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Abstract 

Background: As a regulatory unit of class III phosphoinositide 3-kinase (PI3K), PIK3R4 is an important 
molecule involved in several malignant tumours, but the role and molecular mechanism of PIK3R4 in 
diffuse large B-cell lymphoma (DLBCL) is still unclear.  
Methods: Multiple bioinformatics analyses were used to investigate the role and potential mechanisms 
of PIK3R4 in DLBCL. Quantitative real-time polymerase chain reaction (qRT‒PCR) was performed to 
determine the expression of PIK3R4 in 80 DLBCL patients, and the survival time of DLBCL patients 
grouped according to PIK3R4 mRNA expression was compared.  
Results: PIK3R4 is up-regulated in several malignant tumours, including DLBCL. Bioinformatics analyses 
revealed that PIK3R4 exhibits prognostic value in DLBCL patients, and the upregulation of this gene in 
DLBCL samples was subsequently validated. In the functional category, GO analysis revealed that 
PIK3R4-related genes are enriched in ribosomal RNA metabolic process, the DNA damage response, 
mitochondrial gene expression, and nucleoside metabolic process. KEGG pathway analysis showed the 
enrichment of PIK3R4-related genes in the ribosome, oxidative phosphorylation, proteasome, and 
cellular senescence pathways. More importantly, the expression of PIK3R4 in DLBCL was correlated 
with the immune cell content in the cancer microenvironment, CD8(+) T-cell and neutrophil infiltration 
and the levels of several immune checkpoint molecules, including BTN3A2, BTN3A1, PRF1, CXCL9, 
PDCD1, and TIGIT.  
Conclusion: Our study demonstrated that PIK3R4, as a novel immune microenvironment-related gene, 
may represent an important diagnostic, prognostic, or therapeutic biomarker in DLBCL patients. 
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Introduction 
Diffuse large B-cell lymphoma (DLBCL) is the 

most common type of aggressive non-Hodgkin 
lymphoma, and the genetic alterations differ in 
different stages of the disease and at different stages 
of treatment [1, 2]. In the past two decades, R-CHOP 
(rituximab, cyclophosphamide, doxorubicin, vincris-
tine, and prednisone) immunochemotherapy has been 
the standard first-line treatment for DLBCL and has 
significantly improved patient overall survival; 
50%-70% of patients are cured using this approach [3]. 

However, approximately 40% of patients ultimately 
present with relapsed or refractory disease, and the 
efficacy of salvage options for refractory/relapsed 
DLBCL is diminished [4]. Obtaining a better 
understanding of the mechanisms relevant to DLBCL 
development and immunochemotherapy sensitivity 
will contribute to identifying new therapeutic targets 
and prognostic biomarkers for disease diagnosis and 
treatment [5]. 

The phosphoinositide-3-kinase regulatory sub-
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unit 4 (PIK3R4) gene, located on chromosome 3q22.1, 
is the regulatory unit of class III phosphoinositide 
3-kinase (PI3K). PIK3R4 participates in the formation 
of the associated protein complex PIK3C3-BECN1- 
PIK3R4, which is critical for phosphatidylinositol-3- 
phosphate (PtdIns3P) generation in the initiation 
stage of autophagy [6, 7]. As a cellular defence 
response to stress conditions, autophagy is crucial for 
cell homeostasis maintenance. The autophagy process 
is precisely modulated by variable signalling 
molecules and includes three relatively independent 
processes: autophagy induction, formation of 
autophagic bodies and degradation of mature bodies. 
Previous studies have reported autophagy activation 
in the clinical behaviour of several human cancer 
formations [8, 9]. Notably, PIK3R4 is an independent 
marker of prognosis in chronic lymphocytic 
leukaemia (CLL), and its upregulation is associated 
with more aggressive disease [10]. PIK3R4 was 
identified as an important molecule in the process of 
oesophageal squamous cell carcinoma (ESCC) 
metastasis [11]. Mutations in PIK3R4 are also 
observed in thymic carcinoma, papillary thyroid 
carcinoma and metastatic melanoma [12-14]. Until 
now, the molecular mechanisms and clinical 
significance of PIK3R4 in DLBCL patients have 
remained obscure. 

