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Background: Researches have indicated that major depressive disorder (MDD) and anorexia may have overlapping pathogenic 
mechanisms. In light of this, we endeavored to identify diagnostic gene candidates for MDD in individuals with comorbid anorexia.
Methods: Gene expression data pertaining to MDD and healthy controls (HC) were retrieved from the Gene Expression Omnibus 
(GEO) database. Utilizing Limma and weighted gene co-expression network analysis (WGCNA), key MDD-associated genes were 
meticulously screened. Subsequently, these genes were cross-referenced with established anorexia-related genes to pinpoint common 
genetic factors shared between MDD and anorexia. Further refinement was conducted using Cytoscape software to identify hub-genes. 
Ultimately, animal experiments were conducted to validate and confirm the findings.
Results: We identified a total of 214 genes that are commonly associated with both MDD and anorexia. These genes were found to be 
enriched in inflammatory and immune-related pathways. Among these 214 genes, six were distinguished as hub-genes: IL10, ITGAM, 
PTPRC, IL13, STAT5B, and JAK2. Immune infiltration analysis further revealed that all these hub-genes exhibited associations with 
multiple immune cell types. Animal experiments demonstrated that, compared to control mice, the model group exhibited significantly 
elevated expression levels of PTPRC, STAT5B, and JAK2.
Conclusion: Through the application of bioinformatics analysis and animal experimentation, we have pinpointed three hub-genes 
(PTPRC, STAT5B, and JAK2) that hold potential as both diagnostic biomarkers and therapeutic targets for MDD accompanied with 
anorexia.
Keywords: major depressive disorder, anorexia, inflammation, bioinformatics analysis, differentially expressed genes

Introduction
Major depressive disorder (MDD) is a prevalent mental health condition distinguished by persistent low mood. 
According to statistics, around 4.4% of people worldwide suffer from MDD, and this condition is well-known for its 
frequent recurrences.1 MDD imposes a significant economic burden on individuals and families,2 and it is anticipated to 
become the second major contributor to the global disease burden by 2030.3 Individualized repetitive transcranial 
magnetic stimulation (rTMS) based on magnetic resonance imaging (MRI) has already been applied in the treatment 
of major depressive disorder (MDD),4 and some scholars have formulated optimization strategies for transcranial 
magnetic stimulation.5 Additionally, studies have demonstrated the efficacy and safety of ketamine and electroconvulsive 
therapy (ECT) in the treatment of treatment-refractory depression.6 Despite some achievements made in the treatment of 
MDD, the overall therapeutic efficacy still needs improvement. One of the primary reasons is that the pathogenesis of 
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MDD remains unclear. While the precise pathogenesis of MDD remains elusive at present, there is a broad consensus on 
the significant role inflammation plays in the onset and progression of this disorder.7

MDD frequently coexists with other physical conditions or somatic symptoms,8 and anorexia is a prevalent comor
bidity associated with MDD.9 Research has shown that alleviating anorexia symptoms in patients with comorbid MDD 
and anorexia can improve depressive symptoms,10 and stimulating the cingulate gyrus below the corpus callosum is an 
effective treatment for both MDD and anorexia.11 The Cross-Disorder Group of the Psychiatric Genomics Consortium 
conducted a comprehensive analysis of genomic data across eight psychiatric disorders, including MDD and anorexia. 
This analysis revealed a substantial amount of genomic overlap among these disorders, indicating the presence of shared 
genetic mechanisms that may contribute to their pathogenesis.12 Hence, it is plausible that MDD and anorexia share 
similar underlying pathogenic mechanisms.

While the precise relationship between MDD and anorexia remains elusive, it is unequivocally established that both 
disorders involve inflammatory and immune processes.7,13 Proinflammatory cytokines can augment neuroinflammatory 
processes and peripheral inflammation, ultimately inducing depression through their impact on glial cell function, 
modulation of neurotransmitters, and disruption of the intestinal mucosal barrier.7 Inflammation can lead to anorexia 
by modulating the levels of appetite-regulating hormones, influencing brain functions that govern hunger and satiety, and 
through other mechanisms.13 Moreover, our previous research has demonstrated that inflammation is a shared causal 
factor in both anorexia and MDD.14 Consequently, identifying the shared genetic factors between MDD and anorexia, 
and examining their associations with inflammatory and immune processes, will enhance our understanding of the 
distinct features of MDD accompanied with anorexia. This, in turn, may offer a novel foundation for diagnosing and 
treating this subtype of MDD, as well as patients with comorbid MDD and anorexia.

