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Impact Statement

CD5 is significant in disease-risk stratification of dif-
fuse large B-cell lymphoma (DLBCL), which adjusts
the invasive clinical processes through multiple sign-
aling pathways, and what mediates tumor survival
mechanisms are still unclear. This study elucidates
the potential hub genes and critical pathways involved
in the CD5-mediated tumor cell survival in DLBCL by
combining basic experiments with bioinformatics tech-
nology. The co-positive of CCND2 and CD5 expres-
sion was an independent poor prognostic factor in
DLBCL.And, the mechanism of CD5-induced CCND2
upregulation may be related to the JAK/STAT pathway.
Compared with previous research, we performed a
large-scale study in conjunction with potentially related
molecules. The identification of hub genes may yield
more effective and accurate biomarkers to elucidate
the etiology and molecular mechanism of CD5+
DLBCL, and access potential therapeutic targets for
early diagnosis and precise treatment.

Abstract

CD5+ diffuse large B-cell lymphoma (DLBCL), as a significant heterogeneity
category of DLBCL, is reflected in both the molecular biological and genetic levels,
which in turn induces ever-changing clinical manifestations, and what mediates
tumor survival mechanisms are still unclear. This study aimed to predict the
potential hub genes in CD5+ DLBCL. A total of 622 patients with DLBCL diagnosed
between 2005 and 2019 were included. High expression of CD5 was correlated
with IPl, LDH, and Ann Arbor stage, patients with CD5-DLBCL have longer overall
survival. We identified 976 DEGs between CD5-negative and positive DLBCL
patients in the GEO database and performed GO and KEGG enrichment analysis.
After intersecting the genes obtained through the Cytohubba and MCODE, further
external verification was performed in the TCGA database. Three hub genes were
screened: VSTM2B, GRIAS, and CCND2, of which CCND2 were mainly involved in
cell cycle regulation and JAK-STAT signaling pathways. Analysis of clinical samples
showed that the expression of CCND2 was found to be correlated with CD5
(p=0.001), and patients with overexpression of CCND2 in CD5+ DLBCL had poor
prognosis (p=0.0455). Cox risk regression analysis showed that, for DLBCL, CD5,
and CCND2 double positive was an independent poor prognostic factor (HR: 2.545;
95% Cl: 1.072—-6.043; p=0.034). These findings demonstrate that CD5 and CCND2
double-positive tumors should be stratified into specific subgroups of DLBCL with
poor prognosis. CD5 may regulate CCND2 through JAK-STAT signaling pathways,

mediating tumor survival. This study provides independent adverse prognostic factors for risk assessment and treatment strategies

for newly diagnosed DLBCL.
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Introduction

Diffuse large B-cell lymphoma (DLBCL) as a malignant B-cell
lymphoma being the most common in adults, its high het-
erogeneity involved in many aspects, after the gold standard
treatment (R-CHOP), and there are still 30-40% of patients
with primary drug resistance.! With the development of
molecular detection technology, some biomarkers that evalu-
ate poor prognosis have been found, such as MYC and BCL2,
which play a significant predictive role in disease classification

ISSN 1535-3702
Copyright © 2023 by the Society for Experimental Biology and Medicine

and prognosis assessment.>* Beyond that, CD5+ DLBCL was
recognized as a distinguished subgroup, which is reflected in
both genotype and immunophenotype, accompanied with
stronger aggressiveness. Previous research suggested that
CD5+ DLBCL is frequently followed by adverse prognosis,
also associated with severe extranodal involvement (ENI),
higher IPI score, advanced stage and neurological invasion.’
However, the underlying mechanisms of DLBCL tumor sur-
vival mediated by CD?5 is still unclear, it's adverse effects on
clinical and prognosis are critically important.
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With the rapid advances of gene sequencing technology, it
has gradually become a powerful tool to identify the genome
expression profile and explore the molecular mechanism of
disease. We determined different expression genes (DEGs)
from RN A-seq data sets, filtered for potential biomarkers and
performed functional enrichment analysis CCND2, which is
closely related to the pathogenesis of CD5+ DLBCL,%8 was
screened by STRING database and Cytoscape software and
further verified in basic experiments. The identification of
hub genes may yield more effective and accurate biomark-
ers to elucidate the etiology and molecular mechanism of
DLBCL, access potential therapeutic targets for early diag-
nosis and precise treatment.

