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A B S T R A C T   

Background: Depression and long non-coding RNA (lncRNA) have been reported to be associated 
with tumor progression and prognosis in gastric cancer (GC). This study aims to build a GC risk 
classification and prognosis model based on depression-related lncRNAs (DRLs). 
Methods: To develop a risk model, we performed univariate Cox regression and least absolute 
shrinkage and selection operator (LASSO) regression analyses using RNA sequencing data of GC 
from The Cancer Genome Atlas (TCGA) and depression-related genes (DRGs) from previous 
studies. Kaplan-Meier analysis, receiver operating characteristic (ROC) curve analysis, nomogram 
construction, pathway enrichment analysis, assessment of immunological features, and drug 
sensitivity testing were conducted using a series of bioinformatics methods. 
Results: Seven DRLs were identified to build a prognostic model, whose robustness was verified in 
an internal cohort. Subsequent prognostic analyses found that high risk scores were associated 
with worse overall survival (OS). Univariate and multivariate analyses revealed that the risk score 
could be used as an independent prognostic factor. Furthermore, the ROC curve indicated that the 
risk score had higher diagnostic efficiency than traditional clinicopathological features. The 
calibration curve confirmed the accuracy and reliability of the nomogram. Gene ontology (GO) 
and Kyoto Encyclopedia of Genes and Genomes (KEGG) enrichment analyses showed that there 
were differences in digestive system and nervous system-related pathways between the high- and 
low-risk groups. Results of tumor mutational burden (TMB) and tumor immune dysfunction and 
exclusion (TIDE) analyses indicated that patients in the low-risk group had a better response rate 
to immunotherapy. Finally, the results of drug sensitivity analysis showed that risk score could 
influence sensitivity to EHT 1864 in GC. 
Conclusion: We have successfully developed and verified a 7-DRL risk model which can assess the 
prognosis and immunological features and guide individualized therapy of GC patients.   
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1. Introduction 

Gastric cancer (GC) was the fifth most common cancer and the fourth leading cause of cancer-related death globally, with more 
than one million new GC patients and nearly 0.77 million deaths reported in 2020 [1]. Currently, the predominant treatment options 
for GC include surgery, chemoradiotherapy, targeted therapy, and immunotherapy [2]. While these treatments have improved patient 
survival rates, the 5-year overall survival (OS) remains at a low level [3]. Besides, early symptoms of GC are often nonspecific, leading 
to a low early detection rate. Consequently, a large number of patients are detected at an advanced stage, which is one of the main 
reasons for the poor prognosis of GC [4]. The AJCC TNM staging system is mainly used to evaluate the prognosis of tumor patients and 
guide clinical treatment strategies [5]. However, due to high tumor heterogeneity, GC patients with the same stage and receiving 
similar therapy may have significantly different clinical outcomes [6]. Therefore, it is crucial to identify diagnostic and prognostic 
biomarkers that can accurately predict the prognosis of GC and offer new, effective treatment strategies. Therefore, it is very promising 
to discover and identify a new diagnostic and prognostic biomarker which can accurately predict prognosis and provide reference for 
clinical treatment of GC patients. 

Depression is widely recognized as one of the most common mental illnesses, significantly negatively impacting patients’ mental 
health and state of daily living. Currently, depression is one of the leading causes of the global burden of disease, imposing substantial 
personal, societal, and economic burdens [7]. It is reported that cancer patients have a higher incidence of depression than the general 
population [8]. Additionally, previous research has indicated that comorbid depression may be associated with poor prognosis and 
increased mortality in tumor patients [9–11]. Meanwhile, evidence shows that over 57 % of GC patients score high on depression scales 
[12,13]. GC patients with depression may experience worsening symptoms, reduced quality of life, and worse survival rates [14]. 

