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Abstract
Vascular endothelial growth factor (VEGF) is implicated in angiogenesis, blood flow, and
neuroplasticity, which have previously been shown to contribute to schizophrenia and the
mechanisms of action of antipsychotic medication. The aim of the present study was to
investigate whether baseline serum VEGF levels predict treatment responses to antipsychotic
medication. Drug-free adults with schizophrenia were administered monotherapy with atypical
antipsychotic drugs for 6 weeks. Participants’ psychiatric symptoms were assessed using the
positive and negative symptom scale (PANSS) before and after treatment. Blood samples for
VEGF measurements were collected from 201 participants comprising 83 healthy controls and
118 patients (i.e. only on admission). Baseline VEGF levels in adults with schizophrenia were
significantly lower than those in the control group (t = 3.656, df = 199, P o 0.001). In
particular, pretreatment VEGF levels were significantly higher in patients responding to drug
treatment at follow-up (Z 50% reduction in initial PANSS total) (t = 4.743, df = 116, P o
0.001). The predictive power of serum VEGF levels was investigated using receiver operating
characteristic curves. The area under the curve was 0.774 (95% confidence interval 0.688–
0.846); for fixed specificity of 78.8%, the corresponding sensitivity was 63.5%. Results from this
preliminary experiment suggest high baseline serum concentrations of VEGF may predict a
better response to antipsychotic medications in adults with schizophrenia. Further studies using
larger sample sizes are needed to verify the findings.
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1. Introduction

Schizophrenia is a chronic and severe mental illness with a
high recurrence rate that causes serious disability world-
wide. (Owen et al., 2016). Unfortunately, for a considerable
proportion of patients (approximately one-third) it is diffi-
cult to achieve a satisfactory therapeutic effect. Such
patients continue to exhibit cognitive dysfunction and
negative symptoms following treatment with various anti-
psychotic medications of an adequate dosage and duration
(Goff, 2013). Consequently, it is imperative to identify a
possible biomarker that could predict the therapeutic
response of schizophrenia to reduce patient discomfort
and avoid the misuse of resources on ineffective approaches
(McGorry et al., 2014).

Vascular endothelial growth factor (VEGF) is one of the
most prominent and well-characterized neurotrophin family
members and is regarded as a specific angiogenic factor
owing to its ability to form new blood vessels, regulate
blood flow, and enhance vascular permeability (Licht et al.,
2011). VEGF has pleiotropic effects within the peripheral
and central nervous systems, such as modulation of neuro-
genesis and reversible modulation of neuronal plasticity
(Licht et al., 2011). In addition, soluble fms-like tyrosine
kinase (a high-affinity receptor of VEGF) plays a role in the
mediation of neurotrophic actions via binding to VEGF,
which was notably elevated among individuals at familial
high risk for schizophrenia compared to healthy control
subjects (Lizano et al., 2016). The latter finding suggests
that abnormal activation of the angiogenic cascade and
angiogenic dysfunction occur during the early development
of psychiatric disorders.

Multiple sources of evidence from both animal and human
brain research indicate that VEGF plays a role in the
etiopathogenesis of neuropsychiatric disorders (Hino
et al., 2016; Hohman et al., 2015; Isung et al., 2012a,
2012b; Jung et al., 2015; Newton et al., 2013; Sharma
et al., 2016; Tseng et al., 2015), particularly in schizophre-
nia (Haring et al., 2015; Hino et al., 2016). For example,
post mortem study that compared 19 patients with schizo-
phrenia to 21 healthy individuals found lower expression of
VEGFR-2 in prefrontal cortex for the entire group of patients
(Hino et al., 2016). Similarly, another study found that VEGF
mRNA expression was lower in post mortem samples of
dorsolateral prefrontal cortex (Fulzele and Pillai, 2009).
Paradoxically, however, VEGF serum levels were higher and
associated with prefrontal cortex volume among individuals
with schizophrenia (Pillai et al., 2016).

