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Abstract: Background: Diffuse large B-cell lymphoma (DLBCL) is the most common type of non-Hodgkin's lymphoma. The 
failure rate of treatment for its subsets is still very high. CXC chemokine, secreted by a variety of cells, is a vital component in the 
immune process. It also participated in the growth, development, and metastasis of tumors. This study aimed to explore the 
prognosis of CXC chemokines in DLBCL and the relationship with immune infiltration through bioinformatics analysis. 
Methods: We systematically analyzed the expression level and prognostic value of CXC chemokines in DLBCL patients, and the 
correlation between CXC chemokines and tumor immune infiltration through databases, such as Oncomine, GEO, GEPIA, 
GeneMANIA, DAVID, HPA, GenomicScape, and TIMER2.0. Results: With the comprehensive analysis of different databases, 
we found that CXC chemokines (CXCL1/2/5/6/7/8/9/10/11/12/13/14) had significantly higher transcription levels in DLBCL 
patients vs. the control groups. The up-regulation mRNA levels of CXCL1/2/6/7/10/12 were associated with poor prognoses in 
DLBC patients. Further enrichment analysis of CXC chemokines and their receptors revealed that they were related to the 
infiltration and metastasis of immune cells. Besides, we found that the expression of CXCL9/10/11 were significantly correlated 
with tumor-infiltrating lymphocytes (TILs) (B cells, CD8+ T cells, CD4+ T cells, macrophages, Treg cells, and NK cells) and 
immune checkpoints in DLBCL. Conclusion: Our study may provide novel understandings for CXC chemokines as 
immunotherapeutic targets and prognostic biomarkers in diffuse large B-cell lymphoma through systematic analysis. 
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1. Introduction 

Diffuse large B cell lymphoma (DLBCL), a most common 
type of non-Hodgkin’s lymphoma (NHL), accounts for 
approximately 30-40% of all NHL patients, with three 
pathological types (ABC, GBC, unclassified) [1, 2]. As for the 
high failure rate of DLBCL subsets treatment, it has become a 
trend that the combination of chemotherapy, immunotherapy, 
and drug target molecules [3]. In recent years, the exploration 
of DLBCL therapeutic targets, especially immune checkpoint 
inhibitors, has made some progress [4-6]; however, this is far 
from adequate so that more therapeutic targets and prognostic 
biomarkers should be found. 

CXC chemokines, as a small molecule secreted protein of 
approximately 8 to 10 kDa, participate in many biological 
processes, such as regulating angiogenesis, tumor growth, 
metastasis, and straightly utilizing an autocrine or paracrine 
method to stimulate tumor proliferation [7, 8]. Some studies 
have reported that the expression of CXC chemokines and 
their receptors in DLBCL patients were related to worse 
outcomes [9-11]. 

Although some previous studies have found that high 
expression levels of CXC chemokines and their receptors 
were related to the survival and prognosis of DLBCL patients, 
CXC chemokines have not been systematically studied. With 
the maturity and cost reduction of the second-generation high 
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throughput gene sequencing technology, the comprehensive 
analysis of CXC chemokines becomes possible. 

Based on the integrated analysis of various databases, the 
expression of CXC chemokines in DLBCL were distinctly 
elevator. Meanwhile, it is found that their high expression had 
a certain correlation with the poor survival of DLBCL patients. 
We further found that they were related to immune function 
through the biological enrichment of CXC chemokines and 
co-expressed genes. In addition, we had an in-depth 

understanding of the relationship between CXC chemokines 
and immune infiltrating cells or various immune markers. The 
above results indicated that CXC chemokines with high 
transcription levels might be considered as the prognosis and 
immune infiltration markers of DLBCL. They could help 
clinicians design more reasonable treatment plans and further 
more confidently predict the treatment effects of patients. The 
flowchart of this research was shown in Figure 1.

 

Figure 1. Flow diagram of this study. 

2. Materials and Methods 

2.1. Gene Expression Omnibus 

Gene Expression Omnibus (GEO, 
https://www.ncbi.nlm.nih.gov/geo/) is an integrated, public 
genomics database that stores three types of data: gene 

expression datasets, original series and platforms [12]. To 
further identify mRNA levels of the CXC chemokines, the 
gene expression profiles of GSE56315 [13], based on GPL570 
Platform [(HG-U133_Plus_2) Affymetrix Human Genome 
U133 Plus 2.0 Array], were downloaded. Microarray data of 
GSE56315 includes a total of 55 DLBCL and 33 non-cancer 
samples. Then, with defined P-value cutoffs of <0.05, the 
differentially expressed CXC chemokines were screened out 
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based on the SangerBox website, (http://sangerbox.com/Tool), 
as a simple visualization platform based on the R package, 
which was used for analyzing the data obtained. 