Recent studies have reported that depression affects endocrine function, inflammation, oxidative stress, immune function, and 
other biobehavioral pathways in cancer patients [15,16]. Similar findings have been observed in GC. For instance, Pan et al. 
demonstrated that depression could induce neuroendocrine phenotypes through β2-AR/MACC1 axis, promoting GC progression and 
metastasis [17]. Additionally, a recent review highlighted the importance of depression-induced reactive oxygen species (ROS) in GC. 
High levels of ROS could activate ABL1, facilitating the progression of GC [18]. Therefore, depression plays a crucial role in the 
progression and prognosis of GC. 

Long non-coding RNA (lncRNA), with more than 200 nucleotides, affects cell differentiation and growth, gene expression, and 
chromatin organization formation [19,20]. On one hand, lncRNA plays a significant role in the pathogenesis of depression and can 
regard as a potential therapeutic target and a diagnostic biomarker for the condition [21]. On the other hand, lncRNA, as a diagnostic 
and prognostic biomarker for GC, has been studied in more and more projects for early diagnosis, evaluation of prognosis and drug 
response [22,23]. However, the value of depression-related lncRNA (DRL) in assessing the prognosis of GC patients hasn’t been fully 
and effectively studies. Thus, this study aims to build a DRL-based prognostic model that can enhance current strategies for the 
diagnosis, treatment, and prevention of GC. 

In this study, we constructed a new risk prognostic model based on the screened DRLs and verified its accuracy in assessing the 
prognosis of GC patients. As a result, it was confirmed that risk score was closely correlated with OS and progression-free survival 
(PFS). Additionally, our study showed that patients with low-risk scores responded better to immunotherapy. Moreover, EHT 1864 
emerged as a potential targeted drug for the therapy of GC patients. To sum up, our study not only provides a novel prognostic model 
for evaluating GC prognosis but also underscores the clinical significance of assessing depression in GC treatment. 

2. Materials and methods 

2.1. Data collection and preparation 

We downloaded gene expression data and clinicopathological features of GC patients from TCGA database (https://tcga-data.nci. 
nih.gov/tcga/). The RNA sequencing data was annotated and then distinguished into mRNAs and lncRNAs through Perl software. After 
excluding patients with absent prognostic information, we merged the lncRNA expression data with 438 patients’ clinical data. Ul-
timately, 371 GC patients were included in the later analysis. These patients were randomly assigned to training (n = 186) and test sets 
(n = 185) using the R package “caret”. Then, we obtained three gene lists which were thought to be associated with depression from 
previous studies [24–26]. The detailed gene names in the three lists were listed in Supplementary Table S1. These studies conducted 
genome-wide association meta-analysis based on over one million depression cases and controls, ensuring the authenticity of the 
results. Finally, thirty-eight depression-related genes (DRGs) were screened out by Venn diagram. The detailed names of the 
thirty-eight DRGs were listed in Supplementary Table S2. 

2.2. Identification of depression-related LncRNAs 

We eliminated samples with incomplete clinicopathological features, and then transformed Ensemble gene IDs into Gene symbol 
IDs. For genes with multiple gene symbols, we took the average value utilizing the “avereps” function of“limma” package [27]. The 
expression values of thirty-eight DRGs were extracted from GC gene expression matrix. Pearson correlation tests were then performed 
to identify eligible DRLs based on the screening criteria |R| ≥ 0.4 and p < 0.001. A total of 631 DRLs co-expressed with DRGs were 
screened out. These lncRNAs were used for subsequent model construction. Finally, the co-expression of DRGs and DRLs was visualized 
utilizing a Sankey diagram created with the “ggplot2” and “ggalluvial” packages [28]. 
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2.3. Construction of risk model 

As previously mentioned, patients were randomly assigned into the training and the test set. We used the training set to build the 
prognostic model which was then verified the accuracy in the test set. We obtained nine DRLs (p < 0.05) associated with the OS of GC 
by using univariate Cox regression analysis. Furthermore, LASSO regression analysis was performed to avoid overfitting and to identify 
lncRNAs truly related to patient survival, based on 10-fold cross-validation. Multivariate Cox regression analysis identified seven DRLs 
to build a more robust prognostic model. Based on the seven optimal lncRNAs identified, the formula for the risk score of the prognostic 
signature was constructed as follows: 

∑n
i=1Coef(i) × x(i), where Coef(i) represented the coefficient of multiple Cox regression analysis 

of seven lncRNAs and x(i) indicated the expression level of each lncRNA. Based on the above formula, we calculated the risk score of all 
GC patients, and divided them into high- and low-risk groups according to the median risk score. 

