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Introduction

Diffuse large B-cell lymphoma (DLBCL) is the most 
common type of non-Hodgkin’s lymphoma, accounting 
for approximately 40% of the adult cases (1). Due to 
the considerable heterogeneity of pathology in various 

DLBCLs,  pat ients  exhibit  di f ferent responses  to 

treatment and prognosis (2). Therefore, a comprehensive 

understanding of DLBCL by the gene expression profile 

is necessary. Although several studies have identified some 

critical mutant genes of DLBCL, including EZH2, FOXP1, 
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and TP53 (3-5), the disease in the central nervous system 
(CNS) is yet to be elucidated. Actually, the CNS DLBCL, 
to some degree is different from DLBCL in many aspects 
including original cells, pathological characteristics and 
pathogenic gene. Interestingly, CNS DLBCL, especially the 
primary CNS lymphoma (PCNSL) is a B-cell lymphoma 
in the CNS where very few B lymphocytes, if any, are 
found under normal circumstances (6). Some studies have 
indicated that PCNSL is of germinal center B cell (GCB) 
origin (2,3). According to a gene expression study, non-
CNS DLBCL has been classified into three groups: GCB 
type, activated B cell (ABC) type, and type 3 (7,8). Studies 
have found that some gene mutations are closely related to 
the occurrence and development of CNS DLBCL, such as 
the deletion of human leukocyte antigen (HLA) epitopes 
on chromosome p21 and the deletion of chromosomes 
6q21-6q25. B cell differentiation regulator, tumor 
suppressor PRDM1, tyrosine phosphatase PTPRK, and 
MyD88 have also been identified as the critical mutations  
(9-12). However, due to the different research background, 
race and sample collection method, many studies usually 
obtained widely varied results.

Thus, in the present study, we performed a genome-
wide sequencing of 12 cases of DLBCL in the CNS 
and analyzed their characteristics to find some critical 
mutations involved in the development of the disease. In 
addition, we analyzed the TCGA database and compared 
the findings with the results of gene sequencing; finally, 
four mutations that overlapped in both methods were 
identified. We present the following article in accordance 
with the MDAR reporting checklist (available at https://
dx.doi.org/10.21037/tcr-20-2525).

Methods

Patients

A total of 156 cases of central nervous tumors at the Naval 
General Hospital were collected from 2016 to 2018. All 
patients approved the specimen collection and experimental 
analysis. According to the classification criteria of 2016 
WHO, DLBCL was identified through H&E staining and 
immunohistochemistry by two senior pathologists who 
specialized in lymphoma. Finally, 12 cases of tumor tissues 
with positive expression of CD10, Bcl-6, and MUM1 were 
selected, and the adjacent tissues were used as controls. The 
study was conducted in accordance with the Declaration of 
Helsinki (as revised in 2013). The study was approved by 

the Ethics Committee of Chinese Naval General Hospital 
(NGH31278239). This study was retrospectively registered 
and all participants consented to this trial.

Immunohistochemical staining and immunophenotyping

All specimens were embedded in paraffin, sliced into 4-μM 
sections, and stained by H&E. The immunophenotype of 
the tumor and background cells was detected by ChemMate 
EnVisionTM kit. After antigen retrieval, the sections were 
probed with the antibodies against CD20 (1:800, Catalog 
number: #48750), CD79a (1:100, Catalog number: #13333), 
CD3 (1:100, Catalog number: #85061), CD45RO (1:800, 
Catalog number: #55618), Bcl-6 (1:10, Catalog number: 
#89369), CD10 (1:200, Catalog number: #PA0131), Bcl-
2 (1:50, Catalog number: #15071), CD30 (1:200, Catalog 
number: #54535), ALK (1:25, Catalog number: #3633), 
MUM1 (1:400, Catalog number: #62834), and CD138 
(1:100, Catalog number: #12922), and developed using 
automated immunohistochemistry instrument (Dako). 
Except for CD10 (Novocastra), all the antibodies were 
obtained from CST with positive and negative controls. 
According to Hans’ typing method (13), DLBCL could be 
divided into GCB subtypes and non-GCB subtypes, among 
which, CD10(+)/bcl-6(+/−)/MUM1(+/−) and CD10(−)/bcl-
6(+)/MUM1(−) are classified into GCB subtype, and the 
rest are non-GCB subtypes.

