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Objective: Schizophrenia (SCZ) is a severe, protracted neurological disorder that causes disruptive conduct in millions of individuals
globally. Discovery of potential biomarkers in clinical settings would lead to the development of efficient diagnostic techniques and an
awareness of the disease’s pathogenesis and prognosis. The aim of the present study was to discover and identify serum complement
factor-based biomarkers in discriminating patients with first-episode SCZ from healthy controls.

Methods: Eighty-nine patients with first-episode SCZ and 89 healthy controls were included in this study. Psychiatric symptom
severity of patients with SCZ was measured with the Brief Psychiatric Rating Scale-18 Item Version (BPRS) and the Scales for the
Assessment of Negative/Positive Symptoms (SANS/SAPS). A total of 5 complement factors including complement component 1 (C1),
C2, C3, C4, and 50% hemolytic complement (CH50) were measured using commercially available enzyme-linked immunosorbent
assay (ELISA) kits. The levels of serum complement factors in the SCZ and control groups were compared, and the receiver operating
characteristic (ROC) curve method was used to assess the diagnostic values of various complement factors for separating SCZ patients
from healthy controls. Pearson’s correlation test was used to assess the relationships between serum complement factor concentrations
and the psychiatric symptom severity.

Results: There was an increase in serum levels of C1, C2, C3, C4, and CH50 among patients with SCZ. Moreover, based on ROC
curve analysis, the AUC value of a combined panel of C1, C2, C3, C4, and CH50 was 0.857 when used to discriminate patients with
SCZ from healthy controls. Furthermore, serum C2, C3, and CH50 levels were positively correlated to the scores of SANS, SAPS, and
BPRS in patients with SCZ, respectively.

Conclusion: These results suggested that circulating complement factors including C1, C2, C3, C4, and CH50 may have potential in
discovering biomarkers for diagnosing first-episode SCZ.
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Introduction

Schizophrenia (SCZ), a serious psychiatric disorder, is one of the most incapacitating and expensive illnesses, with
a prevalence of 1% worldwide.' Indeed, SCZ is listed by the World Health Organization as one of the 10 most common
causes of disability.? Although numerous data suggest that hereditary and environmental variables interact in
a complicated way to alter the etiology,” the pathogenic processes behind SCZ are still unknown.* Currently, there is
no proven biomarker for the diagnosis and prognosis of SCZ; instead, the diagnosis is mostly based on subjective
evaluations of clinical symptoms. The discovery of diagnostic biomarkers is crucial in general because insufficient or
postponed treatment of mental disease in the first 2—-3 years might result in increasing clinical symptoms and potentially

additional consequences.’
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According to several lines of evidence, dysregulation of the immune system played a crucial role in the emergence of
SCZ.% According to epidemiological studies, infection and autoimmune disorders have been linked to SCZ.”* Moreover,
proinflammatory cytokines were found to be elevated in SCZ in numerous cross-sectional studies.”'® Furthermore,
antipsychotics such as clozapine have been shown to have immunomodulatory effects.'' Therefore, immune dysregula-
tion may be a risk factor for SCZ.

The innate immune system’s complement system is essential for clearing an organism of germs and damaged cells,
causing inflammation, and getting rid of invading foreign organisms.'” Recent evidence suggests that the complement
system coordinates the balance of neural development processes.'> For instance, in Alzheimer’s disease, microglia
caused neurotoxicity and pathological synapse loss through overactivation of the complement system.14 Due to the fact
that the complement system directly participates in neurogenesis, synaptic pruning and cell death, all of which are related
to SCZ, it is imperative to have a thorough understanding of the complement cascade in patients with SCZ. Complement
component 1 (C1), C2, C3, and C4 have been reported to be the crucial role in promoting the solubility and clearance of
immune complexes.'® Importantly, accumulating evidence suggests that dysregulation of C1, C2, C3, and C4 is among
the risk factors for SCZ.'® Additionally, serum 50% hemolytic complement (CH50) activity is the most commonly used
method of screening patient sera for functional activity of the classical complement pathway.'” Thus, whether these
complement factors could serve as objective and reliable biological indicators for the diagnosis of SCZ was evaluated in
the present study.

In the present study, we examined the serum levels of multiple complement factors including C1, C2, C3, C4, and
CHS50 in patients with first-episode SCZ, with the aim to discover and identify serum complement factor-based
biomarkers that can be used for discriminating patients with first-episode SCZ from healthy controls.

