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Background: Schizophrenia is a severe mental disorder, which has a major impact on the quality of life and imposes a huge burden on the family. However, the pathogenesis of schizophrenia remains unclear and there are no specific biomarkers. Therefore, we intend to explore whether cf-DNA levels are related to the occurrence and development of schizophrenia.

Methods: We analyzed and compared the concentration of cf-DNA in 174 SZ patients and 100 matched healthy controls by using quantitative real-time PCR by amplifying the Alu repeats.

Results: We found that cf-DNA levels in peripheral blood reliably distinguished SZ patients from healthy controls (P < 0.05). The ROC analysis also supports the above conclusion. By tracking the absolute concentration of serum cf-DNA in primary cases, we found a distinct increase before treatment with antipsychotics, which decreased progressively after treatment.

Conclusions: The present work indicates that cf-DNA may improve the efficiency of disease diagnosis, and the level of cf-DNA plays a predictive role in the development of schizophrenia. By evaluating the level of cf-DNA, we might play a certain role in a more reasonable and standardized clinical treatment of schizophrenia.
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INTRODUCTION

Schizophrenia (SZ) is a major public problem that impairs brain function and affects approximately 1% of the world population (1–3). Different from many other diseases, the exact etiology and pathogenesis of SZ remains elusive. Diagnoses are still determined by the medical history together with the mental symptoms and disease progression. To date, no definite laboratory examination or laboratory test has been demonstrated to support an accurate clinical diagnosis. Such diagnoses are subject to subjective factors and higher requirements for doctor's clinical experience. As potential biomarkers and therapeutic targets have yet to be established (4), the development of biomarkers to improve diagnosis and prognosis is an urgent task.

In the past, hypotheses regarding the causes of SZ have been proposed, including abnormal neurotransmission, nerve development and generation, immune system disorders and neuronal apoptosis (5). Moreover, apoptosis is a physiological process of cell death and has been confirmed to be involved in the pathological process of SZ. Pro-apoptotic stimulation such as inflammation, autoimmunity, and oxidative stress may lead to the accumulation of reactive oxygen species (ROS) in mitochondria, affect the oxidative metabolic process, and then trigger the apoptosis of neurons and glial cells (6–8). Early studies have shown that 20–80% of neurons in the central nervous system die from apoptosis (9) and have reported the aberration of apoptotic regulatory proteins and DNA fragmentation status in the posterior temporal cortex (10, 11). These studies laid out the foundation for exploring the potential role of apoptosis in the pathogenesis of SZ.

Cf-DNA was first observed by French scientists Mandel and Metais in human plasma in 1,948 (12). Since then, many scholars have made in-depth studies on the content of cf-DNA in the blood of cancer patients (13). Alu is a cell-free DNA molecule that can be easily detected. The Alu sequence is a rich intermediate repeat sequence unique to the primate genome and is the largest family with short scattered repeat sequences with a high homology CG (70–98%). Now, it is generally believed that cf-DNA, a type of cell-free extracellular DNA, is mainly derived from apoptosis and necrosis (14–16). Using PCR, Wang (17) found that long DNA fragments associated with necrosis could be distinguished from short DNA fragments generated by physiological apoptosis. Research shows that cerebrospinal fluid cell-free mitochondrial DNA is associated with mild neurocognitive impairment (18, 19). Studies have shown that most of the factors released by activated microglia cells in SZ patients have toxic effects on neurons (20). Evidence suggests that antipsychotics exhibit neuroprotective potential (21), can inhibit inflammatory responses, combat neuronal damage, and reduce cell apoptosis and damage (22–24).

In our study, we investigated the serum level of Alu in SZ patients and explored its clinical value as a serum auxiliary biomarker for SZ. We found that the Alu content in the SZ group was significantly higher than that in the control group. Furthermore, Alu was not correlated with gender, age at onset, current age, duration of psychosis, current treatment or family history. By trcking the 57 newly diagnosed SZ patients, we found the level of Alu before treatment was higher than the level at post treatment. This study presents basic research on disease surveillance and may lay a foundation for the pathogenesis of SZ and the search for potential biomarkers.



