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Abstract
Schizophrenia (SZ) is a devastating psychiatric disorder. Validation of potential serum biomarkers
during first-episode psychosis (FEP) is especially helpful to understand the onset and prognosis of
this disorder. To address this question, we examined multiple blood biomarkers and assessed the
efficacy to diagnose SZ. The expression levels of Neuregulin1 (NRG1), ErbB4, brain-derived
neurotrophic factor (BDNF), DNA methyltransferases 1 (DNMT1) and ten-eleven translocation 1
(TET1) proteins in peripheral blood of 53 FEP patients and 57 healthy controls were determined by
enzyme-linked immunosorbent assay (ELISA). Multivariable logistic regression including biomarker
concentration as covariates was used to predict SZ. Differentiating performance of these five serum
protein levels was analyzed by Receiver Operating Characteristic (ROC) curve analysis. We found
that patients with SZ present a higher concentration of DNMT1, and TET1 in peripheral blood, but
a lower concentration of NRG1, ErbB4 and BDNF than controls. Multivariable logistic regression
showed that ErbB4, BDNF and TET1 were independent predictors of SZ, and when combined,
provided high diagnostic accuracy for SZ. Together, our findings highlight that altered expression of
NRG1, ErbB4, BDNF, DNMT1 and TET1 are involved in schizophrenia development and they may
serve as potential biomarkers for the diagnosis of the schizophrenia. Therefore, our study provides
evidence that combination of ErbB4, BDNF and TET1 biomarkers could greatly improve the
diagnostic performance.
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Introduction
Schizophrenia (SZ) is one of the devastating
psychiatric disorders and affects more than 1% of
global population. The precise pathophysiology and
etiology of this disorder remains unclear and its
diagnosis largely depends on interview-based subjective assessments of self-reported symptoms. Although
extensive research has been carried out, no reliable
biomarkers are available for the diagnosis and
prognosis of SZ which make it urgent to identify
biomarkers for addressing these unmet clinical needs.

Recent
evidence
suggests
that
altered
intracellular signaling may contribute to the pathophysiology of schizophrenia and could be used to
diagnose schizophrenia. For example, dysfunctional
neuregulin1 (NRG1) and its receptor ErbB4 have been
confirmed in postmortem brain tissues of SZ
patients[1-3]. NRG1 is a member of the group of
proteins containing epidermal growth factor (EGF)like domains which transmit signals by activating
membrane-associated tyrosine kinases[4], especially
http://www.medsci.org
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the ErbB4 receptor kinases in the central nervous
system (CNS). In addition, epigenetic abnormalities,
especially in DNA-methylation / demethylation
network pathways, have also been identified in
postmortem brains of SZ patients [5, 6]. DNA
methyltransferase 1 (DNMT1) and Ten-Eleven Translocation 1 (TET1), two important component enzymes
in DNA-methylation/demethylation network, were
abnormally increased in SZ postmortem brains and
peripheral blood lymphocytes [5-7]. Besides, reduced
expression of brain-derived neurotrophic factor
(BDNF), a member of nerve growth factor family, was
related to the increase of 5-methyl cytosine at the
BDNF promoter in the SZ patient brains, and aberrant
expression of BDNF gene is implicated in several
mental illness by lasting epigenetic influence[8].
Because psychiatric disorders have long been
considered as brain disorders, few studies focused on
the resultant systemic changes, especially the changes
of serum proteins which are easily accessible in
clinics. Previous studies have revealed serum protein
changes in SZ patients, however, the conclusions were
not consistent [9-11]. Given the polygenic nature of
SZ, it is widely accepted that a comprehensive
multi-marker profile may have a higher predictive
power in terms of sensitivity and specificity to meet
the diagnostic criteria. Therefore, the aim of this study
was to investigate the expression of NRG1, ErbB4,
BDNF, DNMT1 and TET1 in patients’ serum for the
diagnosis of schizophrenia. The sensitivity, specificity
and percentage of correctly classified patients were
analyzed by using Receiver Operating Characteristic
(ROC) curve analysis. The diagnostic efficiency of the
combination of these five serum proteins was
evaluated by multivariable logistic regression.

years old. Patients were excluded from the study if
they met one or more of the following criteria: other
mental disorders, alcohol or substance abuse,
malignant tumor, active or chronic inflammatory or
autoimmune disease, diabetes mellitus, obesity (BMI
> 30 kg/m2), heavy smoking (more than 18 cigarettes
per
day)
and
treatment
with
antiinflammatory or immunosuppressive medication.
This study was approved by the Ethics Committee of
Second Xiangya Hospital, Central South University.

