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a b s t r a c t
An inﬂammatory syndrome has been previously reported in chronic schizophrenia. The aims of this study
were to investigate: (1) serum levels and leukocyte gene expression of cytokines in patients with ﬁrst-episode psychosis and controls; and (2) possible causes of abnormal cytokine levels in ﬁrst-episode psychosis,
testing their association with psychosocial stressors, current nicotine and cannabis use, and duration of
antipsychotic treatment. We recruited 24 ﬁrst-episode psychosis patients and 24 healthy controls
matched for age, gender, ethnicity and body mass index. Serum interleukin(IL)-1a, IL-1b, IL-2, IL-4, IL-6,
IL-8, IL-10, Tumour Necrosis Factor- a (TNF-a), Interferon- c (IFN-c), vascular endothelial growth factor
(VEGF), epidermal growth factor (EGF), and monocyte chemotactic protein-1 (MCP-1) were analysed in
all subjects. Leukocyte gene expression analyses were conducted only for those cytokines that were different between-groups in the serum analyses. Patients had signiﬁcantly higher serum levels of IL-1a (effect
size d = 0.6, p = 0.03), IL-1b (d = 0.4, p = 0.01), IL-8 (d = 0.6, p = 0.01) and TNF-a (d = 0.7, p = 0.05) and a
trend for higher IL-6 serum levels (d = 0.3, p = 0.09) when compared with controls. Leukocyte m-RNA
levels of IL-1a (d = 0.6, p = 0.04), IL-6 (d = 0.7, p = 0.01) and TNF-a (d = 1.6, p < 0.001), but not IL-1b and
IL-8, were also signiﬁcantly higher in patients. A history of childhood trauma was associated with higher
TNF-a serum levels (p = 0.01), while more recent stressful life-events were associated with higher TNF-a
mRNA levels in leukocytes (p = 0.002). In conclusion, ﬁrst-episode psychosis is characterised by a
pro-inﬂammatory state supported, at least in part, by activation of leukocytes. Past and recent stressors
contribute to this pro-inﬂammatory state.
Ó 2012 Elsevier Inc. Open access under CC BY license.

1. Introduction
In the past two decades, several studies have investigated the
relevance of cytokine alterations in the multifactorial pathogenesis
of schizophrenia (Erbagci et al., 2001; Cazzullo et al., 2001; Zhang
et al., 2002; Na and Kim, 2007). A recent meta-analysis of these
studies suggests the presence of an inﬂammatory syndrome in
schizophrenia, with some cytokines mainly present during acute
exacerbations and possibly to be considered as state marker for
acute schizophrenia, such as interleukin (IL)-1b, IL-6 and transforming growth factor- b (TGF-b), and other cytokines remaining
elevated following antipsychotic treatment and possibly to be
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considered as trait markers, such as IL-12, interferon-c (INF-c)
and tumor necrosis factor-a (TNF-a) (Miller et al., 2011). Cytokine
alterations in patients with chronic schizophrenia may be partly
due to weight gain, metabolic disorders and obesity (Henderson,
2005), long duration of illness, or multiple drug treatment
(Drzyzga et al., 2006). In order to reduce the role of these possible
confounding factors, it is important to study cytokine network
alterations in subjects with a ﬁrst-episode of psychosis. First-episode psychosis subjects have a short exposure to antipsychotic
drugs, with fewer metabolic effects and immunological changes
associated to these drugs. To date, only few studies have investigated cytokine levels in subjects with ﬁrst-episode psychosis,
reporting higher serum or plasma levels of IL-1b, IL-6, IL-12, INFc, TNF- a, TGF- b and soluble IL-2 receptor (Ganguli and Rabin,
1989; Kim et al., 2000, 2002, 2004, 2009; Theodoropoulou et al.,
2001; Crespo-Facorro et al., 2008; Fernandez-Egea et al., 2009;
Song et al., 2009).
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Some authors have suggested that high levels of pro-inﬂammatory cytokines in psychosis could be related to an over-activation
of the Th1 activity (Crespo-Facorro et al., 2008), resulting in an
imbalance in the Th1/Th2 cytokines ratio, with a shift towards
the Th2 system (Schwarz et al., 2001). However, variations in serum or plasma cytokines levels might not directly reﬂect the activity of peripheral blood immune cells. Indeed, serum and plasma
cytokine levels may partly derive from the vessel walls or from
other lymphoid or non-lymphoid cells, such as hepatocytes or adipocytes (O’Rourke et al., 2006). For these reasons, studying cytokine gene expression in peripheral blood cells might represent a
more reliable method to investigate the speciﬁc activity of immune
cells and their degree of activation. Moreover, leukocytes have
been proposed as a useful peripheral model to study inﬂammatory
processes in the central nervous system (Sullivan et al., 2006). In
fact, their expression proﬁles have shown similarities to those observed in brain cells, especially for genes encoding stress mediators, cytokines, hormones, and growth factors (Glatt et al., 2005;
Sullivan et al., 2006).
In order to capture a comprehensive picture of the inﬂammatory pattern in ﬁrst-episode psychosis, we focussed on a wide
range of inﬂammatory markers, including pro-inﬂammatory
cytokines (interleukins IL-1a, IL-1b, IL-2, IL-6, interferon-gamma
(IFN-c), tumor necrosis factor-alpha (TNF-a)), anti-inﬂammatory
cytokines (IL4, IL-10), chemokines (IL-8, monocyte chemotactic
protein-1 (MCP-1)), and grow factors (vascular endothelial growth
factor (VEGF), epidermal growth factor (EGF)). The ﬁrst aim of this
study was to investigate differences between ﬁrst-episode psychosis subjects and healthy volunteers in the serum; cytokines found
to be different in serum were then investigated as leukocyte gene
expression. The second aim of the study was to understand the
possible causes of altered cytokine serum and gene expression levels in ﬁrst-episode psychosis, testing their association with psychosocial stress, current nicotine and cannabis use, and duration
of antipsychotic treatment. Patients and controls were matched
on clinical and socio-demographic variables, including ethnicity
and body mass index (BMI), to reduce potential confounders.