Materials and Methods

Study Design and Participants

This study was conducted at Anhui Mental Health Center between July 2020 and March 2023. An experienced researcher
used psychiatric interviews to screen 89 patients with SCZ following the guidelines of the structured clinical interview
according to the Diagnostic and Statistical Manual for Psychiatric Disorders-Fifth Version (DSM-V). The following were
the general requirements for inclusion: (1) being between the ages of 18 and 65; (2) fulfilling the SCZ diagnostic criteria
given in the DSM-V; and (3) being first-episode drug-naive patients. The exclusion criteria were as follows: (1) diabetes,
hyperlipidemia, cardiovascular disease, or other severe physical diseases; (2) additional mental disorders, alcoholism, or
other substance abuse disorder. We also recruited 89 healthy controls at the same time, all of whom matched the patients
in age, gender, and ethnicity in frequency. The ethics committee at Hefei Fourth People’s Hospital gave its approval to
this procedure, which was carried out in accordance with the principles outlined in the Declaration of Helsinki. Informed
consent was obtained from all the participants.

Clinical Assessment

The severity of psychiatric symptom was measured with the Brief Psychiatric Rating Scale-18 Item Version (BPRS) and
the Scales for the Assessment of Negative/Positive Symptoms (SANS/SAPS). BPRS is an 18-item with each question
rated on a 7-point Likert scale that is used to assess psychopathological variables. The Chinese version of BPRS has been
shown to have good reliability and validity.'® A thorough assessment of negative SCZ symptoms is offered by the SANS,
which consists of 24 questions that are grouped into five domains: flattened affect, alogia, avolition apathy, anhedonia/
asociality, and attention.'® In contrast, the SAPS, which has 35 questions and is used to evaluate positive symptoms of
SCZ; it is broken down into four categories: hallucinations, delusions, bizarre behavior, and positive formal thought
disorder."’

Blood Sample Collection and Measurement of Serum Complement Factors
Blood samples were taken from the participants’ veins between 7:00 and 8:00 a.m. and immediately centrifuged at 1200
g for 10 minutes at 4 °C. Serum sample was extracted from the supernatant. All the samples were stored at —80 °C until
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detection. In addition, the time period during which the control samples were collected was as closely as possible
matched to that of the SCZ group. A total of 5 serum complement factors including C1 (catalog number: JL53181), C2
(catalog number: JL29878), C3 (catalog number: JL10735), C4 (catalog number: JL10177), and CH50 (catalog number:
JL10736) (Jianglai Bio, Shanghai, China) were measured using commercially available enzyme-linked immunosorbent
assay (ELISA) kits according to manufacturer’s instructions.

Statistical Analysis

SPSS (version 17.0; IBM Corp., Armonk, NY, USA) was used to analyze the data. The data are expressed as mean +
standard deviation (SD), and the P value for statistical significance was set at 0.05. The normality of the distribution of
continuous variables was measured by a one-sample Kolmogorov—Smirnov test. For continuous variables including age,
BMI, and serum levels of complement factors, Student’s z-test was used to compare differences in variables between the
two groups. A chi-square test was used to determine whether the groups differed in terms of gender. For correlation
analyses, Pearson correlation tests were utilized. The area under the curve (AUC) of serum complement factors was
examined for its ability to distinguish SCZ patients from healthy controls using receiver operating characteristic (ROC)
curve analysis. G*Power (version 3.1.9.2, University of Kiel, Kiel, Germany) was used to calculate the post hoc power of
a two-sample f-test with two groups due to the small sample size.

Results

Differences in Demographic and Clinical Characteristics of Participants

Participants’ demographic and clinical characteristics are summarized in Table 1. There was no statistically significant
difference in age (1 = —0.101, P = 0.920), gender (> = 0.363, P = 0.547), or BMI (¢ = 0.344, P = 0.731) between patients
with SCZ and healthy controls. The mean scores of BPRS, SANS, and SAPS were 35.74 + 11.20, 40.77 £+ 20.29, and
31.02 £+ 13.38, respectively.

Comparative Analysis of Serum Complement Factors Between Patients with SCZ and

Healthy Controls

Table 2 shows the serum complement factor levels of healthy controls and SCZ patients. Patients with SCZ had higher
levels of C1, C2, C3, C4, and CHS50 than controls (Table 2 and Figure 1; all P < 0.05). Post hoc power analyses showed
that the power of the present study was sufficient (power > 0.80) for C1, C2, C3, C4 and CH50 (Table 2).

