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INTRODUCTION 
 

Diffuse large B-cell lymphoma (DLBCL) represents the 

most common subtype of non-Hodgkin lymphoma, 

characterized by diverse clinical presentations, biological 

attributes, and prognostic outcomes. The standard 

treatment of DLBCL is chemo-immunotherapy with R-

CHOP (rituximab, cyclophosphamide, doxorubicin, 

prednisone, vindesine, and bleomycin), which leads to a 

significant improvement in overall survival. Although 

this modality is safe and effective, only about 60% of 

cases can be cured with the standard R-CHOP treatment, 
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ABSTRACT 
 

Background/Aims: Diffuse large B-cell lymphoma (DLBCL), the most common subtype of non-Hodgkin 
lymphoma, has significant prognostic heterogeneity. This study aimed to generate a prognostic prediction 
model based on autophagy-related genes for DLBCL patients. 
Methods: Utilizing bioinformatics techniques, we analyzed the clinical information and transcriptome data of 
DLBCL patients from the Gene Expression Omnibus (GEO) database. Through unsupervised clustering, we 
identified new autophagy-related molecular subtypes and pinpointed differentially expressed genes (DEGs) 
between these subtypes. Based on these DEGs, a prognostic model was constructed using Cox and Lasso 
regression. The effectiveness, accuracy, and clinical utility of this prognostic model were assessed using 
numerous independent validation cohorts, survival analyses, receiver operating characteristic (ROC) curves, 
multivariate Cox regression analysis, nomograms, and calibration curves. Moreover, functional analysis, 
immune cell infiltration, and drug sensitivity analysis were performed. 
Results: DLBCL patients with different clinical characterizations (age, molecular subtypes, ECOG scores, and 
stages) showed different expression features of autophagy-related genes. The prediction model was constructed 
based on the eight autophagy-related genes (ADD3, IGFBP3, TPM1, LYZ, AFDN, DNAJC10, GLIS3, and CCDC102A). 
The prognostic nomogram for overall survival of DLBCL patients incorporated risk level, stage, ECOG scores, and 
molecular subtypes, showing excellent agreement between observed and predicted outcomes. Differences were 
noted in the proportions of immune cells (native B cells, Treg cells, CD8+ T cell, CD4+ memory activated T cells, 
gamma delta T cells, macrophages M1, and resting mast cells) between high-risk and low-risk groups. LYZ and 
ADD3 exhibited correlations with drug resistance to most chemotherapeutic drugs. 
Conclusions: This study established a novel prognostic assessment model based on the expression profile of 
autophagy-related genes and clinical characteristics of DLBCL patients, explored immune infiltration and 
predicted drug resistance, which may guide precise and individualized immunochemotherapy regimens. 
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leaving around 40% to face relapses or treatment 

resistance [1, 2]. Patients with relapsed or refractory 

diffuse large B-cell lymphoma (r/r DLBCL) face a 

challenging prognosis. As such, risk prediction 

consequently remains pivotal for DLBCL intervention. 

Precise prognostic evaluation, particularly at the initial 

point of diagnosis, plays a critical role in shaping 

treatment strategies and enhancing the likelihood of 

survival. Clinicians analyzed the risk factors including 

age, lactate dehydrogenase, extra-nodal sites, stage, and 

performance status, and developed the international 

prognostic index (IPI) to characterize the prognosis of 

aggressive non-Hodgkin lymphoma [3]. Scores of 0-1, 2, 

3, and 4-5 by IPI correspond to a 3-year overall survival 

of 91%, 81%, 65%, and 59%, respectively [4]. Besides, 

DLBCL subtypes and molecular features offer another 

dimension to identify populations with high risk, which 

are independent of IPI [5, 6]. 

 

Ongoing efforts profoundly advance the understanding of 

the genomic and transcriptomic landscape of DLBCL [7]. 

Several risk prediction models were developed based on 

the profiles of immune infiltration [8] and angiogenesis 

[9]. Most interestingly, it was revealed that the 

expression profile of autophagy-related genes can be 

used to predict the prognosis of DLBCL [10]. This study 

then explored the molecular mechanism of autophagy-

related genes in the occurrence and process of DLBCL. 

 

Autophagy facilitates metabolic adaptation and 

mediates nutrient cycling, and this multistep lysosomal 

degradation participates in the cancer process [11, 12]. 

The expression profiles of autophagy-related genes are 

widely used to establish prediction models for prognosis 

or overall survival in prostate cancer, breast cancer, 

clear-cell renal cell carcinoma, and glioma [13–16]. 

Furthermore, recent findings support the application 

potential of therapeutic molecules that target functional 

mechanisms of autophagy for the treatment of DLBCL 

[17, 18], and the results implied that autophagy-related 

genes can serve as prognostic markers for DLBCL. In 

this study, the prognostic assessment model was 

established based on the expression profile of autophagy-

related genes and clinical features of DLBCL patients. 

Next, the risk scoring model was applied to predict 

immune infiltration and drug resistance. Our findings 

may provide clinical potential in therapeutic interventions 

for individual cases of DLBCL. 

 

MATERIALS AND METHODS 
 

Data extraction and processing 

 

Model building dataset 

We extracted clinical and transcriptomic data for  

119 DLBCL patients from the GSE53786 dataset 

(https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=

GSE53786) in the Gene Expression Omnibus (GEO) 

database. Specifically, we used the dataset, retrieved 

on 16 January 2022 using the GEOquery package 

(v2.60.0) [19], and analyzed with the GPL570 

microarray platform, as the source for constructing our 

prognostic model. The baseline features of these 

patients, including age, subtypes, ECOG score, stage, 

and survival probability, are detailed in Table 1. 

Patient staging adhered to the American Joint 

Committee on Cancer tumor node metastasis (TNM) 

system [20]. 

 

Validation datasets 

To further validate the predictive effect of the model, 

two additional datasets, GSE10846 and GSE181063, 

were chosen from the GEO database due to their direct 

relevance to DLBCL. These datasets encompass 

detailed clinical information, including age, disease 

stage, treatment approaches, and follow-up records, 

enabling nuanced analyses and ensuring the 

applicability of our model’s results to practical clinical 

scenarios. Furthermore, they originate from respected 

studies published in prestigious journals, attesting to 

their quality and reliability. GSE10846 is an array 

dataset containing gene expression patterns of 306 

DLBCL patient samples, and 6 samples were excluded 

in this study given missing survival information. 

GSE181063 presents gene expression profiles of 1310 

biopsies from patients diagnosed with DLBCL, and 7 

clinical samples were not included in this study because 

of lacking survival information. 

 

Gene annotation and selection 

 

Gene annotation was performed using hgu133plus2.db 

(v3.13.0). Autophagy-related genes were derived  

from the following databases: HADb (available at 

http://www.autophagy.lu/index.html), HAMdb (available 

at http://hamdb.scbdd.com/), and AUTOPHAGY 

DATABASE (available at http://www.tanpaku.org/ 

autophagy/) on 18 January 2022. 

 

Unsupervised subtype classification 

 

Unsupervised machine learning was performed using 

ConsensusClusterPlus R package (v1.36.0) [21] to 

identify autophagy-based molecular subclasses of 

DLBCL, with a maximum cluster number set to 6. The 

optimal cluster number was determined by evaluating 

the consensus matrix heatmaps and cluster-consensus 

values [22]. The preferred number of clusters was 

selected based on the criteria of achieving the clearest 

heatmap and highest cluster-consensus values, 

indicating higher stability within the clusters. The 

cumulative distribution function (CDF) of the consensus 

https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE53786
https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE53786
http://www.autophagy.lu/index.html
http://hamdb.scbdd.com/
http://www.tanpaku.org/%0bautophagy/
http://www.tanpaku.org/%0bautophagy/
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Table 1. Clinicopathological characteristics among 2 molecular 
subtypes of DLBCL. 

Characteristics Cluster 1 Cluster 2 P-values 

Age (years) 
< 60 18 32 0.5192 

≥ 60 28 36  

Gender 
Females 22 26 0.4098 

Males 24 42  

ECOG scores 

0 8 16 0.128 

1 21 26  

2 14 11  

3 1 8  

4 0 1  

Subtypes 

ABC 17 29 0.3195 

GCB 17 29  

Unclassified 12 10  

Tumor TNM 

stage 

I 6 10 0.9162 

II 13 22  

III 12 17  

IV 14 17  

ABC, activated B cell-like DLBCL; GCB, germinal center B cell-like DLBCL; 
DLBCL, diffuse large B-cell lymphoma. The Chi-square test was used to 
compare categorical variables. P < 0.05 indicates statistical significances. 

 

matrix for κ clusters is a more quantitative measure of 

cluster coherence. Then a delta area plot was produced 

to display the amount of change in area under the CDF 

between κ and κ + 1 clusters. 

 

Principal component analysis (PCA) 

 

PCA was performed to visualize the differences between 

different autophagy-based molecular subclasses based on 

the expression pattern of autophagy-related genes. PCA 

plots were generated using FactoMineR package (v2.4). 

 

Survival analysis 

 

Survival analysis was specifically focused on subgroups 

restricted to high and low expression groups based on 

the median expression of ATG4D, HIF1A, LAMP2, 

RPTOR, ULK1, and MAP1LC3B. All patients from 

GSE53786, GSE10846 and GSE181063 were divided 

into low-risk and high-risk groups based on the median 

risk score, and survival analyses were performed on 

these datasets. Survival was analyzed according to the 

Kaplan-Meier method, and differences between survival 

distributions were assessed with the log-rank test. 

Survival (v3.3-1) and Survminer (v0.4.9) packages were 

exploited to compute the survival curves and compare 

the differences between survival distributions. 

Differential expression and gene ontology analysis 

 

The microarray data were analyzed using the limma 

package (v3.48.3) to screen for the DEGs between 

different autophagy-based molecular subclasses. Genes 

with adjusted P-values < 0.05 and log2|fold change| > 

0.58 were considered as statistically significant 

differentially expressed genes. Gene Ontology including 

biological process, cellular component and molecular 

function analysis was carried using clusterProfiler 

package (v4.0.5) [23]. 

 

Prognostic model construction 

 

Differentially expressed genes (DEGs) between 

different autophagy-based molecular subclasses were 

initially subjected to a univariate Cox proportional 

hazard analysis to identify genes associated with 

survival. Genes with a P-value less than 0.002  

from the analysis were subsequently subjected to a 

LASSO regression analysis for feature selection and 

model construction. The regression analysis was 

performed using the R-glmnet package (v4.1-3) [24], 

and the dataset was subsampled 1,000 times with 

replacement for this purpose. Identification of the 

optimal penalization coefficient lambda in the  

LASSO model was conducted through 10-fold cross-
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validation, adhering to the 1 standard error (1-SE) 

criterion [25]. 

 

The risk scores were calculated using the following 

formula: 

 

1

Riskscore ( k expression(gene k))

n

k=

=   

 

Where n is the total number of genes in the model, βk is 

the coefficient of the kth gene, and expression (gene k) 

is the expression level of gene k. 

 

Model evaluation and validation 

 

Following the construction of the prognostic model, its 

discriminative power was assessed in the training cohort 

(GSE53786) using time-dependent ROC curves at 1-

year, 3-year, and 5-year time points, accompanied by 

the computation of area under the curve (AUC) values. 

Survival differences between patients with varying 

Riskscores were evaluated through survival analysis, as 

detailed in the “Survival Analysis” section. To ascertain 

the model’s generalizability and robustness, we 

extended our evaluation to two independent validation 

cohorts, GSE10846 and GSE181063, performing the 

aforementioned assessments. 

 

Screening for prognostic risk factors and constructing 

nomogram 

 

A comprehensive nomogram was constructed by 

integrating the Riskscore model based on autophagy-

related genes with other clinical prognostic factors for 

enhanced clinical application. Initially, potential 

prognostic factors, including the risk level derived from 

autophagy-based Riskscore model, gender, age, stage, 

ECOG scores, and molecular subtypes, were subjected 

to univariate Cox regression analysis. Following this, 

factors with a P-value of less than 0.05 in the univariate 

analysis were subsequently incorporated into the 

multivariate Cox regression for nomogram construction. 

Visualization of the nomogram was facilitated using the 

R-rms (v.6.2-0) and R-regplot (v1.1) packages. 

 

Analysis of immune infiltration and drug resistance 

and prediction of drug effectiveness for DLBCL 

patients 

 

DLBCL patients were divided into high-risk and low-risk 

groups based on the established prognostic model. For 

immune infiltration analysis, R-cibersort package  

(v1.03) [26] was used to analyze the proportion of 

immune cells, employing the LM22 gene signature  

which can be accessed at https://cibersortx.stanford.edu/. 