2.4. Assessment of prediction accuracy and independence of risk model 

Kaplan-Meier analysis was utilized to evaluate OS and PFS between the two groups in the total set. The “pheatmap” package was 
employed to map patient survival status and lncRNA expression heatmaps based on the risk scores. Cox regression analysis was used to 
decide if the risk score could be used as an independent prognostic factor, and results were visualized using forest maps. Besides, the 
area under ROC curve for 1-year, 3-year, and 5-year OS, along with C-index curve, were utilized to assess the specificity and sensitivity 
of the model. Furthermore, patients were assigned into subgroups based on gender (Female and Male) and cancer stage (stages I–II and 
stages III–IV) to decide whether the prognostic risk score was applicable across different genders and stages of GC. Finally, we verified 
the reliability and accuracy of the model in an internal validation queue. 

2.5. Establishment of the nomogram and functional enrichment analysis 

A nomogram is a graphical tool that can quickly perform complex calculations [29]. We further utilized the package “rms” to build 
a nomogram, combining the risk score with clinicopathological characteristics to assess the predictive effect of the risk scores for 
1-year, 3-year, and 5-year OS. A calibration plot was then generated to establish a concordance index, evaluating the accuracy of the 
nomogram’s prediction results. The closer the calibration curve was to the diagonal, the better the prognostic predictive ability of the 
nomogram. We used the “limma” package for differential expression analysis, and obtained the differentially expressed genes (DEGs) 
between the two groups based on the screening criteria of |log2FoldChange| > 0.6 and p < 0.05. We then performed GO and KEGG 
enrichment analyses to explore specific enrichment pathways and biological functions enriched in DEGs. The GO and KEGG analyses 
were carried out utilizing R packages such as “ggplot2,” “enrichplot,” “circlize,” “org.Hs.eg.db,” and “clusterProfiler." 

2.6. Prediction of immunotherapy responsiveness and targeted drug sensitivity 

The “limma”, “pheatmap”, “GSVA”, and “reshape2″ R packages were used to generate heatmap to demonstrate the activity of 13 
immune-related functions and to compare differences between high- and low-risk groups. Tumor mutational burden (TMB) data were 
also derived from TCGA database, and each patient’s TMB score was calculated. The TBM values in the two groups were compared 
using t-test. In addition, the “limma” and “ggpubr” packages were utilized to demonstrate the relationship between TMB and OS. TMB 
and risk scores were integrated and survival curves were plotted. The mutation profiles and frequencies of genes in the two groups were 
explored and visualized utilizing package “maftools”. To predict the treatment outcome to immunotherapy, the tumor immune 
dysfunction and exclusion (TIDE, http://tide.dfci.harvard.edu/) algorithm was established and the “limma” and “ggpubr” packages 
were utilized to compare differences between the two groups [30]. Finally, to better apply the model to clinical practice, the R package 
“pRRophetic” was used to predict the half-maximal inhibitory concentrations (IC50) of potential drugs [31]. A p-value <0.001 was 
regarded as statistically significant. 

2.7. Statistical analysis 

R software (version 4.1.2) was used for statistical analysis and graph drawing. Data processing was primarily performed using Perl 
software (version 5.30.0.1). Kaplan-Meier analysis was employed to compare OS and PFS between the two groups. Differences be-
tween subgroups were analyzed using t-test and the Wilcoxon signed-rank test. Unless otherwise stated, p-value was bilateral, and p <
0.05 was regarded as statistically significant. 