Clinical studies examining peripheral VEGF levels in
schizophrenia patients versus healthy controls have yielded
conflicting results. While some studies found elevated VEGF
blood concentrations in individuals with chronic schizophre-
nia (Balotsev et al., 2016; Pillai et al., 2016), others
revealed no significant difference between first-episode
schizophrenic patients and control subjects with regard to
serum and plasma VEGF (Di Nicola et al., 2013; Lizano
et al., 2016). Interestingly, recent studies have shown that
VEGF is a suitable diagnostic and therapeutic marker or
predictor of treatment response in cases of major

depression (Carvalho et al., 2015; Clark-Raymond et al.,
2014, 2016; Fournier and Duman, 2012; Galecki et al., 2013;
Nowacka and Obuchowicz, 2012). However, research exam-
ining schizophrenia in this context has not been reported in
the literature.

Accordingly, the aim of the present study was to test
whether serum VEGF levels are lower in drug-free patients
with schizophrenia than in matched healthy controls, and to
evaluate baseline serum VEGF levels as a potential predictor
of treatment response to antipsychotic medication adminis-
tered as monotherapy to schizophrenia patients. Thus far, it
appears that no study has investigated the possible relation-
ships between pretreatment VEGF levels and the therapeu-
tic effect in acute-stage schizophrenia.

2. Experimental procedures

2.1. Participants, assessment, and study procedures

This study was performed at the Department of Psychiatry, Wu Tai
Shan Hospital, Yangzhou, China. Between July 2013 and December
2014, 118 drug-free patients with acute-stage schizophrenia (62
males, 56 females; 47 drug-naive and 71 patients who were drug
free for at least four weeks) were identified. All participants were
interviewed and diagnosed independently by two psychiatrists using
the criteria in the Diagnostic and Statistical Manual of Mental
Disorders (DSM-V; American Psychiatric Association, 2013) and the
International Classification of Diseases (ICD-10; World Health Orga-
nization, 1993). The severity of schizophrenia symptoms was
assessed before treatment and 6 weeks after treatment using the
positive and negative symptom scale (PANSS). The assessment was
conducted by five psychiatrists (inter-rater correlation coefficient
4 0.8) who were blind to the clinical status and treatment
conditions. The exclusion criteria were as follows: patients with
any past history of organic mental disorders, bipolar disorders,
substance-related disorders, current uncontrolled or severe physi-
cal diseases (lung, heart, liver, kidney, hypertension, diabetes
mellitus, convulsions, and other immune-related disease), and
patients who were pregnant or breast feeding. Participants under-
going current psychopharmacological treatment were also
excluded, except for patients undergoing benzodiazepine
treatment.

Participants with schizophrenia received monotherapy with a
second-generation antipsychotic, including risperidone (n = 28, 3–
6mg/d), quetiapine (n = 24, 0.3–0.6 g/d), olanzapine (n = 25,
10�20mg/d), aripiprazole (n = 23, 10–20mg/d), or ziprasidone (n
= 18, 20–60mg/d). The antipsychotic dosage administered to each
participant was adjusted according to the severity of the psychia-
tric symptoms. Following 6 weeks of treatment, participants were
divided into two groups (responders and non-responders) according
to the evaluation criteria (Leucht et al., 2007, 2011). Definition of
treatment response in schizophrenia based on a 50% reduction of
PANSS total scores, as described elsewhere (Xiao et al., 2016).

A total of 83 healthy participants (47 males and 36 females) were
assigned to the control group. All participants in the control group
were in good physical health as verified by normal laboratory
results. These participants had no family history of psychiatric
disease or alcohol abuse/dependence. Participants with schizo-
phrenia (including a parent or legal guardian) as well as age- and
gender-matched controls provided written, informed consent to
participate in the study, which was approved by the Ethics
Committee of Yangzhou University.
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