Chemotherapeutic drug resistance of DLBCL patients 

was calculated using the pRRophetic package (v0.5) [27], 

with drugs retrieved from the cpg2016, encompassing a 

total of 237 drugs. The prediction of drug effectiveness 

was carried out using R-oncoPredict package (v0.2) [28], 

referencing two drug response datasets from the GDSC 

databases, including the GDSC1 dataset which contained 

367 compounds and the GDSC2 dataset which contained 

198 compounds, as of March 8, 2022. The differences in 

drug effectiveness between the two groups were 

compared by two-sided student’s t-test. 

 

Availability of data and materials 

 

All the data and materials are available. Datasets used 

and/or analyzed in this study can be obtained from the 

corresponding author upon reasonable request. 

 

RESULTS 
 

Autophagy-related gene signatures stratify DLBCL 

into two molecular subtypes with prognostic 

differences 

 

To explore the clinical significance of the autophagy-

based Riskscore model and the prognostic characteristics 

of molecular subtypes in DLBCL based on autophagy-

related gene signatures, the study was carried out 

according to the research flow chart (Supplementary 

Figure 1). We overlapped three databases: HADb, 

HAMdb, and AUTOPHAGY DATABASE, and 

acquired 80 autophagy-related genes (Supplementary 

Table 1). Heatmaps of gene expression profiles were 

across age, molecular subtypes, ECOG scores, and 

stages (Supplementary Figure 2). The differentially 

expressed autophagy-related genes were screened 

between patients < 60 years old and ≥ 60 years old, 

including TSC1 (P = 0.0484), BAG3 (P = 0.0472), and 

AMBRA1 (P = 0.035) (Supplementary Figure 2A). 

ABC, GCB and unclassified subtypes exhibited different 

expression of EGFR (*), EIF2S1 (*), WIPI2 (***), 

MTOR (*), ATG9A, BCL2, ITPR1, ULK2 (*), 

MAP1LC3B, GABARAPL1 (*), GABARAPL2 (*), 

ULK1 (*), CALCOCO2 (*), WIPI1, BAG3 (*), 

EIF2AK3 (**), FOXO3, GOPC (*), ATG2B (*), ERN1 

(***), and AMBRA1 (Supplementary Figure 2B). 

Differential gene expression was also observed based on 

ECOG score classifications, with genes like CTSD (P = 

0.0363), ULK2 (P = 0.0276), HDAC6 (P = 0.0425), 

PINK1 (P = 0.0225), SH3GLB1 (P = 0.0051), ULK1 (P 

= 0.0409), WDFY3 (P = 0.0327), BAG3 (P = 0.0427), 

SESN2 (P = 0.0409), MAP1LC3A (P = 0.0408), ERN1 

(P = 0.0222), ATG9B (P = 0.0016) demonstrating 
variations (Supplementary Figure 2C). There was a 

statistical significance in ITPR1 (P = 0.0242) and 

EIF2AK3 (P = 0.0459) expression among patients with 

https://cibersortx.stanford.edu/
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stage I, II, III, or IV DLBCL (Supplementary Figure 

2D). These differences in autophagy-related genes 

across clinical factors prompted us to define novel 

molecular subtypes based on autophagy gene signatures. 

 

Differences in autophagy-related genes across clinical 

factors led us to explore novel molecular subtypes 

defined by autophagy gene signatures. Building on this, 

we conducted an unsupervised consensus analysis of  

119 DLBCL samples, focusing on the expression 

profiles of the 80 autophagy-related genes. By achieving 

the clearest heatmap and highest cluster-consensus 

values (Supplementary Figure 3A, 3B), we classified 

patients into two clusters: cluster 1(n = 46, 38.66%)  

and cluster 2(n = 73, 61.34%) (Figure 1A, 1B). 

Clinicopathological characteristics among two molecular 

subtypes (cluster 1 and cluster 2) are summarized in 

Table 1, and were analyzed for statistical significance. 

Significant differences existed in age, ECOG scores, 

subtypes, and tumor TNM stages between the two 

cluster. PCA and consensus matrix confirmed the cluster 

distinction (Figure 1C, 1D). The expression patterns of 

 

 
 

Figure 1. Unsupervised gene expression analysis of the discovery set of 119 DLBCL. (A) Consensus CDF with an increasing number 
of clusters (k2 to k6); (B) Delta area plot displaying the relative changes in the area under the CDF curve; (C) Consensus matrix heatmap 
defining 2 clusters of samples for which consensus values range from 0 (white) to 1 (blue); (D) Principal component analysis of the 80 
autophagy-related genes between cluster 1 and cluster 2; (E) Gene expression profiles heatmap of the 80 autophagy-related genes across the 
two molecular subtypes. ECOG, stage, age, and gender classifications were ordered in colored columns and rows corresponding to 80 
autophagy-related genes; (F) Kaplan-Meier curves of overall survival in the 2 molecular subtypes. CDF, cumulative distribution function. 
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autophagy-related genes were quietly different between 

cluster 1 and cluster 2 (Figure 1E). Differences in 

prognosis between the clusters were evident, with cluster 

2 demonstrating a superior 5-year overall survival 

compared to cluster 1 (P = 0.047, Figure 1F). 

 

Autophagy genes associated with survival differences 

between molecular subtypes and their biological 

functions 

 

We aimed to uncover the autophagy-related molecular 

mechanisms underlying the prognostic differences 

between the two molecular subtypes by identifying 

differentially expressed autophagy genes associated with 

survival and conducting a functional analysis. When 

comparing the transcriptome data from cluster 2 with 

cluster 1, we observed 6,276 up-regulated genes and 

2,736 down-regulated genes in cluster 2. After excluding 

768 non-coding genes, 8,244 protein-coding genes were 

retained for further examination (Supplementary Table 

2). Annotation of gene ontology revealed that 8,244 

DEGs were significantly implicated in the regulation of 

neuron projection development, protein maturation 

(Supplementary Figure 4A), cluster of actin-based cell 

projections, brush border (Supplementary Figure 4B), 

actin binding, active transmembrane transporter activity, 

active ion transmembrane transporter activity, and actin 

filament binding (Supplementary Figure 4C). Applying 

univariate Cox analysis on these 8,244 DEGs against 

patient survival, we identified 1,227 genes having a 

noteworthy association with survival (P < 0.05) 

(Supplementary Table 3). Among these, autophagy-

related genes included ATG4D, RPTOR, ULK1, HIF1A, 

LAMP2, and MAP1LC3B. Patients stratified by the 

median expression of these 6 genes showed decreased 

ATG4D (P < 0.0035) (Supplementary Figure 4D), 

RPTOR (P < 0.0024) (Supplementary Figure 4G) and 

ULK1 (P < 0.0230) (Supplementary Figure 4H), and 

increased HIF1A (P < 0.0350) (Supplementary Figure 

4E), LAMP2 (P < 0.0450) (Supplementary Figure 4F), 

and MAP1LC3B (P < 0.0670) (Supplementary Figure 

4I) were associated with better 10-year overall survival. 

These results suggest that autophagy gene characteristics 

may be helpful in the prognostic assessment of DLBCL 

patients, prompting us to establish a prognostic model 

based on autophagy genes. 

 

Prognostic model establishment and evaluation 

 

To develop a autophagy-based prognostic model for 

DLBCL patients, 78 genes with a P-value less than 

0.002 from the previous univariate Cox regression 

analysis were subjected to LASSO regression. This 
identified eight autophagy-related genes to construct 

the prognostic model (Figure 2A). The optimum 

lambda value was confirmed as shown in Figure 2B. 

The coefficient distribution of the eight genes was 

presented in Figure 2C. Riskscore formula was as 

follows, Riskscore = 0.0027*E(AFDN)-0.0936* 

E(ADD3)-0.0232*E(TPM1)-0.0462*E(LYZ)-0.0421* 

E(DNAJC10)-0.0332*E(GLIS3)-0.0061*E(CCDC102A) 

-0.0232*E(IGFBP3). Where E indicates the expression 

level of the corresponding gene. 

 

To evaluate the effectiveness of the constructed model, 

the risk score and survival time distributions of the 

patients were analyzed. All patients were divided into 

high-risk and low-risk groups based on the median 

value of Riskscore, with those exceeding the median 

classified as high-risk and those below as low-risk 

(Figure 3A). The survival data-time plot is shown in 

Figure 3B, which indicates that deceased patients 

generally have higher risk scores. Moreover, patients 

with high risk were detected with low expression of 

ADD3, IGFBP3, TPM1, LYZ, AFDN, DNAJC10, 

GLIS3, and CCDC102A (Figure 3C). Kaplan-Meier 

survival curves presented that the patients with  

high risks exhibited significantly low survival 

probability (P < 0.0001) (Figure 3D). ROC curves 

were plotted and AUC scores of 1-year, 3-year, and  

5-year survival were 0.801, 0.786, and 0.805, 

respectively (Figure 3E). These results implied that the 

risk prediction model based on autophagy-related 

genes can differentiate the prognosis of patients with 

DLBCL to a certain degree. 

 

External validation of the prognostic model 

 

To validate the universality and reliability of our model, 

we conducted evaluations using two separate validation 

datasets. The Kaplan-Meier survival analysis revealed 

that patients in the high-risk group had a lower survival 

probability than those in the low-risk group (P < 

0.0001) (Figure 4A). Figure 4B presented the risk score 

distribution of 300 DLBCL patients in GSE10846 

dataset. The survival time distribution showed that the 

patients in the alive status were predicted with low-risk 

scores and a long survival time (Figure 4C). AUC 

scores of 1-year, 3-year, and 5-year survival were 0.627, 

0.667, and 0.656 in dataset GSE10846, respectively 

(Figure 4D). Analysis of GSE181063 dataset confirmed 

that patients with high-risk scores obviously had 

decreased survival probability (P < 0.0001) (Figure 4E). 

The risk score distribution of 1303 patients was shown 

in Figure 4F. Figure 4G confirmed the strong 

association between risk scores and survival time. For 

the GSE181063 dataset, AUC scores of 1-year, 3-year, 

and 5-year survival were 0.619, 0.609, and 0.589 

respectively, as shown in Figure 4H. Considering the 
evidence from both datasets, we infer that our 

established model provides effective predictive insights 

for DLBCL patient outcomes. 
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Prediction stability of the prognostic model for 

DLBCL patients with different clinical characteristics 

 

Further assessing the stability of the prognostic model 

for DLBCL patients, we evaluated its performance in 

subgroups stratified by clinical factors. Patients were 

categorized into subgroups based on molecular 

subtypes (subtype ABC and GCB), gender (female and 

male), age (>= 60 and < 60), ECOG scores (>= 2 and 

< 2), and stage (I-II and III-IV). Survival probability 

 

 
 

Figure 2. Screening for autophagy-related genes associated with the survival probability of diffuse large B-cell lymphoma.  
(A) Univariate Cox regression analysis for 8 autophagy-related genes correlated with the survival probability; (B) Partial likelihood deviance 
for the LASSO coefficients of 78 DEGs with the lambda as the tuning parameter; (C) Coefficient profiles of the 8 autophagy-related genes. 
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was noticeably correlated with risk scores for  

both subtype ABC and GCB (Supplementary Figure 

5A, 5B). Similarly, both female and male DLBCL 

patients with high-risk scores showed a lower survival 

probability than those with low-risk scores 

(Supplementary Figure 5C, 5D). For age, DLBCL 

patients >= 60 years and < 60 years in the low-risk 

group survived longer than those in the high-risk 

group (Supplementary Figure 5E, 5F). Consistent 

prognostic results were observed between DLBCL 

patients with ECOG >= 2 and ECOG < 2 

(Supplementary Figure 5G, 5H), as well as between 

those staged I-II or staged III-IV (Supplementary 

Figure 5I, 5J). These results validated that the 

prognostic model’s accuracy for DLBCL patients was 

consistent across different clinical characteristics. 

 

 
 

Figure 3. Effectiveness evaluation of the prognostic model for patients with diffuse large B-cell lymphoma based on the data 
set GSE53786. (A) The patients from GEO were divided into high-risk and low-risk groups based on the median of the risk scores; (B) The 
distribution of survival time of patients in alive or dead status; (C) The heatmap of 8 autophagy-related genes expression between high-risk 
and low-risk groups; (D) Kaplan-Meier curves of high-risk and low-risk groups (P < 0.0001 by the log-rank test); (E) The AUC scores at 1, 3, and 
5 years. 
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Prognostic nomogram for overall survival of 

DLBCL patients 

 

With the aim of enhancing the prediction and clinical 

utility for DLBCL prognosis, we constructed a 

nomogram incorporating both the autophagy-related 

prognostic model and clinical characteristics. Univariate 

analysis confirmed 4 significant prognostic factors, 

including risk level, stage, ECOG score, and molecular 

subtype (Figure 5A). Further multivariate Cox regression 

analysis screened the significant factors including risk 

level, stage, ECOG score, and molecular subtype (Figure 

5B), which were then incorporated into the nomogram. 