3. Results 

3.1. Construction of Seven-DRLs risk model 

To ensure the genes were related to depression, a Venn diagram was drawn to select the overlapped genes from all three gene lists. 
Thirty-eight genes were screened out and defined as depression-related genes (DRGs) (Fig. 1A). Then we identified a total of 631 DRLs 
associated with these 38 DRGs through Pearson correlation analysis (Supplementary Table S3). The results of co-expression were 
presented using Sankey diagram (Fig. 1B). 
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In this study, TCGA GC cases were randomly segregated into training set of 186 cases and test set of 185 cases. The details of clinical 
characteristics for the training, test, and total set were listed in Table 1. To identify DRLs related to OS, we executed univariate Cox 
regression analysis and identified 9 prognostic DRLs (Fig. 1C). Subsequently, LASSO regression analysis was utilized to avert over-
fitting, selecting 8 DRLs (Fig. 1D and E). Multivariate Cox regression analysis further confirmed 7 DRLs to construct the risk model. The 
risk scoring formula was constructed according to the calculated Cox regression coefficients and lncRNA expression values: Risk score 
= AP003392.1 × (− 0.9253) + AC068790.7 × (2.1807) + CCNT2-AS1 × (1.3812) + IPO5P1 × (− 1.0032) + AC129507.1 × (1.4003) 
+ AL160006.1 × (− 1.2747) + AC103736.1 × (1.4903). Then, the correlation heatmap further summarized the correlations between 
the 7 DRLs and the 38 DRGs (Fig. 1F). Notably, ZSCAN12, ZNF660, ZNF445, ZKSCAN8, ZKSCAN7, PGBD1, PAX5, and KLC1 showed 
positive correlations with all 7 DRLs. 

Fig. 1. Identification of DRL based prognostic signature in GC. (A) Venn diagram containing three lists of depression-related genes. (B) Sankey 
relationship diagram of depression genes and DRLs. (C) Univariate COX regression analysis to select prognostic lncRNAs. (D, E) LASSO Cox 
regression with a 10-fold cross-validation for the prognostic value of the DRLs. (F) Correlation of lncRNAs with depression-related genes in 
risk models. 
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3.2. Validation of the DRL risk model 

The risk scores of all patients were calculated according to the risk scoring formula. The median risk score of patients in the training 
set was defined as a cut-off value, according to which patients were divided into high- and low-risk groups. To evaluate whether risk 
score could accurately predict prognosis for GC patients, we conducted Kaplan-Meier analysis to generate survival curves for training, 
test, and total set, respectively. The results showed that patients with higher risk scores had significantly shorter OS across all three 
datasets (Fig. 2A–C). Furthermore, PFS evaluated in the total set revealed that PFS appeared shorter in high-risk group (Fig. 2D). The 

Table 1 
Clinical information of the total set, test set and training set.  

Covariates Type Total Test Train P value 

Age ≤65 163(43.94 %) 84(45.41 %) 79(42.47 %) 0.6747 
>65 205(55.26 %) 100(54.05 %) 105(56.45 %)  
unknow 3(0.81 %) 1(0.54 %) 2(1.08 %)  

Gender FEMALE 133(35.85 %) 70(37.84 %) 63(33.87 %) 0.4912 
MALE 238(64.15 %) 115(62.16 %) 123(66.13 %)  

Grade G1 10(2.7 %) 7(3.78 %) 3(1.61 %) 0.3598 
G2 134(36.12 %) 68(36.76 %) 66(35.48 %)  
G3 218(58.76 %) 104(56.22 %) 114(61.29 %)  
unknow 9(2.43 %) 6(3.24 %) 3(1.61 %)  

Stage Stage I 50(13.48 %) 20(10.81 %) 30(16.13 %) 0.5022 
Stage II 111(29.92 %) 57(30.81 %) 54(29.03 %)  
Stage III 149(40.16 %) 77(41.62 %) 72(38.71 %)  
Stage IV 38(10.24 %) 20(10.81 %) 18(9.68 %)  
unknow 23(6.2 %) 11(5.95 %) 12(6.45 %)   