MATERIALS AND METHODS


Subjects

Serum samples were collected from 174 SZ patients (the SZ group) from the Nantong Mental Health Center between December 1st 2017 and August 1st 2018. The SZ patients were divided into the following subtypes: undifferentiated (n = 132), paranoid (n = 11), acute SZ-like psychosis (n = 29), and other subtypes (n = 2). The diagnosis of SZ was based on the criteria of the Diagnostic and Statistical Manual of Mental Disorders, 4th Edition, as well as the International classification of diseases, 10th Edition.

During the same period, 100 healthy controls (the HC group) were selected from the Physical Examination Center of the Affiliated Hospital of Nantong University (Nantong, China) who had no history of autoimmune diseases, tissue injuries or traumas and whose hematological-biochemical profiles were normal at the time of examination. The demographic details of all the participants are shown in Table 1.


Table 1. Demographic details of participants.
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This study was approved by Nantong Forth People's Hospital ethics committee (2019 K007) and all participants signed an informed consent form.



Clinical Assessment

We used the Nottingham Onset Schedule (25) to record the onset date of the psychotic symptoms and the beginning of pharmacological treatment. Pharmacological treatment duration was defined by the period (in weeks) between the beginning of pharmacological treatment and blood collection. Finally, the interval (in weeks) from the first manifestation of psychotic symptoms to blood collection defined the total duration of the metal disorder.

The age at the onset of symptoms was collected for all SZ patients. In addition, the positive and negative syndrome scale (26) was used for all participants.



Plasma Collection and cf-DNA Isolation

Blood samples were collected in separating gel vacuum collection tubes and centrifuged at 3000 × g for 10 min. The upper-layer supernatant was immediately stored in an RNase-free Eppendorf tube at −80°C until use. Cf-DNA was extracted from 0.2 ml of serum using the TIANLONG DNA Kit (Suzhou, China) according to the manufacturer's protocol.



Quantitative Real-Time Polymerase Chain Reaction (RT-qPCR)

RT-qPCR was performed with Applied Biosystems 7,500 (Applied Biosystems, CA, USA). We performed experiments with absolute quantification to verify the results. The target for RT-qPCR was the consensus sequence of human Alu-interspersed repeats: a 115 bp Alu amplicon (Alu115) that represents both shorter and longer cf-DNA fragments. The diluted cf-DNA template was used with 1 × FastStart Universal SYBR GreenImaster mix (Roche, Switzerland) for RT-qPCR, which was performed by a Real-Time PCR System (Life Technologies, USA) at 95°C for 10 min, followed by 35 cycles of denaturation at 95°C for 15 s and annealing at 64°C for 1 min (27). The absolute level of Alu was quantified using the standard curve (from 0.222 to 22,200 ng/ml) of human genome DNA (Promega, Madison, WI, USA). Mean values were calculated from triplicate reactions.



Detection of Biochemical Indicators

The liver function, kidney function, blood glucose, electrolytes, cardiac enzyme spectrum, and lipid profile of 174 patients were detected on an Olympus AU680 biochemical analyzer.



Statistical Analysis

The concentration of Alu was depicted as the median and 25th and 75th percentiles. Statistical analysis was performed using the SPSS software package version 20.0 (SPSS Inc., Chicago, USA). Statistical significance was tested by the Mann-Whitney unpaired test analysis of variance or the Chi-square test, as appropriate. P < 0.05 was considered statistically significant. Receiver operating characteristic (ROC) curves and area under the ROC curve (AUC) were used to assess the diagnostic value. The maximum AUC area was determined by the specificity and sensitivity of the optimal cut-off point. The figures were partially drawn by GraphPad Prism 5.0 software (Graphpad Software Inc., CA, USA).




RESULTS


The Level of Alu in SZ Patients

We detected Alu using RT-qPCR of 115 bp amplicons. The concentration of Alu in the SZ group [586.0 ng/ml (interquartile range: 228.4–1275.7 ng/ml)] was significantly (P < 0.05) higher than that of the HC group [318.3 ng/ml (253.5–427.4 ng/ml)] (Figure 1). The concentration of Alu exhibited no statistical differences (P > 0.05) between the different subtypes, which were as follows: undifferentiated [533.5 ng/ml (237.1–1095.9 ng/ml)], paranoid [849.9 ng/ml (450.5–1378.6 ng/ml)], and acute SZ-like psychosis [1115.3 ng/ml (167.1–1673.4 ng/ml)] (Figure 2).