Table | Comparison Between Control and SCZ Groups in Terms of Clinical
Characteristics
Variables Control Group SCZ Group tly? P
Age 35.78 £ 11.05 35.96 + 12.65 -0.101 0.920
Gender (female/male) 47/42 51/38 0.363 0.547
BMI (kg/m?) 22.03 * 3.09 21.88 £ 3.01 0.344 0.731
BPRS scores 3574 £ 11.20
SANS scores 40.77 + 20.29
SAPS scores 31.02 + 13.38

Table 2 Comparative Analysis of Serum Complement Factors Between Control and SCZ Groups

Variables Control Group SCZ Group t P Effect Size d | Power
Cl (mg/L) 138.65 + 39.53 166.60 + 59.34 | —3.698 | < 0.001 0.554 0.957
C2 (mg/L) 253.30 £ 54.23 31230 £ 8568 | —5.490 | <0.00I 0.823 1.000
C3 (mg/l) 530.26 £ 125.11 642.65 + 195.67 | —4.565 | < 0.00I 0.684 0.995
C4 (mg/L) 337.03 + 76.05 401.71 £ 119.89 | —4.298 | < 0.00I 0.644 0.990
CH50 (ng/L) 26.03 +7.83 31.77 £ 11.63 —3.864 | <0.001 0.579 0.970
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Diagnostic Values of Different Complement Factors in Separating Patients with SCZ
from Healthy Controls

ROC curve analysis was performed to evaluate the diagnostic value of different complement factors in separating patients
with SCZ from healthy controls (Table 3 and Figure 2). The results showed that the AUC values of C1, C2, C3, C4, and
CHS50 were 0.630, 0694, 0.668, 0.656, and 0.636, respectively. When the cut-off point was 136.10 pg/mL for C1, the

Table 3 Different Complement Factors and Their Ability to Discriminate Between Patients with SCZ and
Healthy Volunteers Based on ROC Analysis

Variables AUC P 95% ClI Cut- Sensitivity | Specificity
Lower Bound | Upper Bound off
Cl (mg/L) 0.630 0.003 0.547 0.713 136.10 66.3 50.6
C2 (mg/L) 0.694 <0.001 0.616 0.771 245.05 742 517
C3 (mg/L) 0.668 <0.001 0.587 0.748 602.95 57.3 674
C4 (mg/L) 0.656 <0.001 0.574 0.738 379.00 56.2 68.5
CH50 (ug/L) 0.636 0.002 0.554 0.718 28.55 584 61.8
Combination 0.857 <0.001 0.801 0914 798 79.8
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Figure 2 ROC curves of different complement factors in identification of patients with SCZ from healthy volunteers. (A) ROC curve of Cl; (B) ROC curve of C2; (C) ROC
curve of C3; (D) ROC curve of C4; (E) ROC curve of CH50; (F) ROC curve of a combined panel of Cl, C2, C3, C4, and CH50.

sensitivity and specificity of diagnosis reached 66.3% and 50.6%, respectively; when the cut-off point was 245.05 pg/mL
for C2, the sensitivity and specificity of diagnosis reached 74.2% and 51.7%, respectively; when the cut-off point was
602.95 pg/mL for C3, the sensitivity and specificity of diagnosis reached 57.3% and 67.4%, respectively; when the cut-
off point was 379.00 pg/mL for C4, the sensitivity and specificity of diagnosis reached 56.2% and 68.5%, respectively;
when the cut-off point was 28.55 pg/mL for CH50, the sensitivity and specificity of diagnosis reached 58.4% and 61.8%,
respectively. With a sensitivity of 79.8% and a specificity of 79.8%, a combined panel of C1, C2, C3, C4, and CH50 was
able to differentiate patients with SCZ from healthy controls with a high accuracy (AUC = 0.857).

Correlation Between Psychiatric Symptom Severity and the Levels of Serum

Complement Factors in SCZ Group

Figure 3 shows the relationship between psychiatric symptom severity and the levels of serum complement factors in patients
with SCZ. There was a positive relationship between BPRS scores and the levels of serum CH50 (r = 0.264, P = 0.015). In
terms of SANS/SAPS, SANS scores were found to be positively correlated to the levels of serum C2 (= 0.212, P = 0.047),
and SAPS scores were found to be positively correlated to the levels of serum C3 (r = 0.236, P = 0.029).

Discussion

This study compared the levels of 5 complement factors (including C1, C2, C3, C4, and CH50) in the serum of first-
episode SCZ patients, with the aim of discovering and identifying biomarkers based on serum complement factors to
distinguish between first-episode SCZ patients and healthy controls. There are three main findings of the present study.
Firstly, patients with SCZ exhibited higher serum levels of C1, C2, C3, C4 and CH50. Secondly, ROC curve analysis
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Figure 3 Correlation between psychiatric symptom severity and the levels of complement factors in SCZ group. *: no significance.

showed that the AUC value of a combined panel of C1, C2, C3, C4, and CH50 was 0.857 in discriminating patients with
SCZ from healthy controls. Thirdly, serum C2, C3, and CH50 levels were positively correlated to the scores of SANS,
SAPS, and BPRS in patients with SCZ, respectively.

