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ABSTRACT

Objective: It is difficult for clinicians to diagnose
schizophrenia solely based on interviews. We
explored the diagnostic efficiency and predictive
capability of serum biomarkers for schizophrenia.

Method: Levels of 3 nerve growth factor
(3-NGF), brain-derived neurotrophic factor
(BDNF), interleukin 6 (IL-6), tumor necrosis
factor a (TNF-a), interferon y (IFN-y), calcium
binding protein S100B, myelin basic protein
(MBP), and glial fibrillary acidic protein (GFAP)
were measured in the sera of 278 schizophrenia
patients, 240 depression and bipolar disorder
patients, and 260 healthy controls. DSM-IV-TR
criteria were used as the diagnostic criteria

for schizophrenia and depressive and bipolar
disorders. The diagnostic efficiency was high

in patients with schizophrenia compared

with the healthy controls. Receiver operating
characteristic (ROC) curve analysis was used

to ascertain the diagnostic efficiency of the 8
proteins. Data were collected between July 2010
and December 2012.

Results: One-way analysis of variance
significantly demonstrated lower serum BDNF,
MBP, and GFAP levels (F=16.504, P<.001;
F=207.209, P<.001; F=33.668, P<.001,
respectively) but higher serum IL-6 and S1003
concentrations (F=15.250, P<.001; F=12.751,
P<.001, respectively) among patients with
schizophrenia. ROC analysis of the discriminant
scores of the serum B-NGF, BDNF, IL-6, S100(3,
MBP, and GFAP levels resulted in significant
discrimination between the schizophrenia

and control groups (AUC=0.922) and the
depressive/bipolar disorder and control groups
(AUC=0.762).

Conclusions: Serum levels of 6 proteins (but
not TNF-a and IFN-y) contribute most to the
diagnosis of schizophrenia. These proteins
may prove to be useful adjuncts for the clinical
assessment of this disease.

J Clin Psychiatry 2014;75(8):e794-e801

© Copyright 2014 Physicians Postgraduate Press, Inc.

Submitted: September 1, 2013; accepted February 24, 2014
(doi:10.4088/JCP13m08772).

Corresponding author: Xiufeng Xu, PhD, Department of
Psychiatry, The First Affiliated Hospital of Kunming Medical
University, 295# Xichang Rd, Kunming, Yunnan, China
(xfxp6945399@163.com).

J Clin Psychiatry 75:8, August 2014

S chizophrenia is a severe, complex neuropsychiatric disorder. Symptom
onset typically occurs in the early adult years and persists throughout
life, with only occasional recovery.! The US-based Diagnostic and Statistical
Manual of Mental Disorders, Fourth Edition (DSM-IV) and the 10th
International Classification of Diseases (ICD-10) are currently used to diagnose
schizophrenia.” However, the existing diagnostic criteria have limitations.
For example, the diagnosis is still based on a subjective, interview-based
process during which only the patient’s symptoms are noted.> Moreover,
this symptomatic/clinical presentation is not exclusive to schizophrenia and
may occur in other psychiatric disorders (eg, bipolar disorder, in which the
spectrum of symptoms overlaps with schizophrenia).* At present, at-risk
individuals or “prodromal” patients cannot be definitively identified. Thus,
there is an urgent need to develop objective tests that facilitate diagnostic
accuracy, prognosis, and treatment evaluation.®

The use of biomarkers has become a promising alternative method of
disease identification. Studies of the potential biomarkers for schizophrenia
have been conducted for more than 20 years. The literature has mainly
focused on the potential of genetics, imaging, and protein-based systems to
produce diagnostic biomarkers.>® However, brain imaging investigations
have revealed that there is no empirical test that can provide an accurate
diagnosis of schizophrenia because similar phenomena occur in patients
with other disorders (eg, bipolar disorder).” Individual genetic markers
(eg, neuregulin 1) can account for only a small proportion of patients with
an increased risk for developing schizophrenia.® However, studies have
shown that the schizophrenia-associated disease process exhibits a distinct
molecular signature in the peripheral tissues that can be measured using
standard biochemical methods.>® Therefore, an important aim of this
research is to discover molecular disease correlates that can be used as
diagnostic aids.