In our current study, we obtained the MDD dataset from the Gene Expression Omnibus(GEO) database, applied the 
Limma to identify differentially expressed genes (DEGs), and utilized weighted gene co-expression network analysis 
(WGCNA) to reveal key module genes related to MDD. By intersecting these genetic data with anorexia-linked genes 
from GenCards, we were able to uncover the common genetic denominators between MDD and anorexia. We conducted 
functional enrichment analysis on these intersecting genes and constructed a protein-protein interaction (PPI) network for 
them. Additionally, we screened for hub genes using Cytoscape. Furthermore, we performed immune infiltration analysis 
on MDD patients and conducted correlation analysis between the differentially expressed inflammatory factors and the 
hub genes. Finally, we validated these hub genes through mouse experiments. This study provides valuable information 
for screening diagnostic markers of MDD accompanied with anorexia.

Material and Methods
Preparation of Gene Sets and Screening for Differentially Expressed Genes
The research process is outlined in Figure S1. We downloaded the series matrix and platform information for 
GSE5279015 and GSE7682616 from the GEO (https://www.ncbi.nlm.nih.gov/geo). For inclusion in the analysis, we 
selected data from 10 MDD patients and 12 healthy controls(HC) from the GSE52790 whole blood sample dataset, and 
similarly, data from 10 MDD patients and 12 HC from the GSE76826 dataset. We merged the GSE52790 and GSE76826 
datasets after removing batch effects. Finally, we obtained a normalized gene expression matrix file containing 20 cases 
of MDD and 24 cases of HC. In July 2024, we input “anorexia” as a keyword into the GenCards website (www. 
genecards.org) for search, and subsequently obtained a total of 3611 human anorexia-associated genes from the 
GenCards database, which will be used in our subsequent studies and analyses.

Based on the criteria of |log2Fold change(FC)| > 1.2 and p < 0.05, we screened for differentially expressed genes 
between MDD patients and HC in the combined dataset using the Limma (version 3.40.6) package in the R software,17 

and visualized them using Sangerbox (version 3.0, http://vip.sangerbox.com/).

Constructing of Weighted Gene Co-Expression Network Analysis
Constructing gene co-expression networks to study gene-phenotype relationships using the WGCNA package in 
R software.18 Firstly, we eliminated 50% of the genes with the lowest median absolute deviation (MAD) values. 
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Secondly, we computed Pearson correlation matrices for all gene pairs and generated a weighted adjacency matrix 
employing the average chaining technique alongside weighted correlation coefficients. Thirdly, we calculated the 
neighbor-joining degree using the soft-threshold power method and transformed it into a topological overlap matrix 
(TOM). We grouped genes with similar expression profiles into modules by utilizing a TOM-based dissimilarity metric 
on an average linkage hierarchy, ensuring that the hierarchy encompassed at least 50 genome-scale clusters. 
Subsequently, we computed the dissimilarity among the genes that characterized each module and determined a cut- 
off point for the module dendrogram to facilitate its integration. Using WGCNA, we identified key modules associated 
with MDD and created a visualized network of the feature genes within these modules.

Identifying Common Genes Between MDD and Anorexia
To identify common genes that impact both MDD and anorexia, we took the intersection of differential genes obtained 
from Limma of the combined dataset, the differentially co-expressed genes derived from the WGCNA network, and the 
3,611 anorexia-associated genes downloaded from the database.

GO and KEGG Functional Enrichment Analysis
First, we conducted Gene Ontology(GO)19 and Kyoto Encyclopedia of Genes and Genomes(KEGG)20 analyses, applying 
a significance threshold of p < 0.05, and visualized the results on the Sangerbox platform (http://vip.sangerbox.com/). 
Subsequently, we further analyzed the common genes that were previously identified through these GO and KEGG 
analyses.

Protein-Protein Interaction Analysis
We used the STRING database (version 12.0, https://cn.string-db.org/) to study PPI.21 We constructed a PPI network 
based on the common genes previously identified. Subsequently, we utilized Cytoscape software (version 3.7.2) to 
identify the key interacting genes within this network. To screen for the most significant genes, we applied four 
algorithms available in cytoHubba within Cytoscape: MCC (Maximum Clique Centrality), MNC (Maximum 
Neighborhood Component), EPC (Edge Percolation Component), and Degree.22 Finally, we took the intersection of 
the top 10 genes obtained from each algorithm to identify the hub-genes.

