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Objective: This paper aims to explore the expression characteristics of mitochondrial function-related genes in patients with first- 
episode schizophrenia (SCZ)and the correlation between differentially expressed genes and clinical metabolic indicators.
Methods: Twenty patients with first-episode SCZ who had not taken antipsychotic drugs (patient group) and twenty healthy controls 
(control group) were included. Quantitative real-time PCR technology was used to detect the expression levels of genes related to 
mitochondrial quality control and oxidative phosphorylation in peripheral blood leukocytes, and metabolic indicators such as blood 
biochemistry and blood glucose were collected.
Results: The gene expression levels of key genes related to mitochondrial function, PGC-1a, PARK2, and LC3B, in the patient group 
were significantly lower than those in the control group (P < 0.05). Correlation analysis showed that the expression level of PGC-1a 
gene in the patient group was negatively correlated with very low-density lipoprotein levels (r =−0.451), and the expression level of 
PARK2 gene in the patient group was negatively correlated with uric acid levels (r =−0.447).
Conclusion: The expression levels of multiple key genes in the mitochondrial quality control and oxidative phosphorylation 
processes in patients with first-episode SCZ display a downward trend. The differentially expressed genes are correlated with the 
metabolic abnormalities of the patients, suggesting that mitochondrial dysfunction may be related to the high incidence of metabolic 
diseases in patients with SCZ.
Keywords: first-episode, schizophrenia, drug naive, mitochondria dysfunction, metabolic indicators, metabolic indicators

Introduction
Schizophrenia (SCZ) is a severe mental disorder, mainly manifested by mental symptoms such as hallucinations, 
delusions, speech disorders, and cognitive impairments.1 SCZ affects hundreds of millions of people worldwide and 
has a lifetime prevalence rate of approximately 1%.2 SCZ shows a distinct early-onset nature, has a high treatment cost, 
and is difficult to cure, so it imposes a heavy burden on families and society. The etiology and pathogenesis of SCZ 
remain unclear, and patients often present with significant metabolic disorders.3 In recent years, the hypothesis of 
mitochondrial dysfunction in patients with SCZ has received extensive attention from local and international scholars.4,5 

This hypothesis posits that abnormalities in the mitochondrial oxidative phosphorylation can cause the accumulation of 
reactive oxygen species and an intensification of mitochondrial damage, ultimately leading to insufficient energy supply 
in the central system and abnormal neural activities, while in the peripheral system, it increases the risk of metabolic 
diseases by influencing the catabolism of glucose and fatty acids.6,7 Numerous studies have previously reported abnormal 
mitochondrial oxidative phosphorylation in patients with SCZ, such as abnormal activities of complexes I and IV in the 
frontal cortex, cerebellum, and striatum of the central system,8–10 In the peripheral blood lymphocytes of patients with 
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SCZ, the number and density of mitochondria are significantly reduced, suggesting widespread abnormalities in 
mitochondrial oxidative phosphorylation;11 however, the existing evidence still has certain limitations and fails to 
confirm systematically the abnormal changes in mitochondrial function in patients with SCZ. Mitochondrial quality 
control is a key process for mitochondria to maintain their own structural and functional stability, complete self-renewal, 
and ensure the energy demands of cells,12 and it is crucial for elaborating the role of mitochondrial function in the 
pathological mechanism of diseases. Currently, systematic research on this process in patients with first-episode SCZ, as 
well as direct evidence of mitochondria’s involvement in the metabolic abnormalities of patients are lacking. In this 
paper, the quantitative real-time PCR (qPCR) technique is employed to analyze systematically the expression character-
istics and quality control of mitochondrial function-related genes in the peripheral blood leukocytes of patients with SCZ, 
and the correlation of differentially expressed genes with clinical metabolic indicators is analyzed simultaneously to 
explore the potential association between mitochondrial dysfunction and the metabolic characteristics of patients to 
provide more evidence to support the abnormal mechanism of mitochondrial dysfunction in patients with SCZ.

Methods
Study Design and Participants
A cross-sectional case-control study was conducted.

Patient
From January 2023 to June 2024, 20 patients from Shandong Mental Health Hospital with first-episode SCZ who met the 
DSM-V diagnostic criteria were included. Inclusion criteria: a. Patients with first-episode SCZ who met the DSM-V 
diagnostic criteria and had not taken antipsychotic drugs; b. Age ranged 18–60 years, regardless of gender; c. Symptom 
assessment: Positive and Negative Syndrome Scale score ≥ 60 points and Clinical Global Impression Scale ≥ 4 points; d. 
Blood lipid, weight, blood pressure, and blood sugar all within the normal range. Exclusion criteria: a. Patients with 
metabolic diseases or other somatic diseases; b. Patients with dementia, brain trauma, and other complex neuropsychia-
tric disorders; c. Based on the medical history provided by the patients and their families, patients who had suicidal 
attempts, suicidal thoughts, or suicidal behaviors in the past or at present; d. History of alcohol abuse or substance abuse 
in the past year; e. Female patients during pregnancy.

Control
From April 2024 to June 2024, 20 healthy controls from the medical staff of Shandong Mental Health Center Hospital 
were included. Inclusion criteria: a. Diagnosed without any mental illness by the Mini International Neuropsychiatric 
Interview; b. Age ranged 18–60 years, regardless of gender; c. Normal blood lipid, weight, blood pressure, and blood 
sugar; d. No history of mental illness and family genetic history of mental illness. Exclusion criteria: a. Those with 
hypertension, diabetes, metabolic syndrome, and other metabolic diseases; b. Those with somatic, neurological, and 
cerebrovascular diseases; c. Female during pregnancy. This study was reviewed and authorized by the Medical Ethics 
Committee of Shandong Mental Health Center Hospital approval number KYSIWLL2024-1-030. All subjects were 
informed of this trial and signed the informed consent form.