Our study aims to examine the association 
between the expression of PIK3R4 and determine the 
clinical value in DLBCL patients. Multiple bioinfor-
matics analyses were used to extract and analyse 
datasets from The Cancer Genome Atlas (TCGA), 
Genotype-Tissue Expression (GTEx), and the Gene 
Expression Omnibus (GEO) database to investigate 
the potential oncogenic mechanisms, including 
correlations between PIK3R4 and the prognosis, 

immunity and immune checkpoints, of PIK3R4 in 
DLBCL. Gene Ontology (GO) and Kyoto Encyclo-
pedia of Genes and Genomes (KEGG) pathway 
enrichment analyses were performed to investigate 
the potential functions of PIK3R4. In addition, the 
correlation between the PIK3R4 level and immune 
infiltration cell-related markers in the tumour 
microenvironment of DLBCL was determined. More 
importantly, the expression of PIK3R4 in DLBCL 
clinical samples was further assessed, and the 
survival time of patients grouped according to the 
mRNA expression level of PIK3R4 was compared. 

Materials and Methods 
Study subjects and clinical specimens 

The general strategy for the present study is 
shown in Figure 1. In this study, a total of 80 DLBCL 
tissues and 40 lymphadenitis tissues were obtained 
from patients at Qilu Hospital between 2016 and 2019. 
The inclusion criteria were as follows: a) newly 
diagnosed DLBCL patients, b) ≥18 years old, c) life 
expectancy > 3 months, and d) diagnosis of DLBCL 
confirmed by two pathologists according to the 2017 
World Health Organization (WHO) classification 
system of lymphoid neoplasms. The exclusion criteria 
were the use of chemotherapy or radiotherapy before 
surgery and a history of human immunodeficiency 
virus (HIV) or active hepatitis C virus (HCV) 
infection. The clinical and pathological features of the 
patients were obtained by reviewing the medical 
records. All experiments were approved by the Ethics 
Committee of Qilu Hospital, Shandong University 
(Jinan, China), and informed consent was obtained 
from all patients.  

 

 
Figure 1. Illustration of the Present Study Workflow.  
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Quantitative real-time PCR (qRT‒PCR)  
TRIzol (Invitrogen) was used to extract RNA 

from tissues, and a cDNA synthesis kit (Invitrogen) 
was used to prepare cDNA. Then qRT‒PCR was 
performed using a LightCycler 2.0 Instrument (Roche, 
Penzberg, Germany) with SYBR Green PCR Master 
Mix (Toyobo, Osaka, Japan). Samples were run in 
triplicate and amplified in a 20 μl reaction according 
to the manufacturer’s experimental protocol. The 
PIK3R4 level in DLBCL samples were separated into 
"High level" and "Low level" based the qRT-PCR 
results, and β-Actin expression was used for 
normalization purposes. 

GEPIA2 dataset analysis 
As a gene expression profiling and interactive 

analysis web server for cancer and normal samples, 
GEPIA2 (http://gepia2.cancer-pku.cn/#index) pro-
vides important customizable and interactive 
analysis, including profiling plotting, differential 
expression analysis, correlation analysis, similar gene 
detection, patient survival analysis, and 
dimensionality reduction analysis, based on TCGA 
and GTEx data [15]. In our study, GEPIA2 was used to 
analyse the difference in PIK3R4 expression between 
normal tissues and tumour tissues in 33 different 
types of cancer. We compared the expression patterns 
of PIK3R4 in three tumour types: DLBCL, pancreatic 
adenocarcinoma (PAAD), and thymoma (THYM). 
Moreover, GEPIA2 was used for survival curve 
analysis, including overall survival (OS) curve and 
disease-free survival (DFS) curve analysis. 

Expression analysis of PIK3R4 in DLBCL based 
on GEO datasets 

Gene expression profile datasets of DLBCL 
tissues and noncancerous tissues, GSE56315 and 
GSE32018, were obtained from the GEO database 
(http://www.ncbi.nih.gov/geo) [16]. The expression 
of PIK3R4 in DLBCL tissues and normal tissues was 
obtained from GEO datasets and then analyzed. An 
unpaired t test was used to compare the difference 
between two groups, and a two-tailed p value of < 
0.05 was considered to indicate statistical significance. 