2. Methods
2.1. Subjects
Twenty-four patients (16 males and 8 females; mean age ± SEM: 28.1 ± 1.1 years) presenting with a ﬁrst-episode of a functional psychosis were recruited from the South London and
Maudsley (SLAM) NHS Foundation Trust (Mondelli et al.,
2010a,b). Patients with organic psychosis, learning disabilities or
requiring a translator because of lack of English ﬂuency were excluded from the study. Twenty-four healthy subjects (15 males
and 9 females; mean age: 26.6 ± 0.9 years) were also recruited. Patients and controls did not signiﬁcantly differ for age (p = 0.3), gender (chi square = 0.09, p = 1.0), ethnicity (p = 0.2) and BMI (p = 0.1).
Two patients reported some physical health issues, one reporting a
diagnosis of sickle cell disease and the second one reporting history
of asthma (not under any speciﬁc medication at time of assessment). The study was approved by the local Ethics Committee
and written informed consent was obtained from all participants.
Validation of clinical diagnosis according to DSM-IV criteria
(American Psychiatric Association, 2000) was obtained using the
Operational Criteria (OPCRIT) (McGufﬁn et al., 1991). Ten patients
had a diagnosis of schizophrenia-like disorder, 9 of affective psychosis and ﬁve of psychotic disorder not otherwise speciﬁed. The
mean duration of antipsychotic treatment was 33.5 ± 7.2 days
(range 0–129 days). Sixteen patients were taking atypical antipsychotics (such as olanzapine and risperidone), 3 haloperidol, and 5

were drug naïve. Blood samples were collected in all subjects in
non-fasting conditions using clot activator tubes for serum analysis
and PaxGene tubes for gene expression analysis.
2.2. Stress measurements
We collected information about stressful life events which had
occurred in the previous six months using the Brief Life Events
questionnaire (Brugha and Cragg, 1990), and measured perceived
stress in the previous month using the Perceived Stress Scale (Cohen and Williamson, 1988). Information about childhood trauma
were also collected, using a modiﬁed version of the Childhood
Experience of Care and Abuse (CECA) Questionnaire (Bifulco
et al., 2005), including information about loss of parents, separation from parents for more than 6 months, and physical and sexual
abuse before the age of 17 years.
2.3. Cytokines serum analysis
The serum was separated, aliquoted and stored at 70 °C before
use. Biochip array technology was used to perform simultaneous
quantitative detection of multiple analytes from a single patient
sample. The core technology is the Randox Biochip (http://
www.randox.com), a solid-state device containing an array of discrete test regions of immobilised antibodies speciﬁc to different
cytokines and growth factors. A sandwich chemiluminescent
immunoassay was employed for the cytokine array. This cytokine
array measures the following cytokines and growth factors: interleukin (IL)-1a, IL-1b, IL-2, IL-4, IL-6, IL-8, IL-10, vascular endothelial
growth factor (VEGF), Tumour Necrosis Factor- a (TNF-a), Interferon- c (IFN-c), epidermal growth factor (EGF), monocyte chemotactic protein-1(MCP-1). Intra-assay precision of the cytokine array
is shown in Table 1. Sensitivity of cytokine assay is shown in Table
2.
2.4. Gene expression analysis
Gene expression analyses were conducted only for cytokines
found to be different in the serum when compared between patients and controls. PaxGene Tubes were collected at the same time
of the serum samples and kept for two hours at room temperature
after blood samples were withdrawn and then stored at 80 °C until they were processed. RNA isolation was performed using the
PAXGene Blood RNA Kit (Qiagen S.p.A., Milan, MI, Italy) according
to manufacturer’s protocols. Two micrograms of total RNA were
used for cDNA synthesis and for subsequent gene expression analysis in Real Time PCR. Quantitative Real-Time PCR was performed
using HOT FIREPolÒ EvaGreenÒ qPCR Mix (Solis BioDyne, Tartu,

Table 1
Intra-assay precision of cytokine array.
Analyte

IL-2
IL-4
IL-6
IL-8
IL-10
VEGF
IFN
TNF-a
IL-1a
IL-1b
MCP-1
EGF

Level 1

Level 2

Level 3

Conc.
(pg/mL)

%CV

Conc.
(pg/mL)

%CV

Conc.
(pg/mL)