Research Process
Research Data Collection
General clinical data of the subjects were collected, including age, gender, height, weight, and BMI. After an overnight 
fast of the subjects, blood samples were drawn, and hematological and metabolic parameters such as blood lipids, blood 
proteins, fasting blood glucose, and uric acid were determined using a standard hospital biochemical analyzer.

Blood Sample Processing
The subjects were required to be on an empty stomach. Under aseptic conditions, 10 milliliters of blood was drawn from 
the peripheral veins using disposable blood collection needles and transferred into vacuum blood collection tubes. At 
room temperature, the samples were centrifuged at a speed of 3000 revolutions per minute for 10 minutes. The grayish- 
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white dense layer (ie, the isolated white blood cells) was aspirated into a sterile cryopreservation tube using a pipette and 
stored in a −80°C refrigerator for the relevant detection of messenger RNA (mRNA).

RNA Extraction and qPCR Reaction
First, 200 μL of blood was added to 800 μL of TsingZol Reagent mixed well, and allowed to stand at room temperature 
for 5 min. Next, 200 μL of chloroform was added, vortexed for 15 sec and allowed to stand for 5 min. Centrifugation at 
4°C and 12,000 rpm/min for 15 min followed, 400 −500 μL of the upper aqueous phase was aspirated to a new EP tube, 
an equal volume of isopropanol was added, and placed at−20°C for 30 min. Centrifugation at 4°C and 12,000 rpm/min 
for 10 min followed, the supernatant was discarded, 1 mL of 75% ethanol was added, centrifugation followed for 5 min 
the supernatant was discarded, drying followed, and then 50 μL of RNase-Free H2O was added to obtain the RNA 
solution. Reverse transcription was performed using the TsingKe Reverse Transcription Kit SynScript®III RT SuperMix 
for qPCR. The cDNA product obtained by reverse transcription was diluted five times and used as the qPCR template, 
and amplification was performed using the TsingKe Arti Can CEO SYBR qPCR Mix.

Relative Quantitative Result Calculation
The target genes and corresponding primer sequences included in this study are shown in Table 1. GAPDH was used as 
the internal reference gene for the amplification reaction. The 2−ΔΔCt method was used based on the Ct value, and the 
expression difference was calculated according to the amplification efficiency of 100%. Calibration was performed with 
the internal reference gene to obtain the target gene in each cell; calibration was done with the control sample of “1” to 
obtain the relative gene expression level.

Table 1 Primer Sequences Used to Assess the Expression 
Levels of Genes Related to Mitochondrial Quality Control 
and Oxidative Phosphorylation

Primer Name Primer Sequence (5′ to 3′)

1-NRF2-F2 CTCCTACTGTGATGTGAAATGCT
1-NRF2-R2 GAAACTAGCCCAAATGGTGTCC

2-SIRT1-F ACATAGACACGCTGGAACAGG

2-SIRT1-R TCCTCGTACAGCTTCACAGTC
3-NRF1-F2 AGTCCATGTTCCTTTGTGGTG

3-NRF1-R2 GAGGCAGTCAAAGACAGAATGG

4-TFAM-F GCAAGTTGTCCAAAGAAACCTGTA
4-TFAM-R CAACGCTGGGCAATTCTTCTAAT

5-PGC-1α-F3 GCCTTCATGCCGTGGTAAGT

5-PGC-1α-R3 ACTGTTGTTCTCGGAGTCGTT
6-P62-F GTGAACTCCAGTCCCTACAGATG

6-P62-R GCTCCGATGTCATAGTTCTTGGT

7-PINK1-F2 ACGTTCAGTTACGGGAGTGG
7-PINK1-R2 GCTCATCCGTCACTTTCGCT

8-PHB2-F AGAACCCTGGCTACATCAAACTT

8-PHB2-R AGGCTCATTTCTTACCCTTGATGA
9-PARK2-F3 TGCACAGGAAGGGTGTAACAA

9-PARK2-R3 TGTCAGATAATCTCAACACACTTCA

10-LC3B-F TCGAGAGCAGCATCCAACC
10-LC3B-R CATGCTGTGTCCGTTCACCA

11-MFN1-F2 GCACCTATGACCAAGCCCA

11-MFN1-R2 TCAGGCAAACAGGTTTTATTTTCAT
12-MFN2-F2 TACCACTGAGGGAGAGACCC

12-MFN2-R2 GTCTTGCGCTCCAGCAAATG

(Continued)
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Statistical Processing
Statistical analysis was performed using IBM SPSS 26.0 statistical software. General demographic data and clinical 
metabolic indicators of the patient group and the control group were expressed as x±s. Independent sample t-tests and 
nonparametric tests were used for intergroup comparisons, and chi-square tests were used for intergroup comparisons of 
gender. Mann Whitney rank sum tests were used to compare the intergroup differences in the expression levels of 
mitochondrial function-related genes. Spearman test was employed to analyze the correlation between the expression 
levels of differential genes and clinical metabolic indicators in the control group and the patient group.