Materials and methods
Patients

A total of 622 patients with DLBCL diagnosed between 2005
and 2019 at the Harbin Medical University Affiliated Third
Hospital were included. The cases enrolled in our research
received the same treatment regimen (R-CHOP), which is
conducive to improving the accuracy of analysis. Patients
with other malignancies or incomplete follow-up informa-
tion were excluded from the study. The basic information
and clinicopathological characteristics (including age, gen-
der, B symptoms, LDH, IPI score, pathological stage, the
COQO classification, etc.) are recorded in a standardized man-
ner. Overall survival (OS) is the time from the date of initial
diagnosis to death from any cause or to the last follow-up
visit. On the basis of patient information, the pathological
diagnosis and molecular subtype classification of enrolled
cases were diagnosed again according to the 2008 WHO
Hematopoietic and Lymphoid Tissue Tumor Classification
(Fourth Edition) criteria to ensure consistency of diagnostic
criteria. All pathological slides are from the Department of
Pathology of the Third Affiliated Hospital of Harbin Medical
University, the morphology was assessed by the two pathol-
ogists individually, in the premise that they were unaware of
clinical or immunophenotypic information. When a discrep-
ancy appeared between two scores, we used a multi-headed
microscope for interactive inspection to reach consensus.
This study was approved by the Ethical Committee of
Harbin Medical University Third Hospital. All participants
have obtained informed consent.

Identification of DEGs and functional enrichment
analysis

The raw data sets from the GEO database (https://www.
ncbinlm.nih.gov/geo/) were corrected and analyzed by R
software (version 4.1.0) to screen out the DEGs. The genes
matching the filter criteria were visualized by applying the
pheatmap and ggplot2 packages. The GO (Gene Ontology)
annotation and the KEGG (Kyoto Encyclopedia of Genes
and Genomes) pathway enrichment analyzes of DEGs were
performed with the DAVID (http://david.abcc.nciferf.
gov/), which enable investigators to understand the bio-
logical meaning behind large lists of genes or proteins. A
count =2 and EASE >0.1 were considered to be the trunca-
tion criterion.
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Identification of hub Genes and validation in TCGA
database

The STRING web tool (http://www.string-db.org/) was
used to develop a protein—protein interaction network (PPIs)
of DEG-encoded proteins. The screening criteria are a score
greater than or equal to 0.4. MCODE, a plug-in of Cytoscape
software (version 3.7.0, http://www.cytoscape.org), was
used to analyze the PPI network comprising all DEGs to
calculate and detect protein—protein gene network models
to obtain the top five key clusters, with a parameters set-
ting as (degree cutoff value =2, node score cutoff value =2,
K core =2, Maximum depth =100). The DMNC algorithm of
Cytohubba plug-in was used to calculate the top 20 nodes
with the highest scores, and the intersection of the two nodes
was taken to identify potential hub genes. TIMER2.0 (http://
timer.cistrome.org/) was used for further investigating the
associations between hub genes and CD5 for The Cancer
Genome Atlas (TCGA) database.

Immunohistochemistry

The 4-pm-thick slices of FFPE tissue were de-paraffined,
dehydrated, and soaked in 0.01M sodium citrate buffer at
pH 6.0. Heated for 30 min for antigen retrieval. Subsequently,
following 30 min of blocking with 3% hydrogen peroxide at
37°C, the primary antibody was incubated overnight at 4°C,
and stain the slides with secondary antibody. After develop-
ing with DAB chromogen for 3min, sections were stained
with hematoxylin and covered by glycerol gel. Monoclonal
antibodies used in the study included CD5 (ab16699, Abcam,
Cambridge, UK, cutoff: 30%) and CCND2 (ab230883, Abcam,
Cambridge, UK, cutoff: 20%). Dyeing was evaluated by
two characteristics: dyeing intensity (none, low, medium,
or high) and marker index, which was identified from five
randomly selected areas of representative blocks under 40X
magnification; two pathologists scored all pathological sec-
tions independently; and any discrepancies were resolved by
interactive examination.®!2

Data analysis of clinical samples

GraphPad Prism 9.0 Software was used for statistical analysis
(San Diego, CA, USA). Pearson chi-square test was used to
analyze the association between various clinicopathological
features and CD5. The survival distribution was estimated
by Kaplan-Meier method with the logarithmic rank test
used to compare the survival differences between groups.
The independence of gene expression status was determined
by univariate and multivariate Cox regression analysis. For
all tests, statistical significance was found at p <0.05.