Blood circulates and participates in molecular exchange with every tissue
and organ in the human body. Thus, the serum proteome holds great promise
for the development of disease biomarkers.” In recent decades, at least 3
categories of peripheral proteins involved in the etiology or pathophysiology
of neuropsychiatric disorders have emerged. These biomarkers were
identified within a compiled list of 90 to 100 blood biomarkers (eg, proteins,
cytokines, hormones) that are cited in the scientific literature or emerging
research as playing a role in schizophrenia or other psychiatric disorders.!%12
We hypothesize that the representative components of mediated neuronal
nutrition, neuroimmunology, and neurologic functional deficit during
development may contribute to schizophrenia pathophysiology. For example,
studies have demonstrated that the serum levels of p nerve growth factor
(B-NGF) and brain-derived neurotrophic factor (BDNF) are closely related
to neurotrophy and play roles in neuronal proliferation, differentiation,
and dopamine neurotransmission.!® Several lines of evidence indicate that
cytokines demonstrate diverse actions in the brain and modulate systemic
and central nervous system (CNS) responses to injury, infection, and
inflammation.'# The levels of interleukin 6 (IL-6), tumor necrosis factor a
(TNF-a), and interferon y (IFN-y) are related to neuroimmunology because
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® The objective diagnosis of schizophrenia may mount a serious
challenge to subjective diagnosis of the disease based solely
on interviews commonly used today.

® Test of combined serum protein concentrations may help
clinicians in the early diagnosis of and intervention for
schizophrenia.

they are key signaling molecules of the immune system and
exert effects in both the periphery and brain.!>!¢ Levels
of calcium binding protein S100B,'” myelin basic protein
(MBP),'® and glial fibrillary acidic protein (GFAP)" are
related to neurologic functional deficits. For example,
S100p is primarily produced by astrocytes but is also
secreted from adipocytes, chondrocytes, cardiomyocytes,
and lymphocytes,?® and astrocyte destruction likely results
in increased serum concentrations.?! Changes in the serum
levels of these proteins in peripheral blood have been
detected and may play an important role in neuropsychiatric
disorders, including schizophrenia, major depression, and
bipolar disorder.!>?%23

In a previous study, we found that the diagnostic efficiency
of serum B-NGF and IL-2 levels was high in patients with
schizophrenia compared with healthy controls, but that
study involved a small sample size.?* In this study, we used a
receiver operating characteristic (ROC) analysis to investigate
the potential of serum p-NGE BDNE, IL-6, TNF-a, IFN-y,
S1008, MBP, and GFAP levels as diagnostic biomarkers for
schizophrenia. Specificity, sensitivity, and the percentage of
correctly classified patients were evaluated using the serum
levels of these 8 proteins in patients with schizophrenia,
depression, and bipolar disorder and healthy control
subjects. A stepwise discriminant analysis (SDA) of these 8
proteins was used to create discriminant scores, which were
then analyzed by ROC for the 3 experimental groups. The
discriminant scores were also evaluated to determine the
impact on the percentage of correctly classified patients.

METHOD

Subjects

All patients were recruited from the First Affiliated
Hospital of Kunming Medical University Department
of Psychiatry and the Psychiatric Hospital of Yunnan
Province, both urban, tertiary care centers, and from the
Yunnan Coal Mine Psychiatric Hospital in Luxi City, a
rural area of Yunnan Province. The control subjects were
recruited from advertisements by the Hongyun Honghe
Tobacco Group, Kunming, Yunnan, China. All data were
collected between July 2010 and December 2012. After the
participants were given a description of the study, written
informed consent was obtained from each participant. The
study protocol was approved by the Ethics Committee at The
First Affiliated Hospital of Kunming Medical University,
Kunming, Yunnan, China. Each participant received a
detailed history and physical examination in which systemic
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diseases and comorbid psychiatric diagnoses were noted. All
subjects were free of chronic and acute diseases and other
physical conditions associated with abnormal cell-mediated
immunity for at least 2 weeks prior to joining the study. The
standard laboratory test findings were within normal limits
for all participants.