Results
Comparison of General Demographic Data and Clinical Metabolic Indicators Between 
the Two Groups
The patient group and the control group each had 20 cases. No statistically significant differences were noted in age, 
gender, height, weight, and BMI between the two groups. No significant differences were observed in triglycerides, total 
cholesterol, high-density lipoprotein cholesterol, low-density lipoprotein cholesterol, very low-density lipoprotein cho-
lesterol, albumin, and fasting blood glucose concentrations between the two groups (P > 0.05). The years of education in 
the patient group were significantly lower than those in the control group (P < 0.05). Table 2.

Analysis of Mitochondrial Function-Related Gene Expression Levels in the Two Groups
The expression levels of mitochondrial quality control-related genes were corrected using GAPDH as the internal 
reference gene. The expression levels of mitochondrial function-related genes are shown in Table 3. After correction, 
the gene expression levels of mitochondrial biogenesis-related gene PGC-1α, mitochondrial autophagy-related genes 
PARK2, and LC3B in the patient group were significantly lower than those in the control group (P < 0.05). No significant 
differences were noted in the remaining mitochondrial-related genes compared with the normal control group (P > 0.05).

Table 1 (Continued). 

Primer Name Primer Sequence (5′ to 3′)

13-YME1L-F ACAACAGGTGCTTCCAGTGA

13-YME1L-R TGTTCGATGGCAGATTGGGT
14-OPA1-F ATAACTATCCTCGCCTGCGG

14-OPA1-R TGGTGTAACCTGGCTCAGAC

15-MFF-F GCAGCTTCACTAAGACGACAG
15-MFF-R TGATGTTACCTCTAGCGGCG

16-DRP1-F2 ACATGCTATGGTAATGCACTTGCT

16-DRP1-R2 CTCAGTTTAAGGGCCAACAAAGG
17-FIS1-F TACCGGCTCAAGGAATACGAGAA

17-FIS1-R TTCAGGATTTGGACTTGGACACA

18-MTATP8-F ACAAACTACCACCTACCTCCCT
18-MTATP8-R GGCAATGAATGAAGCGAACAGATT

19-AIF-F GTGGCCTGGAAATAGACTCAGAT

19-AIF-R GCCCAAATCACTCCAGAACATTG
20-NDUFV2-F AAGGCAGAATGGGTGGTTGC

20-NDUFV2-R GCCTCCAGTATGCTGTCAGAG

21-MTCO2-F GCTGTCCCCACATTAGGCTT
21-MTCO2-R CGATGGGCATGAAACTGTGG

GAPDH-F GGAGTCCACTGGCGTCTTCA
GAPDH-R GTCATGAGTCCTTCCACGATACC
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Table 2 Comparison of General Demographic Data and Clinical Metabolic Indicators Between the Patient 
Group and the Control Group

Project Patient Group  
(n= 20)

Control Group  
(n=20)

Z/t/χ2 P

Age (years) 29.1±7.61 31.35±7.33 −1.09 0.278

Gender (Male/Female) (10/10) (6/14) 1.67 0.197
Height (cm) 166.45±6.64 163.75±8.11 −1.28 0.202

Weight (kg) 59.45±10.31 59.74±14.01 −0.71 0.481

BMI (kg/m2) 21.40±3.26 22.05±3.41 −0.05 0.957
Triglycerides (mmol/L) 0.81±0.38 0.80±0.30 −0.18 0.860

Total cholesterol (mmol/L) 4.00±0.65 4.15±0.59 −1.19 0.234
High-density lipoprotein cholesterol (mmol/L) 1.32±0.23 1.31±0.31 −0.22 0.829

Low-density lipoprotein cholesterol (mmol/L) 2.14±0.40 2.30±0.38 −1.49 0.137

Very low-density lipoprotein cholesterol (mmol/L) 0.80±0.26 0.90±0.26 −1.87 0.062
Albumin (g/L) 45.69±4.29 46.84±3.15 −1.12 0.261

Fasting blood glucose (mmol/L) 4.86±0.67 4.62±0.65 −1.33 0.185

Uric acid (μmol/L) 360.51±125.81 – – –
Years of education (years) 13.45±3.91 16.6±1.79 −3.60 <0.001

Family history (Negative/Positive, cases) (13/7) (20/0) – 0.008

Note: Data given as mean ± standard deviation. No significant differences between groups on any variable. 
Abbreviation: BMI, Body Mass Index.

Table 3 Analysis of Mitochondrial Function-Related Gene Expression Levels in the Patient 
Group and the Control Group

Gene Patient Group  
(n = 20)

Control Group  
(n=20)