Sequencing experiment 

Our panel was designed to encompass the whole exon 
regions (including parts of the intron regions). The TruSeq 
Custom Panel (Kaiao, Beijing, China) was designed using 
the online software Design Studio, which consisted of 
291 pairs of probes. All regions were designed to bind the 
genomic target sequences of interest, spanning a length of 
41.27 kb of genomic DNA. The panel used to sequence 
the patients with a diagnosis of DLBCL encompassed 
the complete exon regions of the genes. Referring to this  
20-gene panel, a total of 531 amplicons targeting 338 
coding sequences, 72.358 kbp size and 99.79% coverage, 
were designed using the Ion Torrent S5 sequencing 
platform. All specimen was tested three times. 

Data analysis

The original data were analyzed by GCOS 1.2 software to 
evaluate the results of a single chip that were was input into 
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GeneSprin97.2 for further analysis. The probe group with 
original signal value <50 in the 12 samples was removed 
and subjected to one-way ANOVA. Subsequently, the 
expression probe group with >2-fold the change in the 
expression level between any two groups (P<0.01) was 
selected, and the unsupervised hierarchical cluster analysis 
was performed according to these probe groups to divide 
the cases into four groups: A, B, C, and D. K indicated 
that the clustering method was used to analyze the genes 
with consistent expression trend in each group. According 
to Guoling You’s method (14). Reads that matched 
exonic regions, including exon-intron boundaries, were 
analyzed. Single nucleotide variants (SNVs) and insertions/
deletions (Indels) were analyzed using different filtering 
steps. Genes with at least one heterozygous change in the 
DNA sequence were considered to be the most likely to 
cause disease. In each case, all variants listed in the most 
recent version of the National Center for Biotechnology 
Information (NCBI) single nucleotide polymorphism (SNP) 
database (dbSNP) were excluded. Silent mutations were 
also excluded. Low-frequency frameshift and truncating 
mutations were considered pathogenic. In addition, genes 
that were expressed in one of the samples and not expressed 
in the other two groups were also screened for specific 

expression in each group. All the screened genes were 
classified according to the biological functions and then 
categorized into their respective signaling pathways. Gene 
chip manipulation and data analysis personnel were blinded 
to the case immunophenotyping. Furthermore, enrichment 
annotation of unique Entrez Gene IDs using the selected 
functional categories, Gene Set Enrichment Analysis 
(GSEA) of Gene Ontology (GO) and Kyoto Encyclopedia 
of Genes and Genomes (KEGG) were performed using 
the Gene Set Analysis Toolkit (Gestalt, http://bioinfo.
vanderbilt.edu/webgestalt), and the pathway files were 
compiled from the KEGG pathway (http://www.genome.jp/
kegg/pathway.html).

Evaluation of gene expression via TCGA database 

TCGA database (https://cancergenome.nih.gov/) has been 
made publicly available to provide genomic information 
on 33 types of cancer, which would be valuable for the 
researchers to improve the diagnosis, treatment, and 
prevention of the cancers. The gene mutation data of 34 
DLBCL cases were downloaded from the database. 

Statistical analysis

All data were analyzed using SPSS, version 19.0 software 
for Windows (SPSS, Chicago, IL, USA, Code OZNIN
MOO6TT8K87M54YUMJD9Z8YST44XHH99A8M6
TE2KJ3) and R version 3.4.1. Continuous variables are 
presented as the mean and standard deviation. A chi-square 
test was performed to evaluate the differences in categorical 
variables among different defined groups. One-way 
ANOVA was used to determine the differences in numerical 
variables among the groups.