2.2. ONCOMINE Database 

ONCOMINE (www.oncomine.org) is a powerful data 
mining platform, aim to analyze the transcription level of the 
genome-wide and understand the expression differences of 
various diseases [14]. The mRNA levels of the CXC family in 
DLBCL were analyzed using ONCOMINE databases. To 
evaluate the expression of CXC family in DLBCL, the 
threshold fold change was set as 1.0, and the critical value of 
P-value was defined as 0.05. 

2.3. GEPIA Dataset 

Based on the Cancer Genome Atlas (TCGA) and 
Genotype-Tissue Expression (GTEx) projects, the GEPIA 
database, developed by Zhang Laboratory of Peking 
University, contains high-throughput sequencing data of 9,736 
tumors and 8,587 normal samples [15]. Using multiple gene 
comparison sections, we assessed the relative transcription 
levels of CXCL1, CXCL2, CXCL3, CXCL4, CXCL5, 
CXCL6, CXCL7 (PPBP), CXCL8, CXCL9, CXCL10, 
CXCL11, CXCL12, CXCL13, CXCL14, CXCL16, and 
CXCL17. Based on the “Correlation” module, we explored 
the correlation between different immune checkpoints and the 
CXC family. 

2.4. GeneMANIA 

GeneMANIA (http://www.genemania.org), a flexible and 
user-friendly web interface, could provide the protein 
interaction network, gene co-expression, similar protein 
domains, co-localization, and involved pathways of studied 
genes [16]. 

2.5. DAVID 6.8 Database 

The Database for Annotation, Visualization, and Integrated 
Discovery (DAVIDv6.8; https://david.ncifcrf.gov/) was used 
to annotate and analyze numerous genes [17]. We performed 
the enrichment analysis of the CXC family and the top 20 
strongly associated genes, including two aspects: Gene 
Ontology (GO) and Kyoto Encyclopedia of Genes and 
Genomes (KEGG). Among them, GO was composed of 
biological process (BP), molecular function (MF), and cellular 
component (CC). Threshold conditions for GO terms and 
KEGG pathways were set at P < 0.05. 

2.6. The HPA Database 

The Human Protein Atlas (HPA, 
http://www.proteinatlas.org) is an interactive database 
involving the human transcriptome, proteome, and metabolic 
functions of different tissues and organs [18]. Based on the 
HPA database, translational-level validation of the CXC 
family in DLBC tissues by immunohistochemistry was carried 
out. 

2.7. GenomicScape 

GenomicScape (http://genomicscape.com/) was established 
based on data obtained from Gene Expression Omnibus 
(GEO), which could analyze the correlation between the 
expression levels of various cancers and the prognosis of their 
patient [19]. Through the survival analysis module, twelve 
individuals of the CXC chemokines were entered into 
GenomicScape, respectively, to analyze their prognostic value 
in DLBC patients. Then, we can obtain Kaplan–Meier 
survival plots with hazard ratios (HR) and log-rank p-value. 
The statistical threshold was regarded as P<0.05. 

2.8. TIMER2.0 Database Analysis 

TIMER2.0 (Tumor IMmune Estimation Resource 2.0; 
http://timer.cistrome.org/) is an intuitive web server that 
provides comprehensive exploration and visualization 
functions of gene-tumor-immune interactions. Based on the 
validation of pathological estimates, the TIMER2.0 database 
can systematically analyze tumor immunology, the 
composition and abundance of immune cells in different 
tumors, and clinical characteristics. Tumor purity was utilized 
for the correction of Spearman-based correlation analysis [20]. 
Moreover, we screened out subtype-based biomarkers to 
further analyze the relationship between the CXC family and 
immune infiltration. 

2.9. Statistical Analysis 

Based on the R language, the default t-test and Wilcoxon 
analysis were adopted to screen for the differentially 
expressed gene by the SangerBox website. The differential 
expression of genes in ONCOMINE database was analyzed by 
t-test. The spearman algorithm was utilized for gene 
expression correlation analysis in the GEPIA database. The 
log-rank test was used for Kaplan-Meier survival. The 
Spearman correlation analysis was utilized to explore the 
relationship between the CXC family and immune infiltration 
in TIMER2.0. The fold change revealed the ratio of the 
expression levels between DLBCL samples and normal lymph 
nodes. Generally, the screening threshold of |log2FC| was set 
as 1, and greater than 1 were differentially expressed genes. A 
p-value < 0.05 was defined as being statistically different.  

