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Abstract: Major Depressive Disorder (MDD) is a severe mental disorder with approximately 350 million patients
worldwide. In recent years, oxidative stress has played an important role in the pathogenesis of depression. This study
used bioinformatics methods to explore the expression patterns of oxidative stress-related differential genes in MDD
and screen related traditional Chinese medicines, in order to provide more reference for clinical decision-making.
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1 INTRODUCTION

Depression is a common mental disorder, with significant and persistent low mood and slow thinking as the main
clinical manifestations. According to estimates by the World Health Organization (WHO), depression has become the
fourth most common disease in the world. This study aims to explore the oxidative stress-related genes of MDD
through bioinformatics analysis and screen out potential traditional Chinese medicine treatments [1].

2 MATERIALS AND METHODS

2.1 Data Collection

This study downloaded the data set GSE54562 from the Gene Expression Omnibus (GEO), which provides samples of
the anterior cingulate cortex of 10 MDD patients and 10 normal individuals [2].

2.2 Screening of Differentially Expressed Genes (DEGs)

Use the limma package in the R program, set the filter conditions to |log2FC|≥0.26, correct P <0.05 for DEGs analysis,
and draw heat maps and volcano maps.

2.3 Functional Enrichment Analysis of DEGs

To identify the biological properties of DEGs, Gene Ontology (GO) and Kyoto Encyclopedia of Genes and Genomes
(KEGG) enrichment analysis of DEGs was performed using the R package [3].

2.4 Acquisition and Screening of Oxidative Stress-Related Genes

The GeneCards database was used to screen oxidative stress genes based on the criterion that the correlation score was
greater than the average, and the intersection with the DEGs of the GSE54562 data set was used to obtain the oxidative
stress-related DEGs of MDD.

2.5 Functional Enrichment Analysis of Oxidative Stress Differential Genes in MDD

Select P<0.05 as the screening criterion and use the clusterProfiler R software package to perform GO and KEGG
enrichment analysis and perform visualization [4].

2.6 Protein-Protein Interaction (PPI) Network Construction and Screening of Key Genes

The STRING website was used to analyze and connect oxidative stress differential genes with strong correlation in
MDD to form a PPI network. Put the oxidative stress differential genes in MDD into Cytoscape, and use the four
algorithms in the Cytohubba plug-in: Degree, MCC, DMNC, and EPC to intersect the top 10 genes in various
algorithms to obtain the key genes [5]. Then, the least absolute shrinkage and selection operator (LASSO) regression
analysis modeling was performed, and the R language glmnet package was used as the analysis tool to obtain the
characteristic hub genes.
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2.7 Verification of Key Genes Related to Oxidative Stress in MDD

Use the "pROC" R package to draw the receiver operating (ROC) curve of key genes, and use the data set GSE39653 as
a validation data set for key genes of MDD and oxidative stress.

2.8 Immune Infiltration Analysis

The CIBESORT function method of the R package was used to analyze the infiltration degree of 22 types of immune
cells in the anterior cingulate cortex of the brain areas of the MDD group and the control group [6].

2.9 Correlation Analysis of Key Genes and Immune Infiltration

Use Pearson to perform correlation analysis between key genes and immune cell abundance.

2.10 Prediction of Traditional Chinese Medicines for the Prevention and Treatment of Key Genes Related to
Oxidative Stress in MDD

Use the COREMINE Medical online database to predict the targeted prevention and treatment of traditional Chinese
medicine that interacts with key genes of oxidative stress in MDD and the disease.

3 RESULTS

3.1 Screening of DEGs

The results of GSE54562 gene differential expression analysis showed that there were 202 DEGs in the MDD group
and the normal control group. The volcano plot and heat map showed that 113 genes were significantly up-regulated
and 89 genes were significantly down-regulated.

3.2 Functional Enrichment Analysis of DEGs

GO analysis showed that genes in the anterior cingulate cortex brain area were enriched in different signaling pathways,
mainly in nervous system development, oligodendrocyte differentiation, and central nervous system myelination
signaling pathways [7]. MDD is mainly localized in cellular components such as myelin, plasma membrane parts,
membrane components, neuronal projections, and whole membranes. Participates in endoribonuclease activity and
produces 3'-phosphate monoester, double-stranded RNA binding, cyclic nucleotide binding, nucleotide diphosphatase
activity, integrin binding and other molecular functions [8].
KEGG analysis results showed that MDD differential genes were mainly enriched in phagosomes, ether lipid
metabolism, histidine metabolism, endocytosis, cell adhesion molecules, etc.

3.3 Functional Enrichment Analysis and Functional Module Analysis of Oxidative Stress DEGs in MDD

Wayne analysis was performed on the 202 DEGs of GSE54562 and the 3962 oxidative stress-related genes screened,
and 47 oxidative stress differential genes in MDD were obtained.