Immune Infiltration Analysis
We utilized the analytical tools provided by ImmuCellAI to evaluate immune cell infiltration based on gene expression 
profiling (https://guolab.wchscu.cn/ImmuCellAI).23 Through this platform, we assessed the differences in the infiltration 
of 24 immune cell types between MDD and HC groups. Subsequently, we employed the Sangerbox platform to create 
proportional bar graphs depicting the distribution of the 24 immune cell types across all samples. Additionally, we 
generated violin plots to compare the infiltration levels of these immune cells between the two groups. Ultimately, we 
conducted a Spearman correlation analysis to examine the relationships between the hub-genes obtained earlier and the 
immune cells that exhibited significant differences between the two groups.

Animal Experimental Validation
Preparation of Mouse Models
To validate the results of the bioinformatic analysis, we established a co-morbid model of MDD and anorexia in mice by 
chronic unpredictable mild stress(CUMS).24 The duration of the modeling process was four weeks. The mice in the 
model group exhibited a significant reduction in body weight and a decrease in food intake exceeding 30% compared to 
the control group, serving as the criteria for establishing the anorexia model. Following the establishment of the model, 
behavioral experiments were conducted on the anorexic adult mice to screen for comorbid conditions of anorexia and 
depression (Figure S2).

A total of 20 male C57 BL/6 J mice, aged 8 weeks, were acquired from Vital River Laboratories in Beijing, China. 
After a seven-day acclimatization period, all mice were weighed and then randomly assigned to two groups based on 
their body mass: the healthy control (HC) group and the model group (CUMS group). Throughout the experiment, all 
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mice were reared under standardized conditions, including a fixed 12:12 light/dark cycle (lights on at 08:00) and 
a constant temperature of 25±1°C, with unlimited access to food and water. During this period, the HC group was 
housed normally and received no additional treatment. In contrast, the model group was housed in individual cages and 
subjected to stress treatments in the modeling room. These treatments were conducted daily at 08:00, with 1–2 stressors 
administered at a time. To ensure the unpredictability of the stressors, the same stressors were not consecutively used 
(Table 1). At the end of each modeling session, the mice in the model group were moved back to their rearing room.

Detection of Routine Indicators
After modeling the experimental animals, the mice were observed and monitored weekly for coat color, activity level, 
diet and body weight.

Behavioral Tests
The sucrose preference test(SPT) has been extensively utilized to evaluate the extent of hedonic deficiency, which 
constitutes a pivotal symptom of depression. Prior to conducting the test, all animals were individually acclimated in 
captivity for a duration of 48 hours. During this acclimation period, the animals had access to two bottles of water: one 
containing a 1% sucrose solution and the other plain drinking water. The bottles were exchanged midway through the 
acclimation phase to ensure consistency, and the animals were provided with a standard diet. Upon completion of the 
acclimation period, all mice underwent a 12-hour fast, deprived of water but not food. This marked the official 
commencement of the test. Throughout the testing phase, the animals resumed their diet and were once again presented 
with two bottles of water-one containing the 1% sucrose solution and the other tap water. The consumption of both water 
and sucrose was meticulously measured by weighing the bottles before and after administering them to the mice. To 
mitigate any potential preference bias, the positions of the two bottles were alternated between groups, with a position 
swap occurring midway through the test. The sucrose preference percentage (%) was calculated using the formula: 
(sucrose solution consumption)/(water consumption + sucrose solution consumption)*100%.

The forced swimming test(FST) is designed to observe the animal’s response when compelled to swim in a confined 
space with no escape route. After a certain period, when the animal realizes that escape is hopeless, it ceases struggling 
and exhibits a state of floating, known as “behavioral despair”. This test is primarily employed for screening anti
depressant medications and investigating receptors associated with depression. Prior to the experiment, all animals were 
transferred to the behavioral room thirty minutes in advance to acclimate to the environment. Subsequently, each mouse 
was randomly placed in a transparent, cylindrical water tank maintained at room temperature (24°C±1°C) for a total 
duration of six minutes. The immobility time of the mice was meticulously recorded during the final four minutes of this 
period. After testing each mouse, the water was replaced, and the tank was dried using a clean paper towel. The test 
animals were then placed under a heat source (37°C) to restore their body temperature. Notably, a longer duration of 
immobilization indicates a higher level of depressive-like behavior.