3. Results 

3.1. Validation for mRNA Levels of CXC Chemokines 

Family in Multi-databases 

We utilized the ONCOMINE database to detect mRNA 
levels of 16 CXC chemokines (excluding CXCL15) in DLBC 
compared with normal tissues. The results were shown in 
Table 1. The transcriptional levels of CXCL1, CXCL2, 
CXCL3, CXCL4, CXCL5, CXCL6, CXCL7, CXCL8, 
CXCL9, CXCL10, CXCL11, CXCL12, CXCL13, CXCL14, 
and CXCL16 were significantly elevated in patients, while 
CXCL17 did not differ significantly. 

To verify the mRNA expression of CXC chemokines, we 
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downloaded the GSE56315 dataset from the GEO database. 
The gene expression profile analysis demonstrated that the 
transcript levels of CXCL1/2/5/6/7/8/9/10/11/12/13/14/17 
were more ascendant in DLBCL patients than in normal 
lymph node tissues (Figure 2A). 

In additional, we analyzed the relative mRNA levels 
between CXC chemokines in DLBCL patients. Among the 

CXC family members we identified, the relative transcript 
level of CXCL9 was the highest vs. other CXC chemokines 
(Figure 2B). 

Ultimately, we excluded CXCL3, CXCL4, CXCL16, and 
CXCL17 from further analysis since their expression was no 
significant difference between DLBC samples and normal 
samples. 

Table 1. The mRNA levels of CXC chemokines in DLBC tissues (ONCOMINE). 

GENE Datatype Type P-value t-Test Fold Change References 

CXCL1 mRNA DLBC vs normal 2.15E-11 10.498 1.984 [21] 

 mRNA DLBC vs normal 3.00E-03 2.887 1.496 [22] 

CXCL2 mRNA DLBC vs normal 1.50E-02 3.853 3.005 [23] 

 mRNA DLBC vs normal 2.00E-03 3.816 1.628 [21] 

 mRNA DLBC vs normal 4.40E-02 1.772 1.371 [24] 

 mRNA DLBC vs normal 1.73E-06 5.101 2.544 [22] 

 mRNA DLBC vs normal 3.00E-03 3.398 1.260 [25] 

CXCL3 mRNA DLBC vs normal 4.50E-02 1.732 1.450 [26] 

 mRNA DLBC vs normal 7.00E-03 2.875 1.174 [25] 

 mRNA DLBC vs normal 2.00E-03 3.107 1.343 [22] 

CXCL4 mRNA DLBC vs normal 8.01E-04 3.334 1.438 [22] 

CXCL5 mRNA DLBC vs normal 5.86E-07 5.443 1.107 [22] 

CXCL6 mRNA DLBC vs normal 2.40E-02 2.030 1.393 [22] 

CXCL7 mRNA DLBC vs normal 6.16E-04 3.456 1.890 [22] 

CXCL8 mRNA DLBC vs normal 3.00E-02 2.049 1.112 [25] 

CXCL9 mRNA DLBC vs normal 2.00E-03 5.659 9.957 [23] 

 mRNA DLBC vs normal 3.86E-16 14.862 17.389 [24] 

 mRNA DLBC vs normal 1.44E-08 7.017 19.907 [26] 

 mRNA DLBC vs normal 6.91E-09 15.964 6.797 [21] 

 mRNA DLBC vs normal 6.12E-31 23.643 54.026 [22] 

 mRNA DLBC vs normal 6.37E-04 5.642 24.803 [27] 

 mRNA DLBC vs normal 3.27E-05 6.522 19.134 [25] 

CXCL10 mRNA DLBC vs normal 8.61E-09 7.348 5.390 [24] 

 mRNA DLBC vs normal 6.66E-08 13.703 5.656 [21] 

 mRNA DLBC vs normal 9.08E-07 5.484 8.586 [26] 

 mRNA DLBC vs normal 8.76E-27 19.120 22.362 [22] 

 mRNA DLBC vs normal 1.00E-03 5.144 7.699 [27] 

CXCL11 mRNA DLBC vs normal 3.09E-08 6.825 15.820 [26] 

 mRNA DLBC vs normal 1.38E-19 15.464 14.345 [22] 

 mRNA DLBC vs normal 1.00E-03 4.238 1.576 [21] 

 mRNA DLBC vs normal 3.00E-03 3.423 1.469 [25] 