Results

Clinicopathological characteristics of patients

A total of 156 cases of central nervous tumors were 
col lected from 2016 to 2018.  H&E sta ining and 
immunohistochemistry revealed that 12 cases were 
designated as DLBCL, of which 1 case was classified into 
GCB subtype, and 11 cases were non-GCB subtypes 
according to CD10, Bcl-6, and MUM1 staining. Each 
DLBCL specimen of the 12 cases was numbered and 
named accordingly (Table 1). The cohort consisted of 83.3%  
(10 cases) males and 16.7% (2 cases) females, suggesting 

Table 1 Serial number and names of 12 central nervous DLBCLs

No. Sample name Pathological diagnosis

1 LAADOE DLBCL 

2 LAAEH1 DLBCL

3 LAAFVXT1 DLBCL 

4 LBE0702T DLBCL (derived from germinal 
center)

5 LAAFT4 DLBCL (right cerebellum)

6 LAL2051T DLBCL

7 LBC7255T DLBCL (derived from peripheral 
activated B cells)

8 LBC6300T DLBCL

9 LBD9753T DLBCL 

10 LBD9748T DLBCL (fourth ventricle) 

11 LBG4713T DLBCL (derived from peripheral 
activated B cells)

12 LBG6976T DLBCL 

DLBCL, diffuse large B-cell lymphoma.
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that males may be more susceptible to DLBCL than females 
(Figure 1A). The age of the patients was 30–70 years old 
(Figure 1B), with most 41.7% (5 cases) 61–70 years old. 

Analysis of the sequencing experiment of 12 cases

The whole-genome high-throughput sequencing 
results of the 12 clinical samples were analyzed. The 
gene mutation spectrum demonstrated that the most 
common substitutions of six single bases were C>T/G>A  
(Figure 2A,B). Subsequently, the pattern figure was 
performed, wherein the mutation frequency of C(C>T) G 
was the highest (Figure 2C). Furthermore, the enrichment 
analysis (GO and KEGG) of genes with somatic mutations 
in all samples revealed that the mutated genes are 
mainly involved in tumor proliferation and metabolism 
(Figure 2D). The signaling pathways included Wnt, Bcl-
2, Rb, and other signaling pathways related to tumor 
proliferation, apoptosis, and cell cycle (Figure 2E). Finally, 
the mutations with frequencies significantly higher than 
the background mutation frequency were identified as 
significantly mutated genes (SMG), and the heat map was 
constructed accordingly. The results demonstrated that 
the most common type of mutation is missense, and the 
most frequently mutated genes included MYD88, LRP1B, 
CD79B, GNA13 and PIM1. However, it is worth noting that 
two samples named LAADOET1 and LBG4G13T didn’t 
detect the insertion-deletion (InDel) (Figure 2F).

Identification of mutations associated with DLBCL based 
on TCGA database

In addition to sequencing analysis, we also utilized the 
TCGA database and analyzed the sequencing results of the 
DLBCL cases. Firstly, we retrieved all the DLBCL cases 
(without limitation of the primary site) and identified 34 
cases involving 70 SMGs. Next, to specifically compare 
these results with those of our sequencing experiments, 
the DLBCL cases limited in the brain were also retrieved 
from the TCGA database. Consequently, only 2 cases 
were available, and 12 mutations were identified; hence, 
all DLBCL cases (without limitation of the primary site) 
were analyzed. A majority of these cases exhibited missense 
mutations (Figure 3A), and the most common substitution 
of the base was C>T/G>A (Figure 3B), which was consistent 
with the result of our sequencing experiments. Finally, 
a heat map indicating the SMGs was drawn (Figure 3C), 
wherein mutations in the PIM1, IRF4, CD79B, and KMT2D 
genes were overlapped. 