Results

Clinicopathological characteristics and prognosis
of CD5+ DLBCL patients

Among the enrolled 622 patients, 68 (10.9%) were CD5+
DLBCL and 554 (89.1%) were CD5— DLBCL, median sur-
vival time for CD5-positive and CD5-negative patients was
54months versus 112months, respectively. For clinical fea-
tures, IPI score, LDH level, and ki-67 expression of CD5+


https://www.ncbi.nlm.nih.gov/geo/
https://www.ncbi.nlm.nih.gov/geo/
http://david.abcc.ncifcrf.gov/
http://david.abcc.ncifcrf.gov/
http://www.string-db.org/
http://www.cytoscape.org
http://timer.cistrome.org/
http://timer.cistrome.org/

Table 1. Correlation between CD5 and clinicopathological features in DLBCL.

Characteristics DLBCL (n=622)
CD5+ (%), n=68 CD5- (%), n=554 p

Gender
Male 34 (50.0 282 (51.0) 0.888
Female 34 (50.0 272 (49.0)

Age (years)
=60 32 (47.1 246 (44.4) 0.678
<60 36 (52.9) 308 (55.6)

ENI
Yes 48 (70.6) 352 (63.5) 0.252
No 20 (29.4) 202 (36.5)

LDH (U/L)
=250 36 (52.9 193 (34.9) 0.003
<250 32 (471 361 (65.1)

KI-67
=70% 54 (79.4 337 (60.9) 0.003
<70% 14 (20.6 217 (39.1)

IPI
0-2 38 (55.9) 382 (68.9) 0.030
3-5 30 (44.1) 172 (31.1)

Ann Arbor stage
-l 33(38.2) 296 (53.7) 0.017
-1V 35 (61.8) 258 (46.3)
COO(Hans) GCB 15 (22.1) 195 (35.3) 0.031
non-GCB 53 (77.9) 359 (64.7)

Therapeutic efficacy
PR+ CR 40 (58.8 397 (71.8) 0.029
SD+PD 28 (41.2 157 (28.2)

ENI: extranodal involvement; GCB: germinal center B-cell-like lymphoma; CR:
complete response; PR: partial response; SD: stable disease; PD: progressive
disease.

DLBCL were higher than CD5-DLBCL (p <0.05); the late
stage of initial diagnosis (p=0.017) and the non-GCB sub-
type was also more detected in CD5+ DLBCL (p=0.031).
Compared with other clinicopathological factors, there was
no statistically significant difference (p>0.05). After four
cycles of first-line treatment, the overall response rate (ORR)
was 70.2% for all cases, and 58.8% for CD5-positive cases;
CD5+ DLBCL patients had a worse response to R-CHOP
treatment (p=0.029) (Table 1). Kaplan-Meier survival curve
for prognostic analysis, the CD5-negative patients had
a better overall survival rate than CD5-positive patients
(p=0.0352) (Figure 1).

Identification of DEGs and functional Enrichment
Analysis

To further analyze the explanation of inferior clinical mani-
festations of CD5+ DLBCL, elucidate the CD5-mediated
survival mechanism of DLBCL tumor cells. We select the
GSE66770 data set from the GEO database; after grouping
and processing the raw data using the Edge R software pack-
age, a total of 976 DEGs that contains 654 upregulated and
322 downregulated were detected and visualized by heat-
maps and volcano plots (Figure 2). Functional enrichment
analyses of potential DEGs was assessed on the DAVID web-
site, encompassing biological processes (BP), cellular compo-
nents (CC), and molecular functions (MF). The BP of DEGs
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Figure 1. Survival analysis of CD5 expression in DLBCL.

is mainly related to positive regulation of cell proliferation,
G2/M transition of mitotic cell cycle, and meiotic cell cycle;
Cyclin-dependent protein kinase holoenzyme complex is the
most enriched term of CC, and signaling receptor activity
and cytokine receptor activity are enrichment in MF (Figure
3(b) to (d)). KEGG analysis showed that DEGs were abun-
dant in JAK-STAT signaling pathway, Cytokine-cytokine
receptor interaction, and cellular senescence (Figure 3(a)).