Two hundred seventy-eight patients with schizophrenia
were drawn from the First Affiliated Hospital of Kunming
Medical University (n=98; 60 male, 38 female), the
Psychiatric Hospital of Yunnan Province (n=94; 58 male,
36 female), and the Yunnan Coal Mine Psychiatric Hospital
(n=386; 52 male, 34 female). Two hundred forty patients with
depressive or bipolar disorders were drawn from the First
Affiliated Hospital of Kunming Medical University (n=380;
50 male, 30 female), the Psychiatric Hospital of Yunnan
Province (n=380; 50 male, 30 female), and the Yunnan Coal
Mine Psychiatric Hospital (n=_80; 48 male, 32 female). The
schizophrenia and depressive/bipolar disorder diagnoses
were made by experienced psychiatrists using the Chinese
version of the Structured Clinical Interview for DSM-IV-TR.?
The sample consisted of 278 patients with schizophrenia,
240 patients with depressive and/or bipolar disorders, and
260 healthy controls. The baseline clinical state of patients
was evaluated independently by 2 authors. For the patients
with schizophrenia, findings were recorded as Positive and
Negative Syndrome Scale (PANSS) general psychopathology,
PANSS positive (PSS), and PANSS negative (NSS) symptom
scores.?® The 17-item Hamilton Depression Rating Scale
(HDRS)?” and Young Mania Rating Scale (YMRS)?® were
used to assess the depressive and bipolar disorder symptoms.
The control subjects were matched with patients with
schizophrenia and depressive/bipolar disorders for age, sex,
body mass index (BMI), and number of cigarettes smoked
per day. In terms of the site-to-site differences, age, gender,
BM]I, and other important variables from the 3 different
hospitals were statistically analyzed. These results were not
statistically significant.

Protein Assays

A fasting venous blood sample (5 mL) was collected
from all subjects and allowed to clot at room temperature.
Serum was obtained by centrifugation at 3,000 x g for 10
minutes, and then aliquots were taken and stored at -70°C
until analysis. Double antibody sandwich enzyme-linked
immunosorbent assay (ELISA) was used to quantify the
amounts of 8 proteins in the serum. The human B-NGF,
BDNE IL-6, TNF-q, I FN-y, S100p, MBP, and GFAP levels
were assessed using the DuoSet ELISA Development System,
according to the manufacturer’s instructions (R&D Systems,
Minneapolis, Minnesota). All measurements were performed
in duplicate and expressed as ng/L. The assays that were
compared directly were measured within the same assay. The
intra-assay variation of standards was < 5%. The intra-assay
coefficient of variation was 5.3%. The analytic ranges of the
serum contents were as follows: 3-NGF assay, 15.6-1,000
ng/L; BDNF assay, 31.2-2,000 ng/L; IL-6 assay, 6.25-200
ng/L; TNF-a assay, 25-800 ng/L; IFN-y assay, 12.5-400
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Table 1. Demographic and Clinical Characteristics of Subjects?

Variable Schizophrenia Depression/Bipolar Disorder ~ Healthy Control
Gender, male/female, n (total N)* 170/108 (N =278) 148/92 (N =240) 170/90 (N =260)
Age, mean (SD), years™ 34.22 (10.45) 32.45 (12.00) 30.60 (6.33)
Age range, y 18-60 18-66 21-58
Body mass index, mean (SD)* 21.29 (3.12) 20.43 (2.48) 21.40 (2.79)
Smokers, n 62 male 43 male/7 female 69 male
No. of cigarettes smoked per day, mean (SD)* 11.31 (3.32) 13.10 (3.20) 10.35(3.91)
Duration of illness, mean (SD), mo* 21.52 (25.41) 28.50 (33.19)
Schizophrenia subtypes

Paranoid 161 (57.91)

Disorganized 28 (10.07)

Catatonic 12 (4.32)

Undifferentiated 17 (6.12)

Residual 60 (21.58)
First-episode, drug-naive schizophrenia 84 (30.22)
Antipsychotic drug therapy 194 (69.78)

Quetiapine (300-600 mg) 31(15.98)

Olanzapine (10-25 mg) 37 (19.07)

