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Effects of olanzapine on cytokine profile and brain-derived
neurotrophic factor in drug-naive subjects
with first-episode psychosis
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Abstract. Immunological abnormalities have been implicated
in schizophrenia. On the other hand, antipsychotics may exert
immunomodulatory effects, by triggering pro-inflammatory
and anti-inflammatory agents through complex homeostatic
mechanisms, which seem to be implicated in medication respon-
siveness and in the presence or not of adverse effects. There is
evidence that olanzapine, a second generation antipsychotic, may
increase synapse formation and neurogenesis through alterations
in the levels of cytokines and neurotrophic factors. In the present
study, we recruited 14 drug-naive inpatients with first-episode
schizophrenia (male:female ratio, 7:7) with a mean age of
26.5 years. The positive and negative syndrome scale (PANSS)
scores and serum levels of a broad spectrum of cytokines and of
brain-derived neurotrophic factor (BDNF) were recorded twice,
once at baseline prior to the initiation of olanzapine treatment
and 8 weeks later, once the dose of olanzapine had stabilized.
Subsequently, the associations between the PANSS scores and the
measured markers were examined. Correlation analyses revealed
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that follow-up PANSS, ... positively correlated with baseline
interleukin (IL)-6 (0=0.685, P=0.007) and baseline IL-27 levels
(0=0.785, P=0.001). Furthermore, the percentage change in
PANSS, .cuive [(PANSS-(1000p - PANSS- i)/ PANSS-baseline;
APANSS,...ivesr)] pOsitively correlated with baseline 1L-27
(0=0.785,P=0.001) and baseline IL-6 levels (0=0.685, P=0.007).
Finally, linear regression revealed that follow-up PANSS ...
was associated with baseline IL-27 (R?=0.301, P=0.042),
APANSS, ..iver. Was associated with baseline IL-6 (R*=0.301,
P=0.042) and baseline IL-27 levels (R?=0.446, P=0.009). Thus,
these findings indicate that IL-27 and IL-6 may be trait markers
in patients being administered olanzapine monotherapy at the
onset of schizophrenia. However, further studies are warranted
in order to replicate these associations and to confirm their
potential use as biomarkers of treatment effectiveness and safety,
as well as to explore novel immunomodulatory strategies for the
treatment of schizophrenia.

Introduction

Schizophrenia is a severe and highly disabling mental illness,
with a complex and heterogeneous etiology, with lifetime
prevalence ranging from 0.3-0.66 to 2.3%, depending on the
diagnostic criteria (1). There are numerous theories on the
causality of schizophrenia, involving developmental or neuro-
degenerative processes, neurotransmitter abnormalities and
infectious or autoimmune processes. Environmental factors
linked to schizophrenia include prenatal infection, obstetric
complications, brain injury, cannabis use and birth in winter (2).
Patients with schizophrenia experience higher morbidity
from infectious and autoimmune diseases, suggesting a
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possible causal link between inflammatory processes and
schizophrenia. This is corroborated by consistent reports of
abnormalities in immune-inflammatory pathways in schizo-
phrenia (3).

Evidence for immune system abnormalities in schizo-
phrenia includes microglial activation in the brain (4,5) and
alterations in cytokine levels in the cerebrospinal fluid and
blood (6,7). These results suggest that the immune system may
be a target for medications in the near future. Second genera-
tion antipsychotics and specifically olanzapine (OLZ) seem to
exert neurotrophic effects and to promote neuroplasticity and
synapse formation through the activation of neurotrophins, as
compared to first generation antipsychotics (8).

Several studies have suggested that some antipsychotics
exert anti-inflammatory effects and/or pro-inflammatory
effects, which may explain response variability and the
variable emergence of adverse effects, such as metabolic
syndrome, motor adverse effects, as well as others (9). There
is evidence that OLZ reduces the levels of pro-inflammatory
cytokines, such as interleukin (IL)-1p, IL-2, IL-6 soluble IL-6
receptor (sIL-6R) and tumor necrosis factor (TNF)-a (10,11)
while it increases the levels of anti-inflammatory cytokines,
such as IL-10, and brain-derived neurotrophic factor (BDNF).
Through these effects, it may promote neurogenesis and
remodeling in the brain, which may in turn confer clinical
efficacy (12).