Methods

The data were statistically analyzed using SPSS
version 18.0 (SPSS, Chicago, IL). Normal distribution
variables were shown as mean ± standard deviation
and non-normal distribution variables were shown as
median and interquartile range. Categorical data were
analyzed using the χ2 test. Continuous data were
analyzed using Student's t-test if they displayed a
standard normal distribution or Mann–Whitney U
test when the variables had a skewed distribution.
Kolmogorov–Smirnov test was used to assess normal
distribution. Spearman correlation coefficients were
calculated for associations among variables.
Multivariable logistic regression including biomarker
concentration as covariates was used to predict SZ.
Differentiating performance of these five serum
proteins for the diagnosis of Schizophrenia was tested
by ROC curve analysis and the area under the curve
(AUC) was calculated. The optimal cut-off point was
obtained from the Youden index [maximum

Subject selection
Patients in this study were recruited from the
department of psychiatry of the Second Xiangya
Hospital, Central South University, after written
informed consent of participation was provided.
Totally 53 drug-naïve patients with first-episode
schizophrenia (26 female and 27 male) and 57 healthy
controls (28 female and 29 male) were analyzed in this
study. The ages of these patients ranged from 17 to 55
years old and the mean age was (28.15 ± 10.42) years
old. The duration of illness was more than 1 month.
All the patients were diagnosed formally according to
the Diagnostic and Statistical Manual of Mental Disorders,
Fifth Edition (DSM-V) and evaluated using Positive
and Negative Symptom Scale (PANSS) by a senior
psychiatrist. The ages of healthy controls ranged from
18 to 54 years old and the mean age was (31.33 ± 10.69)

Enzyme-linked immunosorbent assay (ELISA)
Firstly, four milliliter venous blood was
withdrawn from SZ patients and the corresponding
controls in the morning into procoagulant tube prior
to administration of any medication. Serum was
separated by centrifugation (3500 r/min, 5 min) from
coagulated blood, then was collected and stored at
-80℃ until analysis. Serum NRG1, ErbB4, BDNF,
DNMT1 and TET1 protein levels were measured by
commercially available ELISA kits (NRG1β1/ErbB4/
BDNF, R&D Systems, Minneapolis MN; DNMT1/
TET1, Cusabio, Wuhan, China) following the
manufacturer’s instructions. The 96-well micro plates
were incubated overnight with monoclonal antibody
at 4℃. Samples and standard proteins were added
after incubation with blocking sample buffer. Plates
were then treated with enzyme-labeled polyclonal
antibody. Then, H2O2 was added and the color was
developed after addition of TMB solution. After
adding 2 mol/L H2SO4 to stop the reaction, the
absorbance at 450 nm were measured on micro plate
reader. Protein concentrations were determined
according to the standard curve.

Statistical Analysis
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(sensitivity + specificity − 1)]. A p-value < 0.05 was
considered as statistically significant.

Results
The demographic data of SZ patients
The demographic data of SZ patients and
healthy controls were presented in Table 1. There
were no significant differences in the mean age,
gender, BMI and the number of cigarettes consumed
per day between SZ patients and controls (p > 0.05).
Table 1. Demographic data of SZ patients and controls.
Variables
Male/female
Age
Body mass index
Smokers (%)
No. of cigarettes smoked per day
Family history of psychosis
Yes (%)
NO (%)
Schizophrenia subtypes
Paranoid (%)
Disorganized (%)
Catatonic (%)
Others (%)
Total PANSS score
Positive Symptom score
Negative Symptom Score

SZ (n=53)
27/26
28.15 ± 10.42
22.06 ± 3.34
11 (20.75)
14.18 ± 2.93

Control (n=57)
29/28
31.33 ± 10.69
20.96 ± 3.14
14 (24.56)
12.29 ± 2.13

P
1.000
0.117
0.079
0.657
0.073

33 (62.26)
20 (37.74)

N/A
N/A

N/A
N/A

27 (50.94)
11 (20.76)
2 (3.77)
13 (24.53)
75.81 ± 21.35
16.58 ± 7.47
18.93 ± 7.83

N/A
N/A
N/A
N/A
N/A
N/A
N/A

N/A
N/A
N/A
N/A
N/A
N/A
N/A

Abbreviations: SZ: schizophrenia, PANSS: positive and negative symptom scores.
N/A: not applicable.