[image: Figure 1]
FIGURE 1. cf-DNA levels measured by RT-qPCR. Statistical comparisons were performed using logistic analysis. When P-value <0.05, the difference was statistically significant. The horizontal line represents the median for each group.
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FIGURE 2. Scatter plot of serum Alu from patients with different types of schizophrenia. SZ patients were divided into undifferentiated type (132), paranoid (11), acute schizophrenia-like psychosis (29), and other subtypes (2), no statistical differences between different classification groups (P > 0.05).




Diagnostic Utility of Serum Alu in SZ Patients

To investigate the characteristics of serum Alu as a potential marker for SZ, ROC curves were constructed on data from all participants, including 174 SZ patients and 100 healthy controls. Serum Alu effectively differentiated SZ patients from normal controls with an AUC of 0.6787, with a 95% confidence interval of 61.66–74. 08% (Figure 3). When the cut-off value was 567.1 ng/ml, the sensitivity was 51.72% and the specificity was 90%, with a 95% confidence interval of 44.04–59.35%. Based on the cut-off value of 567.1 ng/ml, the Alu level exceeds the cut-off value in 47.7% undifferentiated type (63/132), 72.7% paranoid (8/11) and 65.6% acute SZ-like psychosis (19/29).


[image: Figure 3]
FIGURE 3. The ROC analysis of Alu between SZ patients and healthy controls. RT-qPCR and ROC curve analysis for predicting cf-DNA as a SZ diagnosis biomarker. The area under the curve (AUC) value was 0.6787.




The Correlation Between Alu and Clinical Feature in SZ Patients

We examined potential correlations between clinical features and the level of Alu. The analysis demonstrated no statistically significant correlation between cf-DNA levels and clinical variables, such as gender (P > 0.05), age at onset (P > 0.05), current age (P > 0.05), duration of psychosis (P > 0.05), current treatment (P > 0.05) and family history (P > 0.05) (Table 2).


Table 2. Clinical features of patients of SZ (n = 174) according to the specific diagnostic categories.
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We also examined potential correlations between Alu and the scores of SZ patients. The analysis demonstrated a statistically significant difference between Alu and SZ patients' Clinical Global Impression Scale (CGI) scores (P < 0.05), but no significant differences with abandonment (P > 0.05), attack (P > 0.05), positive syndrome scale score (P > 0.05) and negative syndrome scale score(P > 0.05) (Table 3).


Table 3. Correlation analysis between Alu and scores in patients with psychiatric disorders.
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The Correlation Between Alu and Biochemical Indexes in SZ Patients

We analyzed the correlation between the concentration of Alu and biochemical indexes and demonstrated no statistically significant correlation except for RBP (P < 0.05), Cyc (P < 0.05), and NEFA (P < 0.05) (Table 4).


Table 4. Correlation analysis between the concentration of the Alu and biochemical indexes.
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The Value of Serum Alu in the Therapy and Progression of SZ Patients

By trcking the 57 newly diagnosed SZ patients, we found the level of Alu before treatment (1040.4 ng/ml, 388.3–1673.4 ng/ml) was higher than the level at post treatment (366.3 ng/ml, 173.3–815.7 ng/ml) (Figure 4). While, the level of Alu in the normal control group is (318.3 ng/ml, 253.5–427.4 ng/ml) (P > 0.05).


[image: Figure 4]
FIGURE 4. RT-qPCR analysis for predicting cf-DNA as a SZ prognosis biomarker. Line chart of serum cf-DNA levels monitored in the 57 primary SZ patients. The different dots represent the individual subjects and the lines connect the baseline value to the corresponding follow-up.





DISCUSSION

Recent studies have shown that molecular abnormalities play a role in the development and progression of many mental disorders (28). In this study, we found that the concentration of Alu in the SZ group was significantly higher than that of the HC group. Moreover, ROC analysis shows that the Alu was helpful in SZ diagnosis. And the concentration of cf-DNA in the post-treatment patients was decreased significantly in 57 newly diagnosed cases.