In the present exploratory study, we measured the serum
levels of a broad spectrum of pro-inflammatory and anti-inflam-
matory cytokines, as well as BDNF in 14 drug-naive patients
with first-episode psychosis (FEP), first at baseline prior to
the initiation of any antipsychotic medication and at 8 weeks
later, after achieving the stable dosing of OLZ monotherapy.
Clinical psychopathology was assessed using the positive and
negative syndrome scale (PANSS), before and after treat-
ment. We subsequently explored the associations between the
PANSS scores and the measured biomarkers.

The aim of this study was to explore the effects of OLZ
monotherapy on pro- and anti-inflammatory markers in
patients with FEP, and to determine the mechanisms through
which these immune markers are associated with psychopatho-
logical parameters. Ultimately, the hypothesis of this study
is that these biomarkers could be proposed as trait markers
of OLZ monotherapy in previously drug-naive patients with
schizophrenia in their first psychotic episode.

Materials and methods

Study population. This study included a total of 14 anti-
psychotic-naive FEP inpatients admitted to the Psychiatric
Department of ‘ATTIKON’ General Hospital, Athens, Greece.
All patients were diagnosed with the following disorders,
according to the Diagnostic and Statistical Manual of Mental
Disorders, Fourth Edition (DSM-IV) (13): Schizophrenia,
schizophreniform disorder, brief psychotic disorder and
psychotic disorders not otherwise specified. The sample
consisted of 14 individuals (7 males and 7 females), between
18 and 37 years of age (mean age, 26.5+6.02 years), who had
not previously been treated with any antipsychotic agent.
General exclusion criteria included the following: Acute and
chronic general medical conditions linked to abnormalities in
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immune and/or inflammatory responses, such as infections,
HIV, allergies, pregnancy, rheumatic or endocrine diseases.
All participants received OLZ, per os, as standard treat-
ment, under 8 weeks of medication. Blood samples of 10 ml
were obtained from all participants upon admission, prior to
OLZ initiation, and after 8 weeks of treatment. The dose of
OLZ was either 15 mg (n=6) or 20 mg (n=8). Benzodiazepines
were used PRN in the period between both assessments, with
intention to treat anxiety, sleep disturbances and agitation.
This study acquired ethics approval by the University
General Hospital ‘ATTIKON’. All study participants supplied
written informed consent. Participation in the study was
voluntary and participants could withdraw at any point without
detriment to their care. All participants had their capacity
to consent tested by a clinical psychiatrist, while relatives or
carers were present to ensure consent was properly informed.

Measurement of serum cytokine levels. Fasting blood was
collected from each individual and serum was separated by
centrifugation at 2,253 x g for 10 min and stored at -20°C, until
further biological measurements were performed. A total of
25 ul of serum sample was processed with a multiplex bead
based assay (Milliplex kits; Merck-MilliPore, Billerica, MA,
USA), according to the manufacturer's instructions, in order
to determine the levels of 15 cytokines [IL-2, IL-17F, IL-17A,
1L-22,IL-1B, IL-21,1L-23,1L-27,IL-4, IL-6, interferon (IFN)-vy,
TNF-a and transforming growth factor (TGF)-f1, TGF-32,
TGF-p3]. Measurements and analyses were performed on a
Luminex 200 platform (Luminex Corp., Austin, TX, USA).
Evaluations were performed at weeks O and 8 of antipsychotic
treatment.

Measurement of serum BDNF levels

Preparation of serum and storage. Human sera were collected
using Vacutainer tubes (Becton-Dickinson, Rutherford, NJ,
USA). Samples were allowed to clot for 30 min prior centrifu-
gation at 2,383 x g for 15 min at 15°C. Serum was separated
and stored at -20°C until analysis.