%CV

32.0
22.0
2.2
22.0
18.0
30.0
15.0
15.7
4.9
10.6
60.0
60.0

9.6
10.7
12.9
10.1
6.3
7.3
12.7
10.2
9.7
8.2
6.8
4.6

187
165
21
292
214
317
274
233
105
139
297
173

5.0
9.4
6.1
7.5
5.5
4.6
6.2
6.0
7.7
6.3
5.1
5.8

506
388
44
1056
457
721
1047
768
339
406
512
339

6.3
4.6
8.7
7.9
6.7
4.3
3.8
7.8
6.7
6.7
4.7
7.6
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Table 2
Sensitivity of cytokine assay.
Analyte

Calibration range (pg/mL)

Sensitivity (pg/mL)

IL-2
IL-4
IL-6
IL-8
IL-10
VEGF
IFN
TNF-a
IL-1a
IL-1b
MCP-1
EGF

0–3000
0–4000
0–900
0–3000
0–1000
0–3000
0–1500
0–1500
0–500
0–500
0–1500
0–900

4.8
6.6
1.2
7.9
1.8
14.6
3.5
4.4
0.8
1.6
13.2
2.9

Estonia) according to the SYBR Green method. For each target primer set, a validation experiment was performed to demonstrate
that PCR efﬁciencies were within the range of 90–100% and equal
to the efﬁciencies of the reference genes (glyceraldehyde 3-phosphate dehydrogenase (GAPDH), beta-actin (ACTB) and beta-2microglobulin (B2M)). Each sample was assayed in duplicate and
each target gene (IL-1a, IL-1b, IL-6, IL-8 and TNF-a) was normalized to the gene expression of the three reference genes: GAPDH,
ACTB and B2M. Data were normalized to the geometric mean of
all three reference genes and expressed as Relative Expression Ratio (R).
2.5. Data analysis
Data were analyzed using the Statistical Package for Social Sciences, Version 15.0 (SPSS Inc.). Continuous variables are presented
as mean ± standard error mean. Independent T-test and Chi-square
test were used to compare respectively continuous and categorical
variables between groups. Parametric and non-parametric correlation analyses were used, as appropriate, to test association between cytokine levels and measures of psychosocial stress,
antipsychotic treatment and current nicotine and cannabis use,
separately in patients and controls. Serum cytokine levels were
normalized for the statistical analyses through logarithmic transformation. Serum cytokines levels are presented as raw values,
while the statistics was conducted on the logarithmic transformed
values.
3. Results
First-episode psychosis patients showed signiﬁcantly higher
serum levels of IL-1a (effect size d = 0.6), IL-1b (d = 0.4), IL-8
(d = 0.6) and TNF-a (d = 0.7) compared with healthy controls. Patients also had a trend for higher IL-6 serum levels (d = 0.3). No signiﬁcant difference was found between patients and controls for
other serum cytokines (Table 3). We did not ﬁnd any signiﬁcant
correlation between BMI or duration of antipsychotic treatment
and cytokine levels in our patients’ sample (p > 0.05).
Gene expression analyses conducted only in those cytokines
that were different in the serum (IL-1a, IL-1b, IL-6, IL-8 and TNFa) revealed signiﬁcantly increased mRNA levels of IL-1a (d = 0.6),
IL-6 (d = 0.7) and TNF-a (d = 1.6) in ﬁrst-episode psychosis patients
when compared with controls. No signiﬁcant difference in gene
expression of IL-1b and IL-8 was found between patients and controls (Table 3). When looking at correlations between serum levels
and mRNA levels of each of the above cytokines, we found a significant correlation between serum and mRNA levels only for IL-6
(r = 0.553, p = 0.005), and a trend for TNF-a (r = 0.375, p = 0.07);
no signiﬁcant correlation was found between serum and mRNA
levels for the other cytokines (IL-1a, IL-1 b, IL-8).

Table 3
Cytokines serum levels and cytokine gene expression in patients with ﬁrst-episode
psychosis and controls. Serum cytokines levels are presented as raw values, while the
statistics was conducted on the logarithmic transformed values. Statistically significant values are presented in bold.

IL-1a (pg/ml)
IL-1b (pg/ml)
IL-2 (pg/ml)
IL-4 (pg/ml)
IL-6 (pg/ml)
IL-8 (pg/ml)
IL-10 (pg/ml)
TNF-a (pg/ml)
INF-c (pg/ml)
VEGF (pg/ml)
EGF (pg/ml)
MCP-1 (pg/ml)
IL-1a mRNA (R)
IL-1b mRNA (R)
IL-6 mRNA (R)
IL-8 mRNA (R)
TNF-a mRNA (R)

Patients

Controls

Statistics

1.9 ± 0.3
6.0 ± 2.8
13.6 ± 9.2
3.4 ± 0.3
2.4 ± 0.6
435.4 ± 170.7
1.5 ± 0.2
62.1 ± 17.7
1.8 ± 0.2
123.4 ± 25.3
228.1 ± 27.8
176.1 ± 19.9
3.0 ± 0.4
1.0 ± 0.1
1.5 ± 0.1
1.5 ± 0.3
1.6 ± 0.1