Figure 5C showed the prognostic nomogram and odds 

values of overall survival at 3, 5, and 7 years. The 

calibration plot for 3-year, 5-year, and 7-year overall 

survival exhibited an optimal agreement between the 

observed outcomes and predictions by nomogram 

(Figure 5D). In summary, the nomogram seamlessly 

integrates multiple risk factors to offer individualized 

and precise prognostic predictions for DLBCL patients, 

enhancing its applicability in clinical settings. 

Immune infiltration and drug-resistance analysis for 

DLBCL patients with high-risk or low-risk 

 

To investigate the relationship between autophagy risk 

scoring, immune cell infiltration, and drug sensitivity, 

we performed immune cell infiltration analysis and 

drug sensitivity analysis. The abundance of immune 

cells were counted and depicted in Figure 6A. The 

proportion of native B cells (P < 0.001) and Treg (P < 

0.05) cells was significantly increased in the high-risk 

group compared with the low-risk group. Conversely, 

DLBCL patients with high-risk scores exhibited lower 

proportions of CD8+ T cells (P < 0.05), CD4+ memory 

activated T cells (P < 0.01), gamma delta T cells (P < 

0.0001), Macrophages M1 (P < 0.05), and resting mast 

cells (P < 0.01) than those in DLBCL patients with 

low-risk scores. In this study, we hypothesized drug 

resistance in DLBCL correlates with the risk status 

predicted by the prognostic model. Next, 119 DLBCL 

patients were divided into high-risk and low-risk 

groups and evaluated to ascertain potential resistance to 

237 chemotherapeutic drugs. DLBCL patients in the 

 

 
 

Figure 4. Effectiveness evaluation of the prognostic model based on the external datasets GSE10846 and GSE181063.  
(A) Kaplan-Meier curves, (B) risk score distribution, (C) survival time distribution, and (D) AUC scores at 1, 3, and 5 years in the dataset 
GSE10846; (E) Kaplan-Meier curves, (F) risk score distribution, (G) survival time distribution, and (H) AUC scores at 1, 3, and 5 years in the 
dataset GSE181063. Patients were divided into high-risk and low-risk groups based on the median of the risk scores. 
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low-risk group were estimated with higher IC50 of 

AZD8055 (P < 0.05) and tamoxifen (P < 0.05) and 

lower IC50 of docetaxel (P < 0.01) and pazopanib (P < 

0.001) (Figure 6B) compared with patients in the high-

risk group. Supplementary Table 4 lists the other 

chemotherapeutic drugs, of which drug resistance was 

associated with the risk status of DLBCL patients. 

Subsequent analyses focused on the relationship 

between drug resistance and risk factors such as ADD3, 

IGFBP3, TPM1, LYZ, AFDN, DNAJC10, GLIS3, and 

CCDC102A. It was found that the LYZ gene was 

positively correlated with drug resistance to most 

chemotherapeutic drugs. In contrast, the ADD3 gene 

was strongly negatively associated with drug resistance 

to JW-7-52-1, BEZ235, and A-443654 (Figure 6C). 

Lastly, the risk scoring model was then used for the 

prediction of drug efficiency using the drug 

information obtained from the GDSC database. Four 

chemotherapeutic agents commonly used for the 

treatment of DLBCL were analyzed here. It was shown 

that the estimated IC50 value of doxorubicin was 

higher in high-risk patients compared to low-risk 

patients (P < 0.001) (Figure 6D). In contrast, IC50 of 

vincristine in low-risk patients was obviously higher 

than in high-risk patients (P < 0.05). These results 

demonstrate the potential of the autophagy-related 

model in assessing the immune microenvironment of 

DLBCL and predicting drug sensitivity. 

 

DISCUSSION 
 

Patients with DLBCL have different survival rates 

considering the heterogeneity of the diseases [29]. 

Current efforts have advanced in understanding the 

genome and transcriptome of DLBCL that distinguish 

subgroups of patients with poor prognosis after chemo-

immunotherapy [30–33]. Autophagy-related gene 

expression profiles are believed to delineate two distinct 

groups of cases with high or low risks in terms of 

survival probability [34]. However, further construction 

and validation of the prediction method are required 

before the clinical transformation. Hence, this study 

established a prognostic assessment model based on the 

expression profile of autophagy-related genes and clinical 

characteristics of DLBCL patients. The established risk 

score method was then applied to predict immune 

 

 
 

Figure 5. Prognostic prediction of DLBCL patients based on clinical characteristics and risk scores of autophagy- and 
survival- related genes. (A) Univariate Cox regression analysis of risk level, gender, age, stage, ECOG score, and subtype; (B) Multivariate 
Cox regression analysis of risk level, stage, ECOG, and subtype; (C) Nomogram for the prediction of 3-year, 5-year, and 7-year overall 
survival; (D) Calibration curves with nomogram-predicted 3-year, 5-year, and 7-year survival probability and observed survival frequency. 
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infiltration and drug resistance, which may provide 

clinical potential in therapeutic interventions for 

individual cases. 

 

Autophagy manifests as an adaptive response to stress 

stimuli and an intracellular degradative pathway in 

cancer upon oxygen deficiency, nutrition shortage, and 

even chemotherapies. Experimental studies have 

confirmed that autophagy regulators like BCL-2 and 

BECN1 mediate autophagy responses contributing to 

lymphomagenesis [35–37]. Transcriptomic studies 

excavated the expression signatures of 25 autophagy- 

and survival-related genes [38]. 

 

Within distinct autophagic molecular subtypes, our 

research pinpointed six differentially expressed 

 

 
 

Figure 6. Immune infiltration and drug sensitivity of DLBCL patients in the high-risk group or low-risk group. (A) The immune 
infiltration of 22 leukocyte subtypes from DLBCL patients in high-risk and low-risk groups; (B) Individual IC50 values of AZD8055, tamoxifen, 
docetaxel, and pazopanib were shown; (C) Heatmap of the correlation coefficients for the risk factors and chemotherapeutic drugs;  
(D) Individual IC50 values of cyclophosphamide, doxorubicin, etoposide, and vincristine predicted for DLBCL patients in the high-risk and 
low-risk groups. nsP > 0.05, *P < 0.05, **P < 0.01, ***P < 0.001, ****P < 0.0001 (Two-sided student’s t-test). 
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autophagy genes that are closely associated with 

survival: ATG4D, HIF1A, LAMP2, RPTOR, ULK1, 

and MAP1LC3B. These genes have been recognized to 

mediate the activation of autophagy in carcinoma 

tumorigenesis [39–44]. Among them, ATG4D, a 

member of the autophagy-related protein 4 (ATG4) 

family, serves as an intriguing nexus between 

autophagy and apoptosis across multiple cancers. 

Notably, anomalies in ATG4D promoter methylation 

and its defective expression have been correlated with a 

suppression of the autophagy signaling pathway, as 

evidenced in invasive ductal carcinoma and human 

uterine fibroids [38, 39]. In another study on 

hepatocellular carcinoma, elevated ATG4D expression 

in tumor tissues was found, and its silencing led to 

decreased cell proliferation and increased sensitivity to 

cisplatin [45]. HIF1A, responsible for cellular responses 

to hypoxia, triggers autophagy in solid tumors under 

low oxygen conditions. This hypoxia-induced 

autophagy is known to diminish radiosensitivity and 

resistance to photodynamic therapy via the HIF1A-

related pathway in colon cancer cells [46, 47]. 

Moreover, HIF-1α augments autophagy by modulating 

the expression of BNIP3, a protein central to stress 

adaptation mechanisms that fortify tumor cell survival 

while sidestepping apoptosis [48]. In addition, HIF-1α 

has been found to exert a tumor-promoting role in 

prostate cancer via affecting autophagy [49]. LAMP2, a 

ubiquitously expressed glycosylated protein found 

primarily on lysosome membranes, is essential for the 

correct fusion of autophagosomes with lysosomes [50]. 

Within the cancer landscape, studies have shown that 

LAMP2 plays a role in cell survival and disease 

progression. For instance, in neuroendocrine prostate 

cancer, knockdown of LAMP2 by siRNA induced an 

autophagy blockade and decreased both cancer cell 

proliferation and neuroendocrine markers [51]. An 

increased expression of LAMP2 in salivary adenoid 

cystic carcinoma, which was associated with cancer 

progression [52]. In addition, a reduced expression of 

LAMP2 has been associated with a decreased resistance 

to both cisplatin in human ovarian carcinoma cells and 

azacitidine in acute myeloid leukemia [53]. RPTOR 

(Raptor) is a protein that is part of the mTORC1 

complex that negatively regulates autophagy. 

RPTOR/ULK1/autophagy axis influence esophageal 

squamous cell carcinoma tumorigenesis [54]. Unc-51-

like kinase 1 (ULK1) is a serine/threonine kinase that 

participates in the initiation of autophagy. It plays a 

critical role in initiating autophagy and has been 

implicated in cancer drug resistance, as reviewed in 

recent literature [55]. Research has highlighted its role 

in cancer cell survival and pinpointed it as a potential 
therapeutic target [56]. Numerous studies have 

emphasized that altering ULK1 can impact both 

autophagy and apoptosis, affecting the trajectory of 

cancer growth and its sensitivity to treatments [57, 58]. 

Emerging evidence suggests that ULK1’s regulation 

could be crucial for overcoming drug resistance in 

various cancer types [59, 60]. MAP1LC3B 

(Microtubule-associated protein 1 light chain 3 beta) is 

a protein that plays a central role in the autophagy 

pathway, where it functions in autophagy substrate 

selection and autophagosome biogenesis. Studies have 

shown that MAP1LC3B and its adaptor sequestosome 1 

(SQSTM1) modulate autophagy for tumorigenesis and 

prognosis in certain subsites of oral squamous cell 

carcinoma [61]. Elevated MAP1LC3B expression aligns 

with worse outcomes in gastric cancer patients [62]. In 

summary, these genes play vital roles in regulating 

autophagy activation, autophagy-apoptosis interplay, 

lysosome function, mTORC1 signaling, autophagy 

initiation, and autophagosome formation in the context 

of cancers. Modulating these genes could impact cancer 

cell proliferation, drug resistance, treatment response, 

and prognosis. Further investigation into their 

functional mechanisms may shed light on more precise 

immunotherapy approaches for DLBCL. 

 

We aimed to elucidate the molecular mechanisms that 

account for the prognostic disparities between the two 

autophagy-related molecular subtypes by conducting 

GO enrichment analysis, in which certain biological 

processes were found to be enriched. Notably, actin-

related structures and functions, such as clusters of 

actin-based cell projections, actin binding, and actin 

filament binding, were prominently enriched. Actin is 

pivotal in maintaining cell shape and participates in 

vital cellular functions, including movement and 

division. Alterations in actin dynamics are linked to 

cancer metastasis. Specifically, DLBCL has been 

associated with elevated levels of phosphorylated actin-

binding proteins, namely Ezrin-Radixin-Moesin (ERM) 

[63]. The synergy between BCR signaling and the actin 

cytoskeleton underpins the innate regulation of B cells 

[64, 65]. In the realm of hematological malignancies, 

mutations in actin genes ACTB and ACTG1 are 

predominantly linked to lymphoid cancers [66]. RhoA, 

a Rho GTPase and regulator of actin-based cytoskeletal 

dynamics, is recognized as driver gene in DLBCL [67]. 