CXCL12 mRNA DLBC vs normal 1.03E-05 5.044 2.438 [23] 

 mRNA DLBC vs normal 1.66E-06 6.258 3.254 [24] 

 mRNA DLBC vs normal 7.11E-05 5.805 1.645 [21] 

 mRNA DLBC vs normal 1.74E-15 11.315 3.485 [22] 

 mRNA DLBC vs normal 1.40E-02 2.503 1.239 [25] 

CXCL13 mRNA DLBC vs normal 1.68E-11 15.445 8.487 [21] 

 mRNA DLBC vs normal 2.33E-10 7.874 6.352 [24] 

 mRNA DLBC vs normal 4.36E-09 6.802 10.064 [26] 

 mRNA DLBC vs normal 1.09E-12 9.726 17.816 [22] 

 mRNA DLBC vs normal 3.19E-04 4.852 4.685 [25] 

CXCL14 mRNA DLBC vs normal 5.00E-03 3.576 4.734 [27] 

 mRNA DLBC vs normal 2.59E-11 8.320 5.168 [22] 

 mRNA DLBC vs normal 2.54E-04 4.969 2.930 [25] 

CXCL16 mRNA DLBC vs normal 2.39E-18 12.583 3.107 [22] 

 mRNA DLBC vs normal 2.80E-02 2.194 1.546 [22] 

 mRNA DLBC vs normal 6.00E-03 3.005 1.867 [25] 
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Figure 2. The expression of CXC chemokines in DLBCL. (A) Violin illustration of CXC chemokine expression in DLBCL. Blue violin, tumor; Yellow violin, 

normal tissue. *p<0.05, **p<0.01, ***p<0.001, -p>0.05. (B) The relative transcript levels of CXC chemokines in DLBCL. The darker the color, the higher the 

expression. DLBCL: Diffuse large B cell lymphoma. 

3.2. Protein Levels of CXC Chemokines Family in the HPA 

Databases 

In the HPA database analysis, CXCL8, CXCL11, CXCL12, 
and CXCL13 were significantly higher in the DLBC tissues 

than in normal lymph nodes, while the protein levels of 
CXCL5, CXCL7, CXCL14 in DLBC and the control groups 
were not detected (Figure 3). There were no related DLBC 
samples for CXCL1, CXCL2, CXCL6, CXCL9, and 
CXCL10. 
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Figure 3. Representative immunohistochemistry images of CXC chemokines in DLBCL tissues and normal lymph nodes (Human Protein Atlas). (A) CXCL5; (B) 

CXCL7; (C) CXCL8; (D) CXCL11; (E) CXCL12; (F) CXCL13; (G) CXCL14. DLBCL, Diffuse large B cell lymphoma. 

3.3. Functional Enrichment and Co-expression Analysis of 

CXC Chemokines in DLBCL 

We explored the potential correlation analysis of twelve 
CXC chemokines in DLBCL, as shown in Figure 4A. Red 
color represented positive correlations, while blue color 
represented negative correlations. As a result, the correlation 
between CXC chemokines could be roughly divided into three 
grades: low to moderate correlation (CXCL5-8); moderate to 
high correlation (CXCL1/2/14); high correlation 
(CXCL9-11).  

Based on the GeneMANIA, we revealed that the function of 
these differentially expressed CXC chemokines 
(CXCL1-2/CXCL5-14) were primarily involved in chemokine 
activity, chemokine receptor binding, cellular response to 
chemokine, and response to chemokines (Figure 4D). 

To determine the biological function of the CXC family and 
the top 20 genes with strong correlations, we analyzed the GO 

annotation function and KEGG pathway using DAVID 6.8, 
with a threshold of P< 0.05. The GO enrichment analysis 
results showed that the top 15 categories of GO terms for CXC 
chemokines included six bioprocesses (BP), three categories 
of cell components (CC), and six molecular functions (MF). 
The GO term of “chemokine-mediated signaling pathway” 
was the most significant enrichment for the BP category. In the 
CC category, “extracellular space” was the highest enrichment 
term. The GO term of “chemokine activity” was the most 
important of the MF category (Figure 4B). A total of 14 
KEGG pathways were significantly enriched with a P-value 
<0.05, as shown in Figure 4C. As to the KEGG pathway 
analysis, it was found that these genes were mainly involved 
in chemokine signaling pathway, cytokine-cytokine receptor 
interaction, rheumatoid arthritis, Toll-like receptor signaling 
pathway, and TNF signaling pathway. The results revealed 
that these genes may play important roles in the occurrence 
and development of DLBCL. 
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Figure 4. Functional enrichment, neighbor gene network, and interaction analyses of differently expressed CXC chemokines in DLBC patients. (A) Correlation 

analysis of differently expressed CXC chemokines in DLBCL. Red color represented positive correlations, while blue color represented negative correlations. 