1.1 ± 0.3
2.1 ± 0.4
4.5 ± 1.3
4.6 ± 0.8
1.5 ± 0.5
71.9 ± 21.8
1.9 ± 0.6
15.9 ± 5.0
3.7 ± 1.8
182.1 ± 32.0
227.3 ± 19.0
156.3 ± 19.0
1.7 ± 0.4
1.3 ± 0.1
1.1 ± 0.1
1.0 ± 0.1
1.0 ± 0.1

t = 2.2,
t = 2.7,
t = 1.4,
t = 1.6,
t = 1.8,
t = 2.6,
t = 0.6,
t = 2.0,
t = 0.7,
t = 1.7,
t = 0.3,
t = 0.7,
t = 2.1,
t = 1.7,
t = 2.5,
t = 1.6,
t = 5.4,

p = 0.03
p = 0.01
p = 0.2
p = 0.1
p = 0.09
p = 0.01
p = 0.5
p = 0.05
p = 0.5
p = 0.1
p = 0.8
p = 0.5
p = 0.04
p = 0.1
p = 0.01
p = 0.1
p < 0.001

In order to assess the Th1/Th2 cytokines balance between subjects with ﬁrst-episode psychosis and healthy controls, we calculated the IFNc/IL-4 ratio. We did not ﬁnd a signiﬁcant difference
between the two groups (ﬁrst-episode psychosis vs controls:
0.56 ± 0.06 vs 0.95 ± 0.56, t = 0.7, p = 0.5).
3.1. Associations between cytokines levels and psychosocial stress
When looking at the effect of psychosocial stress on cytokine
levels, we found that perceived stress was signiﬁcantly positively
correlated with IL-6 mRNA levels in the control group (r = 0.524,
p = 0.02), and with INF-c serum levels in the patients’ group
(r = 0.486, p = 0.02). We also found that the number of recent
stressful life events was signiﬁcantly positively correlated with
mRNA levels of IL-1b (q = 0.468, p = 0.04) and of TNF-a (q = 0.661,
p = 0.002) in the patients’ group. When looking at the effect of
childhood trauma, we found that healthy controls with childhood
trauma had signiﬁcantly higher mRNA levels of IL-1b compared
with healthy controls without childhood trauma (1.5 ± 0.2 vs
0.9 ± 0.1, t = 2.6, p = 0.02). Similarly, patients with childhood
trauma had signiﬁcantly higher serum levels of TNF-a
(88.7 ± 25.5 vs 7.2 ± 1.0 pg/ml, t = 3.2, p = 0.006) and MCP-1
(216.7 ± 24.9 vs 62.4 ± 9.4 pg/ml, t = 4.3, p = 0.001), but lower serum levels of VEGF (120.8 ± 40.6 vs 165.0 ± 37.7 pg/ml, t = 3.0,
p = 0.008) when compared with patients without childhood trauma. We did not ﬁnd any other signiﬁcant association with other
cytokines (serum or mRNA levels) in either patients’ or control
group.
3.2. Associations between cytokines levels and current nicotine or
cannabis use, and employment
We found that serum levels of IL-6 were signiﬁcantly higher in
patients smoking nicotine than in patients who did not smoke
(3.2 ± 1.0 vs 1.0 ± 0.2 pg/ml, t = 2.2, p = 0.04). We also found that
patients smoking cannabis had signiﬁcantly lower serum levels
of IL-2 (3.4 ± 0.7 vs 19.7 ± 14.6 pg/ml, t = 2.1, p = 0.046) and
mRNA levels of IL-1a (1.9 ± 0.4 vs 3.6 ± 0.6, t = 2.1, p = 0.048),
but higher serum levels of MCP-1 (240.3 ± 34.1 vs
137.6 ± 19.1 pg/ml, t = 2.5, p = 0.02) when compared with patients
who did not use cannabis. We did not look at the effect of cannabis
on cytokines levels in healthy controls, since only two of our controls were current cannabis users.

M. Di Nicola et al. / Brain, Behavior, and Immunity 31 (2013) 90–95

When looking at the possible effect of employment on cytokines
levels, we found lower mRNA levels of IL-8 in unemployed healthy
controls when compared with employed healthy controls (1.1 ± 0.2
vs 0.7 ± 1.1, t = 2.1, p = 0.048). Patients who were unemployed had
signiﬁcantly higher serum levels of IL-4 (3.6 ± 0.3 vs 2.4 ± 0.2,
t = 2.8, p = 0.01), VEGF (143.6 ± 29.7 vs 58.5 ± 57.8, t = 3.0,
p = 0.007), and EGF (256.4 ± 34.0 vs 123.4 ± 38.4, t = 3.0,
p = 0.008), and lower serum levels of TNF-a (46.1 ± 22.2 vs
123.3 ± 26.5, t = 2.8, p = 0.01).