Integrated Protein‒Protein Interaction 
Analysis of PIK3R4 

To illustrate the function of PIK3R4 in DLBCL 
tumorigenesis and progression, we constructed an 
integrated protein‒protein interaction (PPI) network 
with the help of the STRING (https://string-db.org/) 
website [17] to explore the potential relationships 
between PIK3R4 and other genes. Genes with a score 
>0.4 were screened based upon the interaction data in 
the STRING database. 

Functional and pathway enrichment analysis 
We investigated the functional roles and 

pathway signalling relevance of PIK3R4 in DLBCL. 
GO and KEGG pathway enrichment analyses were 
performed via the “clusterProfiler” package [18] and 
visualized using the “ggplot2” package in R. The GO 
categories included biological process (BP), molecular 
function (MF), and cellular component (CC). KEGG 
analysis defined the pathways associated with 
PIK3R4 function and co-expressed genes. 

Gene Set Enrichment Analysis 
Gene set enrichment analysis (GSEA) was 

conducted using the online tool LinkedOmics 
(http://www.linkedomics.org/admin.php). The 
LinkedOmics database contains multiomics data and 
clinical data for 32 cancer types and a total of 11158 
patients from the TCGA project [19]. The differential 
expressed genes related to PIK3R4 were screened 
from the TCGA DLBC cohort through the LinkFinder 
module in the database, and the correlation of results 
was tested by the Pearson correlation coefficient and 
presented in a volcano plot and heatmaps. The 
functional module of LinkedOmics performs analysis 
of biological process GO and KEGG pathways by 
GSEA in the LinkInterpreter module. 

Association between tumour 
microenvironment features and PIK3R4 
expression 

The TIMER2.0 web server (http://timer 
.cistrome.org/) was employed to systematically 
investigate the molecular characteristics of 
tumour-immune interactions. The TIMER algorithm 
estimates the abundance of six immune infiltrates, 
including B cells, CD8(+) T cells, CD4(+) T cells, 
macrophages, neutrophils, and dendritic cells [20]. 
The relationship between the levels of PIK3R4 
expression and immune infiltration was investigated 
in this study via the TIMER database. 

Based on the Estimation of STromal and Immune 
cells in MAlignant Tumour tissues using Expression 
data (ESTIMATE) algorithm [21], the immune and 
stromal scores in the tumour microenvironment 
(TME) were obtained using the R package estimate. 

The immunological characteristics of the TME in 
DLBCL include the expression of immune checkpoint 
genes. We first collected information on 60 immune 
checkpoint genes, including immune inhibitors and 
stimulators, from the study of Thorsson [22]. The 
correlations between PIK3R4 expression and immune 
checkpoint molecule expression were calculated by 
Pearson’s method. 
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Statistical analysis 
All statistical analyses were conducted using 

SPSS, version 20.0 (SPSS Inc., Chicago, USA) and 
GraphPad Prism, version 8.0 (GraphPad Software 
Inc.) software. The difference between two groups 
was analysed with Student’s t test. A receiver 
operating characteristic (ROC) curve was constructed 
to analyse the effectiveness of target gene expression 
in distinguishing tumour and benign samples. Area 
under the ROC curve (AUC) values were used to 
evaluate the diagnostic value. An AUC value of ROC 
over 0.50 was considered statistically significant. P < 
0.05 was considered to indicate statistical significance. 

Results 
Differential Expression of PIK3R4 in Multiple 
Cancer Types 

The differential expression of PIK3R4 in tumour 
samples and normal samples from all TCGA cancer 
types was observed (Figure 2A), the results indicated 
that PIK3R4 is significantly up-regulated in DLBCL, 
PAAD, and THYM compared to their corresponding 
normal tissues (Figures 2B-D). The GEO database also 
showed that the PIK3R4 level was significantly 
elevated in DLBCL tissues compared with normal 
tissues in the GSE56315 and GSE32018 datasets 
(Figure 2E-F). 

Increased Expression and Diagnostic Value of 
PIK3R4 in DLBCL 

Our qRT‒PCR results revealed that the mRNA 
level of PIK3R4 in DLBCL tissues was significantly 
higher than that in benign lymphadenitis tissues 
(P<0.001). The median expression value for PIK3R4 in 
tumour tissues was 21.52 (range 3.72–33.99), while the 
median level of PIK3R4 in benign lymphadenitis 
tissues was 11.03 (range 2.47–24.73) (Figure 3A). A 
ROC curve was constructed to determine whether 
PIK3R4 could be used as a diagnostic biomarker for 
DLBCL. The AUC value was 0.861 (P<0.001, Figure 
3B).  