*p<0.05, **p<0.01, ***p<0.001, -p>0.05 (B) The top 15 categories of GO terms. Yellow bar graph, CC; Green bar graph, BP; Red bar graph, MF. (C) The top 

14 enriched KEGG pathways. (D) Protein-protein interaction network of differently expressed CXC chemokines. BP, bioprocesses; CC, cell components; MF, 

molecular functions; GO, Gene Ontology; KEGG, Kyoto Encyclopedia of Genes and Genomes; DLBCL, Diffuse large B cell lymphoma. 

3.4. The Overexpression of CXC Chemokines Predicts 

Prognosis in DLBCL Patients 

We evaluated the correlation between overexpressed CXC 
chemokines and clinical outcomes using GenomicScape. The 
survival curve analysis showed that the high mRNA levels of 

CXCL1/2/6/7/10/12 were associated with worse overall 
survival (OS), and CXCL9/13/14 were inter-related with 
better OS in DLBCL patients. However, the expression of 
CXCL5/CXCL11 were not associated with the prognosis of 
DLBCL patients (Figure 5). There were no related DLBCL 
samples for CXCL8. 
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Figure 5. The survival curve analysis of CXC chemokines mRNA expression in DLBCL patients (GenomicScape). (A) CXCL1; (B) CXCL2; (C) CXCL5; (D) 

CXCL6; (E) PPBP; (F) CXCL9; (G) CXCL10; (H) CXCL11; (I) CXCL12; (J) CXCL13; (K) CXCL14. The log-rank statistics were used to calculate P-values. OS, 

overall survival; HR, hazard ratio; DLBCL, Diffuse large B cell lymphoma. 
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Figure 6. The heatmap analysis between the expression levels of CXC chemokines and tumor-immune infiltration (TIMER2.0). The correlation coefficient was 

shown in Fig. ns, no statistical significance; *p < 0.05; **p < 0.01; ***p < 0.001. 

3.5. Immune Cell Infiltration of CXC Chemokines in 

Patients with DLBCL 

Chemokines play a vital role in cancer-related inflammation. 
Thereby they, directly and indirectly, affect the proliferation 
and invasion characteristics of tumor cells. Elucidating their 
role will further promote our understanding of the 
pathophysiological process of tumor, and will help innovate 
potential anti-cancer strategies [28]. Some researchers have 
clarified that CXCL16 may promote the rapid growth of lung 
cancer cells by regulating the NF-κB pathway, and even 
increase its invasive ability [11]. By the TIMER2.0, we tried 
to analyze the correlation between the expression of CXC 
family and tumor immune infiltration in DLBCL patients. 

As shown in Figure 6, tumor purity has been used to correct 
the correlation analysis based on Spearman. Notably, we 
observed that CXCL9, CXCL10, and CXCL11 showed a 

consistent correlation with immune cell infiltration, of which 
they showed strongly positive correlations with central 
memory CD8+ T cell, effector memory CD8+ T cell, CD8+ T 
cell, memory activated CD4+ T cell, memory CD4+ T cell, 
Th2 CD4+ T cell, Macrophage M1, Macrophage, NK cell; and 
strongly negatively relevance to memory B cell, B cell, T cell 
regulatory (Tregs), Macrophage M2. But these genes were not 
significant for Th1 CD4+ T cells. In addition, there was a 
positive correlation between CXCL1 expression and the 
infiltration of memory activated CD4+ T cell, Macrophage 
M1, and a negative interrelation between the expression of 
CXCL1 and the infiltration of naive B cell, B cell, T cell 
regulatory (Tregs), Macrophage M2. The expression level of 
CXCL2 was positively related to the infiltration of memory 
activated CD4+ T cell, Macrophage M1, NK cell, and 
negatively relevant to the infiltration of B cell and T cell 
regulatory (Tregs). CXCL5 expression only was negatively 
pertinent to the infiltration of B cells. Interestingly, we 
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discovered that CXCL6, PPBP, and CXCL8 just were 
negatively associated with central memory CD8+ T cell and T 
cell regulatory (Tregs). There was a positive interrelation 
between the expression of CXCL12 and the infiltration of 
effector memory CD8+ T cell, CD8+ T cell, memory CD4+ T 
cell, Th2 CD4+ T cell, Macrophage M1, Macrophage, and a 
negative relevance to Th1 CD4+ T cell/Macrophage M2. 
CXCL13 expression only was negatively associated with the 
infiltration of Th1 CD4+ T cell. CXCL14 expression were 
negatively correlated with infiltration of the three immune cell 
types (memory activated CD4+ T cell, Th1 CD4+ T cell, NK 
cell), and positively correlated with infiltration of Macrophage 
M2. The results indicated that the expression levels of 
CXCL9/10/11 were related to a variety of immune cells in 
DLBCL. 