3.4 PPI Network Construction

In order to explore the interactions between proteins encoded by DEGs, the STRING database was used to connect 47
oxidative stress differential genes to each other to form a PPI network diagram.

3.5 Key Gene Screening

Using Cytoscape's 4 algorithms, we calculated the genes with the highest scores and took the intersection to obtain 8
key genes: myelin protein (PLP1), myelin oligodendrocyte glycoprotein (MOG), 2', 3'- Cyclic nucleotide 3'
phosphodiesterase (CNP), recombinant rabbit monoclonal antibody to transcription factor SOX10 (SOX10), ionized
calcium adapter protein antibody (AIF1), contact protein 2 (CNTN2), integrin subunit β2 (ITGB2) , G protein-coupled
receptor 37 (GPR37).

3.6 Verification of Key Genes Related to MDD and Oxidative Stress

A ROC curve was drawn using the R package and the expression of two key genes to evaluate the diagnostic accuracy.
The two key genes have high diagnostic value, and the AUC values corresponding to the genes MOG and AIF1 were
0.850 and 0.760, respectively.

3.7 Immune Infiltration Analysis Results

Immune infiltration analysis was performed based on CIBESORT. The boxplot showed that compared with the normal
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group, resting natural killer (NK) cells were significantly increased and T follicular helper cells (Tfh) were significantly
decreased [9].

3.8 Results of Correlation Analysis between Key Genes and Immune Infiltration

Conduct correlation analysis between the selected key genes and immune cells with differential changes. MOG has a
moderate positive correlation with resting NK cells, and AIF1 has a strong positive correlation with T follicular helper
cells.

3.9 MDD Traditional Chinese Medicine Forecast

Screen traditional Chinese medicines that are related to key genes of MDD, and standardize the names of relevant
traditional Chinese medicines by consulting the 2020 edition of the Chinese Pharmacopoeia [10].

4 DISCUSSION

Research shows that oxidative stress can cause damage to neurons and neural circuits, cause neuroinflammation,
destroy brain function, and lead to depression. There is a mutually reinforcing relationship between oxidative stress and
inflammatory response, and oxidative stress can activate inflammatory response. Inflammatory factors are closely
related to the pathogenesis of depression [11]. Inflammatory factors in the brain regulate neurotransmitters related to
mood regulation, upregulating pro-inflammatory factors and promoting depression.
GO analysis results showed that MDD differential genes were mainly enriched in nervous system development,
oligodendrocyte differentiation, and central nervous system myelination signaling pathways. MDD is mainly involved
in molecular functions such as cyclic nucleotide binding and integrin binding. Abnormal development of interneurons is
closely associated with depression, and myelin and oligodendrocyte lineage cells play a damaging role in depression
and stress-related diseases [12].
KEGG analysis results showed that MDD differential genes were mainly enriched in pathways such as ether lipid
metabolism, histidine metabolism, phagosomes, cytokines, and cell adhesion molecules. MDD differential genes are
enriched in ether lipid metabolism, affecting neurotransmitter homeostasis and release, and changes in their composition
are often related to neurological and psychiatric diseases. MDD differential genes are enriched in histidine metabolism.
Elderly women with moderate depressive symptoms show a deficiency of essential amino acids involved in
inflammation and neurotransmission, one of which is characterized by lower L-histidine levels [13].
Eight key genes of MDD oxidative stress were obtained through screening. There are three myelin proteins (i.e., PLP1,
CNPase, MOG) in the white matter of the ventral prefrontal cortex in MDD. PLP1 is the main component of myelin. In
the PLP1 overexpression model, microglia are activated and pro-inflammatory cytokines are upregulated in the brain. ,
PLP1 overexpression is associated with defects in oxidative stress homeostasis and may exacerbate the development of
MDD.
AIF1 allograft inflammatory factor 1, gene encoding an actin- and calcium-binding protein that enhances membrane
ruffling and RAC activation, plays a role in RAC signaling and phagocytosis, enhances actin bundling of LCP1 active
[14]. Under the induction of cytokines and interferons, AIF1 can promote the activation and growth of some immune
cells, affecting various physiological processes such as oxidative stress, inflammation and immunity.
MDD is closely related to immune system abnormalities. This study conducted immune infiltration analysis based on
CIBESORT and found that compared with the normal group, resting NK cells were significantly increased and T
follicular helper cells were significantly decreased. Studies have confirmed that lymphocyte subsets are closely related
to immune activation in MDD.
Traditional Chinese medicine's understanding of depression originally came from the ancient medical document
"Huangdi Neijing". Traditional Chinese medicine believes that the occurrence of depression is related to the dysfunction
of the internal organs and the imbalance of qi, blood, yin and yang [15]. Therefore, it should
Choose traditional Chinese medicine that nourishes the liver, kidneys, blood and spleen. Coremine Medical's predicted
results are tea tree root, honey, saffron, floating wheat, ginseng, ginseng flower, ginseng reed, ginseng leaf, hemp seed,
gastrodia elata, turnip, castor bean, zombie silkworm, zombie pupa and other traditional Chinese medicines.

