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Decreased Serum eGf in first-
episode and chronic Schizophrenia 
patients: negative correlation with 
psychopathology
Xiaobin Zhang1,2*, Wenhuan Xiao3, KuanYu chen3,4, Yaqin Zhao3, Fei Ye3, Xiaowei tang3,5 & 
Xiangdong Du1*

previous studies have demonstrated that neurotrophic factors may play a critical role in the severity of 
clinical symptoms in schizophrenia. However, it remains unknown whether serum levels of epidermal 
growth factor (eGf) in schizophrenia are similar to those observed in the case of other neurotrophic 
factors. Therefore, we compared serum EGF concentrations in first-episode drug-naive (FEP) patients 
and medicated chronic schizophrenic patients with healthy controls in order to explore whether eGf 
levels are related to psychopathological symptoms. We measured the serum levels of EGF in 78 first-
episode medication-naive schizophrenia patients, 76 medicated chronic schizophrenic patients, and 75 
healthy controls using the sandwich eLiSA method. Disease severity were measured using the positive 
and negative syndrome scale (PANSS). Serum EGF levels showed a significant decrease in schizophrenia 
patients in comparison to healthy subjects. Serum eGf levels in fep patients are indistinguishable 
from chronic cases. eGf levels were related to pAnSS general symptom subscales in both fep never-
medicated and medicated patients. it is interesting that serum eGf levels were negatively correlated 
with the PANSS cognitive subscales, with the exception of the patients with chronic schizophrenia. 
our preliminary results indicated that eGf may play a role in this illness and that it could be used as a 
potential biomarker of disease severity. Moreover, EGF may be associated with cognitive subscales of 
pAnSS in fep patients. future studies should investigate the relationship between eGf and cognitive 
function as measured using standardized neuropsychological assessments to identify potential 
biomarkers related with cognition.

Epidermal growth factor (EGF), which was isolated from the submandibular gland of male mice by Stanley 
Cohen in 1962, is a very important neurotrophic factor, and is closely related to the proliferation, growth, differ-
entiation, and regeneration of the central nervous system cell1. EGF exerts many biological functions by binding 
to its receptor EGFR and increasing Ca2+ concentration and the pH value in intracellular, which provides the 
necessary conditions for DNA synthesis and cell division2,3. Animal experiments showed that EGF could promote 
the growth of hippocampal neurons in vitro and enhance the activity of succinate dehydrogenase in neural stem 
cells3–5. In addition, EGF is a broad-spectrum neurotrophic factor which can ensure the survival of neurons, pro-
tect dopaminergic neurons from glutamate toxicity6, and repair neurons in the case of pathological conditions2, 
which is implicated in the repair process following brain injury.

There is evidence that EGF levels are associated with the pathogenesis of schizophrenia7–12. Genetic studies 
revealed a significant association between EGF gene polymorphism and premorbid and current cognitive func-
tioning or the age of onset of schizophrenia13–15. In addition, peripheral transcription of NRG-ErbB pathway 
genes are upregulated in the case of treatment-resistant schizophrenia16. However, in a population-based sample 
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in Japan, another study failed to support the hypothesis that EGF polymorphism is associated with schizophre-
nia17. A report by Futamura et al.18 provides the most convincing evidence to date that both the prefrontal cortex 
and striatum have lower EGF mRNA expression and higher EGFR expression in the prefrontal cortex in post-
mortem brain specimens from individuals suffering from schizophrenia. Moreover, recent research demonstrated 
that EGF could reduce the damage to hippocampal CAI neurons after transient cerebral ischemia19, which may 
be related to the inhibition of free radical-induced peroxisomal damage. These studies indicate disruption of EGF 
in the pathogenesis of schizophrenia.

Recently, investigators who examined the relationship between peripheral EGF levels and the psychopa-
thology of patients with schizophrenia8,18,20 yielded conflicting results. A survey conducted by Futamura et al.18 
revealed a significant decrease in serum EGF levels in the patient sample (i.e., 4 medication-naive and 45 medi-
cated chronic schizophrenia patients) relative to healthy controls. These findings contrast with Hashimoto’s result 
that21 no differences were observed for serum levels of EGF in drug naïve, first-episode (n = 15) and chroni-
cally medicated patients (n = 25) with schizophrenia versus general population controls. Moreover, these studies 
were performed using a small sample size, as described above. Interestingly, the most recent research shows that 
plasma EGF levels were associated with cognitive decline in Parkinson’s disease22–24 and Alzheimer’s disease22. 
Until recently, there has been no reliable evidence to indicate that peripheral EGF is implicated in the cognitive 
functioning of schizophrenia patients.