This evidence suggests that actin-related structures and 

functions could be instrumental in the onset and 

progression of DLBCL. Additionally, cellular pathways 

associated with transmembrane transporter activity, 

encompassing active transmembrane transporter activity 

and active ion transmembrane transporter activity, were 

also enriched. Glucose transporter 3 (GLUT3) is posited 

as a potential prognostic marker in DLBCL. Elevated 

expression levels of GLUT-3 in DLBCL patients 
correlate with diminished progression-free survival 

(PFS) [68]. In the cancer milieu, transmembrane 

diffusion can modulate the intake and expulsion of 
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anticancer drugs, thereby impacting their potency and 

resistance. ATP binding cassette (ABC) transporters are 

a superfamily of transmembrane proteins involved in 

the active transport of a wide range of substrates, 

including drugs, across cell membranes. These 

pathways are involved in the transport of molecules 

across the cell membrane, which is essential for 

maintaining cellular homeostasis and proper functioning 

of cells. The dysregulation of transmembrane 

transporter activity can disrupt cellular processes and 

contribute to the development and progression of 

diseases, including cancer. Dysregulation of ABC 

transporters has been associated with multidrug 

resistance in cancer cells, limiting the effectiveness of 

chemotherapy. Interestingly, variations in the excretion 

via transmembrane transporters ABCB1 might forecast 

the therapeutic efficacy of lenalidomide in Mantle Cell 

Lymphoma [69]. Thus, the enrichment of transmembrane 

transporter activity pathways in DLBCL could be a 

factor in the observed drug resistance, aggressive 

tendencies, and adverse outcomes of this malignancy. In 

summary, these insights offer fresh avenues to delve 

into the autophagy-related molecular and cellular 

dynamics pertinent to DLBCL’s pathogenesis and 

behavior. In our recent efforts to understand the 

complex landscape of DLBCL and its varied prognosis, 

we developed a prognostic model centered on the role 

of autophagy, a process that has been increasingly 

recognized for its significance in cancer biology. 

 

The 8 genes selected in our study included ADD3, 

IGFBP3, TPM1, LYZ, AFDN, DNAJC10, GLIS3, and 

CCDC102A, which are predominant aspects of 

autophagy regulation in pathophysiological status of a 

large number of cancers [70–76]. Specifically, genes 

like ADD3 and LYZ have been previously implicated in 

potential roles related to the progression and metastasis 

of certain cancers [77, 78]. The expression of IGFBP3 

and TPM1, on the other hand, has been closely 

associated with tumor cell growth and survival [79, 80], 

further emphasizing the potential significance of these 

genes in the context of DLBCL. 

 

While there are several prognostic models available for 

DLBCL, the uniqueness of our model stems from its 

concentrated focus on autophagy-a pivotal yet relatively 

uncharted domain in DLBCL’s pathogenesis. Autophagy 

plays a central role in cellular survival, proliferation, and 

death. A deeper understanding of this process is 

paramount for grasping the biology of DLBCL and 

formulating effective therapeutic strategies. Another 

notable feature of our model is its robust AUC values 

across diverse datasets, which not only validate the 
model’s superiority but also underscore its potential in 

predicting the prognosis of DLBCL patients. This not 

only highlights the potential value of our model in 

prognostic predictions for DLBCL patients but also 

suggests its broader applicability in future clinical 

practices. In conclusion, our model, rooted in an in-

depth study of autophagy-related genes, offers a novel 

and more precise prognostic tool for DLBCL. It paves 

the way for valuable insights into future therapeutic 

strategies, emphasizing the importance of autophagy in 

the disease’s biology. 

 

DLBCL is a heterogeneous lymphoma characterized by 

the infiltration of various immune cells within the tumor 

microenvironment. The composition and presence of 

these immune cell infiltrates have been linked to 

prognostic implications in DLBCL [81]. Our risk 

prediction model, predicated on autophagy-related 

genes, offers novel insights into the immune landscape 

of DLBCL patients. Notably, DLBCL patients with 

high-risk scores exhibited lower proportions of CD8+ T 

cells, CD4+ memory activated T cells, gamma delta T 

cells, Macrophages M1, and resting mast cells, while 

showing elevated levels of native B cells and regulatory 

T (Treg) cells. Native B cells, which are the malignant 

cells in DLBCL, play a central role in the pathogenesis 

of the disease. DLBCL is characterized by the clonal 

expansion of B cells that have undergone genetic 

alterations, leading to uncontrolled proliferation and 

survival. Treg cells, a subset of CD4+ T cells with 

immunosuppressive functions [82], have been found to 

be associated with poor prognosis in DLBCL [83]. The 

increased presence of Treg cells in high-risk DLBCL 

patients suggests their potential role in suppressing anti-

tumor immunity, further exacerbating the disease’s 

progression. Compared to healthy individuals, DLBCL 

patients, especially those at high risk, exhibited 

decreased counts of CD3+, CD4+, and CD8+ T cells, as 

well as natural killer (NK) cells [84]. Remarkably, the 

proportion of CD4+ and CD8+ T cells increased in 

these patients after treatment [85]. Moreover, a recent 

study demonstrated that higher CD8+ T cell levels were 

associated with improved immunotherapy outcomes in 

DLBCL [86]. Recent studies have emphasized the 

central role of CD4 T cells in peripheral tolerance, 

immunosuppression, and anti-tumor immunity. Their 

activation in DLBCL is indicative of a better prognosis 

[87]. However, their reduced infiltration in high-risk 

patients could weaken the overall immune response. 

Gamma delta T cells, a subset of T cells expressing the 

gamma delta T cell receptor, have been found to be 

enriched in DLBCL. While their exact role remains 

elusive, their presence hints at a potential role in the 

immune response against the tumor. In DLBCL, γδ  

T cells make up a significant portion of infiltrating  

T lymphocytes, with the non-GCB subtype showing a 
reduced frequency of these cells [88]. Given that γδ  

T cells can be activated by B-cell lymphoma, they  

are crucial in anti-tumor responses against B-cell 
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malignancies and are promising targets for 

immunotherapies in DLBCL [89]. Their diminished 

presence in high-risk patients suggests a potential 

compromised immune defense against the tumor, 

emphasizing the need for therapeutic strategies targeting 

these cells. M1 macrophages, a subtype of macrophages 

with anti-tumor properties, have been associated with 

better prognosis in DLBCL. They can bolster the 

activation of cytotoxic T cells and amplify the immune 

response against cancer cells. Gene expression profiles 

from DLBCL biopsy specimens have shown an 

increased infiltration of macrophages [90]. Marinaccio 

et al. [91] demonstrated opposing roles of inhibition and 

promotion of angiogenesis based on the M1 and M2 

phenotypes of TAM, M1 macrophage having antitumor 

and antiangiogenic roles. However, their reduced 

presence in high-risk patients might hinder the overall 

anti-tumor immune response, emphasizing their role in 

disease progression and treatment. Mast cells are known 

to play a role in inflammation and immune response, 

and they can be activated by various signals in the 

tumor microenvironment. A study on hepatocellular 

carcinoma found high resting mast cell infiltration 

patients have better outcome [92]. However, the role of 

mast cells in DLBCL is not well characterized, but their 

presence suggests a potential involvement in the tumor 

microenvironment. Recent findings have shown a 

marked increase in tryptase-positive mast cells, 

typically deemed activated, in chemo-resistant non-

responder DLBCL patients compared to chemo-

sensitive responders [93]. In summary, the increased 

regulatory T (Treg) cells along with decreased CD8+ T 

cells, CD4+ memory activated T cells, gamma delta T 

cells, M1 macrophages, and resting mast cells in high-

risk DLBCL patients may facilitate tumor progression 

by hampering overall anti-tumor immune responses, 

increasing chemoresistance, etc., leading to poorer 

prognosis in this subset of patients. The altered immune 

landscape in high-risk patients emphasizes the need to 

understand the interactions between immune cells and 

the DLBCL tumor microenvironment. Our study 

provides novel insights into the role of autophagy in 

modulating this microenvironment. Utilizing the 

autophagy risk score could refine therapeutic decisions, 

enhancing treatment precision and efficacy. Differences 

in immune cell proportions can illuminate varied 

immune responses among DLBCL patients across risk 

spectrums, holding significant prognostic value and 

influencing therapeutic approaches. Envisioning 

personalized immunochemotherapy regimens becomes 

plausible by considering each patient’s unique immune 

profile. Furthermore, the balance between immune 

recognition and tumor evasion may be influenced  
by the autophagy-related genes we identified. Through 

our autophagy risk score model, we can predict this 

balance more accurately, underscoring the significance 

of our model in risk stratification and therapeutic 

outcomes. 

 

Autophagy, a cellular self-degradation mechanism, plays 

a pivotal role in modulating the response of DLBCL cells 

to anticancer treatments. Notably, a study on Myc-

induced lymphoma demonstrated that inhibiting 

autophagy, either through chloroquine or ATG5 shRNA, 

augmented the impact of p53 activation and alkylating 

drug therapies, leading to enhanced tumor cell apoptosis. 

This finding underscores the potential of autophagy 

suppression as a therapeutic strategy to potentiate 

apoptosis-inducing treatments in DLBCL. Further 

research has illuminated that autophagy inhibition can 

bolster the effectiveness of alkylating drugs, especially in 

tumors that are resistant to apoptosis. Several molecules 

such as bortezomib and antimalarial artemisinin 

derivative SM1044 indicate the beneficial potential to 

inhibit the progress of DLBCL through mediating 

autophagy [17]. This suggests a promising avenue to 

address drug resistance challenges in DLBCL. We 

confirmed that the selected genes LYZ was positively 

associated with the drug resistance to most 

chemotherapeutic drugs, while ADD3 was negatively 

related to the drug resistance to JW-7-52-1, BEZ235, and 

A-443654. Besides, the predicted IC50 values showed 

differences between low-risk and high-risk patients. 

These findings further validate the association between 

autophagy and drug sensitivity in DLBCL. Moreover, our 

autophagy-related model demonstrates potential in 

predicting drug sensitivity, offering a direction for 

targeted autophagy-based antitumor therapies. 

 

Our study, while offering groundbreaking insights into 

the role of autophagy in DLBCL and introducing a 

novel predictive model, does come with certain 

limitations. The sample size, though substantial, may 

not fully capture the intricate heterogeneity of DLBCL, 

potentially limiting the generalizability of our findings. 

Additionally, our conclusions, which are primarily 

grounded in computational analyses, lack functional 

validation. This makes it imperative that the model-

based immunotherapy also needs to be verified by  

in vitro and in vivo experiments in the future. As we look 

ahead, it’s paramount to validate the predictive accuracy 

of our model in larger and more diverse patient cohorts. 

A deeper exploration into the molecular mechanisms 

that underpin our model’s predictions will not only 

solidify our understanding but also spotlight potential 

therapeutic targets. Furthermore, refining our model by 

incorporating a broader spectrum of biomarkers or 

clinical parameters could enhance its predictive power 

and clinical utility. In essence, while our findings mark 
a significant step forward, the journey towards 

translating these insights into clinical practice requires 

continued rigorous research and validation. 
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CONCLUSIONS 
 

Summarily, the expression signature of autophagy-

related genes was statistically different among 

DLBCL groups with different clinical features 

including age, molecular subtypes, ECOG scores, and 

stages. Consensus unsupervised analysis revealed 2 

clusters of DLBCL samples based on 80 autophagy-

related genes. The risk scoring model was constructed 

based on LASSO regression analysis, of which 

accuracy was externally evaluated. Prognostic 

nomogram for overall survival of DLBCL patients 

incorporated risk level, stage, ECOG scores, and 

molecular subtypes, exhibiting an optimal agreement 

between the actual observation and predicted results. 

The risk scoring method applies to the analysis of 

immune infiltration and drug resistance for DLBCL 

patients. 

 

AUTHOR CONTRIBUTIONS 
 

RF designed the research and reviewed and revised the 

manuscript. DX, XW, and WH, writing, data analysis, 

editing manuscript. DX and JZ formal analysis, writing 

original draft. All authors read and approved the final 

manuscript. 

 

ACKNOWLEDGMENTS 
 

We would like to give our sincere appreciation to our 

institutions for their support and help of this article. We 

also thanks for our colleagues. We also thank 

colleagues and experts who have helped to revise and 

review this article. 

 

CONFLICTS OF INTEREST 
 

All the authors declare that this manuscript has no 

conflict of interest. No details need to be disclosed 

about the economic interests of all authors. In addition, 

the authors have declared that no competing interests 

exist in this article. 

 

FUNDING 
 

This work was supported by grants from the Medical 

Scientific Research Foundation of Guangdong 

Province (grant no. B2021195), Guangdong Basic and 

Applied Basic Research Foundation (grant 

no.2022A1515140022), the medical Research Project 

of Shunde Hospital (grant no. SRSP2021038). 