There is increasing evidence that inflammation markers play a role in the neuroprogression of SCZ and have potential
in discovering biomarkers for psychotic illness. It has been reported that both NADPH oxidase 1 (the main source of
physiological reactive oxygen species) and raftlin (the main lipid raft protein) showed very good diagnostic performance
in discriminating patients with SCZ from healthy controls.”® Moreover, a recent meta-analysis showed that the blood
levels of interleukin-6 (IL-6), tumor necrosis factor-o. (TNF-a), soluble interleukin-2 receptor (sIL-2R), and interleukin-1
receptor antagonist (IL-1RA) were significantly increased in acutely ill patients with SCZ compared with controls.?'
Similarly, a significant increase in serum levels of IL-6, IL-18, TNF-a, and sIL-2R in patients with SCZ were found
compared with the control group.?” These findings suggest that inflammation markers may prove to be of clinical value
for the diagnosis of SCZ.

The complement system is an inflammation activating part of the innate immune system.”® Several studies have
focused on the state of complement system in SCZ patients. C3 and C4 play central roles in complement cascades.** It
has been reported that the C3 levels in peripheral blood of patients with SCZ were increased compared to healthy
controls.”**3 In terms of C4, recent studies found that the plasma level of C4 is expanded in SCZ patients at the intense
phase of disease and can be diminished by antipsychotic prescription.?**® In the present study, the total hemolytic
activity of the complement and the activities of individual complement components, C1, C2, C3, and C4, were assessed
in the blood serum of 89 patients with SCZ and 89 healthy controls. Consistent to previous studies, our results also
showed that the serum levels of C3 and C4 were higher in patients with SCZ compared to healthy controls. To the best of
our knowledge, the results of the present study firstly found that patients with SCZ exhibited higher serum levels of Cl1,
C2, and CHS50. Taken together, these findings provide more data linking complement system to SCZ.

Several potential diagnostic biomarkers including malondialdehyde (MDA),?” prolidase activity,*®

and G protein-
coupled estrogen receptor”’ for SCZ have been reported. To investigate the potential value of these aberrant complement
factors as diagnostic biomarkers for SCZ, ROC analysis was performed and the AUC values of C1, C2, C3, C4, and
CHS50 were all <0.7. Considering that the AUC value in ROC analysis should be greater than 0.7 in order to have clinical
value for screening,*® and combining multiple serum proteins as a single group can improve the sensitivity or specificity
of a single biomarker,31 the diagnostic value for SCZ of a combined panel of C1, C2, C3, C4, and CH50 was evaluated in
the present study. The results showed that this panel’s AUC increased to 0.857, indicating that it has significant potential

as biomarkers for identifying SCZ patients.
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BPRS, SANS, and SAPS are the most widely used interview scales for evaluation of the severity of psychiatric
symptoms.*>>* Thus, the severity of psychiatric symptoms in patients with SCZ was evaluated by these scales in the
present study. A few studies have explored the relationship between the severity of psychiatric symptoms and comple-
ment system in patients with SCZ. It has been shown that the C4/C3 ratio was significantly positively correlated with
BPRS positive scores in patient with psychosis.>> Another study found that increases in C3 and C4 were associated with
reductions in total PANSS psychopathology scores.*® In the present study, serum C2, C3, and CH50 levels were
positively correlated to the scores of SANS, SAPS, and BPRS in patients with SCZ, respectively. The reasons for
these relationships between the severity of psychiatric symptoms and complement system remain unclear. In light of the
relatively small sample size and the single-center design of this study, further multicentric studies are needed to confirm
these findings, and the specific mechanisms underlying these relationships require further investigation.

The current study has some limitations that need to be considered. First, there is a possibility of sampling bias in this
study as a result of the small sample size and one-center design. Second, there is no causal relationship between
psychiatric symptoms and the complement system in this cross-sectional study. Third, not all complement factors were
analyzed due to constraints related to funding.

In conclusion, this study demonstrates that a combined panel of C1, C2, C3, C4, and CH50 may be useful as
diagnostic biomarkers for identifying first-episode SCZ patients. To confirm these complement factors’ potential as novel
SCZ biomarkers, multicentric studies are clearly required. To examine the causal relationship between complement
factors and the severity of psychiatric symptoms, longitudinal studies are warranted.
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