4. Discussion
Our ﬁndings conﬁrm the presence of an inﬂammatory syndrome in patients with ﬁrst-episode of psychosis, in the absence
of Th1/Th2 ratio changes.
Interestingly, the ﬁnding of elevated levels of IL-1a, IL-6 and
TNF-a, both in serum and leukocytes gene expression analyses,
provides direct evidence that the immune cells are affected in psychosis, and suggests that the peripheral blood immune cells are the
main source of these cytokines’ elevated levels in the serum. In
contrast, IL-1b and IL-8 were elevated in the serum but not in leukocyte gene expression analyses. This is in agreement with other
studies ﬁnding discrepancies between serum cytokine levels and
cytokine mRNA levels in peripheral blood mononuclear cells
(PBMCs) in other populations (O’Rourke et al., 2006). This difference may be the result of abnormalities in post-transcriptional regulation of cytokine expression, leading to a lack of correlation
between transcript levels and protein levels. Moreover, gene
expression may be more easily and rapidly affected than systemic
cytokine levels (Futh et al., 2004), and therefore some differences
between gene expression and serum levels might be related to
the effects of more recent and acute vs chronic activation of the immune system. Alternatively, peripheral blood immune cells are not
the primary source of IL-1b and IL-8 elevated serum levels in these
patients. Indeed, elevated cytokines may derive from cytokine-producing cells other than peripheral immune cells, such as intra-hepatic or adipose tissue-associated cells (O’Rourke et al., 2006). In
our study, we matched our patients and controls for body mass index, in order to minimize the effect on a potential excess of abdominal adipose tissue on inﬂammatory markers in patients. However,
individuals with identical BMI may have different body compositions with regard to fat and muscle, so we cannot exclude a role
of the adipose tissue or of other lymphoid or non-lymphoid cells
in contributing to the elevated levels of IL-1b and IL-8 found in
our patients. Indeed, increased intra-abdominal fat deposition
has been previously reported in depressed patients who did not
differ for BMI from the comparison healthy control group (Thakore
et al., 1997).
Interestingly, the fact that cytokine expression differs between
the serum and gene expression analyses is also reﬂected in the pattern of associations between serum or leukocytes mRNA cytokines
levels and psychosocial and clinical factors. For example, both serum and gene expression levels of TNF-a are elevated in patients,
but only serum levels correlate with a history of childhood trauma.
This could be again explained by the effects of a long-lasting
chronic activation of the immune system, affecting serum levels.
This notion is consistent with our previous studies ﬁnding an association between a history of childhood trauma and peripheral
inﬂammation in adults (Danese et al., 2007, 2008) as well as children (Danese et al., 2010). In contrast, only leukocytes mRNA levels
correlate with a higher number of recent life events, suggesting
that more recent stressors are needed to activate immune cells.
The presence of a pro-inﬂammatory state at the onset of psychosis supports the role of increased inﬂammation in the development of psychosis. Indeed, previous studies have shown that
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cytokines can affect the synthesis, release and reuptake of neurotransmitters as well as inﬂuence neurogenesis (Miller et al.,
2009; Raison and Miller, 2011; Zunszain et al., 2012a,b). In particular, it has been recently shown that IL-1b exerts a negative effect
on human hippocampal neurogenesis, by activating the kynurenine pathway and subsequently affecting the availability of tryptophan and the production of enzymes conducive to neurotoxic
metabolites (Zunszain et al., 2012a). Moreover, preclinical studies
have suggested that pro-inﬂammatory cytokines could directly reduce gene transcription of brain-derived neurotrophic factor
(BDNF), further supporting a role of inﬂammation in inﬂuencing
neuroplasticity (Murphy et al., 2000). Interestingly we have recently shown that stressful events can inﬂuence BDNF expression
at the onset of psychosis, and that this association is possibly mediated by an inﬂammatory pathway (Mondelli et al., 2011).
Our preliminary ﬁndings support the hypothesis that childhood
trauma and recent stressors contribute to the pro-inﬂammatory
state shown in patients with psychosis. In particular, we found that
childhood trauma and recent stressors increase levels of proinﬂammatory cytokines (TNF-a, IL-1b, INF-c, IL-6) and chemokines
(MCP-1) in either patients or controls, and decrease levels of the
growth factor VEGF in the patients’ group. It is unclear why psychological stress would affect speciﬁc cytokines without apparently affecting others, or why stress would affect different
cytokines in patients and in healthy controls. Indeed, the association between childhood trauma and increased levels of TNF-a
has been already recently reported in patients with schizophrenia
(Dennison et al., 2012), while this is the ﬁrst time that childhood
trauma has been found to be associated with increased levels of
MCP-1 and decreased levels of VEGF in patients with psychosis.
MCP-1 is a pro-inﬂammatory chemokine known to play a major
role in the development of cardiovascular disease by promoting
the recruitment of leuokocytes to sites of inﬂammation in the vessel wall (Hansson and Hermansson, 2011). On the other hand,
VEGF is known to have neurotrophic and neuroprotective actions;
low serum VEGF levels have been associated with Alzheimer’s disease, suggesting their role in a possible neurodegenerative process
(Mateo et al., 2007). Indeed, further studies would need to conﬁrm