The tail suspension test (TST) is a standardized method for the initial screening of antidepressant drugs, as it exploits 
the animals’ inability to overcome an abnormal body position, thereby inducing a “behavioral state of despair” 
characterized by an “immobility state.” Prior to the commencement of the experiment, the mice were securely wrapped 
with medical tape around the distal one-third of their tails and suspended within a tail suspension box. The behavior of 
the mice was meticulously recorded for a duration of six minutes, with the immobility time being specifically noted for 

Table 1 Source and Duration of Stress

Method Time Method Time

Food deprivation 24h Empty cage 24h
Water deprivation 24h Lean 6h

Foreign matter 24h Flashlight 6h

Restraint stress 4h Tail clamping 3min
Wet pad 24h Day and night reversal 24h

Strange mouse cage 24h Cold water bath (4°) 5min
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the final four minutes. Notably, a longer duration of immobility indicates a more severe manifestation of depressive-like 
behavior in the animals.

Validation of Hub-Genes Through Real-Time Fluorescent Quantitative PCR (qPCR)
Following a four-week modeling period, the efficacy of the model was evaluated. Subsequently, on the following day, the 
mice were anesthetized using isoflurane gas and euthanized. Brain tissues were then carefully dissected and preserved in 
a refrigerator at −80°C. Total RNA was extracted utilizing the TransZol Up Plus RNA Kit sourced from Beijing AllStyle 
Gold Biotechnology Co., Ltd., China. cDNA synthesis was achieved using the One-Step gDNA Removal Kit, also 
provided by Beijing AllStyle Gold Biotechnology Co., Ltd., China. Amplification of the cDNA was carried out using the 
PerfecyStart Green qPCR SuperMR system on a fully automated nucleic acid amplification instrument, namely the 
Gentier 96R. The real-time quantitative PCR was performed using the PerfecyStart Green qPCR SuperMix kit, supplied 
by Beijing QuanShiJin Biotechnology Co., Ltd., China. The primer sequences utilized are presented in Table 2. Each 
sample was assayed in triplicate to ensure accuracy. The fold change of the target genes, relative to the corresponding 
GAPDH endogenous control, was computed using the 2-ΔΔCt method.

Statistical Analysis
In this study, statistical analysis was conducted using GraphPad Prism software (version 9.0). Independent sample T-tests 
or Mann–Whitney U-tests were used to assess statistical significance, with a p-value less than 0.05 considered 
statistically significant.

Results
Screening for DEGs
By integrating the datasets GSE52790 and GSE76826 and applying a de-batching effect correction, we successfully 
compiled a consolidated dataset comprising 20 instances of MDD and 24 instances of HC. We identified 1,646 DEGs in 
the combined MDD dataset, based on the criteria of a p-value < 0.05 and an absolute log2 fold change (|log2FC|) > 1.2. 
Among these, 1,232 genes were found to be up-regulated, while 414 were down-regulated. The volcano plot depicted in 
Figure 1a and the heat map presented in Figure 1b visually illustrate the distinct expression patterns exhibited by these 
DEGs. We employed WGCNA to examine the most pertinent modules within the merged MDD dataset. The soft 
threshold β was established at 4, taking into account both scale independence and average connectivity. Consequently, we 
generated clustering dendrograms and module eigenvector clustering maps for both MDD and HC. These analyses 
yielded a total of 15 gene co-expression modules, each denoted by a distinct color. During the module merging process, 
a minimum module size of 150 genes was imposed, with a threshold value set at 0.25 (Figure 1c and d). Figure 1e shows 
a strong correlation between the turquoise module and MDD, with a correlation coefficient of r = 0.71 and a p-value < 
0.001. This turquoise module comprises a total of 2,788 genes, prompting us to conduct a more in-depth analysis of these 
genes. The correlation analysis presented in Figure 1f reveals a positive association between the Module Membership 
within the turquoise module and the gene significance for MDD, with a correlation coefficient of r = 0.86 and a p-value < 
0.001.