ErbB4
Similar with NRG1, ErbB4 expression in the
peripheral blood of SZ patients was significantly
lower than that in healthy controls [7.90 (range:
4.75-11.05) vs 10.83 (range: 6.72-15.60) ng/mL; p =
0.002]. Interestingly, SZ males presented a much less
ErbB4 than control males (p = 0.005), while no
statistical significance between SZ (female) and CTR
(female) was found (p = 0.098) (Figure. 2).

BDNF
The level of BDNF protein in SZ patients was
significantly lower than that in controls [24.30 (range:
22.65-26.10) vs 35.30 (range: 26.05-37.63) ng/mL; p =
0.000]. In addition, the level of BDNF protein in SZ
(male) or SZ (female) was apparently lower than that
in CTR (male) (p = 0.000) and CTR (female)
respectively (p = 0.005) (Figure. 3).

DNMT1
The level of DNMT1 protein in SZ was greatly
higher than that in the CTR [22.35 (range: 20.36-25.67)
vs 16.79 (range: 14.60-24.01) ng/mL; p = 0.011].
Meanwhile, the level of DNMT1 protein in SZ
(female) was higher than that in CTR (female) (p =
0.030), while no significant difference was revealed
between SZ (male) and CTR (male) (p = 0.165) (Figure.
4).

TET1
NRG1
The concentration of NRG1 in SZ patients was
significantly lower than that in controls [4.64 (range:
3.71-5.55) vs 5.73 (range: 4.38-7.13) ng/mL; p = 0.014],
whereas there was no difference between SZ males
and Control (CTR) males (p = 0.096), or between SZ
females and CTR females (p = 0.089) (Figure. 1).

Figure 1. Representative plot showing concentrations of NRG1 protein
in peripheral blood of SZ patients (n = 53) and controls (n = 57). *
means P-value < 0.05, range error bars encompass the lowest and highest
values. SZ: patients with first-episode schizophrenia.

The level of TET1 protein in SZ was significantly
higher (p<0.05) than that in CTR [76.50 (range:
67.85-85.25) vs 59.06 (range: 56.55-72.40) pg/mL; p=
0.000]. Moreover, the abundances of TET1 protein in
SZ (male) and SZ (female) were obviously higher than
those in CTR (male) (p = 0.000)and CTR (female)
respectively (p= 0.049) (Figure 5).

Figure 2. Representative plot displaying ErbB4 protein level in peripheral
blood of SZ patients (n = 53) and controls (n = 57). ** means P-value <
0.01, range error bars encompass the lowest and highest values. SZ: patients
with first-episode schizophrenia.
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The influences of the clinical features
We also assessed the influences of the clinical
features on the five serum biomarkers levels using
Spearman correlations. However, no significant
correlations
were
validated
between
the
concentrations of the five serum proteins with age,
gender, Body mass index, the rate of PANSS and
smoking history among the participants with SZ (p >
0.05).

Diagnostic efficiency of combining five
proteins in serum

Figure 3. Representative figure showing BDNF protein level in peripheral
blood of SZ patients (n = 53) and controls (n = 57). ** means P-value < 0.01, ***
means P-value < 0.001, range error bars encompass the lowest and highest
values. SZ: patients with first-episode schizophrenia.

NRG1, ErbB4, BDNF, DNMT1 and TET1 were all
promising predictors of SZ in the univariable logistic
regression model. However, in the multivariable
model, only ErbB4, BDNF and TET1 were
independently associated with SZ (Table 2). The
diagnostic efficiency of these three proteins was
evaluated by the sensitivity, specificity, Youden index
and the area under the ROC curve (AUC) (Table 3).
The ROC curves for the protein concentrations were
shown in Figure 6- Figure 7. A continuous
combination variable model constructed from these
three proteins, reported the AUC to be 0.825 (Table 3).
The model provided that 41 (77.4%) of the original
cases were correctly placed in SZ group, and 42
(73.7%) were correctly classified in control group. Our
results have showed that the diagnostic model can
accurately distinguish the SZ patients.
Table 2. Predictors of schizophrenia (SZ).