FC P U Z

Mitochondrial biosynthesis pathway

SIRT1 0.29±0.14 0.25±0.16 1.16 0.286 152 −1.068

NRF1 0.49±0.38 0.41±0.22 1.20 0.593 171 −0.534
NRF2 1.23±0.87 1.40±0.74 0.88 0.314 146 −1.007

TFAM 0.57±0.31 0.58±0.27 0.98 0.838 173 −0.205
PGC-1α 0.04±0.04 0.05±0.02 0.8 0.026 92 −2.222

Mitochondrial autophagy pathway

PINK1 0.67±0.57 0.85±0.63 0.79 0.261 150 −1.124

P62 0.57±0.23 0.76±0.40 0.75 0.188 135 −1.316
PHB2 1.12±0.54 1.13±0.63 0.99 0.646 147 −0.459

PARK2 0.05±0.05 0.08±0.05 0.625 0.019 94 −2.34

LC3B 1.8±0.9 2.9±1.5 0.62 0.022 102 −2.292

Mitochondrial fusion pathway

MFN1 0.78±0.62 0.67±0.35 1.16 0.942 178 −0.073

MFN2 1.60±1.46 1.40±0.89 1.14 0.85 193 −0.189

OPA1 0.37±0.20 0.29±0.13 1.28 0.286 152 −1.068
YME1L 0.59±0.32 0.70±0.27 0.84 0.181 127 −1.337

Mitochondrial fission pathway

MFF 0.75±0.59 0.66±0.32 1.14 0.844 183 −0.197

DRP1 0.71±0.52 0.60±0.30 1.18 1.0 171 0
FIS1 3.37±2.23 4.99±3.73 0.68 0.121 120 −1.55

(Continued)
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Correlation Analysis of Differential Gene Expression Levels and Clinical Metabolic 
Indicators
The differentially expressed genes in the two groups were correlated with metabolic indicators in the control group and 
the patient group. The results showed that the expression level of PGC-1a gene in the patient group was negatively 
correlated with sd-LDL-C (r =−0.451, P = 0.046), and the expression level of PARK2 gene in the patient group was 
negatively correlated with uric acid (r =−0.447, P = 0.048) Figure 1.

Discussion
Mitochondrial dysfunction is considered to play an important role in SCZ, but the specific mechanism remains unclear. 
Some studies have identified that the number, integrity, and dynamic balance of the working network of mitochondria are 
mainly regulated by the quality control, including mitochondrial biosynthesis, autophagy, fusion, and fission.13 In recent 
years, an increasing number of studies have begun to focus on the abnormalities of mitochondrial quality control in 
mental disorders. This study verified the changes in the expression levels of mitochondrial function-related genes in 
patients with first-episode SCZ. This study found a significant downregulation of the expression of multiple genes 
involved in the mitochondrial quality control process (PGC-1α, PARK2, and LC3B), suggesting that impaired quality 
control and the resulting mitochondrial dysfunction may be the key link of mitochondrial dysfunction in SCZ.

Mitochondria increase in number through biosynthesis and form larger mitochondria through the activation of the 
mitochondrial fusion, thereby generating more ATP to provide energy for the body. Peroxisome proliferator-activated receptor 
gamma coactivator 1-alpha (PGC-1α) is considered the most important regulator in mitochondrial synthesis.14 PGC-1α 
initiates mitochondrial biosynthesis and acts as a coactivator of peroxisome proliferator-activated receptor gamma (PPARγ) 
and other nuclear receptors,15 PGC-1α participates in various metabolic processes, including mitochondrial biosynthesis, 
adaptive thermogenesis, glucose uptake, hepatic gluconeogenesis, hepatic fatty acid oxidation, and adipocyte differentiation.16 

PPARγ is a transcription factor that regulates the expression of multiple genes and is closely related to adipocyte differentiation 
and lipid metabolism. Studies have shown that PGC-1α regulates lipid metabolism through various different pathways.17 In 
this study, we found that the expression of PGC-1α in patients with untreated first-episode SCZ was significantly lower than 
that in the control group, which is consistent with the results of previous studies.18 Additionally, the gene expression level of 
PGC-1α was negatively correlated with the concentration of the blood lipid-related indicator sd-LDL-C. This outcome 
indicates that the lower the gene expression level of PGC-1α, the higher the concentration of sd-LDL-C. This finding might be 
one of the reasons why patients with SCZ are prone to cardiovascular and metabolic-related diseases. This finding further 
proves that the mitochondrial biosynthesis of patients with SCZ is impaired. However, no significant differences were 
observed in other related genes of mitochondrial biosynthesis (SIRT1, NRF1, NRF2, and TFAM) in this study. Previous 
studies have shown that SIRT1 can affect mitochondrial biogenesis, glucose uptake, and lipid metabolism by regulating PGC- 
1α, and its expression is downregulated under insulin resistance.19 Nuclear respiratory factor 1 (nuclear transcription factor 1, 
NRF1) and 2 (nuclear transcription factor 2, NRF2) have similar functions and can mediate the replication and transcription of 

Table 3 (Continued). 

Gene Patient Group  
(n = 20)

Control Group  
(n=20)

FC P U Z

Oxidative phosphorylation-related pathway

NDUFV2 1.30±1.06 1.15±0.57 1.13 0.539 159 −0.614

MTATP8 313.55±221.96 343.17±208.88 0.91 0.564 152 −0.577
MTCO2 371.71±289.26 389.80±264.99 0.95 0.649 156 −0.456

AIF 0.17±0.11 0.14±0.08 1.21 0.605 154 −0.517

Notes: Data given as mean ± standard deviation. 
Abbreviation: FC, Fold Change.
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the mitochondrial genome by activating the mitochondrial transcription factor A (transcription factor A, mitochondrial, and 
TFAM)20, thereby initiating mitochondrial biosynthesis.21

Mitochondria are highly dynamic, and changes in their size and number are controlled by the dynamic balance of fusion and 
fission. Fusion is crucial for the optimal control of mitochondrial number and integrity, whereas fission mediates mitochondrial 
division and quality control during cell division. Studies have confirmed that the balance between mitochondrial fusion and 
fission is crucial for brain development and function.22 Despite many previous studies on mitochondrial fusion and fission in 
patients, studies on patients with first-episode SCZ are few. In this study, no differences in the expression levels of mitochondrial 
fusion and fission-related genes were observed. This finding might be related to the small sample size of this study, or patients 
with first-episode SCZ may have a short disease course and no significant fusion and fission have occurred yet.