these preliminary results and further investigate whether, and
why, psychological stress affects only speciﬁc cytokines.
Our exploratory analyses also showed an association between
current nicotine use and higher IL-6 serum levels but not IL-6
mRNA levels, suggesting that the increased IL-6 production by
the PBMCs cannot be explained by current nicotine use. Cigarette
smoking has been recently shown to have selective effects on serum components of patients with schizophrenia that lead to altered
immune function different from healthy controls (Herberth et al.,
2010). This might partly explain the speciﬁc effect of nicotine use
on IL-6, and the lack of its effect on cytokine levels in our group
of healthy controls. Our ﬁndings of lower IL-1a and IL-2 levels
associated with current cannabis use are not surprising, and are
consistent with previous pre-clinical and clinical studies showing
an anti-inﬂammatory effect of cannabinoids (Klein and Cabral,
2006). Interestingly, we also found that cannabis use was associated with higher levels of MCP-1 in our patients. One previous
study has demonstrated that a cannabinoid agonist induces a modulation of speciﬁc chemokines, such as IL-8 and MCP-1, but not of
other chemokines (GRO-a and MIP-1a), indicating a possible speciﬁc molecular targeting of cannabinoid agonists (Jbilo et al., 1999).
Some limitations of the study need to be acknowledged. First,
for the second aim of the study we conducted multiple correlation
analyses in a relatively small sample of subjects. However, these
should be considered explorative analyses, reporting preliminary
ﬁndings which will need to be validated by future studies.
Secondly, our subjects were non-fasting at time of blood sampling
and the time of blood sampling was random during the day.
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However, patients and controls did not appear to differ signiﬁcantly for time of blood sampling, and the blood sample for serum
and mRNA levels was taken at the same time point for each subject. Moreover, our group of patients was heterogeneous for diagnosis, since it included both patients with schizophrenia-like and
affective psychosis. However, a diagnostic heterogeneity is typical
in ﬁrst-episode psychosis, since patients are at the beginning of
their illness, and it represents better what we would expect in a
clinical setting. Last, most patients were taking antipsychotic treatment, although for a short period of time, and this could have confounded some of our ﬁndings. However, we did not ﬁnd a
correlation between duration of antipsychotic and cytokine levels
in our patients.
In conclusion, ﬁrst-episode psychosis patients are characterised
by a pro-inﬂammatory state that appears mainly mediated by activation of the PBMCs; however, other peripheral tissues (such as hepatic or adipose tissue) also seem to contribute to this
inﬂammatory syndrome. Stressful events, both in childhood and
closer to psychosis onset, appear to contribute to the increased
cytokine production in ﬁrst-episode psychosis.
Conﬂict of interest statement
All authors declare that there is no conﬂict of interest.
Acknowledgments
This research has been supported by the South London and
Maudsley NHS Foundation Trust & Institute of Psychiatry NIHR Biomedical Research Centre for Mental Health; a ECNP Young Scientist
Award, a Grant from the University of London Central Research
Fund and a Starter Grant for Clinical Lecturers from the Academy
of Medical Sciences, the Wellcome Trust and the British Heart Foundation to V. Mondelli; and Grants from the British Academy, the UK
Medical Research Council, and the Commission of European Communities 7th Framework Programme Collaborative Project Grant
Agreement No. 22963 (Mood Inﬂame), to C.M. Pariante.
References
American Psychiatric Association, 2000. Diagnostic and Statistical Manual of Mental
Disorders, fourth ed. Washington, DC.
Bifulco, A., Bernazzani, O., Moran, P.M., Jacobs, C., 2005. The childhood experience of
care and abuse questionnaire (CECA.Q): validation in a community series. Br. J.
Clin. Psychol. 44, 563–581.
Brugha, T.S., Cragg, D., 1990. The list of threatening experiences: the reliability and
validity of a brief life events questionnaire. Acta Psychiatr. Scand. 82, 77–81.
Cazzullo, C.L., Sacchetti, E., Galluzzo, A., Panariello, A., Colombo, F., Zagliani, A.,
Clerici, M., 2001. Cytokine proﬁles in drug-naive schizophrenic patients.
Schizophr. Res. 47, 293–298.
Cohen, S., Williamson, G., 1988. Perceived stress in a probability sample of the
United States. In: Spacapan, S., Oskamp, S. (Eds.), The Social Psychology of
Health: Claremont Symposium on Applied Social Psychology. Newbury Park,
CA.
Crespo-Facorro, B., Carrasco-Marin, E., Perez-Iglesias, R., Pelayo-Teran, J.M.,
Fernandez-Prieto, L., Leyva-Cobian, F., Vazquez-Barquero, J.L., 2008.
Interleukin-12 plasma levels in drug-naive patients with a ﬁrst episode of
psychosis: effects of antipsychotic drugs. Psychiatry Res. 158, 206–216.
Danese, A., Pariante, C.M., Caspi, A., Taylor, A., Poulton, R., 2007. Childhood
maltreatment predicts adult inﬂammation in a life-course study. Proc. Natl.
Acad. Sci. USA 104, 1319–1324.
Danese, A., Mofﬁtt, T.E., Pariante, C.M., Ambler, A., Poulton, R., Caspi, A., 2008.
Elevated inﬂammation levels in depressed adults with a history of childhood
maltreatment. Arch. Gen. Psychiatry 65, 409–415.
Danese, A., Caspi, A., Williams, B., Ambler, A., Sugden, K., Mika, J., Werts, H.,
Freeman, J., Pariante, C.M., Mofﬁtt, T.E., Arseneault, L., 2010. Biological
embedding of stress through inﬂammation processes in childhood. Mol.
Psychiatry 16, 244–246.
Dennison, U., McKernan, D., Cryan, J., Dinan, T., 2012. Schizophrenia patients with a
history of childhood trauma have a pro-inﬂammatory phenotype. Psychol. Med.
23, 1–7.