Measurement of BDNF levels. The BDNF levels were
measured from the re-thawed serum samples by using
the Quantikine Immunoassay kit (cat. no. DBD00O;
R&D Systems, Minneapolis, MN, USA). This was a double
antibody sandwich ELISA method. The manufacturer's
instructions were followed to develop the kit, to calibrate the
method and to measure the samples. The absorbance was
measured at 450 nm and corrected at 570 nm using a Mediators
PhL microplate reader (Mediator Diagnostika Gmbh, Vienna,
Austria). Evaluations were performed at weeks O and 8 the
antipsychotic treatment.

Clinical measurements. Symptoms of schizophrenia were
assessed at baseline and 8 weeks following OLZ treatment for
all patients using the PANSS scoring system (14). The PANSS
is a medical scale used for the evaluation of the severity of
both positive and negative symptoms of schizophrenia and
it is considered the most reliable scale for the assessment of
antipsychotic treatment efficacy (15). The PANSS was admin-
istered by the same rater (E.R.) throughout the study.

Statistical analysis. Data are presented as the means + SD and
median (IQR) where applicable. Data normality was assessed
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Table I. Demographic and clinical characteristics of the study
participants.

Prior to After 8 weeks
Patients (n=14) treatment of treatment
Age (years) 26.50+£6.02
Sex (male/female) /7
Marital status 1/13
(married/unmarried)
Education (from primary 14.50+1.95
to higher; years)
Professional status 6/8
(employed/unemployed)
PANSS-positive 40.28+5.19 25.92+5.35
PANSS-negative 29.85+5.43 23.14+5.06

PANSS, positive and negative syndrome scale.

Table I1. BDNF and cytokine levels at baseline and at 8 weeks
of follow-up, following treatment initiation with olanzapine.

Measurement Baseline Follow-up P-value
BDNF 12.98 (57.74) 17.18 (45.73) 0.778
IFN-vy 2.74 (195.53)  0.30 (306.64) 0.975
IL-1pB 5.13(7.05) 4.68 (4.14) 0.258
IL-2 449 (3.62) 4.28 (5.32) 0.802
IL-4 0.06 (0.53) 0.08 (0.77) 0.387
IL-6 2.85(2.01) 2.57(13.71) 0.140
IL-17A 10.26 (84.59) 7.90 (116.27) 0.272
IL-17F 0.02 (0.50) 0.02 (0.60) 0.380
IL-21 428 (5.32) 4.28 (4.50) 0.844
IL-22 0.12 (0.23) 0.10 (0.28) 0.249
IL-23 0.27 (2.51) 0.25 (3.86) 0.753
IL-27 0.67 (1.51) 0.59 (1.35) 0.7717
TNF-a 18.19 (19.77) 17.44 (23.76) 0.925
TGF-p1 41.85(61.17) 34.31 (46.82) 0.158
TGF-p2 091 (2.74) 1.25 (2.69) 0.272
TGF-33*

Measurements are in ng/ml; median (interquartile range) are reported;
P-values reported refer to the related samples Wilcoxon signed rank
test. “I'GF-f3 measurements were performed as intended; however,
they were below the assay's detection range and as such, they are not
reported or included in the analyses. BDNF, brain-derived neurotrophic
factor; IFN-y, interferon-y; IL, interleukin; TGF, transforming growth
factor.

with the Shapiro-Wilk test. Comparisons between measure-
ments performed at different time-points and expressed as
continuous variables were performed via the related samples
Wilcoxon Signed Ranked Test. Correlations between variables
were examined by Spearman's rank (@) correlation coefficient.
Associations between continuous variables were assessed via
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Figure 1. Combined graph depicting the scatterplot and linear regression
line between serum IL-6 levels and follow-up PANSS-negative. IL-6, inter-
leukin-6; PANSS, positive and negative syndrome scale.

a linear regression function as determined by the SPSS Curve
Estimation module. For all tests, a P-value <0.05 was consid-
ered to indicate a statistically significant difference.