 

REFERENCES 
 

1. Sehn LH, Salles G. Diffuse Large B-Cell Lymphoma. N 
Engl J Med. 2021; 384:842–58. 

 https://doi.org/10.1056/NEJMra2027612 
PMID:33657296 

2. Poletto S, Novo M, Paruzzo L, Frascione PMM, Vitolo U. 
Treatment strategies for patients with diffuse large B-
cell lymphoma. Cancer Treat Rev. 2022; 110:102443. 

 https://doi.org/10.1016/j.ctrv.2022.102443 
PMID:35933930 

3. Ruppert AS, Dixon JG, Salles G, Wall A, Cunningham D, 
Poeschel V, Haioun C, Tilly H, Ghesquieres H, Ziepert 
M, Flament J, Flowers C, Shi Q, Schmitz N. International 
prognostic indices in diffuse large B-cell lymphoma: a 
comparison of IPI, R-IPI, and NCCN-IPI. Blood. 2020; 
135:2041–8. 

 https://doi.org/10.1182/blood.2019002729 
PMID:32232482 

4. Pileri SA, Tripodo C, Melle F, Motta G, Tabanelli V, Fiori 
S, Vegliante MC, Mazzara S, Ciavarella S, Derenzini E. 
Predictive and Prognostic Molecular Factors in Diffuse 
Large B-Cell Lymphomas. Cells. 2021; 10:675. 

 https://doi.org/10.3390/cells10030675 
PMID:33803671 

5. He J, Chen Z, Xue Q, Sun P, Wang Y, Zhu C, Shi W. 
Identification of molecular subtypes and a novel 
prognostic model of diffuse large B-cell lymphoma 
based on a metabolism-associated gene signature. J 
Transl Med. 2022; 20:186. 

 https://doi.org/10.1186/s12967-022-03393-9 
PMID:35468826 

6. Susanibar-Adaniya S, Barta SK. 2021 Update on Diffuse 
large B cell lymphoma: A review of current data and 
potential applications on risk stratification and 
management. Am J Hematol. 2021; 96:617–29. 

 https://doi.org/10.1002/ajh.26151 PMID:33661537 

7. Park HY, Lee SB, Yoo HY, Kim SJ, Kim WS, Kim JI, Ko YH. 
Whole-exome and transcriptome sequencing of 
refractory diffuse large B-cell lymphoma. Oncotarget. 
2016; 7:86433–45. 

 https://doi.org/10.18632/oncotarget.13239 
PMID:27835906 

8. Merdan S, Subramanian K, Ayer T, Van Weyenbergh J, 
Chang A, Koff JL, Flowers C. Gene expression profiling-
based risk prediction and profiles of immune 
infiltration in diffuse large B-cell lymphoma. Blood 
Cancer J. 2021; 11:2. 

 https://doi.org/10.1038/s41408-020-00404-0 
PMID:33414466 

9. Ren H, Zhu J, Yu H, Bazhin AV, Westphalen CB, Renz 
BW, Jacob SN, Lampert C, Werner J, Angele MK, Bösch 
F. Angiogenesis-Related Gene Expression Signatures 
Predicting Prognosis in Gastric Cancer Patients. 
Cancers (Basel). 2020; 12:3685. 

 https://doi.org/10.3390/cancers12123685 
PMID:33302481 

https://doi.org/10.1056/NEJMra2027612
https://pubmed.ncbi.nlm.nih.gov/33657296
https://doi.org/10.1016/j.ctrv.2022.102443
https://pubmed.ncbi.nlm.nih.gov/35933930/
https://doi.org/10.1182/blood.2019002729
https://pubmed.ncbi.nlm.nih.gov/32232482
https://doi.org/10.3390/cells10030675
https://pubmed.ncbi.nlm.nih.gov/33803671
https://doi.org/10.1186/s12967-022-03393-9
https://pubmed.ncbi.nlm.nih.gov/35468826
https://doi.org/10.1002/ajh.26151
https://pubmed.ncbi.nlm.nih.gov/33661537
https://doi.org/10.18632/oncotarget.13239
https://pubmed.ncbi.nlm.nih.gov/27835906
https://doi.org/10.1038/s41408-020-00404-0
https://pubmed.ncbi.nlm.nih.gov/33414466
https://doi.org/10.3390/cancers12123685
https://pubmed.ncbi.nlm.nih.gov/33302481


www.aging-us.com 1064 AGING 

10. Zhang JD, Zhang HM, Lu D, Wang ZN, Chen HR, Lu XC. 
[Screening of Differential Expression Autophagy Genes 
Related to the Prognosis of Diffuse Large B-Cell 
Lymphoma and Establishment of an Autophagy 
Model]. Zhongguo Shi Yan Xue Ye Xue Za Zhi. 2022; 
30:1101–8. 

 https://doi.org/10.19746/j.cnki.issn.1009-
2137.2022.04.019 PMID:35981368 

11. Li X, He S, Ma B. Autophagy and autophagy-related 
proteins in cancer. Mol Cancer. 2020; 19:12. 

 https://doi.org/10.1186/s12943-020-1138-4 
PMID:31969156 

12. Poillet-Perez L, Sarry JE, Joffre C. Autophagy is a major 
metabolic regulator involved in cancer therapy 
resistance. Cell Rep. 2021; 36:109528. 

 https://doi.org/10.1016/j.celrep.2021.109528 
PMID:34407408 

13. Hu D, Jiang L, Luo S, Zhao X, Hu H, Zhao G, Tang W. 
Development of an autophagy-related gene expression 
signature for prognosis prediction in prostate cancer 
patients. J Transl Med. 2020; 18:160. 

 https://doi.org/10.1186/s12967-020-02323-x 
PMID:32264916 

14. Lin QG, Liu W, Mo YZ, Han J, Guo ZX, Zheng W, Wang 
JW, Zou XB, Li AH, Han F. Development of prognostic 
index based on autophagy-related genes analysis in 
breast cancer. Aging (Albany NY). 2020; 12:1366–76. 

 https://doi.org/10.18632/aging.102687 
PMID:31967976 

15. Wan B, Liu B, Yu G, Huang Y, Lv C. Differentially 
expressed autophagy-related genes are potential 
prognostic and diagnostic biomarkers in clear-cell renal 
cell carcinoma. Aging (Albany NY). 2019; 11:9025–42. 

 https://doi.org/10.18632/aging.102368 
PMID:31626592 

16. Xu Y, Li R, Li X, Dong N, Wu D, Hou L, Yin K, Zhao C. An 
Autophagy-Related Gene Signature Associated With 
Clinical Prognosis and Immune Microenvironment in 
Gliomas. Front Oncol. 2020; 10:571189. 

 https://doi.org/10.3389/fonc.2020.571189 
PMID:33194668 

17. Cheng C, Wang T, Song Z, Peng L, Gao M, Hermine O, 
Rousseaux S, Khochbin S, Mi JQ, Wang J. Induction of 
autophagy and autophagy-dependent apoptosis in 
diffuse large B-cell lymphoma by a new antimalarial 
artemisinin derivative, SM1044. Cancer Med. 2018; 
7:380–96. 

 https://doi.org/10.1002/cam4.1276  
PMID:29277967 

18. Ortona E, Locatelli SL, Pagano MT, Ascione B, Careddu 
G, Dupuis ML, Marconi M, Carlo-Stella C, Malorni W, 
Matarrese P, Pierdominici M. The Natural Estrogen 
Receptor Beta Agonist Silibinin as a Promising 

Therapeutic Tool in Diffuse Large B-cell Lymphoma. 
Anticancer Res. 2022; 42:767–79. 

 https://doi.org/10.21873/anticanres.15535 
PMID:35093875 

19. Davis S, Meltzer PS. GEOquery: a bridge between the 
Gene Expression Omnibus (GEO) and BioConductor. 
Bioinformatics. 2007; 23:1846–7. 

 https://doi.org/10.1093/bioinformatics/btm254 
PMID:17496320 

20. Amin MB, Greene FL, Edge SB, Compton CC, 
Gershenwald JE, Brookland RK, Meyer L, Gress DM, 
Byrd DR, Winchester DP. The Eighth Edition AJCC 
Cancer Staging Manual: Continuing to build a bridge 
from a population-based to a more “personalized” 
approach to cancer staging. CA Cancer J Clin. 2017; 
67:93–9. 

 https://doi.org/10.3322/caac.21388 PMID:28094848 

21. Wilkerson MD, Hayes DN. ConsensusClusterPlus: a 
class discovery tool with confidence assessments and 
item tracking. Bioinformatics. 2010; 26:1572–3. 

 https://doi.org/10.1093/bioinformatics/btq170 
PMID:20427518 

22. Wang S, Yabes JG, Chang CCH. Hybrid Density-and 
Partition-based Clustering Algorithm for Data with 
Mixed-type Variables[J]. Journal of Data Science. 2021; 
19:15–36. 

 https://doi.org/10.6339/21-JDS996 

23. Yu G, Wang LG, Han Y, He QY. clusterProfiler: an R 
package for comparing biological themes among gene 
clusters. OMICS. 2012; 16:284–7. 

 https://doi.org/10.1089/omi.2011.0118 
PMID:22455463 

24. Friedman J, Hastie T, Tibshirani R. Regularization Paths 
for Generalized Linear Models via Coordinate Descent. 
J Stat Softw. 2010; 33:1–22. 

 https://doi.org/10.18637/jss.v033.i01 PMID:20808728 

25. Tibshirani R. The lasso method for variable selection in 
the Cox model. Stat Med. 1997; 16:385–95. 

 https://doi.org/10.1002/(sici)1097-
0258(19970228)16:4<385::aid-sim380>3.0.co;2-3 
PMID:9044528 

26. Chen B, Khodadoust MS, Liu CL, Newman AM, Alizadeh 
AA. Profiling Tumor Infiltrating Immune Cells with 
CIBERSORT. Methods Mol Biol. 2018; 1711:243–59. 

 https://doi.org/10.1007/978-1-4939-7493-1_12 
PMID:29344893 

27. Geeleher P, Cox N, Huang RS. pRRophetic: an R 
package for prediction of clinical chemotherapeutic 
response from tumor gene expression levels. PLoS 
One. 2014; 9:e107468. 

 https://doi.org/10.1371/journal.pone.0107468 
PMID:25229481 

https://doi.org/10.19746/j.cnki.issn.1009-2137.2022.04.019
https://doi.org/10.19746/j.cnki.issn.1009-2137.2022.04.019
https://pubmed.ncbi.nlm.nih.gov/35981368
https://doi.org/10.1186/s12943-020-1138-4
https://pubmed.ncbi.nlm.nih.gov/31969156
https://doi.org/10.1016/j.celrep.2021.109528
https://pubmed.ncbi.nlm.nih.gov/34407408
https://doi.org/10.1186/s12967-020-02323-x
https://pubmed.ncbi.nlm.nih.gov/32264916
https://doi.org/10.18632/aging.102687
https://pubmed.ncbi.nlm.nih.gov/31967976
https://doi.org/10.18632/aging.102368
https://pubmed.ncbi.nlm.nih.gov/31626592
https://doi.org/10.3389/fonc.2020.571189
https://pubmed.ncbi.nlm.nih.gov/33194668
https://doi.org/10.1002/cam4.1276
https://pubmed.ncbi.nlm.nih.gov/29277967
https://doi.org/10.21873/anticanres.15535
https://pubmed.ncbi.nlm.nih.gov/35093875
https://doi.org/10.1093/bioinformatics/btm254
https://pubmed.ncbi.nlm.nih.gov/17496320
https://doi.org/10.3322/caac.21388
https://pubmed.ncbi.nlm.nih.gov/28094848
https://doi.org/10.1093/bioinformatics/btq170
https://pubmed.ncbi.nlm.nih.gov/20427518
https://doi.org/10.6339/21-JDS996
https://doi.org/10.1089/omi.2011.0118
https://pubmed.ncbi.nlm.nih.gov/22455463
https://doi.org/10.18637/jss.v033.i01
https://pubmed.ncbi.nlm.nih.gov/20808728
https://doi.org/10.1002/(sici)1097-0258(19970228)16:4%3c385::aid-sim380%3e3.0.co;2-3
https://doi.org/10.1002/(sici)1097-0258(19970228)16:4%3c385::aid-sim380%3e3.0.co;2-3
https://pubmed.ncbi.nlm.nih.gov/9044528
https://doi.org/10.1007/978-1-4939-7493-1_12
https://pubmed.ncbi.nlm.nih.gov/29344893
https://doi.org/10.1371/journal.pone.0107468
https://pubmed.ncbi.nlm.nih.gov/25229481


www.aging-us.com 1065 AGING 

28. Maeser D, Gruener RF, Huang RS. oncoPredict: an R 
package for predicting in vivo or cancer patient drug 
response and biomarkers from cell line screening data. 
Brief Bioinform. 2021; 22:bbab260. 

 https://doi.org/10.1093/bib/bbab260  
PMID:34260682 

29. Shi Y, Han Y, Yang J, Liu P, He X, Zhang C, Zhou S, Zhou 
L, Qin Y, Song Y, Liu Y, Wang S, Jin J, et al. Clinical 
features and outcomes of diffuse large B-cell 
lymphoma based on nodal or extranodal primary sites 
of origin: Analysis of 1,085 WHO classified cases in a 
single institution in China. Chin J Cancer Res. 2019; 
31:152–61. 

