cell parameters between
different populations at different stages of illness (Miller
et al. 2013). Therefore, we carefully conducted our study
and matched our patient group with healthy controls.
Furthermore, it has been suggested that the use of frozen pe-
ripheral blood cells may confound the interpretation of the
data (Meyer 2011). Altered apoptotic mechanisms have been
implicated in schizophrenia (Jarskog 2006). Given that, it is
plausible to assume that the freeze-thaw cycles may signifi-
cantly affect recovery and survival of immune cells differently
between the patients with schizophrenia and HC. We, there-
fore, performed our PBMC cultures within 3 h after blood
collection without freezing. However, this study is limited in
some respects. First, schizophrenia is a heterogeneous disor-
der and presents with a variety of symptoms. Aswe conducted
our study in chronic and clinically stable patients, our results
cannot be generalized to the entire psychosis spectrum.
Second, the sample size was modest (n = 40); the design was
cross-sectional; and all patients were on antipsychotics. Third,
the function of FoxP3 and the clonal proliferation of Treg cells
in the body remain largely unclear in patients with schizophre-
nia; and further research is therefore needed to conclusively
reveal the molecular mechanisms of Treg cell. Finally, given
the explorative nature of the study, we did not correct statisti-
cal significance level for multiple testing. The multiplicity
adjustment rarely solves the problem of exploratory data anal-
ysis, and in fact, may lead to a false sense of confidence in the
“statistically significant” findings, which in turn are given
particular importance (Bender and Lange 2001). Similarly,
although dimensionality reduction techniques may help with
reducing the number of tests, the interpretability and compa-
rability of findings with previous and future research would
not be easy. To overcome this issue, pre-registered confirma-
tory studies are needed in the field of psychoneuroimmunology.

Conclusion

Our findings show a high level of cytotoxic T cell activation
with dysfunction of Treg cells in schizophrenia. In this regard, it
is plausible to argue that cellular mechanisms involved in Treg
cell responses to antigen might be less efficient in schizophre-
nia. Some evidence suggests that schizophrenia is associated
with reduced potency to exhibit anti-inflammatory responses
in the CNS. When proinflammatory stimulus is not sufficiently
counteracted by appropriate anti-inflammatory response, it may
lead to long-term detrimental consequences for cognitive and
behavioral functions in patients with schizophrenia. Therefore,
anti-inflammatory signaling in schizophrenia need to be studied

within a context-dependent manner, which may provide oppor-
tunities for further exploration of the benefits associated with
anti-inflammatory strategies for treatment.
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