Results

The demographics of the study population are presented
in Table I, along with an analysis of PANSS subscales between
baseline and follow-up. Since at least one of either baseline or
follow-up measurements displayed non-parametric distribution
based on the Shapiro-Wilk test, non-parametric tests (i.e., related
samples Wilcoxon signed rank test and Spearman's o correlation
coeffiecient) were used. Table II presents the cytokine/BDNF
levels at baseline and at 8 weeks of follow-up; no statisti-
cally significant differences between baseline vs. follow up
measurements were detected (related samples Wicloxon signed
rank test). Correlation analyses revealed several statistically
significant correlations. Specifically, follow-up PANSS ...
positively correlated with baseline IL-6 (0=0.685, P=0.007)
and baseline IL-27 levels (0=0.785, P=0.001). Furthermore, the
percentage change in PANSS, ., e [(PANSS-;0y-p - PANSS-
eline PANSS - iines APANSS . ive)] pOsitively correlated with
baseline IL-27 (0=0.785,P=0.001), baseline IL-6 levels (0=0.685,
P=0.007), as they are presented on Table III and Figs. 1-4.

Following correlation analyses, association analyses were
performed between PANSS subscales and each significantly
correlated cytokine. As a result, based on the optimal regres-
sion equation indicated by the SPSS ‘Curve Estimation’
function, a linear association was observed between Follow-up
PANSS, .caive Was associated with baseline IL-27 levels
(R?*=0.301, P=0.042). Finally, APANSS,..i.s Was associated
with baseline IL-6 levels (R?=0.301, P=0.042) and baseline
IL-27 levels (R?=0.446, P=0.009) (Figs. 1-4).
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Table III. Statistically significant correlations between PANSS-negative, and IL-6 and IL-27 levels.

Biomarkers
Serum IL-6 levels Serum IL-27 levels
PANSS measurements Spearman's @ P-value Spearman's @ P-value
Follow-up PANSS, ... 0.685 0.007 0.785 0.001
APANSS . aiives 0.685 0.007 0.785 0.001
PANSS, positive and negative syndrome scale; IL, interleukin.
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Figure 2. Combined graph depicting the scatterplot and linear regression line
between serum IL-27 levels and follow-up PANSS-negative. IL-27, inter-
leukin-27; PANSS, positive and negative syndrome scale.

4.50 o Observed
— Linear
4.00
£
B
£ 350 °
]
o
> —]
= _
= R
|
o
= 3.00 /
g o
L") e
wl /
2501 /
L °
2‘00 T T T T T T
-0.45 -0.40 -0.35 -0.30 -0.25 -0.20 -0.15

APANSSnegative%

Figure 3. Combined graph depicting the scatterplot and linear regression line
between serum IL-6 levels and APANSS, ., i e- IL-6, interleukin-6; PANSS,
positive and negative syndrome scale.

Figure 4. Combined graph depicting the scatterplot and linear regression
line between serum IL-27 levels and APANSS - IL-27, interleukin-27;
PANSS, positive and negative syndrome scale.

negative

Discussion

In this study, we aimed to explore the clinical importance of
serum biomarker levels i.e., cytokines and BDNF, in patients
with FEP, regarding their response to treatment, while also
adjusting for differences in baseline clinical characteristics as
reflected on the PANSS subscales. Among the 15 cytokines
measured, IL-6 and IL-27 were determined as the most
important predictors of follow-up PANSS and percent change
in PANSS negative subscales. While the initial positive correla-
tion between baseline IL-6 and IL-27 with follow-up PANSS
would imply that high IL-6 and IL-27 levels are associated with
worse outcomes, the positive association with the percentage
decrease in the PANSS negative scale would account for high
IL-6, IL-27 levels being associated with a response to olan-
zapine treatment. On the other hand, no significant correlation
was found between BDNF and PANSS (data not shown).
Disruptions in the Th1/Th2/Thl7 cytokine immune
response have been related to the pathogenesis of a number of
disorders, including schizophrenia (16,17). A recent meta-anal-
ysis provided clear evidence for the elevation of IL-1{, sIL-2r,
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IL-6 and TNF-a levels in drug-naive FEP clearly suggesting
a pro-inflammatory effect (18). In addition, Khandaker et al
suggested that antipsychotic-naive FEP was associated with
increased serum concentrations of pro-inflammatory cyto-
kines, particularly IL-6, as well as TNF-a, IL-1f3, INF-y, and
decreased serum concentrations of the anti-inflammatory cyto-
kine IL-10, which were normalized following the remission of
symptoms with antipsychotic treatment (19).