Mitochondrial autophagy plays an important role in cellular homeostasis.23,24 Mitochondrial autophagy can protect cells from 
oxidative stress by eliminating damaged mitochondria to reduce the accumulation of ROS.25 Mitochondrial autophagy pathways 

Figure 1 Spearman Correlation Analysis of Differential Gene Expression Levels of Mitochondrial Quality Control and Clinical Metabolic Indicators in the Patient Group and 
the Control Group. Correlation analysis of the expression level of PGC-1a gene and very low-density lipoprotein level in the patient group (A). Correlation analysis of the 
expression level of PARK2 gene and uric acid level in the patient group (B).
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include the PINK1/Parkin pathway, the BNIP3/Nix pathway, the FUNDC1 pathway, and the Cardiolipin pathway, among which 
the most well-known is the PINK1/Parkin pathway.26 Parkin promotes the mitochondrial autophagy of damaged mitochondria 
through two pathways. First, the ubiquitination of Parkin can cause the degradation of various proteins on the mitochondrial 
surface, such as mitochondrial fusion proteins and mitochondrial movement-related proteins; consequently the damaged 
mitochondria are unable to fuse into the mitochondrial working network, are in a free state, and are unable to combine with 
motor proteins and lose their motility27. Second, the ubiquitination mediated by Parkin on the outer mitochondrial membrane can 
be recognized by ubiquitin-binding factors such as P62 and HDAC6, and then recruit autophagosome protein LC3, eventually 
forming autophagosomes to transport damaged mitochondria to lysosomes for degradation.28 Microtubule-associated protein 
light chain 3 (MAPLC3, also known as LC3), LC3B is one of the most commonly used autophagy markers.29 The PARK2 gene 
(ie, parkin) encodes the ubiquitin - E3 - ligase and is a transcriptional repressor of p53. The PARK2 gene’s protein is widely 
expressed in the nervous system and is involved in regulating mitochondrial autophagy and programmed cell death.30 Previous 
studies have found that the PARK2 gene is associated with different neurodevelopmental disorders, such as SCZ, PD, ASD, and 
ADHD.30 Compared with healthy people, the level of Parkin protein in the prefrontal cortex of patients with SCZ is significantly 
increased, and the prefrontal cortex plays an important role in the pathophysiology of SCZ.31 The results of this study show that in 
the peripheral blood leukocytes of patients with SCZ, the expression levels of PARK2 and LC3B genes are significantly lower 
than those of the control group, suggesting possible abnormalities in eliminating damaged mitochondria in patients. Therefore, 
mitochondrial autophagy may be involved in the pathogenesis of SCZ.

Hyperuricemia and hyperlipidemia fall within the category of metabolic syndrome. Uric acid and lipid profiles as well as 
obesity indices are closely related. The association mechanism between uric acid and lipids may be related to mechanisms such as 
oxidative stress and inhibition of lipoprotein lipase activity.32 When PARK2 plays a role in cellular metabolism, it may indirectly 
affect the production and excretion of uric acid.33 Mitochondria are the main site of intracellular energy metabolism, and 
mitochondrial dysfunction may lead to metabolic disorders, including abnormal metabolism of uric acid. The reduction of 
mitochondrial autophagy causes the accumulation of damaged mitochondria, and these damaged mitochondria may produce 
excessive ROS, thereby further affecting the normal metabolism of cells, including the production and excretion of uric acid.34 

Previous studies have shown that the uric acid level of untreated patients with first-episode SCZ is significantly increased.35 This 
study shows that the uric acid level in the patient group is negatively correlated with the expression level of the mitochondrial 
autophagy-related gene PARK2. The reduction in PARK2 expression is associated with the increase in uric acid in SCZ, and no 
similar studies have been reported in the past. This finding indicates that the role of PARK2 in cellular metabolism and 
mitochondrial autophagy may indirectly affect the production and excretion of uric acid.

Furthermore, MTATP8, AIF, MTCO2, and NDUFV2 are involved in the regulation of mitochondrial oxidative phosphor-
ylation and the synthesis of ATP.36–39 Previous post_ mortem brain studies on patients with SCZ have confirmed the existence 
of abnormalities in mitochondrial oxidative phosphorylation in patients,40 but in this study, differences we not observed in the 
expression of genes related to this pathway. This outcome may be due to the small sample size resulting in inaccurate results, 
or the patient’s medical history may be short and no evident abnormalities in oxidative phosphorylation have occurred yet.

In the analysis of mitochondrial function-related genes and metabolic indicators, the expression of the PGC-1α gene 
in patients with SCZ was negatively correlated with the very low-density lipoprotein cholesterol level, indicating that as 
the expression level of the PGC-1α gene decreases, the very low-density lipoprotein cholesterol level of the patients 
gradually increases, which may lead to a higher risk of suffering from cardiovascular and metabolic diseases. In addition, 
the expression of the PARK2 gene in the patient group was negatively correlated with the uric acid level. As the 
expression level of the PARK2 gene decreased, the uric acid level of the patients gradually increased, which would also 
increase the risk of suffering from metabolic diseases. In the control group, no significant correlation between the 
expression levels of each gene and each clinical metabolic indicator was observed, further suggesting the abnormality of 
mitochondrial function and the resulting obstruction of ATP generation may exacerbate the metabolic changes in patients 
with SCZ. In previous studies on mitochondrial function in patients with SCZ, more attention was paid to the oxidative 
phosphorylation, related studies on mitochondrial quality control were fewer, and studies on the correlation with 
metabolism in patients with first-episode SCZ were even fewer. In this paper, a preliminary study was conducted on 
the correlation between mitochondrial function and metabolic indicators in patients with first-episode SCZ to provide a 
reference for the subsequent in-depth exploration of the pathogenesis of SCZ.
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However, this paper has certain limitations: The sample size of the study is small, and the relevant research results still need 
to be verified in a larger sample. In addition, this study is cross-sectional. The patients all have first-episode SCZ with a short 
medical history, and causal inferences cannot be made. Longitudinal observations can be conducted in the future to explore 
further the mechanism of mitochondrial abnormalities in the metabolic disorders of patients with first-episode SCZ.