Construction of PPl networks and identification of
hub genes

To study the biological significance of DEGs, based on the
mutual information of 976 DEGs obtained from the STRING
online database, a PPI network with 733 nodes and 2002
edges is implemented. Among the 733 nodes, we constructed
a PPInetwork graph through Cytoscape software, calculated
the degree of each gene by Cytohubba, and scored the gene
network to obtain the top 20 hub genes of highly connected
nodes in the network (Figure 4(a)). Use MCODE to identify
key clusters (Degree cutoff=2, Max depth from seed =100,
Node score cutoff=0.2, K-core =2) and obtain the top
five clusters with score =5 out of 25 clusters (Table 2). The
intersection of hub genes calculated by MCC and MCODE
was visualized using a Venn diagram. Fifteen hub genes
were screened out of 976 DEGs: CCND2, CCND3, SLC1A1,
GRIA3, GRIK3, GRIK2, GRIK1, SHISA6, VWC2, GLRAS3,
CR2, ANO1, CFTR, VSTM2B, and CNTLN (Figure 4(b)).

TCGA verified the hub genes

The correlation between 15 potential hub genes and CD5 was
verified in the TCGA database; three genes were found to
be significantly correlated with CD5: CCND2 (p=0.0025),
GRIA3 (p=0.0336), and VSTM2B (p=0.0385) (Figure 5(a) to
(c)). The expression level of hub gene and the DLBCL samples
containing CD5-positive and CD5-negative was clustered,
and the obtained heat map showed that CCND2 expression
was significantly different (Figure 5(d)). In addition, the key
clusters screening by MCODE where CCND2 is located was
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Figure 2. Analysis of differentially expressed genes in CD5+ and CD5- DLBCL using the EdgeR package in R-statistical computing. (a) Heatmap shows the
differentially expressed genes. (b) Volcano plot showed the differentially expressed genes.

performed with GO enrichment analysis and found to be 124 cases (19.94%) were CCND2-positive. Pathologically,
mainly engaged in the regulation of the cell cycle (Figure 6). =~ CCND2-positive expression was significantly correlated

with CD5 (p=0.001) (Figure 7(a)). The prognosis of CD5+
The clini R . DLBCL patients with high CCND2 expression is worse than

e clinical verification of the expression and . .

prognosis of CCND2 in CD5+ DLBCL CCND?2 low expression (p=0.0455) (Figure 7(b)), However,

in CD5- DLBCL patients, CCND2 expression has no signifi-
Immunohistochemical staining was performed on col-  cant effect on prognosis (p=0.1080) (Figure 7(c)). Cases with
lected DLBCL pathology to determine CCND2 expression; CD5 and CCND2 double positive expression had a lower
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Figure 3. GO and KEGG pathway analysis for differentially expressed genes. (a)
The bubble plot showed a significantly enriched KEGG pathway. (b) The bar plot
showed a significantly enriched of molecular functions. (c) Enrichment of cellular
components. (d) Enrichment of biological processes.

overall survival rate than double negative or single positive
expression cases (Figure 7(d)).

Univariate and multivariate analysis of the
prognosis of DLBCL

Univariate analysis showed: age (p=0.001), ENI (p=0.008),
IPI score (p=0.001), CD5-positive expression (p=0.006),
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Figure 4. (a) The top 20 hub genes of highly connected nodes were obtained
by Cytohubba. (b) Venn diagram of intersection of hub genes calculated by
Cytohubba and MCODE.

CCND?2 positive expression (p=0.020), double positive
expression of CCND2, and CD5 (p=0.001) was significant
adverse prognostic factor. Multivariate analysis (32=92.001,
p<<0.001, statistically significant) detected: IPI (HR: 0.645;
95% CI: 0.519-0.802; p=0.001), Ann Arbor stage (HR: 0.717;
95% CI: 0.582-0.885; p=0.002), and co-positive expression of
CD5 and CCND2 (HR: 1.600; 95% CI: 1.038-2.467; p=0.033)
was an independent poor prognostic factor for DLBCL
(Table 3).

Discussion

CDS5 is significant in disease-risk stratification of DLBCL,
which adjust the physiological functions of B cells through
several signaling pathways and regulate invasive clinical
processes. In the fourth edition of the WHO, CD5+ DLBCL
has been classified as a separate subgroup.'3-'5 This study
elucidates the potential hub genes and essential pathways
relevant to the CD5-mediated tumor cell survival in DLBCL
by combining basic experiments with bioinformatics tech-
nology. Compared with previous research, we performed
a large-scale study and conducted group discussions in



1474 Experimental Biology and Medicine  Volume 248  September 2023

Table 2. Top five key clusters with scores =5 were identified by MCODE.