Comparative analysis between results from the sequencing 
experiment and TCGA database

The sequencing results of the 12 cases of the CNS DLBCL 
samples and the data analysis from the TCGA database 
were used for screening many high-frequency mutation 
genes. However, due to different sources of samples and 
processing methods, the selected SMGs also varied. Thus, 

Figure 1 Clinical characteristics of 12 cases of central nervous DLBCL at the Naval General Hospital from 2016 to 2018. (A) Gender ratio 
of the patient. (B) Age distribution of the patient. DLBCL, diffuse large B-cell lymphoma.
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Figure 2 Gene mutation analysis of 12 DLBCL samples. Data of high-throughput sequencing of 12 cases of central nervous system DLBCL 
for the analysis of base substitution types (A,B), pattern figure of mutant genes (C), GO analysis (D), KEGG analysis (E). The SMG were 
further screened, and the heat map (F) of the high-frequency mutant gene was drawn. In the GO analysis chart, the ordinate indicates the 
pathway, and the abscissa indicates the enrichment rate. The dot size indicates the sum of the gene enriched in the pathway and the dot 
color represents the significance of enrichment. In the high-frequency mutated gene heat map, the top 50 genes were analyzed statistically. 
DLBCL, diffuse large B-cell lymphoma; SMG, significantly mutated genes; GO, Gene Ontology.

we combined the mutated gene data obtained from 12 
samples (Seq-DLBC-Brain) with the sequencing data from 
the TCGA database (TCGA-DLBC-Full) to identify the 
mutations in common. Moreover, to match the sequencing 
results, we also enrolled the data of two cases of DLBCL in 
the CNSs (TCGA-DLBC-Brain). Based on the above data, 
four mutations, including those in MYD88, PIM1, CD79B, 
and BTG1, were identified in common (Figure 4). 

Discussion

In recent years, high-throughput sequencing technology has 
played a major role in the study of tumors. It has effectively 
detected mutant genes in tumors, and analyzed the 
mutations in detail, which has provided valuable clues for 
the follow-up of tumor treatment (15-17). However, due to 
the different sources of tumor samples and varied treatment 
methods, the results of detection by various institutions 
differ markedly. Therefore, comparing the sequencing 

results of different institutions to expand the sample size 
is critical for finding effective target genes (18,19). Aimed 
at DLBCL, this study firstly analyzed the sequencing 
results, and the high-frequency mutation gene was selected. 
These results were combined with the data of the TCGA 
database, and as a result, and mutant genes in common 
were identified that were designated as the potential target 
mutations. 

The present study enrolled 12 cases of DLBCL in the 
CNS. Since only a few reports have specifically studied 
DLBCL in the CNS, the current data and analysis might 
provide an important reference for the research of DLBCL 
in the CNS. Interestingly, 10/12 cases were males, and the 
age of the cohort was 61–70 years. The results of high-
throughput sequencing of the samples revealed that the 
most common mutations were missense with C>T/G>A, 
accounting for the highest rate of single base substitutions, 
which was consistent with the results obtained using the 
TCGA database. This finding indicated that the base 
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Figure 3 Identification of mutations associated with DLBCL based on the TCGA database. The data of DLBCL cases (unlimited 
organization type) in the TCGA database were extracted, and the gene mutation types (A) and base substitutions (B) of 34 DLBCL samples 
were analyzed. In addition, a heat map indicated significantly mutated genes (C). DLBCL, diffuse large B-cell lymphoma.

A B

C
N

V
 fr

eq
. 15

7

M
ut

at
io

n 
fr

eq
.

8

4

CNV freq.Mutation freq.

199 63

G
ene S

ets

C
ancer G

ene C
ensus

G
D

C

# C
ases affected

32 mutated cases and top 50 mutated genes by SSMC



2639Translational Cancer Research, Vol 10, No 6 June 2021

© Translational Cancer Research. All rights reserved.   Transl Cancer Res 2021;10(6):2632-2642 | https://dx.doi.org/10.21037/tcr-20-2525

substitution of C>T/G>A is common in DLBCL of the 
CNS and other tissues. 