Table 2 The List of Primers Used for qPCR

Primers Forward Primer Reverse Primer Amplicon Length

IL-10 GCTCTTACTGACTGGCATGAG CGCAGCTCTAGGAGCATGTG 105bp
ITGAM ATGGACGCTGATGGCAATACC TCCCCATTCACGTCTCCCA 203bp

PTPRC ACCACCAGGTGAATGTCAATTT CTTGCTTTCCCTCGGTTCTTT 123bp

IL-13 CCTGGCTCTTGCTTGCCTT GGTCTTGTGTGATGTTGCTCA 116bp
STAT5B CGATGCCCTTCACCAGATG AGCTGGGTGGCCTTAATGTTC 144bp

JAK2 TTGTGGTATTACGCCTGTGTATC ATGCCTGGTTGACTCGTCTAT 109bp
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Figure 1 Identification of MDD DEGs by Limma and WGCNA analysis. (a) Volcano plot of DEGs, red and blue colors represent up- and down-regulated DEGs, 
respectively. (b) The heatmap shows the top 30 differentially expressed genes in the MDD dataset, with red and blue representing up- and down-regulation, respectively. (c) 
Under the gene tree, different colored modules represent different gene co-expression modules. (d) Neighbor-joining heatmap of characterized genes. (e) Heatmap analysis 
of the correlation between module genes and MDD showed that the turquoise module had the highest correlation with MDD. (f) Correlation plot of module affiliation with 
gene significance for turquoise module gene (correlation coefficient r = 0.86, p < 0.001).
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Identifying Common Genes Between MDD and Anorexia and Functional Enrichment 
Analysis
We cross-referenced a comprehensive set of 3,611 human genes associated with anorexia, sourced from the GenCards 
database, with 1,646 DEGs derived from the previous step on the merged dataset using Limma, as well as with 2,788 
genes contained within the turquoise module from our WGCNA analysis. This intersection yielded a total of 214 
common genes (Figure 2a). Taking into account these 214 genes as being shared between MDD and anorexia, we 
subsequently conducted a functional enrichment analysis on these genes. As illustrated in Figure 2b, the results of the 
KEGG analysis revealed that the common genes are implicated in various processes, including “Th17 cell differentia
tion”, “T cell receptor signaling pathway”, and “Th1 and Th2 cell differentiation”. The GO analysis indicated that the 
common genes were involved in “immune system processes”, “immune response”, and “inflammatory response” 
(Figure 2c). The findings suggested that the shared genes between MDD and anorexia are implicated in immune and 
inflammatory processes, hinting at a potential common pathogenic mechanism involving the immune system and 
inflammation for both.

Identifying Hub-Genes Through PPI Analysis Using cytoHubba
After excluding common genes that lack connections to other nodes, we constructed a PPI network comprising 212 
shared genes on the STRING platform. To identify the most significant genes within this network, we utilized four 
algorithms from the cytoHubba plugin in Cytoscape: MCC, MNC, EPC, and Degree (Figure S3a–d). We selected the top 
10 Co-DEGs for each algorithm, subsequently identified their intersections (Figure S3e), and generated Venn plots to 
pinpoint six hub genes: IL10, ITGAM, PTPRC, IL13, STAT5B, and JAK2.

Immune Infiltration Analysis and Immune Correlation Analysis
We utilized the ImmuCellAI platform to examine the variations in immune cell populations between 24 MDD patients 
and HC, encompassing DC cell, B_cell, Monocyte cell, Macrophage cell, NK cell, Neutrophil cell, CD4_T cell, CD8_T 
cell, NKT cell, Gamma_delta cell, CD4_naive cell, Tr1 cell, nTreg cell, iTreg cell, Th1 cell, Th2 cell, Th17 cell, Tfh cell, 
CD8_naive cell, Cytotoxic cell, Exhausted cell, MAIT cell, Central_memory cell, Effector_memory cell. The proportions 
of 24 types of immune cells in the MDD group and the control group are shown in Figure S4a, while Figure S4b 
illustrated the disparities in these 24 immune cell populations between the MDD and HC groups. Notably, significant 
differences are observed in the proportions of B_cell, Macrophage cell, Neutrophil cell, CD4_T cell, Tr1 cell, iTreg cell, 
Tfh cell, CD8_naive cell and MAIT cell between the two groups. Lastly, we conducted a Spearman correlation analysis 
between the immune cell populations that exhibited differences between the two groups and the six previously identified 
hub genes (IL10, ITGAM, PTPRC, IL13, STAT5B, and JAK2). The results revealed that these hub genes exhibited 
correlations with a diverse array of immune cell types (Figure S4c).