 https://doi.org/10.21147/j.issn.1000-9604.2019.01.10 
PMID:30996573 

30. Opinto G, Vegliante MC, Negri A, Skrypets T, Loseto G, 
Pileri SA, Guarini A, Ciavarella S. The Tumor 
Microenvironment of DLBCL in the Computational Era. 
Front Oncol. 2020; 10:351. 

 https://doi.org/10.3389/fonc.2020.00351 
PMID:32296632 

31. Ye X, Wang L, Nie M, Wang Y, Dong S, Ren W, Li G, Li 
ZM, Wu K, Pan-Hammarström Q. A single-cell atlas of 
diffuse large B cell lymphoma. Cell Rep. 2022; 
39:110713. 

 https://doi.org/10.1016/j.celrep.2022.110713 
PMID:35443163 

32. de Groot FA, de Groen RAL, van den Berg A, Jansen 
PM, Lam KH, Mutsaers PG, van Noesel CJ, Chamuleau 
ME, Stevens WB, Plaça JR, Mous R, Kersten MJ, van der 
Poel MM, et al. Biological and Clinical Implications of 
Gene-Expression Profiling in Diffuse Large B-Cell 
Lymphoma: A Proposal for a Targeted BLYM-777 
Consortium Panel as Part of a Multilayered Analytical 
Approach. Cancers (Basel). 2022; 14:1857. 

 https://doi.org/10.3390/cancers14081857 
PMID:35454765 

33. Ysebaert L, Quillet-Mary A, Tosolini M, Pont F, Laurent 
C, Fournié JJ. Lymphoma Heterogeneity Unraveled by 
Single-Cell Transcriptomics. Front Immunol. 2021; 
12:597651. 

 https://doi.org/10.3389/fimmu.2021.597651 
PMID:33732232 

34. Zhou X, He YZ, Liu D, Lin CR, Liang D, Huang R, Wang L. 
An Autophagy-Related Gene Signature can Better 
Predict Prognosis and Resistance in Diffuse Large B-Cell 
Lymphoma. Front Genet. 2022; 13:862179. 

 https://doi.org/10.3389/fgene.2022.862179 
PMID:35846146 

35. Larouche JF, Berger F, Chassagne-Clément C, Ffrench 
M, Callet-Bauchu E, Sebban C, Ghesquières H, 
Broussais-Guillaumot F, Salles G, Coiffier B. Lymphoma 
recurrence 5 years or later following diffuse large B-cell 

lymphoma: clinical characteristics and outcome. J Clin 
Oncol. 2010; 28:2094–100. 

 https://doi.org/10.1200/JCO.2009.24.5860 
PMID:20308668 

36. Nicotra G, Mercalli F, Peracchio C, Castino R, Follo C, 
Valente G, Isidoro C. Autophagy-active beclin-1 
correlates with favourable clinical outcome in non-
Hodgkin lymphomas. Mod Pathol. 2010; 23:937–50. 

 https://doi.org/10.1038/modpathol.2010.80 
PMID:20473282 

37. Huang JJ, Zhu YJ, Lin TY, Jiang WQ, Huang HQ, Li ZM. 
Beclin 1 expression predicts favorable clinical 
outcome in patients with diffuse large B-cell 
lymphoma treated with R-CHOP. Hum Pathol. 2011; 
42:1459–66. 

 https://doi.org/10.1016/j.humpath.2010.12.014 
PMID:21450329 

38. Zhang X, Li C, Wang D, Chen Q, Li CL, Li HJ. Aberrant 
methylation of ATG2B, ATG4D, ATG9A and ATG9B CpG 
island promoter is associated with decreased mRNA 
expression in sporadic breast carcinoma. Gene. 2016; 
590:285–92. 

 https://doi.org/10.1016/j.gene.2016.05.036 
PMID:27265029 

39. Andaloussi AE, Habib S, Soylemes G, Laknaur A, 
Elhusseini H, Al-Hendy A, Ismail N. Defective 
expression of ATG4D abrogates autophagy and 
promotes growth in human uterine fibroids. Cell Death 
Discov. 2017; 3:17041. 

 https://doi.org/10.1038/cddiscovery.2017.41 
PMID:28815060 

40. Ebright RY, Zachariah MA, Micalizzi DS, Wittner BS, 
Niederhoffer KL, Nieman LT, Chirn B, Wiley DF, Wesley 
B, Shaw B, Nieblas-Bedolla E, Atlas L, Szabolcs A, et al. 
HIF1A signaling selectively supports proliferation of 
breast cancer in the brain. Nat Commun. 2020; 
11:6311. 

 https://doi.org/10.1038/s41467-020-20144-w 
PMID:33298946 

41. Jamali L, Moradi A, Ganji M, Ayati M, Kazeminezhad B, 
Fazeli Attar Z, Ghaedi H, Ghaderian SM, Fallah-Karkan 
M, Ranjbar A. Potential Prognostic Role for SPOP, 
DAXX, RARRES1, and LAMP2 as an Autophagy Related 
Genes in Prostate Cancer. Urol J. 2020; 17:156–63. 

 https://doi.org/10.22037/uj.v0i0.4935  
PMID:30882175 

42. Wei X, Yi X, Lv H, Sui X, Lu P, Li L, An Y, Yang Y, Yi H, 
Chen G. MicroRNA-377-3p released by mesenchymal 
stem cell exosomes ameliorates lipopolysaccharide-
induced acute lung injury by targeting RPTOR to induce 
autophagy. Cell Death Dis. 2020; 11:657. 

 https://doi.org/10.1038/s41419-020-02857-4 
PMID:32814765 

https://doi.org/10.1093/bib/bbab260
https://pubmed.ncbi.nlm.nih.gov/34260682
https://doi.org/10.21147/j.issn.1000-9604.2019.01.10
https://pubmed.ncbi.nlm.nih.gov/30996573
https://doi.org/10.3389/fonc.2020.00351
https://pubmed.ncbi.nlm.nih.gov/32296632
https://doi.org/10.1016/j.celrep.2022.110713
https://pubmed.ncbi.nlm.nih.gov/35443163
https://doi.org/10.3390/cancers14081857
https://pubmed.ncbi.nlm.nih.gov/35454765
https://doi.org/10.3389/fimmu.2021.597651
https://pubmed.ncbi.nlm.nih.gov/33732232
https://doi.org/10.3389/fgene.2022.862179
https://pubmed.ncbi.nlm.nih.gov/35846146
https://doi.org/10.1200/JCO.2009.24.5860
https://pubmed.ncbi.nlm.nih.gov/20308668
https://doi.org/10.1038/modpathol.2010.80
https://pubmed.ncbi.nlm.nih.gov/20473282
https://doi.org/10.1016/j.humpath.2010.12.014
https://pubmed.ncbi.nlm.nih.gov/21450329
https://doi.org/10.1016/j.gene.2016.05.036
https://pubmed.ncbi.nlm.nih.gov/27265029
https://doi.org/10.1038/cddiscovery.2017.41
https://pubmed.ncbi.nlm.nih.gov/28815060
https://doi.org/10.1038/s41467-020-20144-w
https://pubmed.ncbi.nlm.nih.gov/33298946
https://doi.org/10.22037/uj.v0i0.4935
https://pubmed.ncbi.nlm.nih.gov/30882175
https://doi.org/10.1038/s41419-020-02857-4
https://pubmed.ncbi.nlm.nih.gov/32814765/


www.aging-us.com 1066 AGING 

43. Li GM, Li L, Li MQ, Chen X, Su Q, Deng ZJ, Liu HB, Li B, 
Zhang WH, Jia YX, Wang WJ, Ma JY, Zhang HL, et al. 
DAPK3 inhibits gastric cancer progression via activation 
of ULK1-dependent autophagy. Cell Death Differ. 2021; 
28:952–67. 

 https://doi.org/10.1038/s41418-020-00627-5 
PMID:33037394 

44. Kang HM, Noh KH, Chang TK, Park D, Cho HS, Lim JH, 
Jung CR. Ubiquitination of MAP1LC3B by pVHL is 
associated with autophagy and cell death in renal cell 
carcinoma. Cell Death Dis. 2019; 10:279. 

 https://doi.org/10.1038/s41419-019-1520-6 
PMID:30902965 

45. Zhao JY, Li XY, Liu TD, Liang B, Huang Y, Li W. Silencing 
of ATG4D suppressed proliferation and enhanced 
cisplatin-induced apoptosis in hepatocellular 
carcinoma through Akt/Caspase-3 pathway. Mol Cell 
Biochem. 2021; 476:4153–9. 

 https://doi.org/10.1007/s11010-021-04224-z 
PMID:34313895 

46. Rodríguez ME, Catrinacio C, Ropolo A, Rivarola VA, 
Vaccaro MI. A novel HIF-1α/VMP1-autophagic 
pathway induces resistance to photodynamic therapy 
in colon cancer cells. Photochem Photobiol Sci. 2017; 
16:1631–42. 

 https://doi.org/10.1039/c7pp00161d PMID:28936522 

47. Sun Y, Xing X, Liu Q, Wang Z, Xin Y, Zhang P, Hu C, Liu Y. 
Hypoxia-induced autophagy reduces radiosensitivity by 
the HIF-1α/miR-210/Bcl-2 pathway in colon cancer 
cells. Int J Oncol. 2015; 46:750–6. 

 https://doi.org/10.3892/ijo.2014.2745 PMID:25385144 

48. Walls KC, Ghosh AP, Ballestas ME, Klocke BJ, Roth 
KA. bcl-2/Adenovirus E1B 19-kd interacting protein 3 
(BNIP3) regulates hypoxia-induced neural precursor 
cell death. J Neuropathol Exp Neurol. 2009; 
68:1326–38. 

 https://doi.org/10.1097/NEN.0b013e3181c3b9be 
PMID:19915483 

49. Ashrafizadeh M, Paskeh MDA, Mirzaei S, Gholami MH, 
Zarrabi A, Hashemi F, Hushmandi K, Hashemi M, 
Nabavi N, Crea F, Ren J, Klionsky DJ, Kumar AP, Wang 
Y. Targeting autophagy in prostate cancer: preclinical 
and clinical evidence for therapeutic response. J Exp 
Clin Cancer Res. 2022; 41:105. 

 https://doi.org/10.1186/s13046-022-02293-6 
PMID:35317831 

50. Levine B, Kroemer G. Autophagy in the pathogenesis of 
disease. Cell. 2008; 132:27–42. 

 https://doi.org/10.1016/j.cell.2007.12.018 
PMID:18191218 

51. Morell C, Bort A, Vara-Ciruelos D, Ramos-Torres Á, 
Altamirano-Dimas M, Díaz-Laviada I, Rodríguez-Henche 
N. Up-Regulated Expression of LAMP2 and Autophagy 

Activity during Neuroendocrine Differentiation of 
Prostate Cancer LNCaP Cells. PLoS One. 2016; 
11:e0162977. 

 https://doi.org/10.1371/journal.pone.0162977 
PMID:27627761 

52. Huang CF, Deng WW, Zhang L, Zhang WF, Sun ZJ. 
Expression of LC3, LAMP2, KEAP1 and NRF2 in Salivary 
Adenoid Cystic Carcinoma. Pathol Oncol Res. 2016; 
22:109–14. 

 https://doi.org/10.1007/s12253-015-9981-0 
PMID:26350055 

53. Robert G, Auberger P. Azacitidine resistance caused by 
LAMP2 deficiency: a therapeutic window for the use of 
autophagy inhibitors in MDS/AML patients? 
Autophagy. 2019; 15:927–9. 

 https://doi.org/10.1080/15548627.2019.1586259 
PMID:30806567 

54. Han H, Yang C, Ma J, Zhang S, Zheng S, Ling R, Sun K, 
Guo S, Huang B, Liang Y, Wang L, Chen S, Wang Z, et al. 
N7-methylguanosine tRNA modification promotes 
esophageal squamous cell carcinoma tumorigenesis via 
the RPTOR/ULK1/autophagy axis. Nat Commun. 2022; 
13:1478. 

 https://doi.org/10.1038/s41467-022-29125-7 
PMID:35304469 

55. Liu L, Yan L, Liao N, Wu WQ, Shi JL. A Review of ULK1-
Mediated Autophagy in Drug Resistance of Cancer. 
Cancers (Basel). 2020; 12:352. 