Therefore, we aimed to compare serum EGF levels among a large cohort of chronic and acute schizophrenia 
patients in order to determine whether a correlation exists between EGF and psychopathological symptoms. 
Based on a growing body of literature examining the role of neurotrophic molecules in the pathophysiology of 
schizophrenia, we hypothesized that serum EGF levels were significantly diminished in patients with schizo-
phrenia compared with healthy subjects. Moreover, we hypothesized that those with more serious psychiatric 
symptoms would show lower serum EGF levels, and a significant relationship between EGF and PANSS cognitive 
subscales was observed among patient groups.

experimental procedures
Participants, assessment, study procedures. 154 patients aged 18 or above, who satisfied the criteria 
for schizophrenia, were recruited from an inpatient clinic at Yangzhou Wutaishan Hospital. All patients were 
Chinese. Each subject had been diagnosed and assessed independently by at least two of the authors according 
to the DSM-IV criteria based on structured clinical interview. 78 never-medicated first-episode psychotic (FEP) 
(male/female = 40/38) and 76 chronic schizophrenic patients treated with antipsychotics (male/female = 37/39) 
participated. Existing medications at baseline remained unchanged for at least six months before entry into the 
study, whereas initiation of other psychotropic medications was not permitted during the trial. A total of 57 
patients were administered atypical antipsychotics alone, while 19 patients received a combination consisting in 
other typical agents. The information related to the participants’ medication use is as follows: aripiprazole (n = 8, 
10.53%), amisulpride (n = 7, 9.21%), clozapine (n = 5, 6.58%), olanzapine (n = 9, 11.84%), risperidone (n = 11, 
14.47%), quetiapine (n = 10, 13.16%), and ziprasidone (n = 7, 9.21%), clozapine-risperidone combination (n = 7, 
9.21%), clozapine-aripiprazole combination (n = 6, 7.89%), clozapine-quetiapine combination (n = 6, 7.89%). 
The mean daily oral antipsychotic dose consisted in chlorpromazine equivalents (492.87 ± 203.89 mg/day) for 
chronic cases (Table 1).

A control group of 75 unmedicated healthy volunteers (male/female = 42/33) was included after interview 
with the SCID IV-NP (for non-patients). Any patient who had any personal or family history of any mental dis-
order or uncontrolled systemic disease were excluded. All subjects provided their written, informed consent to 
participate in the study, which was approved by Wutaishan Hospital Ethics Committee and Yangzhou University 
Medical Ethics Committee.

clinical assessment. On the day of blood sampling, three psychiatrists used the positive and negative syn-
drome scale (PANSS), with an intraclass correlation coefficient (ICC) of 0.80, as an outcome measure of patient’s 
psychopathology25. The five-factor PANSS model was used to assess the psychopathology of patients. This model 
includes positive, negative, excited, cognitive, and depressed factors. In addition, the cognitive factor of the model 
includes three items (P2, N5, G11) and is a valid measure of cognitive deficits in schizophrenia26–28.

Serum eGf measurements. Blood samples were obtained prior to the meal. Samples were then imme-
diately centrifuged at 3000 × g for 15 min, serum separated, aliquoted into small microcentrifuge tubes and 
stored at −70 °C until assayed. Sandwich enzyme-linked immunosorbent assay (ELISA) kits (R&D Systems, 
Minneapolis, MN, USA) were used to measure EGF in the sera of patients and controls. From this assay, the 
minimum detectable concentrations of EGF were 0.201 pg/ml, the intra-assay coefficient of variation (CV) was 
less than 5% and the inter-assay CV less was than 8%, respectively. The method of measuring serum EGF was 
the same as that previously described9,21. A technician who was blind to the clinical situation assayed all samples.

Statistical analysis. The normality of data distribution was assessed using a histogram and Q-Q plots. As 
EGF was not normally distributed, we log-transformed EGF values. Differences between groups were analyzed 
using the Chi square test and t-test or variance analysis. We used Pearson’s correlation coefficient to calculate the 
correlation between groups. Moreover, linear regression was performed to examine the relationship between EGF 
and age, gender, duration of illness, age of onset, and the PANSS as well as its subscales. All statistical analyses 
were executed by IBM SPSS Statistics 23.0 (IBM Corp., Armonk, NY). Graphs were designed using Graphpad 
Prism 7.0 for Windows.

informed consent. Informed consent was obtained from all individual participants included in the study.
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ethical approval. All procedures performed in studies involving human participants were in accordance 
with the ethical standards of the institutional and/or national research committee and with the 1964 Helsinki 
declaration and its later amendments or comparable ethical standards.