Conclusions
This paper shows abnormalities in mitochondrial quality control in patients with first-episode SCZ, which may be closely 
related to the previously reported decrease in mitochondrial copy number, weakened oxidative phosphorylation function, 
and insufficient energy supply. Moreover, the significantly decreased gene expression levels are associated with the 
increase in metabolic indicators, suggesting that mitochondrial dysfunction may be related to the higher risk of metabolic 
diseases in patients with first-episode SCZ. The polymorphism of mitochondrial-related genes increases the risk of 
dyslipidemia, suggesting that it may be a hereditary risk factor for dyslipidemia in patients with SCZ.

Data Sharing Statement
The datasets used and/or analyzed in this study are available from the corresponding author on reasonable request.

Ethics Statements
This study was conducted in accordance with the Declaration of Helsinki, and approved by the Ethics Committee of 
Shandong Mental Health Center. All participants had signed an informed consent form for inclusion.

Acknowledgments
This research was supported by the National Natural Science Foundation (82101580), and the Key Research and 
Development Program of Shandong Province (Science and Technology Demonstration Project) (2021SFGC0504). 
Haoran Chu and Houming Zhu contributed equally to this work and share first authorship.

Disclosure
The authors report no conflicts of interest in this work.

References
1. Faden J, Citrome L. Schizophrenia: one Name, Many Different Manifestations. Med Clin North Am. 2023;107(1):61–72. doi:10.1016/j. 

mcna.2022.05.005
2. McCutcheon RA, Reis Marques T, Howes OD. Schizophrenia-An Overview. JAMA Psychiatry. 2020;77(2):201–210. doi:10.1001/ 

jamapsychiatry.2019.3360
3. Penninx B, Lange S. Metabolic syndrome in psychiatric patients: overview, mechanisms, and implications. Dialogues Clin Neurosci. 2018;20 

(1):63–73. doi:10.31887/DCNS.2018.20.1/bpenninx
4. Ni P, Ma Y, Chung S. Mitochondrial dysfunction in psychiatric disorders. Schizophr Res. 2024;273:62–77. doi:10.1016/j.schres.2022.08.027
5. Xiong Z, Wang H, Qu Y, et al. The mitochondria in schizophrenia with 22q11.2 deletion syndrome: from pathogenesis to therapeutic promise of 

targeted natural drugs. Prog Neuropsychopharmacol Biol Psychiatry. 2023;127:110831. doi:10.1016/j.pnpbp.2023.110831
6. Scaini G, Andrews T, Lima C, Benevenuto D, Streck EL, Quevedo J. Mitochondrial dysfunction as a critical event in the pathophysiology of 

bipolar disorder. Mitochondrion. 2021;57:23–36. doi:10.1016/j.mito.2020.12.002
7. Büttiker P, Weissenberger S, Esch T, et al. Dysfunctional mitochondrial processes contribute to energy perturbations in the brain and neuropsy-

chiatric symptoms. Front Pharmacol. 2022;13:1095923. doi:10.3389/fphar.2022.1095923
8. Sullivan CR, O’Donovan SM, McCullumsmith RE, Ramsey A. Defects in Bioenergetic Coupling in Schizophrenia. Biol Psychiatry. 2018;83 

(9):739–750. doi:10.1016/j.biopsych.2017.10.014
9. Das SC, Hjelm BE, Rollins BL, et al. Mitochondria DNA copy number, mitochondria DNA total somatic deletions, Complex I activity, synapse 

number, and synaptic mitochondria number are altered in schizophrenia and bipolar disorder. Transl Psychiatry. 2022;12(1):353. doi:10.1038/ 
s41398-022-02127-1

10. Iwata K. Mitochondrial Involvement in Mental Disorders: energy Metabolism and Genetic and Environmental Factors. Adv Exp Med Biol. 
2019;1118:63–70.

11. Uranova N, Bonartsev P, Brusov O, Morozova M, Rachmanova V, Orlovskaya D. The ultrastructure of lymphocytes in schizophrenia. World J Biol 
Psychiatry. 2007;8(1):30–37. doi:10.1080/15622970600960207

12. Uittenbogaard M, Chiaramello A. Mitochondrial biogenesis: a therapeutic target for neurodevelopmental disorders and neurodegenerative diseases. 
Curr Pharm Des. 2014;20(35):5574–5593. doi:10.2174/1381612820666140305224906

13. Flippo KH, Strack S. An emerging role for mitochondrial dynamics in schizophrenia. Schizophr Res. 2017;187:26–32. doi:10.1016/j.schres.2017.05.003

Neuropsychiatric Disease and Treatment 2024:20                                                                              https://doi.org/10.2147/NDT.S501527                                                                                                                                                                                                                       