The Prognostic Role of PIK3R4 expression in 
DLBCL Patients 

We explored the influence of PIK3R4 levels on 
the survival of DLBCL patients. Kaplan‒Meier curves 
revealed that high PIK3R4 levels were significantly 
associated with worse OS and DFS in TCGA datasets 
(Figures 4A-B). Then the relationship between PIK3R4 
mRNA levels and DLBCL patients prognosis was 
analyzed in the 80 DLBCL patients whose PIK3R4 
levels were determined by qRT-PCR. The results 
indicated that the OS of DLBCL patients with high 
PIK3R4 expression was significantly worse than that 

of DLBCL patients with low PIK3R4 levels (Figure 4C, 
P<0.05). Similarly, the PFS of the high-PIK3R4 group 
was significantly shorter than that of the low-PIK3R4 
group (Figure 4D, P<0.01). According to these data 
analyses, high PIK3R4 levels could predict a poor 
prognosis in DLBCL patients. 

Functional and Pathway Analyses of PIK3R4 in 
DLBCL 

As the PIK3R4 mRNA level acts as a valuable 
prognostic biomarker for DLBCL. PPI network 
analysis with the online STRING website was carried 
out to explore the potential relationships between 
PIK3R4 and other genes in DLBCL (Figure 5A). The 
results showed that PIK3R4 is closely related to 
autophagy-associated genes such as BECN1, ATG14, 
RB1CC1, and PIK3C3. 

To explore the potential pathways mediated by 
PIK3R4 in DLBCL, GO and KEGG pathway 
enrichment analyses were performed. In GO analysis, 
we filtered the top seven cellular component (CC), 
biological process (BP), and molecular function (MF) 
terms based on the following criteria: p value < 0.01 
and FDR < 0.05. PIK3R4-related DEGs were primarily 
enriched in viral gene expression and protein 
localization to the endoplasmic reticulum in the BP 
category. The enriched MFs consisted of enzyme 
inhibitor activity and structural constituent of 
ribosome. The enriched CCs were mainly related to 
the ribosome, ribosomal subunit, etc. (Figures 5B-D). 
The KEGG pathway analysis showed that COVID-19 
was the most significantly enriched pathway, and 
ribosome ranked second (Figure 5E). 

GSEA of PIK3R4 in DLBCL 
To explore the function and potential mechanism 

of PIK3R4 in DLBCL, correlation analysis between 
PIK3R4 and various genes was performed via 
LinkedOmics. The top 50 positively and negatively 
significantly correlated genes are shown in Figure 
6A-B. GO analysis in biological process by GSEA 
indicated that PIK3R4 co-expressed genes mainly 
participated in demethylation, ribosomal RNA 
(rRNA) metabolic process, DNA damage response, 
mitochondrial gene expression, and nucleoside 
metabolic process (Figure 6C). KEGG pathway 
analysis showed that PIK3R4 co-expressed genes 
were enriched in ribosome, oxidative phosphoryla-
tion, proteasome, and cellular senescence (Figure 6D). 
Ribosomes play diverse roles in the host immune 
response by boosting immune signaling or facilitating 
pathogen production under different circumstances 
[23, 24]. Ribosomal proteins show spontaneous 
immunogenicity in some malignancies including 
breast and prostate cancer, demonstrating that 
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ribosomal proteins might be a useful immunological 
target in cancer patients [25, 26]. This association 

between PIK3R4 expression and ribosomes made us 
interested in its role in immunity in DLBCL. 