These changes in cytokine profiles have been associated
with the onset of schizophrenia and seems that antipsychotic
agents can modulate this profile. Moreover, an association
between antipsychotic treatment and lower levels of 1L-4,
IL-6 and IL-27 in the FEP group has been reported (20). This
report describes the distinct roles of IL-27, one as an immune
response initiator, and the other as an immune response attenu-
ator (21,22). IL-27 can help differentiation and/or maintenance
of Th1 cells, but can also suppress Th17 differentiation and IL-17
production (22). On the other hand, IL-27 may prevent exces-
sive inflammation in autoimmune diseases (23). Furthermore,
Borovcanin ef al observed lower IL-27 levels in patients with
FEP following treatment with an antipsychotic, which could
indicate a predominance of a type-17 response (20).

IL-27, which has structural and functional similarities to
IL-12, was identified by Pflanz et al 2002 (24). IL-27 promotes
early Thl differentiation through the upregulation of intercel-
lular adhesion molecule 1 (ICAM-1) and T-bet, but suppresses
Th2 and Th17 differentiation and the production of pro-inflam-
matory cytokines. One possible mechanism of its suppressive
function may be through IL-10 production. In addition, IL-27
and TGF play a central role in generating IL-10-producing
anti-inflammatory Trl cells (23).

IL-6 is chiefly produced by activated monocytes, and is
often considered a component of the type-2 immune response,
even though it acts in conjunction with pro-inflammatory cyto-
kines (25). It has been suggested that IL-6 may be involved
in clinical symptomatology and clinical improvement in
schizophrenia through immunological mechanisms. This is
currently a debated hypothesis, with some studies reporting a
positive correlation between IL-6 and positive, but also nega-
tive, PANSS scores (26,27), while others have found no such
association (28).

BDNF is a member of the neurotrophic family of growth
factors that promotes the development, regeneration, sustaining
and maintenance of neuron function in the central nervous
system (29). The precursor protein, preproBDNF, is synthe-
sized in the endoplasmic reticulum and then converted to
proBDNF, which is proteolytically processed into mature
BDNF. Yoshida ef al suggested that proBDNF and mature
BDNF affect CNS in an opposing manner, as only secreted
mature BDNF was biologically active (30). Mature BDNF has
an anti-inflammatory activity and thus it reduces the level of
inflammation. The significant role of BDNF in the pathogen-
esis of the schizophrenic disorder could be reflected by the
low serum BDNF levels to the onset of the disorder and the
duration of untreated psychosis (31). Furthermore, the response
of antipsychotics has also been linked with alterations in serum
BDNF levels in patients with schizophrenia, suggesting a
neurotrophic role for some second generation antipsychotics
through their specific dopaminergic activity in the treatment of
psychotic symptoms (32).
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The lack of a correlation between BDNF and PANSS in this
study, could be a direct cause of the assay used (BDNF ELISA
kit; R&D Systems), since it does not differentiate between
proBDNF (precursor BDNF) and BDNF (mature BDNF),
measuring them as total BDNF levels and not separately.

This study should be interpreted in lights of its limitations.
First of all, the sample size of this study was small. Secondly,
the serum levels of cytokines and BDNF were evaluated only
twice, in a period of 8 weeks. On the contrary, this study
consisted of exclusively drug-naive pure schizophrenic patients,
a well-balanced sample of sex and age and monotherapy anti-
psychotic treatment.

The findings of this study suggest that drug-naive patients
who exhibit high levels of IL-6 and IL-27 during the first
episode of schizophrenia had a significant reduction in psycho-
logical symptoms and particularly in the negative symptoms
after monotherapy with OLZ. Further longitudinal studies are
warranted with larger sample sizes to validate these associations
and to determine how these may serve as potential biomarkers
of responsiveness and safety and to suggest novel immuno-
modulatory strategies for the treatment of schizophrenia.
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