 https://doi.org/10.3390/cancers12020352 
PMID:32033142 

56. Lu J, Zhu L, Zheng LP, Cui Q, Zhu HH, Zhao H, Shen ZJ, 
Dong HY, Chen SS, Wu WZ, Tan JM. Overexpression of 
ULK1 Represents a Potential Diagnostic Marker for 
Clear Cell Renal Carcinoma and the Antitumor Effects 
of SBI-0206965. EBioMedicine. 2018; 34:85–93. 

 https://doi.org/10.1016/j.ebiom.2018.07.034 
PMID:30078736 

57. Tang F, Hu P, Yang Z, Xue C, Gong J, Sun S, Shi L, Zhang 
S, Li Z, Yang C, Zhang J, Xie C. SBI0206965, a novel 
inhibitor of Ulk1, suppresses non-small cell lung cancer 
cell growth by modulating both autophagy and 
apoptosis pathways. Oncol Rep. 2017; 37:3449–58. 

 https://doi.org/10.3892/or.2017.5635 PMID:28498429 

58. Martin KR, Celano SL, Solitro AR, Gunaydin H, Scott M, 
O’Hagan RC, Shumway SD, Fuller P, MacKeigan JP. A 
Potent and Selective ULK1 Inhibitor Suppresses 
Autophagy and Sensitizes Cancer Cells to Nutrient 
Stress. iScience. 2018; 8:74–84. 

 https://doi.org/10.1016/j.isci.2018.09.012 
PMID:30292171 

59. He W, Ye X, Huang X, Lel W, You L, Wang L, Chen X, 
Qian W. Hsp90 inhibitor, BIIB021, induces apoptosis 
and autophagy by regulating mTOR-Ulk1 pathway in 

https://doi.org/10.1038/s41418-020-00627-5
https://pubmed.ncbi.nlm.nih.gov/33037394
https://doi.org/10.1038/s41419-019-1520-6
https://pubmed.ncbi.nlm.nih.gov/30902965
https://doi.org/10.1007/s11010-021-04224-z
https://pubmed.ncbi.nlm.nih.gov/34313895
https://doi.org/10.1039/c7pp00161d
https://pubmed.ncbi.nlm.nih.gov/28936522
https://doi.org/10.3892/ijo.2014.2745
https://pubmed.ncbi.nlm.nih.gov/25385144
https://doi.org/10.1097/NEN.0b013e3181c3b9be
https://pubmed.ncbi.nlm.nih.gov/19915483
https://doi.org/10.1186/s13046-022-02293-6
https://pubmed.ncbi.nlm.nih.gov/35317831
https://doi.org/10.1016/j.cell.2007.12.018
https://pubmed.ncbi.nlm.nih.gov/18191218
https://doi.org/10.1371/journal.pone.0162977
https://pubmed.ncbi.nlm.nih.gov/27627761
https://doi.org/10.1007/s12253-015-9981-0
https://pubmed.ncbi.nlm.nih.gov/26350055
https://doi.org/10.1080/15548627.2019.1586259
https://pubmed.ncbi.nlm.nih.gov/30806567
https://doi.org/10.1038/s41467-022-29125-7
https://pubmed.ncbi.nlm.nih.gov/35304469/
https://doi.org/10.3390/cancers12020352
https://pubmed.ncbi.nlm.nih.gov/32033142
https://doi.org/10.1016/j.ebiom.2018.07.034
https://pubmed.ncbi.nlm.nih.gov/30078736
https://doi.org/10.3892/or.2017.5635
https://pubmed.ncbi.nlm.nih.gov/28498429
https://doi.org/10.1016/j.isci.2018.09.012
https://pubmed.ncbi.nlm.nih.gov/30292171


www.aging-us.com 1067 AGING 

imatinib-sensitive and -resistant chronic myeloid 
leukemia cells. Int J Oncol. 2016; 48:1710–20. 

 https://doi.org/10.3892/ijo.2016.3382 PMID:26892093 

60. Wang X, Lan Z, He J, Lai Q, Yao X, Li Q, Liu Y, Lai H, Gu C, 
Yan Q, Fang Y, Zhang Y, Li A, Liu S. LncRNA SNHG6 
promotes chemoresistance through ULK1-induced 
autophagy by sponging miR-26a-5p in colorectal 
cancer cells. Cancer Cell Int. 2019; 19:234. 

 https://doi.org/10.1186/s12935-019-0951-6 
PMID:31516391 

61. Liu PF, Chang HW, Cheng JS, Lee HP, Yen CY, Tsai WL, 
Cheng JT, Li YJ, Huang WC, Lee CH, Ger LP, Shu CW. 
Map1lc3b and Sqstm1 Modulated Autophagy for 
Tumorigenesis and Prognosis in Certain Subsites of 
Oral Squamous Cell Carcinoma. J Clin Med. 2018; 
7:478. 

 https://doi.org/10.3390/jcm7120478 PMID:30477228 

62. Masuda GO, Yashiro M, Kitayama K, Miki Y, Kasashima 
H, Kinoshita H, Morisaki T, Fukuoka T, Hasegawa T, 
Sakurai K, Toyokawa T, Kubo N, Tanaka H, et al. 
Clinicopathological Correlations of Autophagy-related 
Proteins LC3, Beclin 1 and p62 in Gastric Cancer. 
Anticancer Res. 2016; 36:129–36. 

 PMID:26722036 

63. Pore D, Bodo J, Danda A, Yan D, Phillips JG, Lindner D, 
Hill BT, Smith MR, Hsi ED, Gupta N. Identification of 
Ezrin-Radixin-Moesin proteins as novel regulators of 
pathogenic B-cell receptor signaling and tumor growth 
in diffuse large B-cell lymphoma. Leukemia. 2015; 
29:1857–67. 

 https://doi.org/10.1038/leu.2015.86 PMID:25801911 

64. Ketchum CM, Sun X, Suberi A, Fourkas JT, Song W, 
Upadhyaya A. Subcellular topography modulates actin 
dynamics and signaling in B-cells. Mol Biol Cell. 2018; 
29:1732–42. 

 https://doi.org/10.1091/mbc.E17-06-0422 
PMID:29771636 

65. Li J, Yin W, Jing Y, Kang D, Yang L, Cheng J, Yu Z, Peng Z, 
Li X, Wen Y, Sun X, Ren B, Liu C. The Coordination 
Between B Cell Receptor Signaling and the Actin 
Cytoskeleton During B Cell Activation. Front Immunol. 
2019; 9:3096. 

 https://doi.org/10.3389/fimmu.2018.03096 
PMID:30687315 

66. Witjes L, Van Troys M, Verhasselt B, Ampe C. 
Prevalence of Cytoplasmic Actin Mutations in Diffuse 
Large B-Cell Lymphoma and Multiple Myeloma: A 
Functional Assessment Based on Actin Three-
Dimensional Structures. Int J Mol Sci. 2020; 21:3093. 

 https://doi.org/10.3390/ijms21093093 
PMID:32349449 

67. Reddy A, Zhang J, Davis NS, Moffitt AB, Love CL, 
Waldrop A, Leppa S, Pasanen A, Meriranta L, 

Karjalainen-Lindsberg ML, Nørgaard P, Pedersen M, 
Gang AO, et al. Genetic and Functional Drivers  
of Diffuse Large B Cell Lymphoma. Cell. 2017; 
171:481–94.e15. 

 https://doi.org/10.1016/j.cell.2017.09.027 
PMID:28985567 

68. Xu Y, Zhou X, Zhang S, Nanding A, Xuan Q. Expression 
and Prognostic Value of Glucose Transporter 3 in 
Diffuse Large B Cell Lymphoma. Onco Targets Ther. 
2022; 15:181–91. 

 https://doi.org/10.2147/OTT.S338826 PMID:35250277 

69. Ferrero S, Grimaldi D, Arrigoni E, Zaccaria GM, 
Alessandria B, Genuardi E, De Luca G, Ghislieri M, Di 
Rocco A, Re A, Stefoni V, Cavallo F, Boccomini C, et al. 
Pharmacogenomics Drives Lenalidomide Efficacy and 
MRD Kinetics in Mantle Cell Lymphoma after 
Autologous Transplantation: Results from the 
MCL0208 Multicenter, Phase III, Randomized Clinical 
Trial from the Fondazione Italiana Linfomi (FIL). Blood. 
2020; 136:16–7. 

 https://doi.org/10.1182/blood-2020-134875 

70. Jen J, Lin LL, Chen HT, Liao SY, Lo FY, Tang YA, Su WC, 
Salgia R, Hsu CL, Huang HC, Juan HF, Wang YC. 
Oncoprotein ZNF322A transcriptionally deregulates 
alpha-adducin, cyclin D1 and p53 to promote tumor 
growth and metastasis in lung cancer. Oncogene. 
2016; 35:2357–69. 

 https://doi.org/10.1038/onc.2015.296  
PMID:26279304 

71. Grkovic S, O’Reilly VC, Han S, Hong M, Baxter RC, Firth 
SM. IGFBP-3 binds GRP78, stimulates autophagy and 
promotes the survival of breast cancer cells exposed to 
adverse microenvironments. Oncogene. 2013; 
32:2412–20. 

 https://doi.org/10.1038/onc.2012.264 PMID:22751133 

72. Hu L, Fang L, Zhang ZP, Yan ZL. TPM1 is a Novel 
Predictive Biomarker for Gastric Cancer Diagnosis and 
Prognosis. Clin Lab. 2020; 66. 

 https://doi.org/10.7754/Clin.Lab.2019.190235 
PMID:32255282 

73. Cotzomi-Ortega I, Aguilar-Alonso P, Reyes-Leyva J, 
Maycotte P. Autophagy and Its Role in Protein 
Secretion: Implications for Cancer Therapy. Mediators 
Inflamm. 2018; 2018:4231591. 

 https://doi.org/10.1155/2018/4231591 
PMID:30622432 

74. Berg HE, Greipp PT, Baughn LB, Falcon CP, Jackson CC, 
Peterson JF. Detection of a Cryptic KMT2A/AFDN Gene 
Fusion [ins(6;11)(q27;q23q23)] in a Pediatric Patient 
with Newly Diagnosed Acute Myeloid Leukemia. Lab 
Med. 2022; 53:e95–9. 

 https://doi.org/10.1093/labmed/lmab109 
PMID:34894139 

https://doi.org/10.3892/ijo.2016.3382
https://pubmed.ncbi.nlm.nih.gov/26892093
https://doi.org/10.1186/s12935-019-0951-6
https://pubmed.ncbi.nlm.nih.gov/31516391
https://doi.org/10.3390/jcm7120478
https://pubmed.ncbi.nlm.nih.gov/30477228
https://pubmed.ncbi.nlm.nih.gov/26722036
https://doi.org/10.1038/leu.2015.86
https://pubmed.ncbi.nlm.nih.gov/25801911
https://doi.org/10.1091/mbc.E17-06-0422
https://pubmed.ncbi.nlm.nih.gov/29771636
https://doi.org/10.3389/fimmu.2018.03096
https://pubmed.ncbi.nlm.nih.gov/30687315
https://doi.org/10.3390/ijms21093093
https://pubmed.ncbi.nlm.nih.gov/32349449
https://doi.org/10.1016/j.cell.2017.09.027
https://pubmed.ncbi.nlm.nih.gov/28985567
https://doi.org/10.2147/OTT.S338826
https://pubmed.ncbi.nlm.nih.gov/35250277
https://doi.org/10.1182/blood-2020-134875
https://doi.org/10.1038/onc.2015.296
https://pubmed.ncbi.nlm.nih.gov/26279304
https://doi.org/10.1038/onc.2012.264
https://pubmed.ncbi.nlm.nih.gov/22751133
https://doi.org/10.7754/Clin.Lab.2019.190235
https://pubmed.ncbi.nlm.nih.gov/32255282
https://doi.org/10.1155/2018/4231591
https://pubmed.ncbi.nlm.nih.gov/30622432
https://doi.org/10.1093/labmed/lmab109
https://pubmed.ncbi.nlm.nih.gov/34894139


www.aging-us.com 1068 AGING 

75. Acun T, Senses KM. Downregulation of DNAJC10 
(ERDJ5) is associated with poor survival in breast 
cancer. Breast Cancer. 2020; 27:483–9. 

 https://doi.org/10.1007/s12282-019-01042-6 
PMID:31902119 

76. Chou CK, Tang CJ, Chou HL, Liu CY, Ng MC, Chang YT, 
Yuan SF, Tsai EM, Chiu CC. The Potential Role of 
Krüppel-Like Zinc-Finger Protein Glis3 in Genetic 
Diseases and Cancers. Arch Immunol Ther Exp (Warsz). 
2017; 65:381–9. 