 

 
Figure 2. Increased Expression of PIK3R4 in DLBCL Samples. (A) The PIK3R4 level was increased in 3 types of tumour tissues, including DLBCL tissues, relative to 
normal tissues as determined through GEPIA2 analyses. (B-D) The expression of PIK3R4 were determined by GEPIA2 between DLBCL, PAAD and THYM samples, compared 
to normal samples. (E) The expression level of PIK3R4 in DLBCL samples and normal samples in the GSE56315 dataset. (F) The expression of PIK3R4 in DLBCL samples and 
normal samples in the GSE32018 dataset. *P < 0.05, **P < 0.01, ****P < 0.0001.  
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Figure 3. The Diagnostic Value of PIK3R4 in DLBCL. (A) The PIK3R4 expression in DLBCL patient samples and benign lymphadenitis tissue samples was compared. 
***P < 0.001. (B) ROC curve analysis showing the performance of PIK3R4 expression in discriminating between DLBCL tissues and benign tissues. Red represents sensitive 
curves. The X-axis represents the false positive rate and is shown as ‘1-Specificity’. The Y-axis indicates the true positive rate and is shown as ‘sensitivity’. 

 
Figure 4. The Prognostic Role of PIK3R4 Expression in DLBCL Patients. (A) The relationship between PIK3R4 expression and OS of DLBCL patients according to 
GEPIA2. (B) The relationship between PIK3R4 expression and DFS of DLBCL patients according to GEPIA2. (C-D) Kaplan–Meier analysis of OS and PFS of DLBCL patients 
grouped according to PIK3R4 mRNA expression levels. Up-regulation of PIK3R4 was correlated with poor OS and PFS in DLBCL patients.  
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Associations between PIK3R4 Expression and 
Tumour Immune Infiltration, Tumour 
Microenvironment Features and Somatic 
Copy Number Alteration in DLBCL 

In consideration of the clinical successes of 
immunotherapy for cancer treatment, clarifying the 
interaction mechanism between malignant cells and 
the host immune system is necessary. We investigated 
the relationship between PIK3R4 expression and 
immune cell infiltration in the TCGA-DLBC cohort 
via TIMER database analysis. In DLBCL patients, high 
PIK3R4 expression was markedly related to CD8(+) 
T-cell and neutrophil infiltration (P < 0.05, Figure 7A), 
suggesting a significant positive correlation between 
the PIK3R4 level and the immune infiltration level. 
Then, the somatic copy number alteration (SCNA) 
module provided the correlations between tumour 

immune infiltration levels among DLBCL and 
different SCNAs for PIK3R4 by the Wilcoxon 
rank-sum test (Figure 7B). The correlation analysis 
showed that the PIK3R4 level was significantly 
associated with the ImmuneScore in DLBCL with 
Spearman's method (P < 0.05), whereas it was not 
linked to the ESTIMATEScore or StromalScore (Figure 
7C). These findings suggest that PIK3R4 affects 
patient survival by interacting with immune 
infiltration in DLBCL. Finally, the correlations 
between PIK3R4 expression and immune checkpoint 
molecule expression were calculated, and the results 
showed that PIK3R4 mRNA expression was 
significantly associated with BTN3A2, BTN3A1, 
PRF1, CXCL9, PDCD1, and TIGIT expression in 
DLBCL (Figure 8, all P < 0.05). 

 

 
Figure 5. Functional and Pathway Analyses of PIK3R4 in DLBCL. (A) PPI network based on PIK3R4 expression. GO enrichment analysis results of biological process 
(B), cellular component (C) and molecular function (D). (E) Top seven enriched pathways in KEGG analysis.  
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Figure 6. Gene Set Enrichment Analysis (GSEA) of PIK3R4-Related Genes in DLBCL. (A) Volcano plot of all differential expressed genes. (B) Genes co-expressed 
with PIK3R4 in DLBCL. (C-D) Significantly enriched Biological Processes and KEGG pathways of PIK3R4-related genes in DLBCL based on GSEA annotations (LinkedOmics).  

 

Discussion 
As a prevalent primary malignant tumour of the 

lymphoid system, the heterogeneity of DLBCL 
remains a challenge for clinicians in terms of the 
development of individualized treatments. Preclinical 
and clinical immunotherapies, including immune 
checkpoint inhibitors and CAR-T therapies, have been 
used for DLBCL treatment. Unfortunately, more than 
40% of DLBCL cases eventually progress to 
therapy-resistant relapsed or refractory disease. A 
deeper understanding of the genetic landscape and 
molecular features will contribute to identifying 
high-risk subsets of DLBCL patients with poor 
responses to chemotherapy/immunotherapy [27]. It is 
necessary to determine more potential immune- 

related prognostic biomarkers for predicting the 
response to immunotherapies in DLBCL. 