Risperidone (3-6 mg) 28 (14.43)

Other single medication 50 (25.77)

Combination therapy 48 (24.75)
Mood disorder

Major depressive disorder 147 (61.25)

Bipolar disorder 93 (38.75)
Drug-naive mood disorder 61 (25.42)
Drug therapy 179 (74.58)

SSRIs/SNRIs 86 (48.04)

Lithium salt 64 (35.75)

Valproate 29 (16.21)
Family history of psychosis

Yes 194 (69.78) 41 (17.08)

No 84 (30.22) 199 (82.92)
Total PANSS score, mean (SD) 70.60 (15.77)
PSS score, mean (SD) 15.79 (6.64)
NSS score, mean (SD) 17.47 (6.71)
HDRS score (n=147) 23.10 (9.21)
YMRS score (n=93) 15.24 (6.51)

2Values shown as n (%) unless otherwise noted.
*P>.05.

Abbreviations: HDRS = Hamilton Depression Rating Scale, NSS = negative symptom scores, PANSS = positive and
negative symptom scores, PSS = positive symptom scores, SNRI = serotonin-norepinephrine reuptake inhibitor,
SSRI =selective serotonin reuptake inhibitors, YMRS = Young Mania Rating Scale.

Symbol: ... =no data.

ng/L; S100p assay, 12.5-400 ng/L; MBP assay, 500-10,000
ng/L; and GFAP assay, 50-1000 ng/L. No significant cross-
reactivity or interference was observed.

Statistical Analysis

All parameters were tested for normality using the
Kolmogorov-Smirnov Z test. Some of these were found
to be normally distributed, which permits the use of a
parametric multivariate analysis. Other parameters were not
normally distributed and required a nonparametric analysis.
The demographic and smoking variables were evaluated
statistically using the x* test. The schizophrenia, depressive/
bipolar disorders, and control groups were compared using
1-way analysis of variance (ANOVA). We also applied
a linear discriminate analysis (LDA) to further separate
the study groups into one or more linear combinations of
independent variables. The general principles of a LDA are
described elsewhere.?

In this study, a discriminant analysis was performed
on the levels of 8 serum proteins to classify subjects as
patients or controls. The discriminant model has the
form D=B,+B;X;+B,X,+...+B.X,, for which D, the
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discriminant score, is the dependent variable, and X,
X,...x, represent the serum protein levels. These variables,
together with the calculated coefficients By, By, B,...B,,, were
selected to maximize the distance between the 3 groups. We
evaluated the utility of the different combinations of the 8
protein levels to discriminate among the groups of healthy
controls, patients with schizophrenia, and depressive/
bipolar disorder patients. ROC curves were constructed
as plots of the percentage of true positives (sensitivity)
versus false positives (1 - specificity) for the 8 serum protein
concentrations in the schizophrenia and depressive/bipolar
disorder groups, and the area under each curve (AUC) was
calculated.

For all statistical tests, a 2-tailed P<.05 was considered
to be statistically significant. All statistical analyses were
performed using SPSS 17.0 for Windows (SPSS Inc, Chicago,
Ilinois).

RESULTS

Study Population
Table 1 shows the demographic characteristics of the
study population. No significant differences were found
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Figure 1. Serum Concentrations of 5 Proteins in
Schizophrenia Patients, Depressive/Bipolar Disorder
Patients, and Healthy Controlst
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tStatistically significant differences were found for the following:
a: schizophrenia patients compared with the healthy controls; b:
schizophrenia patients compared with depressive/bipolar disorder
patients; c: depressive/bipolar disorder patients compared with the
healthy controls. The error bars represent standard error.

*P<.05

*#P<.01

Abbreviations: GFAP = glial fibrillary acidic protein, IFN-y =interferon
y, IL-6 =interleukin 6, NGF = nerve growth factor, S100 = calcium
binding protein, TNF-a= tumor necrosis factor a.

among the 3 groups for gender, age, BMI, or the number of
cigarettes smoked per day (P>.05). The illness duration did
not differ between the schizophrenia and depressive/bipolar
disorder groups (P>.05). Therefore, data were pooled for
subsequent analysis.