DovePress                                                                                                                       
2441

Dovepress                                                                                                                                                              Chu et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://doi.org/10.1016/j.mcna.2022.05.005
https://doi.org/10.1016/j.mcna.2022.05.005
https://doi.org/10.1001/jamapsychiatry.2019.3360
https://doi.org/10.1001/jamapsychiatry.2019.3360
https://doi.org/10.31887/DCNS.2018.20.1/bpenninx
https://doi.org/10.1016/j.schres.2022.08.027
https://doi.org/10.1016/j.pnpbp.2023.110831
https://doi.org/10.1016/j.mito.2020.12.002
https://doi.org/10.3389/fphar.2022.1095923
https://doi.org/10.1016/j.biopsych.2017.10.014
https://doi.org/10.1038/s41398-022-02127-1
https://doi.org/10.1038/s41398-022-02127-1
https://doi.org/10.1080/15622970600960207
https://doi.org/10.2174/1381612820666140305224906
https://doi.org/10.1016/j.schres.2017.05.003
https://www.dovepress.com
https://www.dovepress.com


14. Wu Z, Puigserver P, Andersson U, et al. Mechanisms controlling mitochondrial biogenesis and respiration through the thermogenic coactivator 
PGC-1. Cell. 1999;98(1):115–124. doi:10.1016/S0092-8674(00)80611-X

15. Andersson U, Scarpulla RC. Pgc-1-related coactivator, a novel, serum-inducible coactivator of nuclear respiratory factor 1-dependent transcription 
in mammalian cells. Mol Cell Biol. 2001;21(11):3738–3749. doi:10.1128/MCB.21.11.3738-3749.2001

16. Li J, Tran OT, Crowley TB, et al. Association of Mitochondrial Biogenesis With Variable Penetrance of Schizophrenia. JAMA Psychiatry. 2021;78 
(8):911–921. doi:10.1001/jamapsychiatry.2021.0762

17. Shufeng C, Weili Y, Jianfeng H, Dongfeng G. PGC-1α gene variation is associated with blood lipid levels in the Han population in northern China. 
Chin J Mol Cardiol. 2009;9(02):88–93.

18. Giménez-Palomo A, Dodd S, Anmella G, et al. The Role of Mitochondria in Mood Disorders: from Physiology to Pathophysiology and to 
Treatment. Front Psychiatry. 2021;12:546801. doi:10.3389/fpsyt.2021.546801

19. Koh JH, Kim JY. Role of PGC-1α in the Mitochondrial NAD+ Pool in Metabolic Diseases. Int J Mol Sci. 2021;22(9):4558. doi:10.3390/ijms22094558
20. Gleyzer N, Vercauteren K, Scarpulla RC. Control of mitochondrial transcription specificity factors (TFB1M and TFB2M) by nuclear respiratory 

factors (NRF-1 and NRF-2) and PGC-1 family coactivators. Mol Cell Biol. 2005;25(4):1354–1366. doi:10.1128/MCB.25.4.1354-1366.2005
21. Kelly DP, Scarpulla RC. Transcriptional regulatory circuits controlling mitochondrial biogenesis and function. Genes Dev. 2004;18(4):357–368. 

doi:10.1101/gad.1177604
22. Choudhury M, Fu T, Amoah K, et al. Widespread RNA hypoediting in schizophrenia and its relevance to mitochondrial function. Sci Adv. 2023;9 

(14):eade9997. doi:10.1126/sciadv.ade9997
23. Chen X, Zeh HJ, Kang R, Kroemer G, Tang D. Cell death in pancreatic cancer: from pathogenesis to therapy. Nat Rev Gastroenterol Hepatol. 

2021;18(11):804–823. doi:10.1038/s41575-021-00486-6
24. Palikaras K, Tavernarakis N. Regulation and roles of mitophagy at synapses. Mech Ageing Dev. 2020;187:111216. doi:10.1016/j.mad.2020.111216
25. Garza-Lombó C, Pappa A, Panayiotidis MI, Franco R. Redox homeostasis, oxidative stress and mitophagy. Mitochondrion. 2020;51:105–117. 

doi:10.1016/j.mito.2020.01.002
26. Matsuda N, Sato S, Shiba K, et al. PINK1 stabilized by mitochondrial depolarization recruits Parkin to damaged mitochondria and activates latent 

Parkin for mitophagy. J Cell Biol. 2010;189(2):211–221. doi:10.1083/jcb.200910140
27. Wang X, Winter D, Ashrafi G, et al. PINK1 and Parkin target Miro for phosphorylation and degradation to arrest mitochondrial motility. Cell. 

2011;147(4):893–906. doi:10.1016/j.cell.2011.10.018
28. Youle RJ, Narendra DP. Mechanisms of mitophagy. Nat Rev Mol Cell Biol. 2011;12(1):9–14. doi:10.1038/nrm3028
29. Yu X, Wu J, Wu Q, Sun S. Quantitative analysis of autophagy-related protein LC3B by quantum-dot-based molecular imaging. Methods Cell Biol. 

2021;165:177–185.
30. Ahmad A, Nkosi D, Iqbal MA. PARK2 Microdeletion or Duplications Have Been Implicated in Different Neurological Disorders Including Early 

Onset Parkinson Disease. Genes. 2023;14(3):600. doi:10.3390/genes14030600
31. Pandya CD, Crider A, Pillai A. Glucocorticoid regulates parkin expression in mouse frontal cortex: implications in schizophrenia. Curr 

Neuropharmacol. 2014;12(2):100–107. doi:10.2174/1570159X11666131120224950
32. Maloberti A, Vanoli J, Finotto A, et al. Uric acid relationships with lipid profile and adiposity indices: impact of different hyperuricemic thresholds. 