Figure 4. Representative graph showing DNMT1 protein in peripheral blood
from SZ patients (n = 53) and Controls (n = 57). *means P-value<0.05, range
error bars encompass the lowest and highest values. SZ, patients with
first-episode schizophrenia.

Univariable analysis
OR (95%Cl)
p value
NRG1
0.830(0.693-0.994) 0.043
ErbB4
0.884(0.814-0.960) 0.003
BDNF
0.904(0.857-0.954) 0.000
DNMT1 1.083(1.016-1.154) 0.015
TET1
1.050(1.022-1.080) 0.000

Multivariable analysis
OR (95%Cl)
p value
0.883(0.803-0.972)
0.915 (0.866-0.967)

0.011
0.001

1.052 (1.022-1.083)

0.001

OR: odds ratio, 95% CI: 95% confidence interval, NRG1: neuregulin1, BDNF:
brain-derived neurotrophic factor, DNMT1: DNA methyltransferases 1, TET1:
ten-eleven translocation 1.

Table 3. Results of Roc Curve Analysis between the two Groups.

Figure 5. Representative figure showing TET1 protein in peripheral blood
from SZ patients (n = 53) and controls (n = 57). * means P-value<0.05, ***
means P-value<0.001, range error bars encompass the lowest and highest
values. SZ, patients with first-episode schizophrenia.

Analysis

NRG1

ErbB4

BDNF

DNMT1

TET1

Sensitivity
Specificity
Youden index
AUC
Cutoff (ng/mL,
pg/mL for TET1)
95%CI for AUC

0.774
0.526
0.300
0.636
5.660

0.755
0.509
0.263
0.654
10.765

0.792
0.754
0.547
0.764
26.350

0.943
0.491
0.435
0.661
16.675

0.830
0.667
0.497
0.755
65.750

Probabili
ties
0.811
0.737
0.548
0.825
0.461

0.530-0. 0.553-0. 0.669-0. 0.555-0.76 0.662-0. 0.747-0.90
742
756
859
7
848
3

ROC: receiver operating characteristic curve, AUC: area under the curve, NRG1:
neuregulin1, BDNF: brain-derived neurotrophic factor, DNMT1: DNA
methyltransferases 1, TET1: ten-eleven translocation 1, Probabilities: probabilities
of serum ErbB4, BDNF, and TET1 levels.
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BDNF and TET1 serum markers gives the highest
accuracy for separating SZ patients from healthy
controls (AUC = 0.825; sensitivity = 0.811; specificity =
0.737). Furthermore, the classification with crossvalidation provided that 77.4% and 73.7% of the
original cases were correctly placed in SZ and control
group respectively, which further suggested that a
combined serum markers including ErbB4, BDNF,
and TET1 may be used for the correct diagnosis of SZ.

The association between SZ and NRG1/ErbB4
signaling

Figure 6. ROC curve of NRG1, ErbB4 and BDNF for the diagnosis of
schizophrenia. Probabilities: continuous combination variable of ErbB4, BDNF
and TET1.

Figure 7. ROC curve of DNMT1 and TET1 for the diagnosis of schizophrenia

Discussion
Previous studies have elucidated the possibility
to establish a distinct molecular network signature
relevant to disease process of SZ using standard
biochemical methods [12, 13]. A profile of multiple
serum biomarkers associated with neuronal nutrition,
neuroimmunology, and neurologic function might
provide much more convincing outcome for early
diagnosis of SZ compared to single marker alone[13].
In this study, we assessed the concentration of five
serum proteins related to the pathophysiology of SZ
to evaluate the potential function of blood markers
profiling in the diagnosis of SZ patients using ROC
analysis. Table 3 showed the AUC of NRG1, ErbB4,
BDNF, DNMT1 and TET1 were 0.636, 0.654, 0.764,
0.661, and 0.755 respectively. Combining ErbB4,