Serum Levels of 8 Proteins

The 278 patients with schizophrenia and 240 patients
with depressive or bipolar disorders were drawn from 3
different hospitals. In terms of site-to-site differences, the
8 serum proteins (BDNFE, GFAP, IL-6, MBP, S1003, NGE,
TNF-a, and IFN- y) from patients from the 3 different
hospitals were statistically analyzed. These results were not
statistically significant. Therefore, we accumulated data from
multiple clinical centers and found that our findings were not
influenced by site-to-site differences. Figures 1 and 2 show
the levels of circulating proteins in the schizophrenia patients,
depressive/bipolar disorder patients, and healthy subjects.
A 1-way ANOVA revealed significant differences among
groups for 5 serum protein levels (ie, BDNF, F=16.504,
P<.001; IL-6, F=15.250, P<.001; GFAP, F=33.668, P<.001;
MBP, F=207.209, P<.001; S100p, F=12.751, P<.001).
The serum BDNF and MBP levels were significantly lower
in the schizophrenia (P<.001 for both) and depressive/
bipolar disorder groups (P<.001 for both) compared with
the healthy controls. However, the difference in the serum
GFAP levels between the depressive/bipolar disorder group
and healthy control group was not statistically significant
(GFAP, P=.148). The differences between the schizophrenia
and depressive/bipolar disorder groups were statistically
significant (BDNE, P<.05; MBP, P<.001; GFAP, P<.001).
The serum IL-6 and S100 levels were significantly higher in
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Figure 2. Serum MBP and BDNF Concentrations in
Schizophrenic Patients, Depressive/Bipolar Disorder
Patients, and Healthy Controls}
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tStatistically significant differences were found for the following:
a: schizophrenia patients compared with the healthy controls; b:
schizophrenia patients compared with depressive/bipolar disorder
patients; c: depressive/bipolar disorder patients compared with the
healthy controls. The error bars represent standard error.

*P<.05.

EP<.01.

Abbreviations: BDNF =brain-derived neurotrophic factor, MBP = myelin
basic protein.

the schizophrenia (P<.001 for both) and depressive/bipolar
disorder groups (P < .05 for both) compared with the healthy
controls. The serum p-NGF, TNF-a, and IFN-y levels did
not differ significantly among the 3 groups (3-NGEF, P=.066;
TNF-a, P=.148; IEN-y, P=.694).

The SDA and Diagnostic Efficiency
of Serum Levels for 8 Proteins

We used an SDA to establish the discriminant function
by introducing and removing variables. BDNE, GFAP, IL-6,
MBP, $1008, and NGF were included as the major variables
in the final discriminant function. To explore the diagnostic
efficiency of the combination of serum proteins, an SDA
was also used to create discriminant scores, which were then
analyzed by ROC for the 3 experimental groups. An SDA
(Wilks method) was performed with the variables included
in the model for comparisons with the control group (control
vs schizophrenia: Wilks lambda=0.492, P<.001; control vs
depressive/bipolar disorder: Wilks lambda=0.791, P<.001).
Sensitivity, specificity, Youden index, and the AUC were used
to evaluate the diagnostic efficiency of the serum protein
levels in the 3 groups (Table 2). Figure 3A-F also presents the
ROC curves for the serum protein concentrations. The ROC
analysis of the discriminant scores resulted in significant
discrimination between the schizophrenia and control groups
(AUC=0.922), between the depressive/bipolar disorder and
control groups (AUC=0.762), and between the schizophrenia
and depressive/bipolar disorder groups (AUC=0.788). The
agreement between the prediction based on the discriminant
function models and the gold standard was assessed using
cross-validation. The classification results showed that
203 (73.0%) of the originally grouped cases were correctly
classified in the schizophrenia group, 177 (68.1%) were
correctly placed in the control group, and 111 (46.3%) were
correctly placed in the depressive/bipolar disorder group.
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Figure 3. ROC Curves for the Serum Concentrations of the 8 Proteins and the Discriminant Scores for Schizophrenia Patients vs
Control Subjects (A and B), Depressive/Bipolar Disorder Patients vs Control Subjects (C and D), and Schizophrenia Patients vs
Depressive/Bipolar Disorder Patients (E and F)?