 https://doi.org/10.1007/s00005-017-0470-x 
PMID:28523428 

77. Zhong PQ, Yan XX, Wang WJ, Hong M, Chen P, Liu M. 
Identification and Validation of LYZ and CCL19 as 
Prognostic Genes in the Cervical Cancer Micro-
Environment. Clin Exp Obstet Gynecol. 2022; 
496:144. 

 https://doi.org/10.31083/j.ceog4906144 

78. Sarvestani SK, Signs SA, Lefebvre V, Mack S, Ni Y, 
Morton A, Chan ER, Li X, Fox P, Ting A, Kalady MF, 
Cruise M, Ashburn J, et al. Cancer-predicting 
transcriptomic and epigenetic signatures revealed for 
ulcerative colitis in patient-derived epithelial 
organoids. Oncotarget. 2018; 9:28717–30. 

 https://doi.org/10.18632/oncotarget.25617 
PMID:29983891 

79. Wang YA, Sun Y, Palmer J, Solomides C, Huang LC, Shyr 
Y, Dicker AP, Lu B. IGFBP3 Modulates Lung 
Tumorigenesis and Cell Growth through IGF1 Signaling. 
Mol Cancer Res. 2017; 15:896–904. 

 https://doi.org/10.1158/1541-7786.MCR-16-0390 
PMID:28330997 

80. Dai Y, Gao X. Inhibition of cancer cell-derived exosomal 
microRNA-183 suppresses cell growth and metastasis 
in prostate cancer by upregulating TPM1. Cancer Cell 
Int. 2021; 21:145. 

 https://doi.org/10.1186/s12935-020-01686-x 
PMID:33653339 

81. Cioroianu AI, Stinga PI, Sticlaru L, Cioplea MD, Nichita L, 
Popp C, Staniceanu F. Tumor Microenvironment in 
Diffuse Large B-Cell Lymphoma: Role and Prognosis. 
Anal Cell Pathol (Amst). 2019; 2019:8586354. 

 https://doi.org/10.1155/2019/8586354 
PMID:31934533 

82. Li C, Jiang P, Wei S, Xu X, Wang J. Regulatory T cells in 
tumor microenvironment: new mechanisms, potential 
therapeutic strategies and future prospects. Mol 
Cancer. 2020; 19:116. 

 https://doi.org/10.1186/s12943-020-01234-1 
PMID:32680511 

83. Gomez-Gelvez JC, Salama ME, Perkins SL, Leavitt M, 
Inamdar KV. Prognostic Impact of Tumor Micro-
environment in Diffuse Large B-Cell Lymphoma 

Uniformly Treated With R-CHOP Chemotherapy. Am J 
Clin Pathol. 2016; 145:514–23. 

 https://doi.org/10.1093/ajcp/aqw034 PMID:27124945 

84. Hou H, Luo Y, Tang G, Zhang B, Ouyang R, Wang T, 
Huang M, Wu S, Li D, Wang F. Dynamic changes in 
peripheral blood lymphocyte subset counts and 
functions in patients with diffuse large B cell 
lymphoma during chemotherapy. Cancer Cell Int. 2021; 
21:282. 

 https://doi.org/10.1186/s12935-021-01978-w 
PMID:34044841 

85. Liu Y, Guo X, Zhan L, Wang L, Wang X, Jiang M. LAG3 
and PD1 Regulate CD8+ T Cell in Diffuse Large B-cell 
Lymphoma Patients. Comput Math Methods Med. 
2021; 2021:4468140. 

 https://doi.org/10.1155/2021/4468140 
PMID:34422089 

86. Qi J, Xu L, Huang D, He H, Yao J, Zhang J, Xu Y, Yang L. 
Defining Diffuse Large B-Cell Lymphoma Immunotypes 
by CD8+ T Cells and Natural Killer Cells. J Oncol. 2022; 
2022:3168172. 

 https://doi.org/10.1155/2022/3168172 
PMID:35237321 

87. Kusano Y, Yokoyama M, Terui Y, Nishimura N, Mishima 
Y, Ueda K, Tsuyama N, Yamauchi H, Takahashi A, Inoue 
N, Takeuchi K, Hatake K. Low absolute peripheral blood 
CD4+ T-cell count predicts poor prognosis in R-CHOP-
treated patients with diffuse large B-cell lymphoma. 
Blood Cancer J. 2017; 7:e558. 

 https://doi.org/10.1038/bcj.2017.37  
PMID:28430176 

88. Reboursiere E, Gac AC, Garnier A, Salaun V, Reman O, 
Pham AD, Cabrera Q, Khoy K, Vilque JP, Fruchart C, 
Chantepie S, Johnson-Ansah H, Macro M, et al. 
Increased frequencies of circulating and tumor-
resident Vδ1+ T cells in patients with diffuse large B-
cell lymphoma. Leuk Lymphoma. 2018; 59:187–95. 

 https://doi.org/10.1080/10428194.2017.1321751 
PMID:28562153 

89. Rimailho L, Faria C, Domagala M, Laurent C, Bezombes 
C, Poupot M. γδ T cells in immunotherapies for B-cell 
malignancies. Front Immunol. 2023; 14:1200003. 

 https://doi.org/10.3389/fimmu.2023.1200003 
PMID:37426670 

90. Shen L, Li H, Shi Y, Wang D, Gong J, Xun J, Zhou S, Xiang 
R, Tan X. M2 tumour-associated macrophages 
contribute to tumour progression via legumain 
remodelling the extracellular matrix in diffuse large B 
cell lymphoma. Sci Rep. 2016; 6:30347. 

 https://doi.org/10.1038/srep30347  
PMID:27464733 

91. Marinaccio C, Ingravallo G, Gaudio F, Perrone T, Nico B, 
Maoirano E, Specchia G, Ribatti D. Microvascular 

https://doi.org/10.1007/s12282-019-01042-6
https://pubmed.ncbi.nlm.nih.gov/31902119
https://doi.org/10.1007/s00005-017-0470-x
https://pubmed.ncbi.nlm.nih.gov/28523428
https://doi.org/10.31083/j.ceog4906144
https://doi.org/10.18632/oncotarget.25617
https://pubmed.ncbi.nlm.nih.gov/29983891
https://doi.org/10.1158/1541-7786.MCR-16-0390
https://pubmed.ncbi.nlm.nih.gov/28330997
https://doi.org/10.1186/s12935-020-01686-x
https://pubmed.ncbi.nlm.nih.gov/33653339
https://doi.org/10.1155/2019/8586354
https://pubmed.ncbi.nlm.nih.gov/31934533
https://doi.org/10.1186/s12943-020-01234-1
https://pubmed.ncbi.nlm.nih.gov/32680511
https://doi.org/10.1093/ajcp/aqw034
https://pubmed.ncbi.nlm.nih.gov/27124945
https://doi.org/10.1186/s12935-021-01978-w
https://pubmed.ncbi.nlm.nih.gov/34044841
https://doi.org/10.1155/2021/4468140
https://pubmed.ncbi.nlm.nih.gov/34422089
https://doi.org/10.1155/2022/3168172
https://pubmed.ncbi.nlm.nih.gov/35237321
https://doi.org/10.1038/bcj.2017.37
https://pubmed.ncbi.nlm.nih.gov/28430176
https://doi.org/10.1080/10428194.2017.1321751
https://pubmed.ncbi.nlm.nih.gov/28562153/
https://doi.org/10.3389/fimmu.2023.1200003
https://pubmed.ncbi.nlm.nih.gov/37426670
https://doi.org/10.1038/srep30347
https://pubmed.ncbi.nlm.nih.gov/27464733


www.aging-us.com 1069 AGING 

density, CD68 and tryptase expression in human 
diffuse large B-cell lymphoma. Leuk Res. 2014; 
38:1374–7. 

 https://doi.org/10.1016/j.leukres.2014.09.007 
PMID:25293515 

92. Zhang H, Sun L, Hu X. Mast Cells Resting-Related 
Prognostic Signature in Hepatocellular Carcinoma. J 
Oncol. 2021; 2021:4614257. 

 https://doi.org/10.1155/2021/4614257 
PMID:34840569 

93. Solimando AG, Annese T, Tamma R, Ingravallo G, 
Maiorano E, Vacca A, Specchia G, Ribatti D. New 
Insights into Diffuse Large B-Cell Lymphoma 
Pathobiology. Cancers (Basel). 2020; 12:1869. 

 https://doi.org/10.3390/cancers12071869 
PMID:32664527 

  

https://doi.org/10.1016/j.leukres.2014.09.007
https://pubmed.ncbi.nlm.nih.gov/25293515
https://doi.org/10.1155/2021/4614257
https://pubmed.ncbi.nlm.nih.gov/34840569
https://doi.org/10.3390/cancers12071869
https://pubmed.ncbi.nlm.nih.gov/32664527


www.aging-us.com 1070 AGING 

SUPPLEMENTARY MATERIALS 

 

Supplementary Figures 

 

 

 

 

 
 

Supplementary Figure 1. Heatmap of alterations in genetic expression profiles across. (A) age, (B) subtype, (C) ECOG, and (D) 

stage. Columns correspond to tumor samples and rows correspond to 80 autophagy-related genes. 
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Supplementary Figure 2. The workflow of this study. 
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Supplementary Figure 3. Unsupervised clustering molecular subtypes of DLBCL based on autophagy genes. (A) Consensus 
matrix heatmap depicting consensus values for different numbers of clusters. (B) The cluster-consensus values for different numbers of 
clusters. 
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Supplementary Figure 4. GO annotation of the differentially expressed genes and survival analysis of DLBCL patients. GO 
enrichment analysis includes (A) biological process, (B) cell component, (C) molecular function. Prognosis signatures of DLBCL patients with 
high or low expression of (D) ATG4D, (E) HIF1A, (F) LAMP2, (G) RPTOR, (H) ULK1, and (I) MAP1LC3B; the median of gene expression was used 
as a cut-off for survival analysis. GO, gene ontology; DLBCL, diffuse large B-cell lymphoma. 
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Supplementary Figure 5. Kaplan-Meier curves indicated the survival differences between the low-risk group and high-risk 
group. DLBCL patients were categorized into different groups according to clinical characteristics including (A) subtype ABC, (B) subtype GCB, 

(C) female, (D) male, (E) age >= 60, (F) age < 60, (G) ECOG >= 2, (H) ECOG < 2, (I) stage I-II, and (J) stage III-IV.  Survival comparison of high-risk 
and low-risk groups among patients with different clinical characteristics. 
 
  



www.aging-us.com 1075 AGING 

Supplementary Tables 
 

 

Please browse Full Text version to see the data of Supplementary Tables 2–4. 

 

Supplementary Table 1. A 
set of 80 genes by 
overlapping three subsets 
of autophagy-related genes 
from HADb, HAMdb, and 
AUTOPHAGY DATABASE. 

Gene symbol 

AMBRA1 

ATF4 

ATG12 

ATG16L1 

ATG2A 

ATG2B 

ATG3 

ATG4A 

ATG4B 

ATG4C 

ATG4D 

ATG5 

ATG7 

ATG9A 

ATG9B 

BAG3 

BCL2 

BCL2L1 

BECN1 

BNIP3 

CALCOCO2 

CAPN1 

CAPN10 

CAPNS1 

CDKN1B 

CDKN2A 

CTSD 

EGFR 

EIF2AK2 

EIF2AK3 

EIF2S1 

EIF4EBP1 

ERN1 

FKBP1A 

FOXO3 

GABARAPL1 

GABARAPL2 

GOPC 

HDAC6 

HIF1A 

HSPA8 

IRGM 
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ITPR1 

LAMP2 

MAP1LC3A 

MAP1LC3B 

MAPK8 

MTOR 

NBR1 

NFE2L2 

PARK2 

PINK1 

PRKAA1 

PRKAA2 

PRKCD 

PRKCQ 

PTEN 

RAB7A 

RB1CC1 

RGS19 

RHEB 

RPS6KB1 

RPTOR 

SESN2 

SH3GLB1 

SIRT1 

SQSTM1 

STK11 

TBK1 

TMEM74 

TP53INP2 

TSC1 

TSC2 

ULK1 

ULK2 

UVRAG 

WDFY3 

WIPI1 

WIPI2 

ZFYVE1 

 

Supplementary Table 2. Differential gene expression analysis between two autophagy-related molecular 
subtypes.  

 

Supplementary Table 3. The genes significantly associated with survival. 

 

Supplementary Table 4. This table provided the other chemotherapeutic drugs, of which drug tolerance was 
associated with the risk status of DLBCL patients. 

 