Changes in General Indicators, Appetite and Body Weight in a Co-Morbid Model of 
Depression and Anorexia Mice
During the modeling phase, the control mice maintained an excellent mental state, featuring glossy and smooth fur as 
well as a healthy appetite. In contrast, the mice in the model group exhibited a poor mental state, characterized by dull 
and unkempt fur along with a reduced appetite.

To evaluate the effectiveness of the anorexia modeling in mice, we conducted weekly assessments of their dietary intake 
and body weights. The results presented in Figure 3a demonstrate that, following four weeks of stress modeling, the food 
intake of mice in the model group progressively decreased over time when compared to the control group. Furthermore, 
Figure 3b illustrated that when comparing the weekly food intake of mice, a significant reduction in intake was observed in 
the model group from week 2 onwards, in comparison to the control group (p<0.0001). As depicted in Figure 4a, after four 
weeks of stress modeling, the mice in the model group exhibited a slower rate of body weight gain over time compared to the 
control group. Additionally, Figure 4b revealed that when analyzing the change in body weight before and after modeling, the 
mice in the model group gained weight at a significantly slower pace than those in the control group (p<0.001).
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Behavioral Assessment
To establish a successful mouse model of comorbid anorexia and depression, mice underwent behavioral tests, including 
SPT, FST, and TST, the day following the final body weight measurement. The results presented in Figure 5a indicate 
that the mice in the model group exhibited a reduced preference for sugar water, which was significantly lower than that 
of the control group. Although no significant differences were found in the FST between model and control groups as 

Figure 2 Functional enrichment analysis of the intersection of genes related to MDD and anorexia. (a) The Venn diagram displays the 214 DEGs obtained by taking the 
intersection of genes identified through Limma, WGCNA module genes, and genes related to anorexia. (b) Performing KEGG analysis on the intersecting DEGs, with 
different colors representing various significant pathways and their associated genes. (c) Performing GO analysis on the intersecting DEGs. The y-axis represents GO terms, 
and the x-axis represents gene ratio involved in corresponding GO terms, where the size of the circles reflects the number of genes and the color represents the P-value. - 
Log10(p-value) >1.3 (equivalent to p<0.05) is considered significant.
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shown in Figure 5c, Figure 5b demonstrates that the mice in the model group remained immobilized for a significantly 
longer duration during the TST, showing a notable difference in immobilization time compared to the control group.

Results of qPCR in Mice
To confirm the findings obtained from the previous experiments, we conducted an analysis of the mRNA expression 
levels of IL-13, ITGAM, JAK2, PTPRC, STAT5B, and IL-10 in specific brain regions of the mice. As illustrated in 

Figure 3 Changes in food intake of mice in each group. (a) The growth trend of food intake in two groups of mice during the 4-week modeling. (b) Differences in food 
intake between the two groups of mice during the 4-week modeling. Compared to the control group: ns indicates p>0.05, **** indicates p<0.0001.

Figure 4 Changes in body weight of mice in each group. (a) The growth trend of body weight in two groups of mice during the 4-week modeling. (b) Differences in body 
weight between the two groups of mice after the 4-week modeling. Compared to the control group: *** indicates p<0.001.

Figure 5 Results of behavioral indicators in mice from each group. (a) Results of sucrose preference rate in two groups of mice after 4 weeks of modeling. (b) Results of 
immobility time in the tail suspension test for two groups of mice after 4 weeks of modeling. (c) Results of immobility time in the forced swimming test for two groups of 
mice after 4 weeks of modeling. Compared to the control group: ns indicates p>0.05, * indicates p<0.05, *** indicates p<0.001.
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Figure 6, the expression levels of JAK2, PTPRC, and STAT5B were significantly upregulated in the brain regions of mice 
belonging to the model group, in comparison to those in the control group.