Cluster Score Nodes Edges Genes

1 10.462 14 136 SCN2A, GRIA1, GRIN1, SLC1A1, GRIA3, NRXN1, SCN1A, GRIK3, GRIK2, GABRB3, GRIK1, SHISA6, SLC17A6, VWC2

2 6.526 20 124 KCNAT1, GLRAS3, GRM5, SYNPR, CCL22, CD80, GABRA2, CCL17, CR2, CD1A, IL4, ANO1, PTPRC, CD5, CFTR,
PAX5, GRIN2A, CD1B, VSTM2B, IL7R

3 6.4 11 64 CEP170, CEP290, FGA, AKAP9, CEP135, CNTLN, CEP97, APOH, FGG, CEP152, NIN

4 5.938 33 190 CCND2, CDK1, PTK2, WDR33, PTPN11, CCND3, CPB2, AGXT, CCNB2, ZC3H11A, NAP1L1, HIST2H2AB,

SGOL1, HIST1H4A, CDKN2A, PRR11, SRSF2, CCNA1, C8B, HIST1H1B, CENPI, IGFBP1, CPSF2, SUZ12,
HIST1H2AL, LUZP4, TYR, HIST1H2AC, APOCS3, HIST1H3F, CDK14, HIST1H2BA, APOA2

5 5 5 20 SMC1B, CAPZAS, SYCP1, STRA8, SYCP3
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Figure 5. (a to c) TCGA database for external validation screened out genes significantly associated with CD5: CCND2, GRIA3, and VSTM2B. (d) Clustering of hub
genes and DLBCL samples in the TCGA database.

conjunction with other potentially related molecules. These In this study, it seems that the CD5 expression as a bio-
may provide new strategies for DLBCL risk stratificationand ~ marker is in strong correlation with the IPI index (p=0.030),
precision therapy. LDH level (p=0.003), and the late stage of initial diagnosis
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(p=0.017). Compared with CD5—- DLBCL, there is inferior
overall survival in CD5+ DLBCL (P=0.0352). Yamaguchi
et al.!1®!7 also reached the same conclusion in the previ-
ous article. Currently, it has not been adequately explored
the underlying mechanisms of poor prognosis in CD5+
DLBCL; summary of the predecessors reported; CD5 alters
the tumor immune microenvironment to achieve the pro-
liferation load of tumor cells by modulating multiple signal
cascades, including BCR-dependent and non-dependent
pathways.!3 In the former, CD5 is involved in mechanisms
of negative feedback regarding B1 cell programmed death
mediated by BCR:'"® the phosphorylated ITIM in CD5
provides an anchoring site for SHP-1, conformational
modification—activated SHP-1 can downregulate the BCR
complex capabilities, which in turn protects B cells from
BCR-induced apoptosis;!*2* While the BCR-independent
signaling pathway involves a variety of cytokines: calcineu-
rin, IL-10, the MAPK (Ras/Erk) pathway, JAK2/STAT3
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Figure 7. Clinical sample validation of hub gene. (a) Correlation between CCND2 and CD5 expression. (b) Survival analysis of CCND2 expression in CD5-positive
DLBCL. (c)Survival analysis of CCND2 expression in CD5-negative DLBCL. (d) Co-expression of CD5 and CCND2 affects prognosis.
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Table 3. Univariate and multivariate COX risk regression analysis.

Volume 248  September 2023

Characteristics Univariate Multivariate
HR 95% Cl p HR 95% ClI p

Gender 1.344 (0.981-1.842) 0.066 0.811 (0.586-1.121) 0.204
Age (years) 0.591 (0.432-0.809) 0.001 0.936 (0.787-1.112) 0.451
COO (Hans) 0.619 (0.432-0.887) 0.090 0.887 (0.736-1.069) 0.208
B symptoms 0.820 (0.580-1.161) 0.264 0.990 (0.826-1.187) 0.914
ENI 0.626 (0.448-0.885) 0.008 1.127 (0.922-1.378) 0.243
Ki-67 (%) 1.185 (0.861-1.630) 0.298 1.094 (0.928-1.290) 0.282
IPI 0.337 (0.246-0.461) 0.001 0.645 (0.519-0.802) 0.001
Ann Arbor stage 0.380 (0.273-0.531) 0.070 0.717 (0.582-0.885) 0.002
CD5+ 1.755 (1.172-2.628) 0.006 1.023 (0.732-1.430) 0.893
CCND2 + 1.560 (1.131-2.153) 0.020 0.855 (0.693-1.055) 0.145
CD5+ CCND2+ 2.458 (1.519-3.976) 0.001 1.600 (1.038-2.467) 0.033