As the response of tumour cells to external 
stress, autophagy is a double-edged sword for 
lymphoma. Many lymphoma-related genes, such as 
BECN1, BCL-2 family molecules and TP53, are 
involved in autophagy. DLBCL patients with 
decreased BCL-2 levels have been identified to have 
increased BECN1 expression, and these phenotypes 
correlate with a favourable clinical outcome [28]. As a 
scaffold protein of the CUL4B-RING E3 ubiquitin 
ligase complex, Cullin4B (CUL4B) can regulate 
autophagy through JNK signalling. Besides, CUL4B 
deletion-induced cell proliferation inhibition may be 
attributed to the blocking of the pro-survival ability 
mediated by autophagy, demonstrating the important 
role of autophagy in DLBCL progression [29]. 
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Figure 7. Associations Between PIK3R4 Expression and Tumour Immune Infiltration, Tumour Microenvironment Features and SCNA in DLBCL. (A) 
Associations between PIK3R4 expression and the infiltration abundances of selected immune cells in DLBCL through the TIMER database. (B) Associations between PIK3R4 
expression and SCNA in DLBCL from the TCGA dataset. *P < 0.05. (C) Associations between PIK3R4 expression and tumour microenvironment features in DLBCL from the 
TCGA dataset are shown in a linear graph.  

 
As a novel member of the autophagy pathway, 

PIK3R4 plays a crucial role in several malignant 
tumours progression, but its role and molecular 
mechanism in DLBCL are unclear. Here, we first 
analyzed the change in PIK3R4 expression in DLBCL 
tissues using bioinformatics analysis, and PIK3R4 was 
found to be expressed differently in diverse cancer 
tissues. Particularly, the level of PIK3R4 in DLBCL 
samples was significantly higher than that in benign 
tissues. ROC curve analysis showed that PIK3R4 has 
potential diagnostic value for DLBCL. TCGA database 
analysis revealed that high PIK3R4 expression was 
associated with a higher immune score and worse 
prognosis. GO analysis revealed that PIK3R4-related 
genes in DLBCL are enriched in rRNA metabolic 
process, DNA damage response, mitochondrial gene 

expression, and nucleoside metabolic process. KEGG 
analysis showed that PIK3R4-related genes in DLBCL 
are enriched in ribosome, oxidative phosphorylation, 
proteasome, and cellular senescence. More 
importantly, Kaplan–Meier analysis indicated that 
DLBCL patients with high PIK3R4 expression had 
worse OS and PFS than patients with low PIK3R4 
expression. These results indicated that PIK3R4 was 
involved in DLBCL progression and immune-related 
pathways in the DLBCL microenvironment. 

The dynamic characteristics of tumour immune 
infiltration, the tumour microenvironment, immune 
checkpoint molecules and immune cell pathways are 
vital in regulating the response to immunotherapy 
and have been verified to serve as biomarkers to 
evaluate tumour cell responses to immunotherapy 
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and affect patient prognosis [30, 31]. The expression of 
immune checkpoint proteins is related to sensitivity to 
immune checkpoint blockade [32]. Our results 
revealed that PIK3R4 is a potential indicator of 
immunotherapy response in DLBCL and has certain 
clinical guiding significance. First, the PIK3R4 expres-
sion in DLBCL is positively correlated with immune 

cell content in the cancer microenvironment. Second, 
PIK3R4 mRNA expression is markedly correlated 
with CD8(+) T-cell and neutrophil infiltration. Third, 
PIK3R4 mRNA expression is significantly associated 
with the levels of immune checkpoint molecules, such 
as BTN3A2, BTN3A1, PRF1, CXCL9, PDCD1, and 
TIGIT, in DLBCL.  

 

 
Figure 8. Correlations Between PIK3R4 Expression and Immune Checkpoint Molecules in DLBCL from the TCGA Dataset. *P < 0.05.      
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There are still some limitations in our study. 
Differences in sample sizes among multiple databases 
might cause some bias, and more efforts should be 
made to investigate the molecular mechanism of 
PIK3R4 during DLBCL progression. Further studies 
with larger sample sizes and experiments in vivo and 
in vitro are required to verify our findings. 