Results
Demographic data. The clinical and demographic characteristics of the three groups are presented in 
Table 1. Significant differences were found between these three groups with regard to age (P = 0.001) and edu-
cation (P = 0.001). However, no significant differences were observed between patients and healthy controls in 
respect to gender and smoking (P > 0.05). Furthermore, PANSS total scores, as well as positive and cognitive 
subscores and family history of mental illness in the FEP group did not show any differences when compared with 
chronic medicated patients (P > 0.05). The t-test showed that PANSS negative scores were significantly higher and 
the general psychopathology subscores were significantly lower and length of illness was significantly longer in 
chronic patients than in the FEP group (P < 0.05). Afterwards, the variables that showed statistically significant 
differences between groups were added as co-variates in all subsequent analyses.

Serum eGf levels. Using an analysis of variance with the Bonferroni correction procedure, significantly 
lower serum Log EGF levels were found in FEP patients (1.80 ± 0.49) and medicated patients (1.82 ± 0.60) than in 
control subjects (1.99 ± 0.45), as depicted in Fig. 1. The results did not change after controlling for age (F = 2.862, 
df = 2, P = 0.059) or education (F = 2.474, df = 2, P = 0.087). When we compared the serum EGF levels of 
first-episode schizophrenia patients to those observed in chronic schizophrenia patients, no statistically signifi-
cant difference was found (t = −0.162, df = 1, P = 0.872). Additionally, in respect to gender, there was no signifi-
cant difference in EGF levels (t = 1.198, df = 1, P = 0.232).

eGf and clinical and demographic characteristics. Pearson’s correlation coefficients between 
log-transformed serum EGF clinical and demographic characteristics were estimated for each group, as shown in 
Table 2. The observed EGF levels were undetermined by age, gender, education or smoking status in the patient 
population or controls (P > 0.05). As expected, a negative correlation was found between the PANSS general 
symptom subscales and the serum EGF levels in both never-medicated FEP (r = −0.258, P = 0.022) and medi-
cated patients (r = −0.382, P = 0.001), as depicted in Fig. 2A,B. It is worth noting that a significant correlation 
was found between the PANSS total scores and serum EGF levels, though only in medicated patients (r = −0.421, 
P = 0.001). In addition, EGF was negatively related to PANSS cognitive subscales, though only in the FEP group 

CS (n = 76)
FEP 
(n = 78) HC (n = 75) F/t/χ2 P

Age (years) 37.49 ± 11.14 26.03 ± 6.45 37.51 ± 12.3 32.269 0.000

Sex (Males, %) 37/39 40/38 42/33 0.831 0.660

Education (years) 9.67 ± 3.84 10.01 ± 3.18 12.51 ± 3.85 13.735 0.001

Smoking (yes,%) 27/49 28/50 33/42 1.466 0.481

Age of onset (years) 23.99 ± 8.46 24.29 ± 5.27 0.270 0.787

Duration of illness (years) 13.50 ± 9.84 1.73 ± 2.20 10.182 0.000

family history of mental illness(yes,%) 16(21.05) 17(21.79) 0.013 0.911

PANSS Total Score 78.88 ± 6.52 79.09 ± 5.04 0.221 0.825

Positive subscore 23.91 ± 5.82 24.24 ± 8.47 0.287 0.774

Negative subscore 24.07 ± 6.48 21.42 ± 8.03 −2.251 0.026

General subscore 30.91 ± 6.61 33.42 ± 3.59 2.924 0.004

Cognitive subscore 12.12 ± 2.82 11.37 ± 3.77 −1.393 0.166

Atypical antipsychotics alone (n,%)

Aripiprazole 8(10.53)

Amisulpride 7(9.21)

Clozapine 5(6.58)

Olanzapine 9(11.84)

Risperidone 11(14.47)

Quetiapine 10(13.16)

Ziprasidone 7(9.21)

A combination of antipsychotics (n,%)

Clozapine-risperidone combination 7(9.21)

Clozapine-aripiprazole combination 6(7.89)

Clozapine-quetiapine combination 6(7.89)

chlorpromazine equivalent (mg/day) 492.87 ± 203.89

Table 1. Demographics of participants. Abbreviations: FEP = never-medicated first-episode psychotic; 
CS = chronic schizophrenic patients; HC, healthy control; PANSS, Positive and Negative Syndrome Scale; Bold 
P-values indicate significant results.
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(r = −0.506, P < 0.001) as depicted in Fig. 2C. In respect to serum EGF levels, no significant differences were 
found in terms of the different types of antipsychotics prescribed (r = −0.112, P = 0.338). No significant corre-
lation was found while considering EGF levels and the type of antipsychotic, medication regimen or chlorprom-
azine equivalents used by the chronic patient group (P > 0.05). Moreover, EGF was not related with duration of 
illness and familial history of mental illness in both groups (P > 0.05).