J Clin Hypertens. 2023;25(1):78–85. doi:10.1111/jch.14613
33. Xiaofang Z, Siqi L, Qiang Z, Jing Z, Xiaodan L. Parkin-mediated mitophagy and organelle interaction mechanism. Adv Biochemi Biophys. 2021;48 

(11):1253–1259.
34. Tang C, Han H, Yan M, et al. PINK1-PRKN/PARK2 pathway of mitophagy is activated to protect against renal ischemia-reperfusion injury. 

Autophagy. 2018;14(5):880–897. doi:10.1080/15548627.2017.1405880
35. Dingquan L, Zhengwei R, Xiaodong L. Discussion on the causes of elevated blood uric acid in patients with first-diagnosis of schizophrenia. Lab 

Med Clinic. 2013;10(02):225–226.
36. Du Z, Zhou X, Lai Y, et al. Structure of the human respiratory complex II. Proc Natl Acad Sci U S A. 2023;120(18):e2216713120. doi:10.1073/ 

pnas.2216713120
37. Del Dotto V, Musiani F, Baracca A, Solaini G. Variants in Human ATP Synthase Mitochondrial Genes: biochemical Dysfunctions, Associated 

Diseases, and Therapies. Int J Mol Sci. 2024;25(4):2239. doi:10.3390/ijms25042239
38. Rao S, Mondragón L, Pranjic B, et al. AIF-regulated oxidative phosphorylation supports lung cancer development. Cell Res. 2019;29(7):579–591. 

doi:10.1038/s41422-019-0181-4
39. Xia YR, Wei XC, Li WS, et al. CPEB1, a novel risk gene in recent-onset schizophrenia, contributes to mitochondrial complex I defect caused by a 

defective provirus ERVWE1. World J Psychiatry. 2021;11(11):1075–1094. doi:10.5498/wjp.v11.i11.1075
40. Roberts RC. Mitochondrial dysfunction in schizophrenia: with a focus on postmortem studies. Mitochondrion. 2021;56:91–101. doi:10.1016/j. 

mito.2020.11.009

Neuropsychiatric Disease and Treatment                                                                                          Dovepress 

Publish your work in this journal 
Neuropsychiatric Disease and Treatment is an international, peer-reviewed journal of clinical therapeutics and pharmacology focusing on 
concise rapid reporting of clinical or pre-clinical studies on a range of neuropsychiatric and neurological disorders. This journal is indexed on 
PubMed Central, the ‘PsycINFO’ database and CAS, and is the official journal of The International Neuropsychiatric Association (INA). The 
manuscript management system is completely online and includes a very quick and fair peer-review system, which is all easy to use. Visit 
http://www.dovepress.com/testimonials.php to read real quotes from published authors.  

Submit your manuscript here: https://www.dovepress.com/neuropsychiatric-disease-and-treatment-journal

DovePress                                                                                                  Neuropsychiatric Disease and Treatment 2024:20 2442

Chu et al                                                                                                                                                              Dovepress

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://doi.org/10.1016/S0092-8674(00)80611-X
https://doi.org/10.1128/MCB.21.11.3738-3749.2001
https://doi.org/10.1001/jamapsychiatry.2021.0762
https://doi.org/10.3389/fpsyt.2021.546801
https://doi.org/10.3390/ijms22094558
https://doi.org/10.1128/MCB.25.4.1354-1366.2005
https://doi.org/10.1101/gad.1177604
https://doi.org/10.1126/sciadv.ade9997
https://doi.org/10.1038/s41575-021-00486-6
https://doi.org/10.1016/j.mad.2020.111216
https://doi.org/10.1016/j.mito.2020.01.002
https://doi.org/10.1083/jcb.200910140
https://doi.org/10.1016/j.cell.2011.10.018
https://doi.org/10.1038/nrm3028
https://doi.org/10.3390/genes14030600
https://doi.org/10.2174/1570159X11666131120224950
https://doi.org/10.1111/jch.14613
https://doi.org/10.1080/15548627.2017.1405880
https://doi.org/10.1073/pnas.2216713120
https://doi.org/10.1073/pnas.2216713120
https://doi.org/10.3390/ijms25042239
https://doi.org/10.1038/s41422-019-0181-4
https://doi.org/10.5498/wjp.v11.i11.1075
https://doi.org/10.1016/j.mito.2020.11.009
https://doi.org/10.1016/j.mito.2020.11.009
https://www.dovepress.com
http://www.dovepress.com/testimonials.php
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress
https://www.dovepress.com
https://www.dovepress.com

	Introduction
	Methods
	Study Design and Participants
	Patient
	Control

	Research Process
	Research Data Collection
	Blood Sample Processing
	RNA Extraction and qPCR Reaction
	Relative Quantitative Result Calculation

	Statistical Processing

	Results
	Comparison of General Demographic Data and Clinical Metabolic Indicators Between the Two Groups
	Analysis of Mitochondrial Function-Related Gene Expression Levels in the Two Groups
	Correlation Analysis of Differential Gene Expression Levels and Clinical Metabolic Indicators

	Discussion
	Conclusions
	Data Sharing Statement
	Ethics Statements
	Acknowledgments
	Disclosure
	References