Fig. 2. Survival analysis of the high- and low-risk groups in GC patients. (A) K-M survival curve on OS status of training set in GC patients. (B) K-M 
survival curve on OS status of test set in GC patients. (C) K-M survival curve on OS status of total set in GC patients. (D) K-M survival curve on PFS 
status of total set in GC patients. 
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combined analysis of risk score and survival status showed that GC patients in low-risk group had lower mortality and risk score across 
all three datasets (Fig. 3A and B). A heatmap generated from the expression data of 7 DRLs in the two groups showed similar expression 
patterns across the three sets (Fig. 3C). For example, AC068790.7, CCNT2-AS1, AC129507.1, and AC103736.1 were regarded as high- 
risk lncRNAs, whereas AP003392.1, IPO5P1, and AL160006.1 were regarded as low-risk lncRNAs. 

3.3. Independent prognostic analysis of risk model 

We used univariate and multivariate Cox regression analyses to determine whether risk score could be regarded as an independent 
prognostic factor. Univariate Cox regression analysis indicated that risk score (HR = 1.104, p < 0.001) could be used as a predictor of 
OS (Fig. 4A). Multivariate Cox regression analysis further clarified that risk score (HR = 1.119, p < 0.001) continued to have a sig-
nificant effect on OS (Fig. 4B). These findings demonstrated that risk score could be regarded as an independent prognostic factor in 
patients with GC, independent of other clinicopathological features. 

Moreover, time-dependent ROC curves were used to evaluate the predictive power of the model, with 1-year, 3-year, and 5-year 
AUC values of 0.736, 0.686, and 0.715, respectively (Fig. 4C). The clinical ROC curves were created by integrating risk score with 
clinical indicators (Fig. 4D), and it was found that the AUC value of risk score was the highest, which proved that the prediction 
efficiency of the risk score was the best. The C-index curve results corroborated these findings (Fig. 4E). To better assess predictive 
accuracy, the analyses were replicated in both the training set (Supplementary Figs. S1A–D) and the test set (Supplementary 
Figs. S2A–D). Cox regression analyses confirmed that risk score was an independent prognostic factor. ROC curves demonstrated that 
AUC value of risk score was higher than other clinicopathological indicators. 

Kaplan-Meier survival analyses were performed in different clinical subgroups to assess the stability of risk score in predicting 
prognosis. Among the total set patients stratified by sex (female and male) and disease stage (stages I-II and III-IV), high-risk patients 
had significantly shorter OS than patients in the low-risk group (Supplementary Figs. S3A–D). These results indicated that the 
prognostic model could accurately predict prognosis and effectively evaluate OS in GC patients across different genders and stages. All 
above results guaranteed the credibility and practicality of our model. 

3.4. Construction of a nomogram and functional enrichment analysis 

To further verify the accuracy of this prognostic model in predicting the prognosis of GC patients, we built a nomogram through 
integrating clinicopathological features and risk scores to forecast 1-year, 3-year, and 5-year OS (Fig. 5A). Calibration curve was used 
to verify the predictive power of the nomogram and the results showed that the OS predicted through the nomogram was consistent 
with the actual OS (Fig. 5B). Thus, the nomogram was well-calibrated and provided reliable predictions of patient OS. 