To further assess the association between EGF and symptoms, multiple linear regression analyses were per-
formed separately for each patient group. The findings of this stepwise analysis indicated that serum EGF levels 
were independently associated with the PANSS general psychopathology subscale in FEP patients (beta = −0.340, 
P = 0.021) and chronic patients (beta = −0.488, P = 0.001). Moreover, serum EGF levels in patients with 
first-episode schizophrenia were independently correlated with cognitive function (beta = −0.459, P = 0.001). 
However, the correlation between PANSS total scores and serum EGF levels in chronic patients was not statisti-
cally significant after controlling for clinical and demographic variables (beta = −0.271, P = 0.540), as shown in 
Table 3.

Discussion
This is the first study to explore the correlations between serum EGF levels and clinical symptoms in 
medication-naive patients, chronic cases, and healthy controls. Blood levels of EGF were reduced in both med-
icated and drug-naive patients with schizophrenia compared to control subjects. Moreover, in our preliminary 
study, we found a close relationship between EGF and the PANSS general psychopathology and cognitive sub-
score in drug-naive patients with schizophrenia. Furthermore, we also found a significant negative association 
between EGF and PANSS general psychopathology in subjects treated with antipsychotic medication.

First, we found that serum EGF levels were markedly decreased in patients including first-episode and chronic 
patients. Our results are consistent with previous literature18 that suggested that both drug-naive and medicated 
chronic patients had a significantly lower mean EGF level than healthy subjects. However, these results contradict 
the findings of a Japanese study conducted in 200521, which suggested that EGF levels were similar in the three 
groups. The discrepancy with our results can be reconciled by the different sample sources. Our findings support 
the theory that lower EGF levels may lead to schizophrenia, thus lending credence to the “neurotrophic factor 
hypothesis” which posits that schizophrenia is the behavioral outcome of aberration in the neurotrophic factor 
involved in neurodevelopmental processes.

Figure 1. Log EGF serum levels in FEP and CS and HC. FEP = never-medicated first-episode psychotic; 
CS = chronic schizophrenic patients; HC, healthy control; EGF, endothelial growth factor.

FEP (n = 78) CS (n = 76) HC (n = 75)

r df P r df P r df P

Age (years) −0.070 78 0.545 −0.051 76 0.659 0.102 75 0.382

Sex (Males) −0.128 78 0.266 −0.212 76 0.066 0.060 75 0.612

Education (years) 0.072 78 0.533 0.165 76 0.154 −0.119 75 0.308

Smoking (yes) 0.028 78 0.804 0.012 76 0.919 −0.124 75 0.289

Age of onset (years) −0.094 78 0.413 0.023 76 0.844 —

PANSS Total Score −0.009 78 0.938 −0.421 76 0.001 —

Positive subscore −0.067 78 0.558 −0.048 76 0.681 —

Negative subscore 0.181 78 0.112 0.090 76 0.438 —

General subscore −0.258 78 0.022 −0.382 76 0.001 —

Cognitive subscore −0.506 78 0.000 −0.091 76 0.435 —

Table 2. Correlations of demographic and clinical variables with serum log EGF levels. Abbreviations: 
FEP = never-medicated first-episode psychotic; CS = chronic schizophrenic patients; HC, healthy control; 
PANSS, Positive and Negative Syndrome Scale; Bold P-values indicate significant results.
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Furthermore, we found that serum EGF levels were related to the PANSS general psychopathology subscore 
of schizophrenia patients. Such results are consistent with previous literature21 that suggests a close relationship 
between EGF concentrations and psychiatric symptoms as measured using BPRS for the entire patient group. In 
addition, Balotsev et al.8 showed that EGF serum levels are higher in patients with chronic schizophrenia than 
those of age-matched normal control subjects. Futamura et al.18 reported significantly decreased serum EGF con-
centrations in antipsychotic-free patients and in the antipsychotic-naive patients with schizophrenia. Recently, 
Haring et al.20 reported that serum levels of EGF were increased in FEP patients, but after for approximately 7 
months antipsychotic medication treatment, EGF levels decrease and are related to the clinical improvement of 
FEP patients. It is well known that EGF protects dopaminergic neurons from glutamate toxicity in culture6,16,29,30. 
Serum EGF levels in patients were lower or higher than in the control group during all the stages of the illness, 
suggesting that dopaminergic neurons, in the case of patients, were obviously abnormal, and this abnormality is 
implicated in the mental symptoms and pathogenesis of schizophrenia.