Drzyzga, L., Obuchowicz, E., Marcinowska, A., Herman, Z.S., 2006. Cytokines in
schizophrenia and the effects of antipsychotic drugs. Brain Behav. Immun. 20,
532–545.
Erbagci, A.B., Herken, H., Koyluoglu, O., Yilmaz, N., Tarakcioglu, M., 2001. Serum IL1beta, sIL-2R, IL-6, IL-8 and TNF-alpha in schizophrenic patients, relation with
symptomatology and responsiveness to risperidone treatment. Mediators
Inﬂamm. 10, 109–115.
Fernandez-Egea, E., Bernardo, M., Donner, T., Conget, I., Parellada, E., Justicia, A.,
Esmatjes, E., Garcia-Rizo, C., Kirkpatrick, B., 2009. Metabolic proﬁle of
antipsychotic-naive individuals with non-affective psychosis. Br. J. Psychiatry
194, 434–438.
Futh, R., Herder, C., Forster, S., Muller-Scholze, S., Kruse, N., Rieckmann, P., Heinig, A.,
Koenig, W., Scherbaum, W.A., Kolb, H., Martin, S., 2004. Evaluation of diagnostic
relevance of mRNA levels in peripheral blood: predictive value for mortality in
hemodialysis patients. Cytokine 27, 166–172.
Ganguli, R., Rabin, B.S., 1989. Increased serum interleukin 2 receptor concentration
in schizophrenic and brain-damaged subjects. Arch. Gen. Psychiatry 46, 292.
Glatt, S.J., Everall, I.P., Kremen, W.S., Corbeil, J., Sasik, R., Khanlou, N., Han, M., Liew,
C.C., Tsuang, M.T., 2005. Comparative gene expression analysis of blood and
brain provides concurrent validation of SELENBP1 up-regulation in
schizophrenia. Proc. Natl. Acad. Sci. USA 102, 15533–15538.
Hansson, G.K., Hermansson, A., 2011. The immune system in atherosclerosis. Nat.
Immunol. 12, 204–212.
Henderson, D.C., 2005. Schizophrenia and comorbid metabolic disorders. J Clin.
Psychiatry 66 (Suppl 6), 11–20.
Herberth, M., Krzyszton, D.N., Koethe, D., Craddock, M.R., Bulger, E., Schwarz, E.,
Guest, P., Leweke, F.M., Bahn, S., 2010. Differential effects on T-cell function
following exposure to serum from schizophrenia smokers. Mol. Psychiatry 15,
364–371.
Jbilo, O., Derocq, J.M., Segui, M., Le, F.G., Casellas, P., 1999. Stimulation of peripheral
cannabinoid receptor CB2 induces MCP-1 and IL-8 gene expression in human
promyelocytic cell line HL60. FEBS Lett. 448, 273–277.
Kim, Y.K., Kim, L., Lee, M.S., 2000. Relationships between interleukins,
neurotransmitters and psychopathology in drug-free male schizophrenics.
Schizophr. Res. 44, 165–175.
Kim, Y.K., Suh, I.B., Kim, H., Han, C.S., Lim, C.S., Choi, S.H., Licinio, J., 2002. The plasma
levels of interleukin-12 in schizophrenia, major depression, and bipolar mania:
effects of psychotropic drugs. Mol. Psychiatry 7, 1107–1114.
Kim, Y.K., Myint, A.M., Lee, B.H., Han, C.S., Lee, H.J., Kim, D.J., Leonard, B.E., 2004. Th1,
Th2
and
Th3
cytokine
alteration
in
schizophrenia.
Prog.
Neuropsychopharmacol. Biol. Psychiatry 28, 1129–1134.
Kim, Y.K., Myint, A.M., Verkerk, R., Scharpe, S., Steinbusch, H., Leonard, B., 2009.
Cytokine changes and tryptophan metabolites in medication-naive and
medication-free schizophrenic patients. Neuropsychobiology 59, 123–129.
Klein, T.W., Cabral, G.A., 2006. Cannabinoid-induced immune suppression and
modulation of antigen-presenting cells. J. Neuroimmune Pharmacol. 1, 50–64.
Mateo, I., Llorca, J., Infante, J., Rodriguez-Rodriguez, E., Fernandez-Viadero, C., Pena,
N., Berciano, J., Combarros, O., 2007. Low serum VEGF levels are associated with
Alzheimer’s disease. Acta Neurol. Scand. 116, 56–58.
McGufﬁn, P., Farmer, A., Harvey, I., 1991. A polydiagnostic application of operational
criteria in studies of psychotic illness. Development and reliability of the
OPCRIT system. Arch. Gen. Psychiatry 48, 764–770.
Miller, A.H., Maletic, V., Raison, C.L., 2009. Inﬂammation and its discontents: the
role of cytokines in the pathophysiology of major depression. Biol. Psychiatry
65, 732–741.
Miller, B.J., Buckley, P., Seabolt, W., Mellor, A., Kirkpatrick, B., 2011. Meta-analysis of
cytokine alterations in schizophrenia: clinical status and antipsychotic effects.
Biol. Psychiatry 70, 663–671.
Mondelli, V., Dazzan, P., Hepgul, N., Di, F.M., Aas, M., D’Albenzio, A., Di, N.M., Fisher,
H., Handley, R., Marques, T.R., Morgan, C., Navari, S., Taylor, H., Papadopoulos, A.,
Aitchison, K.J., Murray, R.M., Pariante, C.M., 2010a. Abnormal cortisol levels
during the day and cortisol awakening response in ﬁrst-episode psychosis: the
role of stress and of antipsychotic treatment. Schizophr. Res. 116, 234–242.
Mondelli, V., Pariante, C.M., Navari, S., Aas, M., D’Albenzio, A., Di, F.M., Handley, R.,
Hepgul, N., Marques, T.R., Taylor, H., Papadopoulos, A.S., Aitchison, K.J., Murray,
R.M., Dazzan, P., 2010b. Higher cortisol levels are associated with smaller left
hippocampal volume in ﬁrst-episode psychosis. Schizophr. Res. 119, 75–78.
Mondelli, V., Cattaneo, A., Belvederi Murri, M., Di Forti, M., Handley, R., Hepgul, N.,
Miorelli, A., Navari, S., Papadopoulos, A., Aitchison, K., Morgan, C., Murray, R.M.,
Dazzan, P., Pariante, C., 2011. Stress and inﬂammation reduce BDNF expression
in ﬁrst-episode psychosis: a pathway to smaller hippocampal volume. J. Clin.
Psychiatry 72, 1677–1684.
Murphy, P.G., Borthwick, L.A., Altares, M., Gauldie, J., Kaplan, D., Richardson, P.M.,
2000. Reciprocal actions of interleukin-6 and brain-derived neurotrophic factor
on rat and mouse primary sensory neurons. Eur. J. Neurosci. 12, 1891–1899.
Na, K.S., Kim, Y.K., 2007. Monocytic, Th1 and th2 cytokine alterations in the
pathophysiology of schizophrenia. Neuropsychobiology 56, 55–63.
O’Rourke, R.W., Kay, T., Lyle, E.A., Traxler, S.A., Deveney, C.W., Jobe, B.A., Roberts Jr.,
C.T., Marks, D., Rosenbaum, J.T., 2006. Alterations in peripheral blood
lymphocyte cytokine expression in obesity. Clin. Exp. Immunol. 146, 39–46.
Raison, C.L., Miller, A.H., 2011. Is depression an inﬂammatory disorder? Curr.
Psychiatry Rep. 13, 467–475.
Schwarz, M.J., Chiang, S., Muller, N., Ackenheil, M., 2001. T-helper-1 and T-helper-2
responses in psychiatric disorders. Brain Behav. Immun. 15, 340–370.