We have verified that the DRL-based prognostic model had high specificity and accuracy in predicting the prognosis of GC patients, 
and then we continued to explore its potential mechanism. First, effective DEGs were screened out between high - and low-risk groups 
based on the screening criteria outlined in the method section. To elucidate the biological functions which risk score could influence, 
we performed GO and KEGG enrichment analyses based on DEGs (Fig. 5C and D). The results of biological process (BP) enriched 
in“regulation of hormone levels”, “digestion”, “digestive system process”, and “phospholipase C-activating G protein-coupled receptor 
signaling pathway”; Cellular component (CC) mainly focused on “neuronal dense core vesicle”; Molecular function (MF) enriched 

Fig. 3. Risk curve analysis of the training, test and total set (from left to right). (A) Risk score distribution of patients with GC based on DRLs. (B) 
Scatter plots showed the association between the OS and the risk score distribution. (C) Heat maps of expression of the seven lncRNAs signals 
associated with depression. 
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in“signaling receptor activator activity”, “receptor ligand activity”, and “G protein-coupled receptor binding”. More importantly, 
KEGG was enriched in “Protein digestion and absorption”, “Pancreatic secretion”, “Neuroactive ligand-receptor interaction”, “Renin- 
angiotensin system”, and “Gastric acid secretion”. As a result, all the biological functions mentioned above were all involved in the 
digestive system and the nervous system, which indicated that our risk score could serve as a predictive marker of digestive and 
nervous function for GC patients. 

3.5. Analysis of immunotherapy response and drug sensitivity 

GSVA enrichment analysis was used to assess whether risk score could affect the function of immune-related pathways. The 
heatmap showed that the function of type I and type II IFN response pathways in high-risk group differed significantly from that in low- 
risk group, while this difference was not observed in other pathways (Fig. 6A). In addition, we assessed whether there was an asso-
ciation between TMB and risk score. The result showed a significant difference in TMB values between the two groups (Fig. 6B). We 
further found that low TMB was associated with shorter OS (Fig. 6C). To further assess the synergism of risk score and TMB in pre-
dicting outcome in GC patients, we performed a stratified survival curve analysis of these two markers. As shown in Fig. 6D, TMB value 
did not influence the prognostic power of the risk score, and the longest OS was observed in the high-TMB + low-risk group. 

In addition, we used the maftools algorithm to probe and visualize gene mutations in different risk groups. The integrated land-
scape of somatic variations depicted mutational patterns of the 20 driver genes with the highest mutation frequency (Fig. 6E and F). 
The results revealed a higher frequency of mutations in low-risk group compared to high-risk group (TTN: 52 % versus 48 %; MUC16: 
34 % versus 26 %; ARID1A: 33 % versus 20 %). These findings provided new insights into the intrinsic association between risk score 
and somatic variation in immunotherapy of GC. Subsequently, we used TIDE scores to assess the response of different risk groups to 
immune checkpoint inhibitors (ICIs). Interestingly, we observed a higher TIDE value in high-risk group, indicating a greater immune 
escape capacity and a subsequent less favorable outcome of immunotherapy (Fig. 7A). Overall, these findings suggested that risk scores 
may hold potential for assessing the clinical outcome of anti-tumor immunotherapy. 

In addition to immunotherapy, we further investigated whether risk scores could influence the efficacy of chemotherapy and 
targeted therapeutic agents for GC. It is well known that IC50 value is positively correlated with drug sensitivity. Ultimately, we 
identified 17 drugs whose sensitivity differed significantly between the two risk groups (p < 0.001), one of which was EHT 1864 
(Fig. 7B-R). These findings provide an important reference for the potential clinical value of these drugs in treatment of GC. 

4. Discussion 

GC stands as one of the most prevalent malignant tumors worldwide. Despite advancements in both economy and medical 