The most interesting findings from this study highlight the fact that in drug-naive first episode schizophre-
nia patients, an association was found between EGF levels and PANSS cognitive subscale score, thus indicat-
ing that abnormal EGF levels may be a marker of cognitive deterioration. Nevertheless, the exact nature of this 
association remains unknown. In the brain, EGF family members serve as neurotrophic molecules to enhance 
stem cell proliferation and neuronal differentiation31, while influencing synaptic plasticity, including long-term 
hippocampal potentiation2,32. Moreover, recent experimental evidence suggests that EGF prevents APOE4 and 
amyloid-beta-induced cognitive and cerebrovascular deficits and promotes cognitive behavioral recovery in 
female mice33. Also, a disruption of ErbB signaling (EGF receptor) in adolescence increases striatal dopamine 
levels and affects learning as well as hedonic-like behavior in adult mice34. Specifically, lower EGF levels decrease 
hippocampal synaptic plasticity and impair cognitive function19,31,35. Interestingly, human studies have found that 
EGF levels were also associated with cognitive function in patients with Alzheimer’s22 and Parkinson’s disease23, 
further supporting the role of the EGF in cognitive impairment. Based on these findings, we speculation that EGF 
may be a useful biomarker for cognitive dysfunction. However, our study measured only a basic cognitive status, 
and did not employ any other methods to measure different types of cognitive functioning. Thus, the results 
offer only a partial insight into the relationship between EGF and PANSS cognitive subscales in schizophrenia. 
Furthermore, there is a need to carry out a cohort investigation the relationship between EGF and cognitive 
function assessed by a battery of cognitive tests covering aspects of memory, executive function and attention in 
patients with schizophrenia.

There were some limitations in this study. First, our study is limited by a relatively small sample size. However, 
this is only a preliminary study and larger studies are required to lend support to the findings of our research. 

Figure 2. (A) Correlation between serum Log EGF levels and PANSS general symptom subscales in FEP (B) 
Correlation between serum Log EGF levels and PANSS general symptom subscales in CS. (C) Correlation 
between serum Log EGF levels and PANSS cognitive subscales in FEP. FEP = never-medicated first-episode 
psychotic; CS = chronic schizophrenic patients; HC, healthy control; PANSS, Positive and Negative Syndrome 
Scale; EGF, endothelial growth factor.

FEP (n = 78) CS (n =76 )

Beta P 95%CI Beta P 95%CI

PANSS Total Score 0.099 0.414 −0.014–0.033 −0.271 0.540 −0.086–0.030

Positive subscore −0.045 0.694 −0.016–0.011 −0.146 0.611 −0.066–0.039

Negative subscore 0.034 0.746 −0.011–0.015 −0.082 0.512 −0.015–0.030

General subscore −0.340 0.021 −0.078–0.015 −0.488 0.001 −0.063–0.025

Cognitive subscore −0.459 0.001 −0.088–0.031 −0.182 0.128 −0.088–0.011

Table 3. Multivariate regression analysis showing an independent association between serum EGF levels and 
clinical symptoms*. *after controlling for clinical and demographic variables. FEP = never-medicated frst-
episode psychotic; CS = chronic schizophrenic patients; PANSS, Positive and Negative Syndrome Scale.
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Second, a cross-sectional survey, which was conducted to investigate the relationship between EGF levels and 
psychopathology, cannot establish a direct causal relationship. Third, since PANSS was designed specifically for 
psychopathology of schizophrenia. Although some items in the scale has been suggested to potentially represent 
“cognition” but they are not the cognition which commonly mentioned by schizophrenia research. Future studies 
should investigate the relationship between EGF and cognitive performance assessed by standardized neuropsy-
chological assessments to help identify potential biomarkers for improved cognition.

In conclusion, our preliminary results demonstrate that in FEP and chronic schizophrenia, the serum EGF 
levels were markedly lower than those of control groups. Moreover, serum EGF is associated with psychopa-
thology. These results indicate that EGF may play a role in this illness and that it could potentially be used as a 
biomarker of disease severity, despite the fact that the exact mechanisms are not yet fully understood.

Data availability
The datasets generated during and/or analyzed during the current study are available from the corresponding 
author on reasonable request.