Together, our data suggest that PIK3R4 functions 
as a novel regulator of immune cell infiltration within 
the DLBCL tumour microenvironment and is a 
valuable potential prognostic biomarker for DLBCL 
patients.  

Acknowledgements 
Funding 

This study was supported by the National 
Science Foundation of China (81500122), the Natural 
Science Foundation of Shandong Province (ZR201 
4HQ047). 

Data Availability Statement 
Publicly available datasets were analyzed in this 

study. This data can be found here: https:// 
portal.gdc.cancer.gov and https://gtexportal.org.  

Author Contributions 
JZ contributed to conception and design of the 

study. GM and FL were involved in data acquisition, 
data analyses, and interpretation. JL performed the 
statistical analysis. CJ drafted the manuscript and 
took charge of supervising the manuscript. All 
authors contributed to manuscript revision, read, and 
approved the submitted version. 

Competing Interests 
The authors have declared that no competing 

interest exists. 

References 
1. Li S, Young KH, Medeiros LJ. Diffuse large B-cell lymphoma. Pathology. 

2018; 50: 74-87. 
2. Karube K, Enjuanes A, Dlouhy I, Jares P, Martin-Garcia D, Nadeu F, et al. 

Integrating genomic alterations in diffuse large B-cell lymphoma 
identifies new relevant pathways and potential therapeutic targets. 
Leukemia. 2018; 32: 675-84. 

3. Liu Y, Barta SK. Diffuse large B-cell lymphoma: 2019 update on 
diagnosis, risk stratification, and treatment. Am J Hematol. 2019; 94: 
604-16. 

4. Barrans SL, Crouch S, Care MA, Worrillow L, Smith A, Patmore R, et al. 
Whole genome expression profiling based on paraffin embedded tissue 
can be used to classify diffuse large B-cell lymphoma and predict clinical 
outcome. Br J Haematol. 2012; 159: 441-53. 

5. Cabanillas F, Shah B. Advances in Diagnosis and Management of Diffuse 
Large B-cell Lymphoma. Clin Lymphoma Myeloma Leuk. 2017; 17: 
783-96. 

6. Yu X, Long YC, Shen HM. Differential regulatory functions of three 
classes of phosphatidylinositol and phosphoinositide 3-kinases in 
autophagy. Autophagy. 2015; 11: 1711-28. 

7. Mehrpour M, Esclatine A, Beau I, Codogno P. Overview of 
macroautophagy regulation in mammalian cells. Cell Res. 2010; 20: 
748-62. 

8. Qian X, Li X, Lu Z. Protein kinase activity of the glycolytic enzyme PGK1 
regulates autophagy to promote tumorigenesis. Autophagy. 2017; 13: 
1246-7. 

9. Zhang M, Sun Y, Meng J, Zhang L, Liang C, Chang C. Targeting 
AR-Beclin 1 complex-modulated growth factor signaling increases the 
antiandrogen Enzalutamide sensitivity to better suppress the 
castration-resistant prostate cancer growth. Cancer Lett. 2019; 442: 
483-90. 

10. Kristensen L, Kristensen T, Abildgaard N, Thomassen M, Frederiksen M, 
Mourits-Andersen T, et al. High expression of PI3K core complex genes 
is associated with poor prognosis in chronic lymphocytic leukemia. Leuk 
Res. 2015; 39: 555-60. 

11. Yang F, Wen S, Zhang Y, Xu Y, Lv H, Zhu Y, et al. Identifying potential 
metastasis-related long non-coding RNAs, microRNAs, and message 
RNAs in the esophageal squamous cell carcinoma. J Cell Biochem. 2019; 
120: 13202-15. 

12. Alberobello AT, Wang Y, Beerkens FJ, Conforti F, McCutcheon JN, Rao 
G, et al. PI3K as a Potential Therapeutic Target in Thymic Epithelial 
Tumors. J Thorac Oncol. 2016; 11: 1345-56. 

13. Costa V, Esposito R, Ziviello C, Sepe R, Bim LV, Cacciola NA, et al. New 
somatic mutations and WNK1-B4GALNT3 gene fusion in papillary 
thyroid carcinoma. Oncotarget. 2015; 6: 11242-51. 