Fig. 4. Evaluation of the prognostic DRL signature in total set. (A) Forest plot for univariate Cox regression analysis. (B) Forest plot for multivariate 
Cox regression analysis. (C) The ROC curve predicted 1, 3, and 5 years of OS for GC patients. (D) ROC demonstrated the predictive accuracy of the 
risk model was superior to other clinicopathological variables. (E) C-index showed the predictive accuracy of the risk model was superior to other 
clinicopathological variables. 
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technology, the 5-year OS of advanced GC patients remains around 20 % [32,33]. The heterogeneity of GC leads to varying responses 
to similar therapies and distinct OS rates among patients, even with the same pathologic and TNM stages. Hence, there’s a pressing 
need to identify highly specific and sensitive methods for early screening and identification of high-risk patients to enhance GC pa-
tient’s outcomes. Additionally, the development of reliable prognostic factors for GC is imperative. Recent studies indicated that 
cancer patients, including those with GC, were more susceptible to depression [34]. Evidence suggested that individuals with GC had a 
higher incidence of depression compared to the general population [35]. Moreover, recent research had highlighted the negative 
correlation between the incidence and severity of depression and DFS and OS in GC patients [36]. Thus, it is promising to explore the 
link between depression and GC. As we all know, lncRNAs play multifaceted roles in the occurrence, progression, and metastasis of GC 

Fig. 5. Construction and validation of the nomogram and pathway enrichment analysis. (A) Nomogram with Risk scores and clinicopathological 
features for risk score calculation. (B) Calibration plots for 1-, 3-, and 5-years survival predictions. (C) Circle diagram of GO enrichment analysis. (D) 
Barplot of the top 10 GO enrichment terms. (E) Circle diagram of KEGG enrichment analysis. (F) Barplot of the top 8 KEGG enrichment terms. 
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[22,37–40]. And multiple lncRNA prognostic models can evaluate the OS of GC [41–44]. However, lncRNAs associated with 
depression have not been explored in the context of GC. Therefore, establishing a risk model using DRLs in GC holds significant 
research importance and value. 

In this research, we built a seven-DRLs risk model to improve diagnostic accuracy and predict the prognosis of GC patients. Initially, 
we retrieved the RNA sequencing data and corresponding clinical data of GC patients from TCGA. After screening and elimination, a 
cohort of 371 patients was identified and randomly partitioned into two sets. Subsequently, we identified 631 DRLs through co- 
expression analysis. Using LASSO and Cox regression analysis, we selected seven prognostic DRLs (AP003392.1, AC068790.7, 
CCNT2-AS1, IPO5P1, AC129507.1, AL160006.1, AC103736.1) to construct our risk model. Among these seven lncRNAs, AP003392.1, 
AC068790.7, and AC129507.1 were identified as risk factors for GC patients, consistent with previous results [45–47]. Additionally, 
CCNT2-AS1, IPO5P1, and AL160006.1 have been reported as components of risk models in other cancer types [48–50]. Notably, there 
is currently no relevant study regarding AC103736.1, warranting further analysis and investigation. 

Subsequently, we evaluated the validity and reliability of our risk model. Using the risk score, GC patients were randomly stratified 

Fig. 6. Immune related analysis and relationship between TMB and the signature. (A) Immune-related function analysis in low- and high-risk 
groups. (B) TMB between the low- and high-risk groups. (C) Survival analysis curves of the high- and low-TMB groups. (D) K–M survival curves 
between the four groups. (E) Waterfall plot revealed the top 20 mutation genes in GC for the low-risk (181 samples) group. (F) Waterfall plot 
revealed the top 20 mutation genes in GC for the high-risk (180 samples) group. “*" represents p value < 0.01. 
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into two groups based on the median risk score. Kaplan-Meier analysis showed that patients with low-risk values had longer OS and 
PFS. Furthermore, Cox regression analysis of risk score alongside clinical features confirmed that risk score could be used as an in-
dependent prognostic factor for GC patients. ROC curve and C-index curve indicated that risk score could accurately predict 1-, 3-, and 
5-year OS. In addition, based on risk score and clinicopathological characteristics, a nomogram was developed to forecast the prog-
nosis of GC patients. The calibration curve further verified that the predicted outcome of nomogram was consistent with the actual one. 
Further exploration via GO and KEGG enrichment analyses unveiled potential biological functions primarily related to digestive and 
nervous systems. This suggested that DRLs could bridge connections between the digestive and nervous systems, enhancing the 
prognostic prediction of GC patients, particularly those with depression. 