Received: 27 December 2019; Accepted: 30 March 2020;
Published: xx xx xxxx

References
 1. Wang, M., Maier, P., Wenz, F., Giordano, F. A. & Herskind, C. Mitogenic signalling in the absence of epidermal growth factor 

receptor activation in a human glioblastoma cell line. Journal of neuro-oncology 115, 323–331, https://doi.org/10.1007/s11060-013-
1232-1 (2013).

 2. Honegger, P. & Guentert-Lauber, B. Epidermal growth factor (EGF) stimulation of cultured brain cells. I. Enhancement of the 
developmental increase in glial enzymatic activity. Brain research 313, 245–251 (1983).

 3. Hyder, A. et al. EGF and HB-EGF enhance the proliferation of programmable cells of monocytic origin (PCMO) through activation 
of MEK/ERK signaling and improve differentiation of PCMO-derived hepatocyte-like cells. Cell communication and signaling: CCS 
10, 23, https://doi.org/10.1186/1478-811x-10-23 (2012).

 4. Tamma, G. et al. EGF stimulates IClswell by a redistribution of proteins involved in cell volume regulation. Cellular physiology and 
biochemistry: international journal of experimental cellular physiology, biochemistry, and pharmacology 28, 1191–1202, https://doi.
org/10.1159/000335851 (2011).

 5. Pitcher, G. M., Beggs, S., Woo, R. S., Mei, L. & Salter, M. W. ErbB4 is a suppressor of long-term potentiation in the adult 
hippocampus. Neuroreport 19, 139 (2008).

 6. Casper, D. & Blum, M. Epidermal growth factor and basic fibroblast growth factor protect dopaminergic neurons from glutamate 
toxicity in culture. Journal of neurochemistry 65, 1016–1026 (1995).

 7. Bernstein, H. G., Keilhoff, G., Lendeckel, U., Steiner, J. & Bogerts, B. Concerning HB-EGF brain levels in schizophrenia: cellular 
distribution of putative sheddases may matter. Cns Neuroscience & Therapeutics 19, 136–137 (2013).

 8. Balotsev, R. et al. Inflammatory, cardio-metabolic and diabetic profiling of chronic schizophrenia. European psychiatry: the journal 
of the Association of European Psychiatrists 39, 1–10, https://doi.org/10.1016/j.eurpsy.2016.05.010 (2016).

 9. Yavasci, E. O. Prediction of Depression in Schizophrenia: Can serum Levels of BDNF or EGF Help us? African Journal of Psychiatry 
17 (2014).

 10. Mizuno, M. et al. Antipsychotic potential of quinazoline ErbB1 inhibitors in a schizophrenia model established with neonatal 
hippocampal lesioning. Journal of pharmacological sciences 114, 320–331 (2010).

 11. Nawa, H., Takahashi, M. & Patterson, P. H. Cytokine and growth factor involvement in schizophrenia–support for the developmental 
model. Molecular psychiatry 5, 594–603 (2000).

 12. Galvez-Contreras, A. Y. et al. Growth factors as clinical biomarkers of prognosis and diagnosis in psychiatric disorders. Cytokine & 
growth factor reviews 32, 85–96, https://doi.org/10.1016/j.cytogfr.2016.08.004 (2016).

 13. Swaminathan, V., Pereira, A. M., Shannon-Weickert, C., Weickert, T. & Sundram, S. Premorbid and current cognitive function in 
schizophrenia associate with treatment resistance and EGF 61AA genotype. Schizophrenia Research 153, S57 (2014).

 14. Hänninen, K. et al. Epidermal growth factor a61g polymorphism is associated with the age of onset of schizophrenia in male 
patients. Journal of Psychiatric Research 41, 8–14 (2005).

 15. Anttila, S. et al. Association of EGF polymorphism with schizophrenia in Finnish men. Neuroreport 15, 1215–1218 (2004).
 16. Mostaid, M. S. et al. Peripheral Transcription of NRG-ErbB Pathway Genes Are Upregulated in Treatment-Resistant Schizophrenia. 

Frontiers in psychiatry 8, 225, https://doi.org/10.3389/fpsyt.2017.00225 (2017).
 17. Watanabe, Y., Fukui, N., Muratake, T., Kaneko, N. & Someya, T. No association of EGF polymorphism with schizophrenia in a 

Japanese population. Neuroreport 16, 403–405 (2005).
 18. Futamura, T. et al. Abnormal expression of epidermal growth factor and its receptor in the forebrain and serum of schizophrenic 

patients. Molecular psychiatry 7, 673–682, https://doi.org/10.1038/sj.mp.4001081 (2002).
 19. Wang, Y. T. et al. Conditional deletion of Eps8 reduces hippocampal synaptic plasticity and impairs cognitive function. 