14. Shull AY, Latham-Schwark A, Ramasamy P, Leskoske K, Oroian D, 
Birtwistle MR, et al. Novel somatic mutations to PI3K pathway genes in 
metastatic melanoma. PLoS One. 2012; 7: e43369. 

15. Tang Z, Kang B, Li C, Chen T, Zhang Z. GEPIA2: an enhanced web 
server for large-scale expression profiling and interactive analysis. 
Nucleic Acids Res. 2019; 47: W556-W60. 

16. Dybkaer K, Bogsted M, Falgreen S, Bodker JS, Kjeldsen MK, Schmitz A, 
et al. Diffuse large B-cell lymphoma classification system that associates 
normal B-cell subset phenotypes with prognosis. J Clin Oncol. 2015; 33: 
1379-88. 

17. Szklarczyk D, Gable AL, Nastou KC, Lyon D, Kirsch R, Pyysalo S, et al. 
The STRING database in 2021: customizable protein-protein networks, 
and functional characterization of user-uploaded gene/measurement 
sets. Nucleic Acids Res. 2021; 49: D605-D12. 

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

19. Vasaikar SV, Straub P, Wang J, Zhang B. LinkedOmics: analyzing 
multi-omics data within and across 32 cancer types. Nucleic Acids Res. 
2018; 46: D956-D63. 

20. Li T, Fu J, Zeng Z, Cohen D, Li J, Chen Q, et al. TIMER2.0 for analysis of 
tumor-infiltrating immune cells. Nucleic Acids Res. 2020; 48: W509-W14. 

21. Yoshihara K, Shahmoradgoli M, Martinez E, Vegesna R, Kim H, 
Torres-Garcia W, et al. Inferring tumour purity and stromal and immune 
cell admixture from expression data. Nat Commun. 2013; 4: 2612. 

22. Thorsson V, Gibbs DL, Brown SD, Wolf D, Bortone DS, Ou Yang TH, et 
al. The Immune Landscape of Cancer. Immunity. 2018; 48: 812-30 e14. 

23. Huang JY, Su WC, Jeng KS, Chang TH, Lai MM. Attenuation of 40S 
ribosomal subunit abundance differentially affects host and HCV 
translation and suppresses HCV replication. PLoS Pathog. 2012; 8: 
e1002766. 

24. Olivares E, Landry DM, Caceres CJ, Pino K, Rossi F, Navarrete C, et al. 
The 5' untranslated region of the human T-cell lymphotropic virus type 1 
mRNA enables cap-independent translation initiation. J Virol. 2014; 88: 
5936-55. 

25. Benvenuto M, Sileri P, Rossi P, Masuelli L, Fantini M, Nanni M, et al. 
Natural humoral immune response to ribosomal P0 protein in colorectal 
cancer patients. J Transl Med. 2015; 13: 101. 

26. Bei R, Masuelli L, Trono P, Orvietani PL, Losito S, Marzocchella L, et al. 
The ribosomal P0 protein induces a spontaneous immune response in 
patients with head and neck advanced stage carcinoma that is not 
dependent on its overexpression in carcinomas. Int J Oncol. 2007; 31: 
1301-8. 

27. 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. 

28. 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. 

29. Li Y, Zhou X, Zhang Y, Yang J, Xu Y, Zhao Y, et al. CUL4B regulates 
autophagy via JNK signaling in diffuse large B-cell lymphoma. Cell 
Cycle. 2019; 18: 379-94. 

30. Jiao S, Subudhi SK, Aparicio A, Ge Z, Guan B, Miura Y, et al. Differences 
in Tumor Microenvironment Dictate T Helper Lineage Polarization and 
Response to Immune Checkpoint Therapy. Cell. 2019; 179: 1177-90 e13. 



 Journal of Cancer 2023, Vol. 14 

 
https://www.jcancer.org 

2528 

31. Neal JT, Li X, Zhu J, Giangarra V, Grzeskowiak CL, Ju J, et al. Organoid 
Modeling of the Tumor Immune Microenvironment. Cell. 2018; 175: 
1972-88 e16. 

32. Xu J, Brosseau JP, Shi H. Targeted degradation of immune checkpoint 
proteins: emerging strategies for cancer immunotherapy. Oncogene. 
2020; 39: 7106-13. 

 