In line with previous reports [14], we also
detected a much lower serum concentrations of NRG1
and ErbB4 in SZ patients. The association between SZ
and NRG1/ErbB4 signaling is not surprising.
Individuals with decreased NRG1 mRNA in
peripheral blood lymphocytes have been demonstrated to have higher risk of developing psychosis later
[15]. Previous studies have shown that NRG1
promotes GABA release in mouse cortical and
hippocampal slices through ErbB4 [16, 17], which was
expressed specifically in interneurons [18, 19].
Intriguingly,
NRG1/ErbB4
signaling
remains
saturated in the amygdala, which maintains high
GABAergic activity and modulates the output of
parvalbumin-positive interneurons [20, 21]. We
proposed that decreased activity of the NRG1/ErbB4
signaling might impair the GABAergic activity, which
may prompt the development of SZ. Although the
serum concentrations of NRG1 and ErbB4 proteins are
low, the accuracy of NRG1 and ErbB4 as diagnostic
biomarkers for SZ is not high(sensitivity = 0.774 or
0.755, specificity = 0.526 or 0.509). In addition, only
male patients present significantly less ErbB4 protein
and thus we assume that sexual hormones especially
estrogen may play a protective role in the process of
schizophrenia. The gender of patients should be
considered if the biomarkers are used for diagnosis of
schizophrenia.
However, the results of the expression of NRG1
and ErbB4 in the schizophrenia patients still remain
debatable. Petryshen et al [22] found that the
expression of NRG1 and ErbB4 were up-regulated in
the hippocampus and Chong et al [23] reported a
protein concentration change in the prefrontal cortex.
These differences may partially contribute to degrees
of alteration in risk genes[24], or the duration of the
modification on NRG1 signaling[25]. Besides, the
specification of antibodies used in different studies
against NRG1 and ErbB4 may also contribute to the
differences. In addition, the complex symptoms of
schizophrenia might be relevant to such inconsistencies, which need further elucidation.
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The role of BDNF, DNMT1 and TET1 in SZ
It is well-documented that the concentration of
BDNF is down-regulated in either serum[7] or
brain[7, 26-31] of SZ patients, In the present study, we
also discovered a much lower concentration of BDNF
and a much higher lever of DNMT1 and TET1 in
peripheral blood of SZ patients. It was previously
reported that DNMT1 and TET1 were highly enriched
in GABAergic neurons in the hippocampus of adult
human brains and peripheral blood lymphocytes[7,
27], and BDNF in neurons and peripheral blood
mononuclear cells[32]. Moreover, the decreased
BDNF in the SZ patient brains was associated with the
increased 5-methyl cytosine at the BDNF promoter
[33]. Therefore, TET1 might interact synergistically
with DNMT1 to induce transcriptional repression by
directly acting at BDNF promoter[34]. As a matter of
fact, these epigenetic alterations are not correlated
with duration of illness, which suggests that instead
of the consequence, they are the primary cause of the
disease [7]. Our statistical analyses showed that
among the five candidate biomarkers, the sensitivity
of DNMT was the highest (sensitivity = 0.943) while
BDNF was of the highest specificity (specificity =
0.754) in the context of SZ prediction, which further
highlighted the diagnostic values of these markers for
SZ. Furthermore, we also revealed overt gender
difference in the serum BDNF protein levels between
SZ patients and controls.
However, it should be noted that a stable or even
up-regulated BDNF has also been argued in the serum
of SZ patients [35, 36], therefore, the obtained results
in the present study should be repeated by a further
study with a large sample size. As potential
diagnostic biomarkers, it will be helpful to monitor
the concentrations of these 5 proteins prior to and
after antipsychotics treatment. Another limitation is
caused by the fact that we did not demonstrate other
disorders (eg, depressive disorder) which share the
common features of SZ. In addition, the
concentrations of these 5 proteins before versus after
antipsychotics treatment were not monitored.
In summary, this study has demonstrated the
concentration changes of NRG1, ErbB4, BDNF,
DNMT1 and TET1 in serum of SZ patients and
suggested that they may play a critical role in the
pathophysiology of SZ. The combination test of these
five proteins has showed promising efficiency for the
diagnosis of SZ and could be further explored for
early diagnosis and clinical assessment of the
schizophrenia.
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