Recent advancements in immunotherapy, particularly ICIs, have revolutionized the clinical landscape of GC treatment and 
prognosis [51]. TMB has emerged as a promising biomarker for predicting survival following immunotherapy across various cancer 

Fig. 7. Impact of signature on TIDE and drug sensitivity. (A) TIDE scoring for immune evasion in low- and high-risk groups. (B–R) 17 common drugs 
which exhibit different IC50 in two groups. “**" represents p value < 0.01. 
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types, with higher TMB associated with improved OS [52]. Consistent with previous findings, our study showed that patients with 
low-risk values possessed higher TMB and longer OS. However, it is crucial to acknowledge that immune escape constituted a primary 
challenge in tumor immunotherapy. To delve deeper into this phenomenon, we explored whether there were differences in the activity 
of immune-related pathways between different risk groups. Interestingly, we observed higher activity levels of type II and type I IFN 
responses in high-risk group. In previous studies, type I IFN and type II IFN could promote immune evasion among various cancer types 
[53,54]. We further performed TIDE analysis, where a higher TIDE score often indicated an enhanced immune escape ability. Our 
results revealed that high-risk patients exhibited higher TIDE scores compared to their counterparts. In summary, patients classified 
into the high-risk group exhibited a heightened risk of immune escape and a poorer response to immunotherapy. These findings 
underscore the importance of incorporating risk stratification approaches into the design and implementation of immunotherapeutic 
strategies for GC management. 

In our drug sensitivity analysis, we identified EHT 1864 as having a significantly different IC50 between the two risk groups. EHT 
1864 is a small-molecule inhibitor targeting Ras-related C3 botulinum toxin substrate 1 (Rac1), which functions by impeding Rac1 
activation and consequently inhibiting downstream effector proteins [55]. Rac1 plays an important regulatory role in both GC and 
depression and has been extensively studied in various contexts [56–58]. Therefore, exploring the efficacy of EHT 1864 in GC patients 
with comorbid depression holds substantial significance for future research endeavors. This exploration may shed light on novel 
therapeutic strategies targeting Rac1 and its downstream pathways for improving outcomes in GC patients, particularly those with 
depression. 

Indeed, our study has several limitations that warrant acknowledgment. Firstly, the risk model was developed solely utilizing 
retrospective data from the TCGA database, which may introduce inherent biases. Although the dataset included a substantial number 
of GC patients, the robustness of our findings could be further bolstered by external validation cohorts. Unfortunately, suitable external 
validation cohorts were not available at present. Secondly, the results of TMB and TIDE scores were extrapolated from RNA sequencing 
data. Thus, the predictive power of our risk score for immunotherapy efficacy required validation in future immunotherapy cohorts, 
preferably utilizing clinical data directly assessing TMB and immune checkpoint expression. Lastly, while our study identified potential 
molecular markers of DRLs in GC, further experimental validation in in vivo and in vitro models is essential to elucidate the precise 
molecular mechanisms underlying their roles in GC pathogenesis and progression. 

5. Conclusion 

In this study, we successfully built a robust risk model utilizing seven DRLs, enabling accurate prognostic predictions for GC pa-
tients. Additionally, immune analysis underscored the sensitivity of ICIs in GC, while drug sensitivity analysis identified a novel 
targeted drug candidate. These findings hold promise in guiding clinical management and facilitating individualized therapy ap-
proaches for GC patients in the future. 
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DRG Depression-related gene 
DEG Differentially expressed gene 
TCGA The Cancer Genome Atlas 
ROC Receiver operating characteristic 
OS Overall survival 
ROS Reactive oxygen species 
PFS Progression-free survival 
GO Gene Ontology 
KEGG Kyoto Encyclopedia of Genes and Genomes 
IC50 half-maximal inhibitory concentrations 
CC Cellular component 
MF Molecular function 
BP Biological process 
TMB Tumor mutational burden 
TIDE Tumor immune dysfunction and exclusion 
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