Discussion
Clinical studies have shown elevated levels of pro-inflammatory cytokines in patients with MDD,25,26 while animal 
experiments have elucidated their direct or indirect effects on brain circuits, behavior, and mood.27 Pro-inflammatory 
cytokines can induce depression by activating neuroimmune pathways through the stimulation of peripheral immunity, 
which leads to alterations in microglia and astrocytes. Furthermore, inflammatory factors may impair intestinal mucosal 
barrier function, enabling intestinal bacteria, endotoxins, and other harmful substances to enter the bloodstream and reach 
the brain, thereby exacerbating neuroinflammation.7 Some studies have even shown that inflammatory cytokines 
correlate with the severity of MDD,28 and that anti-inflammatory treatment can improve the symptoms of MDD.29 

Currently, the diagnosis and treatment of MDD pose significant challenges, highlighting the importance of identifying 
suitable diagnostic biomarkers. Given that inflammation also plays a pivotal role in anorexia, and our prior research has 
demonstrated inflammation as a shared pathogenic mechanism underlying both MDD and anorexia, we conducted 
a bioinformatics analysis to screen for six crucial genes implicated in both disorders: IL-10, ITGAM, PTPRC, IL-13, 
STAT5B, and JAK2. We conducted a differential gene expression analysis using the GSE54575 dataset,30 which 
comprises human brain samples. Our findings revealed that the expression differences of these six genes in the human 
brain differ from those observed in the blood. This finding underscores the complexity of MDD as a disease, indicating 
that there could be different mechanisms underlying its development in various tissues. Peripheral blood and the brain are 
separate physiological settings, and gene expression is regulated by numerous factors, including the types of cells 
present, the local surroundings, and various signaling routes. Upon validation through animal experiments, it was 
determined that the expression levels of PTPRC, STAT5B, and JAK2 differed significantly between the two groups 
among the six screened key genes. These three genes have the potential to serve as diagnostic biomarkers for MDD 
comorbid with anorexia.

Protein tyrosine phosphatase receptor type C (PTPRC), also known as CD45, is an important regulator of antigen 
receptor-mediated activation of T and B cells.31 PTPRC levels are elevated in ulcerative colitis, atherosclerosis, 
depression and other diseases.32,33 Inflammation and immunity constitute the underlying pathologic mechanisms of 

Figure 6 mRNA expression profile in mice with comorbid depression and anorexia. The mRNA expression levels of (a) IL-13, (b) ITGAM, (c) JAK2, (d) PTPRC, (e) 
STAT5B and (f) IL-10 in mice were measured by qRT-PCR. Compared to the control group: ns indicates p>0.05, * indicates p<0.05, ** indicates p<0.01.
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these diseases, with PTPRC being closely associated with both inflammatory and immune processes.31 Despite the lack 
of clarity regarding the precise mechanisms involved, aberrant expression or dysfunction of PTPRC has been implicated 
in a range of inflammation-related diseases.34,35 Both MDD and anorexia are inflammation-related conditions, and our 
current study indicates that PTPRC may serve as a promising diagnostic biomarker for MDD accompanied with anorexia.

A diverse array of inflammatory factors exerts their effects through the JAK/STAT signaling pathway.36 The JAK/ 
STAT signaling pathway plays a pivotal role in regulating the development, activation, and functionality of immune cells. 
Furthermore, it possesses the capability to modulate both effective immune responses and inflammatory reactions.37 The 
JAK family comprises four members: JAK1, JAK2, JAK3, and TYK2, whereas the STAT family encompasses seven 
members, namely STAT1, STAT2, STAT3, STAT4, STAT5A, STAT5B, and STAT6.37 The JAK/STAT signaling pathway 
orchestrates a multitude of central nervous system functions that are intimately tied to the pathophysiology of mood 
disorders. Research has demonstrated that this signaling cascade represents a novel therapeutic target for the treatment of 
depression.38 Elevated mRNA levels of IL-6, JAK2, and STAT3 observed in a rat model of depression induced by 
chronic mild stress (CMS) indicate that the IL-6/JAK2/STAT3 signaling pathway may be activated in the context of 
depression.39 Lipopolysaccharide(LPS) can induce depression by disrupting the JAK2/STAT5 signaling pathway, 
whereas Erythropoietin (EPO) has the capacity to alleviate depressive symptoms by mitigating this signaling pathway 
impairment.40 It has also been shown that N-acetylcysteine may exert antidepressant effects by mediating the JAK/STAT 
pathway.41 Our study showed elevated mRNA levels of JAK2 and STAT5B in mice with MDD accompanied with 
anorexia. Inflammation is a key factor in malnutrition and may lead to decreased food intake, causing anorexia.13 In the 
hypothalamus, leptin-induced anorexia requires signaling through JAK-STAT, and leptin-induced anorexia is lost after 
administration of JAK2 blockers.42 In mouse experiments, anorexia and fat loss were significantly improved in malignant 
mice after injection of JAK2 inhibitors.43 Experiments in rats have also shown that Liujunzi Decoction (a classical 
Chinese herbal formula composed of Ren Shen, Bai Zhu, Fu Ling, Ban Xia, Gan Cao, Chen Pi, Sheng Jiang and Da Zao) 
improves chemotherapy-induced anorexia mainly by inhibiting the JAK-STAT signaling pathway.44 In this study, JAK2 
and STAT5B were used as candidate diagnostic biomarkers.