Neuropharmacology 112, 113–123, https://doi.org/10.1016/j.neuropharm.2016.07.021 (2017).
 20. Haring, L. et al. Antipsychotic treatment reduces psychotic symptoms and markers of low-grade inflammation in first episode 

psychosis patients, but increases their body mass index. Schizophrenia research 169, 22–29, https://doi.org/10.1016/j.
schres.2015.08.027 (2015).

 21. Hashimoto, K. et al. No changes in serum epidermal growth factor levels in patients with schizophrenia. Psychiatry research 135, 
257–260 (2005).

 22. Lim, N. S. et al. Plasma EGF and cognitive decline in Parkinson’s disease and Alzheimer’s disease. Ann Clin Transl Neurol 3, 346–355, 
https://doi.org/10.1002/acn3.299 (2016).

 23. Pellecchia, M. T. et al. Serum epidermal growth factor predicts cognitive functions in early, drug-naive Parkinson’s disease patients. 
Journal of neurology 260, 438–444, https://doi.org/10.1007/s00415-012-6648-6 (2013).

 24. Chen-Plotkin, A. S. et al. Plasma epidermal growth factor levels predict cognitive decline in Parkinson disease. Annals of neurology 
69, 655–663, https://doi.org/10.1002/ana.22271 (2011).

 25. Kay, S. R., Fiszbein, A. & Opler, L. A. The positive and negative syndrome scale (PANSS) for schizophrenia. Schizophrenia bulletin 
13, 261–276 (1987).

 26. Higuchi, C. H. et al. Factor structure of the Positive and Negative Syndrome Scale (PANSS) in Brazil: convergent validation of the 
Brazilian version. Braz J Psychiatry 36, 336–339, https://doi.org/10.1590/1516-4446-2013-1330 (2014).

 27. Rodriguez-Jimenez, R. et al. Cognition and the five-factor model of the positive and negative syndrome scale in schizophrenia. 
Schizophr. Res. 143, 77–83, https://doi.org/10.1016/j.schres.2012.10.020 (2013).

 28. Ajnakina, O. et al. Utilising symptom dimensions with diagnostic categories improves prediction of time to first remission in first-
episode psychosis. Schizophrenia research, https://doi.org/10.1016/j.schres.2017.07.042 (2017).

https://doi.org/10.1038/s41598-020-63544-0
https://doi.org/10.1007/s11060-013-1232-1
https://doi.org/10.1007/s11060-013-1232-1
https://doi.org/10.1186/1478-811x-10-23
https://doi.org/10.1159/000335851
https://doi.org/10.1159/000335851
https://doi.org/10.1016/j.eurpsy.2016.05.010
https://doi.org/10.1016/j.cytogfr.2016.08.004
https://doi.org/10.3389/fpsyt.2017.00225
https://doi.org/10.1038/sj.mp.4001081
https://doi.org/10.1016/j.neuropharm.2016.07.021
https://doi.org/10.1016/j.schres.2015.08.027
https://doi.org/10.1016/j.schres.2015.08.027
https://doi.org/10.1002/acn3.299
https://doi.org/10.1007/s00415-012-6648-6
https://doi.org/10.1002/ana.22271
https://doi.org/10.1590/1516-4446-2013-1330
https://doi.org/10.1016/j.schres.2012.10.020
https://doi.org/10.1016/j.schres.2017.07.042


7Scientific RepoRtS |         (2020) 10:6506  | https://doi.org/10.1038/s41598-020-63544-0

www.nature.com/scientificreportswww.nature.com/scientificreports/

 29. Sun, N. et al. Molecular mechanisms involved in epidermal growth factor. receptor-mediated inhibition of dopamine D3 receptor 
signaling. Biochimica et biophysica acta. Molecular cell research 1865, 1187–1200, https://doi.org/10.1016/j.bbamcr.2018.06.001 
(2018).

 30. Sun, N., Zhang, X., Zhang, X. & Kim, K. M. The EGF receptor inhibits the signaling of dopamine D3 receptor through the 
phosphorylation of GRK2 on tyrosine residues. Biochemical and biophysical research communications 489, 515–522, https://doi.
org/10.1016/j.bbrc.2017.05.183 (2017).

 31. Collombet, J. M. et al. Long-term effects of cytokine treatment on cognitive behavioral recovery and neuronal regeneration in 
soman-poisoned mice. Behavioural brain research 221, 261–270, https://doi.org/10.1016/j.bbr.2011.03.006 (2011).