M. Di Nicola et al. / Brain, Behavior, and Immunity 31 (2013) 90–95
Song, X.Q., Lv, L.X., Li, W.Q., Hao, Y.H., Zhao, J.P., 2009. The interaction of nuclear
factor-kappa B and cytokines is associated with schizophrenia. Biol. Psychiatry
65, 481–488.
Sullivan, P.F., Fan, C., Perou, C.M., 2006. Evaluating the comparability of gene
expression in blood and brain. Am. J. Med. Genet. B: Neuropsychiatr. Genet.
141B, 261–268.
Thakore, J.H., Richards, P.J., Reznek, R.H., Martin, A., Dinan, T.G., 1997. Increased
intra-abdominal fat deposition in patients with major depressive illness as
measured by computed tomography. Biol. Psychiatry 41, 1140–1142.
Theodoropoulou, S., Spanakos, G., Baxevanis, C.N., Economou, M., Gritzapis, A.D.,
Papamichail, M.P., Stefanis, C.N., 2001. Cytokine serum levels, autologous mixed

95

lymphocyte reaction and surface marker analysis in never medicated and
chronically medicated schizophrenic patients. Schizophr. Res. 47, 13–25.
Zhang, X.Y., Zhou, D.F., Zhang, P.Y., Wu, G.Y., Cao, L.Y., Shen, Y.C., 2002. Elevated
interleukin-2, interleukin-6 and interleukin-8 serum levels in neuroleptic-free
schizophrenia: association with psychopathology. Schizophr. Res. 57, 247–258.
Zunszain, P.A., Anacker, C., Cattaneo, A., Choudhury, S., Musaelyan, K., Myint, A.M.,
Thuret, S., Price, J., Pariante, C.M., 2012. Interleukin-1beta: a new regulator of
the kynurenine pathway affecting human hippocampal neurogenesis.
Neuropsychopharmacology 37, 939–949.
Zunszain, P.A., Hepgul, N., Pariante, C.M., 2012b. Inﬂammation and depression. Curr.
Top Behav. Neurosci., Epub ahead of print.

Minerva Access is the Institutional Repository of The University of Melbourne

Author/s:
Di Nicola, M; Cattaneo, A; Hepgul, N; Di Forti, M; Aitchison, KJ; Janiri, L; Murray, RM;
Dazzan, P; Pariante, CM; Mondelli, V
Title:
Serum and gene expression profile of cytokines in first-episode psychosis.
Date:
2013-07
Citation:
Di Nicola, M., Cattaneo, A., Hepgul, N., Di Forti, M., Aitchison, K. J., Janiri, L., Murray, R. M.,
Dazzan, P., Pariante, C. M. & Mondelli, V. (2013). Serum and gene expression profile of
cytokines in first-episode psychosis.. Brain Behav Immun, 31, pp.90-95.
https://doi.org/10.1016/j.bbi.2012.06.010.
Persistent Link:
http://hdl.handle.net/11343/255218
File Description:
Published version
License:
CC BY