It is well-documented that inflammation and immunity play a crucial role in the pathogenesis of MDD.26,28 

Additionally, inflammatory factors are also significant in the development of anorexia.13 Activation of various immune 
cells (neutrophils, macrophages, natural killer cells, innate lymphocytes) can cause mast cell degranulation, which 
facilitates antigen uptake and presentation of antigens to adaptive immune cells, resulting in target organ damage.45 

The inflammasome is a cytosolic protein complex that serves as a key component of the innate immune system, 
mediating inflammatory responses. Various innate immune cells (macrophages and monocytes) express 
inflammasomes.46 Therefore, immune cells can recognize pathogens and activate inflammatory responses through 
inflammasomes. Mucosal-associated invariant T cells (MAIT) are a type of “innate-like” T cells that express semi- 
invariant αβ T cell receptors (TCRs). They have the ability to recognize non-peptide antigens presented on MHC class 
I molecules. Furthermore, MAIT cells can produce pro-inflammatory cytokines and cytotoxic molecules, which con
tribute to exacerbating inflammation and causing tissue damage.47 In summary, immune cells can trigger immune and 
inflammatory responses through various pathways. The involvement of the immune system in the inflammatory 
pathology of MDD remains unclear, but studies have shown alterations in immune cells in MDD patients,48 and 
inflammation can contribute to depression through multiple pathways.7 Our study showed that B_cell, Macrophage 
cell, Neutrophil cell, CD4_T cell, Tr1 cell, iTreg cell, Tfh cell, CD8_naive cell, and MAIT cell were higher in the MDD 
group, which is in line with the results of related studies. In addition to this, our study showed that genes common to 
MDD and anorexia are closely associated with these differential immune cells. Inflammation and immunity are also 
critical for anorexia.13 In anorexia, inflammation of the intestinal tract can alter the permeability of the intestinal mucosa, 
thereby impacting the hunger and satiety center.49 Furthermore, studies have demonstrated that various autoimmune 
diseases can coexist with anorexia, and treating these autoimmune diseases can lead to improvements in anorexia. This 
analysis suggests that there may be a shared immune pathway between the two conditions.50 Adolescent women with 
anorexia exhibit elevated plasma levels of pro-inflammatory parameters and dysfunction in intercellular inflammatory 
pathways. Moreover, markers of inflammation positively correlate with the severity of the disease.51 Further research has 
indicated that anorexia induced by inflammation is dependent on cyclooxygenase-2 (COX-2).52 Our study also found that 
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the common differential gene function enrichment in MDD and anorexia was mainly focused on multiple immune, 
inflammation-related pathways, which is consistent with our previous findings.14

This study ultimately identified three genes (PTPRC, STAT5B, and JAK2) through bioinformatics analysis and 
animal experiments. These genes may serve as potential candidate genes for the diagnosis of MDD with anorexia. All of 
these genes are related to inflammation and immunity, highlighting the significant roles of inflammation and immunity in 
MDD and anorexia. This provides new insights into the diagnosis of MDD accompanied with anorexia.

However, our study has certain limitations. First, the gene expression datasets for MDD came from a small sample of 
patients and controls. This small size may introduce sampling bias and limit the generalizability of our findings. Future 
studies should use larger clinical samples to enhance result reliability. Second, our data were from human peripheral 
blood, which may not fully mirror brain gene expression patterns, the key site of MDD pathology. There are differences 
between blood and brain gene expression. Future research ought to incorporate multiple tissue or organ samples, such as 
blood and brain, to validate the relevance of genes. Last, we only employed the qPCR detection method, and more 
experimental methods can be utilized for validation in future studies.

Conclusion
Through the application of bioinformatics analysis and animal experimentation, we have pinpointed three hub-genes 
(PTPRC, STAT5B, and JAK2) that hold potential as both diagnostic biomarkers and therapeutic targets for MDD 
accompanied with anorexia.
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