Furthermore, the screening for SMGs identified the 
majority of the mutations in MYD88, LRP1B, CD79B, 
and PRDM1 genes. However, it is worth noting that two 
samples named LAADOET1 and LBG4G13T didn’t detect 
the InDel. As the other variation detection including SNV, 
structural variation (SV) and copy number variation (CNV) 
all have been identified, therefor the informational loss 
in InDel may be due to the characteristic of the sample 
themselves.

In order to screen out the general and the targeted 
mutant genes, the intersection of the three groups of data, 
including 12 samples of sequencing experiment, all DLBCL 
(undefined tissue) data in the TCGA database, and the 
DLBCL data of the CNS in the TCGA database were 
analyzed. A pooled analysis indicated four mutant genes 
in common: MYD88, PIM1, CD79B, and BTG1. MYD88 
is a cytosolic adapter protein that plays a central role in 

innate and adaptive immune responses (20,21). MYD88 
mutations have been reported in DLBCL, suggesting its 
critical role in the development of DLBCL (22). Especially, 
the MYD88 L265P mutation rate in the CNS and testicular 
DLBCLs was reported to be 60% [3/5] (23). Although 
many studies have reported that MYD88 mutation is closely 
related to the occurrence of DLBCL, the mechanism 
remains unclear. However, as an adaptor of Toll-like 
receptors (TLRs), MYD88 mutation may not only affect the 
proliferation of lymphocyte, but also affect the surrounding 
immune environment, resulting in inactivation of tumor  
suppression (24). Zhu et al. (25) reported that a long-chain 
non-coding RNA, SNHG16, could promote the growth 
of DLBCL by up-regulating the expression of PIM1 via 
the miR-497-5p/PIM1 axis, thereby indicating that PIM1 
may promote the proliferation of DLBCL. Takeuchi  
et al. (26) demonstrated that the CD79B mutation was also 
an important marker of CD5-positive DLBCL, and this 
mutation has been found in various tissues of DLBCL 

Figure 4 Comparative analysis between results from sequencing and TCGA database. The significantly mutated genes from 12 cases 
were compared with the results from the TCGA database to find the co-labeled mutated genes, and accordingly, the Venn diagram was 
constructed. TCGA-DLBC-Full and TCGA-DLBC-Brain represent DLBCL cases with no limitation of the primary site or primary 
location in the brain from the TCGA database. Seq-DLBC-Brain indicates data from the sequencing of 12 central nervous system DLBCL 
cases. There were 4 significantly mutated genes in common. DLBCL, diffuse large B-cell lymphoma.
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(27,28). B-cell translocation gene 1 (BTG1) is a member 
of the BTG/transducer of the Erb family. Previous studies 
have detected BTG1 mutations in DLBCL; however, the 
cases of DLBCL in the CNS have not been reported. The 
above results indicated that the mutant genes screened by 
sequencing and TCGA data had a correlation with DLBCL. 

Though carried out at different background and 
population, the results of our studies conform to many 
studies, including Pouzoulet et al. (29). Klanova et al. (30), 
Schmitz et al. (31), Chapuy et al. (32), Wright et al. (33). 
Among them, Pouzoulet collected six cases of PCNSL, 
and the CD79A, CD79B, PIM1, and Card11 were the most 
significant mutation. The study of Klanova identified the 
CDKN2A, MYD88, and CD79B as the most prominent 
mutation in PCNS. Our study identified MYD88, PIM1, 
CD79B, and BTG1 as an important mutation gene by 
sequencing combining the analysis of TCGA database. 
Together above results, there are many similarities between 
our and other studies, while some different mutations also 
identified. All these findings provide important view for 
comprehensive understanding the relationship between 
CNS DLBCL and genetic mutation.

Taken together, the present study identified some novel 
and vital mutations to specifically indicate DLBCL in 
the CNS and subsequently provided potential treatment 
targets. Although four mutations detected in common 
between sequencing experiments and TCGA database were 
selected, there is no mutation could be associated with 
survival. Hence, additional clinical studies are essential for 
the identification of specific mutations. 
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