 32. Lin, Y. T., Huang, C. C. & Hsu, K. S. Oxytocin promotes long-term potentiation by enhancing epidermal growth factor receptor-
mediated local translation of protein kinase Mzeta. The. Journal of neuroscience: the official journal of the Society for Neuroscience 32, 
15476–15488, https://doi.org/10.1523/jneurosci.2429-12.2012 (2012).

 33. Thomas, R. et al. Epidermal growth factor prevents APOE4 and amyloid-beta-induced cognitive and cerebrovascular deficits in 
female mice. Acta neuropathologica communications 4, 111, https://doi.org/10.1186/s40478-016-0387-3 (2016).

 34. Golani, I., Tadmor, H., Buonanno, A., Kremer, I. & Shamir, A. Disruption of the ErbB signaling in adolescence increases striatal 
dopamine levels and affects learning and hedonic-like behavior in the adult mouse. European neuropsychopharmacology: the journal 
of the European College of Neuropsychopharmacology 24, 1808–1818, https://doi.org/10.1016/j.euroneuro.2014.09.011 (2014).

 35. Marenco, S. et al. Genetic association of ErbB4 and human cortical GABA levels in vivo. The Journal of neuroscience: the official 
journal of the Society for Neuroscience 31, 11628–11632, https://doi.org/10.1523/jneurosci.1529-11.2011 (2011).

Acknowledgements
We thank the psychiatric inpatient unit of Wu Tai Shan Hospital of Yangzhou, China, We are grateful to 
the funding of this study. We also express our thanks to our colleagues, who assisted in subject recruitment 
in this study. Suzhou Key Medical Center for Psychiatric Diseases (Szzx201509). The Scientific and 
Technological Program of Suzhou (SS201752, SS201706). Introduction Project of Suzhou Clinical Expert Team 
(SZYJTD201715). Medical scientific research project of Jiangsu Provincial Commission of Health and Family 
Planning (No. H2018041). Medical youth talent projects in Jiangsu Province (No. QNRC2016314). Key Diagnosis 
and treatment Program of Suzhou (LCZX201919). Postgraduate Research & Practice Innovation Program 
of Jiangsu Province (No. KYCX18_1497). The finding sources of this study had no role in study design, data 
collection and analysis, decision to publish, or preparation of the article.

Author contributions
Wenhuan Xiao and Xiaobin Zhang Xiangdong Du were responsible for study design, statistical analysis, and 
manuscript preparation. Wenhuan Xiao, Kuanyu Chen, Yaqin Zhao, Fei Ye, Xiaowei Tang were responsible for 
recruiting the subjects and collected clinical data and performing the clinical rating. Xiaobin Zhang, Xiangdong 
Du, Xiaowei Tang was involved in writing the protocol, providing the funding for the study. All authors 
contributed to and have approved the final manuscript.

competing interests
The authors declare no competing interests.

Additional information
Correspondence and requests for materials should be addressed to X.Z. or X.D.
Reprints and permissions information is available at www.nature.com/reprints.
Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the Cre-
ative Commons license, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons license, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons license and your intended use is not per-
mitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the 
copyright holder. To view a copy of this license, visit http://creativecommons.org/licenses/by/4.0/.
 
© The Author(s) 2020

https://doi.org/10.1038/s41598-020-63544-0
https://doi.org/10.1016/j.bbamcr.2018.06.001
https://doi.org/10.1016/j.bbrc.2017.05.183
https://doi.org/10.1016/j.bbrc.2017.05.183
https://doi.org/10.1016/j.bbr.2011.03.006
https://doi.org/10.1523/jneurosci.2429-12.2012
https://doi.org/10.1186/s40478-016-0387-3
https://doi.org/10.1016/j.euroneuro.2014.09.011
https://doi.org/10.1523/jneurosci.1529-11.2011
http://www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Decreased Serum EGF in First-episode and Chronic Schizophrenia Patients: Negative Correlation with Psychopathology
	Experimental Procedures
	Participants, assessment, study procedures. 
	Clinical assessment. 
	Serum EGF measurements. 
	Statistical analysis. 
	Informed consent. 
	Ethical approval. 

	Results
	Demographic data. 
	Serum EGF levels. 
	EGF and clinical and demographic characteristics. 

	Discussion
	Acknowledgements
	Figure 1 Log EGF serum levels in FEP and CS and HC.
	Figure 2 (A) Correlation between serum Log EGF levels and PANSS general symptom subscales in FEP (B) Correlation between serum Log EGF levels and PANSS general symptom subscales in CS.
	Table 1 Demographics of participants.
	Table 2 Correlations of demographic and clinical variables with serum log EGF levels.
	Table 3 Multivariate regression analysis showing an independent association between serum EGF levels and clinical symptoms*.