HR: hazard ratio; Cl: confidence interval; ENI: extranodal involvement.

pathway, and other anti-apoptotic functions to maintain
the survival of B cells.?+?>

For the exploration of underlying CD5-related hub
genes and essential pathways in DLBCL, we adopted an
RNA-seq data set from GEO database to determine DEG
and filtrate potential biomarkers. Syndicate analysis was
performed through multiple public databases such as GO,
KEGG, STRING, and Cytoscape software. We verified in
the TCGA database and three hub genes (VSTM2B, GRIA3,
and CCND?2) that were significantly correlated with CD5
were screened out. Among them, CCND2 is mainly enriched
in “cell cycle regulation” and “JAK-STAT signaling path-
way.” In combination with the clinical sample validation of
DLBCL, it was demonstrated that the significant correlation
between CD5 and CCND2 (p=0.001), high CCND2 expres-
sion in patients with CD5+ DLBCL exhibited lower survival
(p=0.0455), While among CD5-DLBCL, no significant effect
on prognosis was observed (p=0.1080). CD5 and CCND2
joint positive expression represents an independently poor
prognostic factor in DLBCL, which cannot benefit from
rituximab. Being a member of the Cyclin family, CCND2
could enhance cell cycle G1/S transition by activating cdk4/
cdk6, and aberrant expression of CCND2 may lead to dys-
regulated cell proliferation.?6-2 In the previous literature,
CCND2 is the only D-type cyclin that is highly represented
in B1 cells (double positive for CD19 and CD5) in Mantle
cell lymphoma (MCL),” playing an important role in the
clonal expansion of CD5+ B cell;® At present, the potential
mechanism of CD5 and CCND2 remain to be explored and
verified.?” Some articles have shown that in colorectal cancer
stem cell, JAK2/STAT3 signaling promotes tumorigenesis
and treatment tolerance by regulating CCND2, to limit apop-
tosis and enhance clonogenicity;3** Overexpressed CD5 acti-
vates STAT3 by interacting with gp130 and its downstream
kinase JAK, meanwhile STAT3 enhances CD5 promoter
activity result in forming a positive feedback loop and JAK2
deficiency also reduced STAT3 activation in CD5-positive
B cells.3!32 And, the PPI network also predicted the interac-
tion between CD5, JAK, STAT, and CCND2(Supplemental
Figure 2). Therefore, our KEGG enrichment results suggest
that the biological mechanism of CD5-induced CCND2
upregulation is mainly related to the JAK/STAT pathway,
which is evidence-based but remains to be verified.

In addition, two other hub genes VSTM2B and GRIA3
were involved in “Synaptic membrane potential” and
“glutamate receptor signaling pathway,” which may be
related to the fact that CD5+ DLBCL is prone to invade
the central nervous system (CNS) and has a high chance
of recurrence, as report goes that CNS recurrence has been
reported in 3-33% of cases with CD5-positive DLBCL. Of
most notable is the 33% CNS relapse rate reported from the
MD Anderson cohort.33% Importantly, it has been incon-
clusive whether CD5 high expression is associated with a
high risk of CNS recurrence. Our results regarding neuro-
structural and functionally relevant genes may provide a
basis for future studies on the prevention of CNS relapse
in CD5+ DLBCL.

Consistent with the CD5+ DLBCL’s offensive clinical
profile, an unsatisfactory remission rate was observed for
R-CHOP. Thakral B* and Ennishi®® studies have found that
rituximab cannot improve the prognosis of CD5-positive
patients. Miyazaki® also explained the higher rate of CNS
recurrence in CD5+ DLBCL. In terms of finding the optimal
treatment plan, some studies show that intensification of
chemotherapeutic regimens like R-(DA) EPOCH can benefit
patients more,” and other researchers suggest that R2GPD
regimen help to achieve complete remission,3 there is no
definite guideline for optimal treatment regimen, prospec-
tive clinical trials are still needed for verification. Therefore,
the thoroughly evaluated of CD5+ DLBCL’s molecular char-
acteristics may be helpful in risk stratification, prognosis pre-
diction, and precise individualized treatment. Admittedly,
related in-depth research on the interaction of CD5 and
CCND2 will provide a theoretical basis for new treatment
regimens.
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