A. Serum BDNF, NGF, MBP, and GFAP Concentrations and B. Serum IFN-y, IL-6, TNF-a, and S1003 Concentrations by
Discriminant Scores by Control Subjects and Schizophrenia Patients Control Subjects and Schizophrenia Patients
Source of Source of
the Curve 1.0 — the Curve
— BDNF — IFN
— NGF 0.8 — — IL6
MBP - TNF-a
%‘ — GFAP ‘é — S10083
s — Discriminant Score G 06— .
a g l—— Reference Line
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0.4 —
0.2 -
0.0 : : : : 00 T T T T
0.0 0.2 04 0.6 0.8 1.0 0.0 0.2 04 0.6 0.8 1.0
1 - Specificity 1 - Specificity
C. Serum BDNF, NGF, MBP, and GFAP Concentrations and Discriminant D. Serum IFN-y, IL-6, TNF-a, and S1003 Concentrations by
Scores by Control Subjects and Depressive/Bipolar Disorder Patients Control Subjects and Depressive/Bipolar Disorder Patients
1.0 - Source of 109 Source of
the Curve the Curve
- — BDNF 0.8 - L IFN
08 — NGF —IL6
2 MBP z TNF-a
2 06 — GFAP z 06 L s100p
E I~ Discriminant Score é | Reference
— i 0.4 — Line
041 Reference Line
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0.2
0.0
0.0 I I ! I 60 02 04 06 08 19
00 02 04 06 08 10 e
- 1 - Specificity
1 - Specificity
E. Serum IFN-y, BDNF, NGF, MBP, and GFAP Concentrations F. Serum IL-6, TNF-a, and S1003 Concentrations by
and Discriminant Scores by Schizophrenia Patients and Schizophrenia Patients and Depressive/Bipolar
Depressive/Bipolar Disorder Patients Disorder Patients
1.0 - Source of 1.0 = Source of
: the Curve the Curve
% —IFN — IL6
0.8 - ,r’/ | — BDNF 08— — TNF-a
NGF L 5100
/j — MBP 2 ¥
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0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 04 0.6 0.8 1.0
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*Diagonal segments are produced by ties.
Abbreviations: BDNF =brain-derived neurotrophic factor, GFAP =glial fibrillary acidic protein, IFN-y =interferon vy, IL-6 = interleukin 6, MBP = myelin
basic protein, NGF =3 nerve growth factor, ROC =receiver operating characteristic, S100p = calcium binding protein, TNF-a = tumor necrosis factor a.
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symptoms between various psychiatric disorders, indicating
etiologies that are likely (in part) common to these apparently
diverse disorders.>® However, there were apparent benefits
of combining BDNFE, GFAP, IL-6, MBP, S100B, and NGF in
the discrimination among schizophrenia, depressive/bipolar
disorder, and control subjects. Furthermore, classification
with cross-validation demonstrated that a large majority of
cases were correctly discriminated into the schizophrenia,
depressive/bipolar disorder, or control groups, which further
supports the potential of BDNFE, GFAP, IL-6, MBP, S100p,

and NGF as diagnostic biomarkers for schizophrenia.

At present, the diagnosis of schizophrenia relies on
descriptive behavioral and symptomatic information.
A peripheral measurable marker may aid in identifying
the potential pathophysiology of schizophrenia; enable
a simpler, more rapid, and more accurate method for
diagnosis and monitoring; and help to produce more
effective therapies. In our study, the combined serum BDNE,
IL-6, S100P, MBP, and GFAP tests showed promising results,
particularly for discriminating between the schizophrenia
and control groups. Together, these data could suggest that
combining the neuronal nutrition, immunology, and injury
hypothesis of schizophrenia might more fully explain the
pathogenesis of schizophrenia. Therefore, as a rapid and
easily administered step, the total measurements of the
serum BDNE, IL-6, S1003, MBP, and GFAP levels may
assist in the early diagnosis and possible follow-up of the

disease.

Drug names: lithium (Lithobid and others), olanzapine (Zyprexa), quetiapine

(Seroquel), risperidone (Risperdal and others).
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