In this study, we found that SZ patients had higher levels of cf-DNA in their blood than normal controls, which is consistent with the findings of Jiang (29). Environmental or traumatic stress cascades lead to increased the level of Alu (30). The alu-centric mechanism has been studied to provide a unified framework for many hypotheses regarding the origins of neurodegenerative diseases, including inflammation, oxidative stress, metabolic dysfunction, and protein body accumulation (31). The reactive oxygen species (ROS) emerges from oxygen metabolism, which is the endogenous source of damage. Elevated ROS levels in the brain and peripheral tissues of the patients with SZ triggers a number of cellular responses in order to facilitate apoptosis have been reported (32, 33). Therefore, we speculate that oxidative stress promotes apoptosis, leading to an increase in Alu level, and Alu level reflects the degree of apoptosis. Our results may provide a new argument for the apoptosis mechanism of schizophrenia and further verify this hypothesis.

A review suggests that an ascent of cf-DNA levels depend on various clinical conditions: lowest cf-DNA levels were found in chronic inflammation, elevated levels in acute inflammation and highest cf-DNA levels were measured in severe infections (34). In our results, the concentration of cf-DNA was not statistically different between undifferentiated, paranoid, and acute SZ-like psychosis. However, the median concentration of cf-DNA in acute SZ-like psychosis was higher than that of the other two subtypes. The different levels of Alu of different types suggest that the pathogenesis of different SZ types and the severity of the disease are different, laying the foundation for our later treatment and analysis of the mechanism of different subtypes.

Furthermore, the ROC analysis showed that the AUC between the SZ and normal control group was 0.6787, with a 51.72% sensitivity and 90% specificity. Using ROC to evaluate the diagnostic utility of cf-DNA indicates that serum cf-DNA can effectively distinguish schizophrenia patients from normal people. In this study, the value of AUC is not ideal, and the sensitivity and specificity of cf-DN as a qualified biomarker need to be further improved. Other indicators need to be added to increase the AUC. Therefore, cf-DNA alone cannot be used to diagnose SZ, and other clinical indicators need to be combined. Based on the above-mentioned experimental results, we further analyzed the correlation between cf-DNA and clinical data and laboratory examination results.

Serum Alu levels exhibited no significant differences regarding gender, age at onset, disease duration, treatment duration, and treatment plan. This suggests that cf-DNA may be an independent indicator at the cellular level relative to these indicators. Therefore, Alu levels will not be affected by gender, age at onset, disease duration, treatment duration, and family history. In addition, there was no statistical difference between Alu and SZ patients' abandonment, attack, positive syndrome scale score and negative syndrome scale score, but there was a difference with CGI. In related studies, in order to evaluate the treatment effect of schizophrenia, a relief definition based on the CGI was developed. The CGI score reflects the severity of the disease and the risk of recurrence (35). This result paves the way for further studies regarding the correlation between cf-DNA concentration and disease severity.

We studied the correlation between Alu and several biochemical indicators. We found that Alu was negatively correlated with RBP and Cyc and positively correlated with NEFA, yet the r values were all small, indicating that the correlation was not significant. Although we unexpectedly found a correlation between cf-DNA and RBP, Cyc, and NEFA, the mechanism remains to be elucidated. It may also need to increase the sample size.

We also found that cf-DNA levels underwent dynamic changes after treatment in the primary patients. And the concentration of cf-DNA in the post-treatment patients was decreased. It indicted that the level of Alu may be related to the course of the disease. Cf-DNA has been described in various diseases, including inflammation, tumors, trauma, stroke, and myocardial infarction (36–38). And the cf-DNA concentrations are significantly increased in patients with poor outcome (39). It was reported that a decrease in cf-DNA levels in response to therapy and elevations associated with recurrence, suggesting that cf-DNA quantification may facilitate monitoring the disease status (40, 41). Patients with high plasma cf-DNA levels either did not respond to treatment or had a higher risk of recurrence (42). Our result is consistent with the phenomenon reported in the literature.



CONCLUSIONS

Our results show that Alu can effectively distinguish SZ from normal people, and has a certain indicator effect on the prognosis of SZ patients. Further studies should focus on large-scale sample collection and long-term follow-up, adjust for potential confounding factors, and perform an in-depth functional investigation in order to improve the sensitivity and specificity of this potential biomarker. Overall, it may indicate that cf-DNA could improve the diagnosis of schizophrenia and might be a potential target in the antipsychotic treatment of SZ patients.
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