5 CONCLUSION

The oxidative stress differential genes of MDD were obtained through bioinformatics analysis, and 14 preferred
traditional Chinese medicines for the treatment of MDD were predicted, such as honey, ginseng, tea tree roots, etc. This
provides important significance for the traditional Chinese medicine prevention and treatment of MDD [16].

COMPETING INTERESTS

The authors have no relevant financial or non-financial interests to disclose.

REFERENCES



Rando Grace

Volume 1, Issue 1, Pp 1-4, 2024

4

[1] Wu Zhenning, Wang Qi, Qin Xuemei, et al. Research progress on intestinal flora and its metabolites in the
treatment of depression with traditional Chinese medicine. Chinese Herbal Medicine, 2023, 54(14): 4713-4722.

[2] Gałecki P, Szemraj J, Bieńkiewicz M, et al. Lipid peroxidation and antioxidant protection in patients during acute
depressive episodes and in remission after fluoxetine treatment. Pharmacol Rep, 2009, 61(3): 436-447.

[3] Maes M, Galecki P, Chang Y S, et al. A review on the oxidative and nitrosative stress (O&NS) pathways in major
depression and their possible contribution to the (neuro)degenerative processes in that illness. Prog Neuro
Psychopharmacol Biol Psychiatry, 2011, 35(3): 676-692.

[4] Zhang Y L, Long Y, Yu S, et al. Natural volatile oils derived from herbal medicines: A promising therapy way for
treating depressive disorder. Pharmacol Res, 2021, 164: 105376.

[5] Zhuang W, Liu S L, Xi S Y, et al. Traditional Chinese medicine decoctions and Chinese patent medicines for the
treatment of depression: Efficacies and mechanisms. J Ethnopharmacol, 2023, 307: 116272.

[6] Chang L C, Jamain S, Lin C W, et al. A conserved BDNF glutamate- and GABA-enriched gene module related to
human depression identified by coexpression meta-analysis and DNA variant genome-wide association studies.
PLoS One, 2014, 9(3): e90980.

[7] Stelzer G, Rosen N, Plaschkes I, et al. The GeneCards suite: From gene data mining to disease genome sequence
analyzes. Curr Protoc Bioinformatics, 2016, 54: 1.30.1-1.30.1.30.33.

[8] deficit in asthmatic patients with depression. J Asthma, 2022, 59(2): 288-296.
[9] Dang X L, Song M, Lv L X, et al. Proteome-wide Mendelian randomization reveals the causal effects of

immune-related plasma proteins on psychiatric disorders. Hum Genet, 2023, 142(6): 809-818.
[10] Peres D S, Theisen M C, Fialho M F P, et al. TRPA1 involvement in depression- and anxiety-like behaviors in a

progressive multiple sclerosis model in mice. Brain Res Bull, 2021, 175: 1-15.
[11] Tian Y, Chen X Y, Wang Y, et al. Neuroinflammatory transcriptional signatures in the entorhinal cortex based on

lipopolysaccharide-induced depression model in mice. Biochem Biophys Res Commun, 2022, 590: 109-116.
[12] Boda E. Myelin and oligodendrocyte lineage cell dysfunctions: New players in the etiology and treatment of

depression and stress-related disorders. Eur J Neurosci. 2021, 53(1):281-297.
[13] Gutiérrez-Rodelo C, Martínez-Tolibia S E, Morales Figueroa G E, et al. Modulating cyclic nucleotides pathways

by bioactive compounds in combatting anxiety and depression disorders. Mol Biol Rep, 2023, 50(9): 7797-7814.
[14] Whyte A, Jessen T, Varney S, et al. Serotonin transporter and integrin beta 3 genes interact to modulate serotonin

uptake in mouse brain. Neurochem Int, 2014, 73: 122-126.
[15] Solís-Ortiz S, Arriaga-Avila V, Trejo-Bahena A, et al. Deficiency in the essential amino acids l-Isoleucine,

l-Leucine and l-Histidine and clinical measures as predictors of moderate depression in elderly women: A
discriminant analysis study . Nutrients, 2021, 13(11):3875.

[16] Schroeder F. Altered phospholipid composition affects endocytosis in cultured LM fibroblasts. Biochim Biophys
Acta, 1981, 649(2): 162-174.