3.6. Correlation Between Distinct CXCLs Expression and 

Biomarkers of Immune Cells in DLBCL 

We further investigated the relationship between CXCLs 
and various immune markers of different immune cells, 
including T cells, B cells, monocytes, tumor-associated 
macrophage (TAMs), M0/M1/M2 macrophages, neutrophils, 
dendritic cells, a series of helper T cells, and Tex (T cell 
Exhaustion) using TIMER 2.0. The results indicated that the 
expression levels of CXCL9/10/11 were significantly 
correlated with most biomarkers of diverse immune cells in 
DLBCL and its molecular subtypes. Besides, as shown in 
Table 2, CXCL1/2/5/6/8/12/13/14/PPBP were associated 
with immune-infiltration markers in the tumor 
microenvironment. 

Table 2. The correlation analysis between immune markers and CXC chemokines (TIMER2.0). 

Immune cells Gene markers 
Purity CXCL1 CXCL2 CXCL5 CXCL6 CXCL7 CXCL8 

rho p rho p rho p rho p rho p rho p rho p 

CD8+T cell 
CD8A -0.54 *** 0.05 0.77 0.18 0.26 -0.02 0.88 -0.26 0.09 -0.12 0.45 -0.14 0.39 
CD8B -0.41 *** 0.12 0.47 0.12 0.44 0.05 0.76 -0.25 0.11 -0.13 0.42 -0.10 0.54 

T cell 
CD3D -0.71 ** -0.15 0.37 -0.21 0.18 -0.20 0.21 -0.27 0.08 -0.19 0.23 -0.50 ** 
CD3E -0.75 *** -0.05 0.76 -0.04 0.81 -0.11 0.49 -0.23 0.15 -0.29 0.07 -0.40 * 
CD2 -0.74 *** -0.06 0.72 -0.08 0.62 -0.15 0.36 -0.33 * -0.25 0.11 -0.36 * 

B cell 
CD19 0.15 0.36 -0.29 0.06 -0.18 0.26 -0.33 * 0.01 0.94 0.03 0.85 -0.10 0.52 
CD79A 0.03 0.84 -0.32 * -0.27 0.09 -0.18 0.27 0.09 0.59 -0.09 0.58 -0.13 0.43 

monocyte 
CD86 -0.39 * 0.10 0.52 -0.13 0.42 -0.04 0.81 -0.02 0.92 -0.03 0.87 0.21 0.20 
CD115 (CSF1R) -0.51 *** 0.26 0.09 0.16 0.31 0.06 0.70 -0.12 0.46 -0.12 0.46 0.12 0.46 

TAM 
CCL2 -0.25 0.11 0.61 *** 0.52 *** 0.26 0.10 0.34 * 0.19 0.23 0.46 ** 
CD68 -0.41 ** 0.31 0.05 0.22 0.17 0.18 0.26 -0.06 0.69 -0.04 0.82 0.27 0.08 
IL10 -0.21 0.18 0.28 0.08 0.30 0.06 0.05 0.76 -0.20 0.20 0.14 0.39 0.15 0.36 

M1 
Macrophage 

INOS (NOS2) -0.20 0.22 0.23 0.14 0.47 ** 0.41 ** 0.12 0.46 0.51 ** 0.17 0.29 
IRF5 -0.26 0.10 -0.11 0.51 0.08 0.63 -0.25 0.11 -0.10 0.52 0.08 0.60 -0.16 0.33 
COX2 (PTGS2) -0.32 * 0.44 ** 0.55 ** 0.51 ** 0.23 0.15 0.35 * 0.45 ** 

M2 
Macrophage 

CD163 -0.08 0.60 0.31 0.05 0.40 ** 0.11 0.49 -0.07 0.64 0.13 0.42 0.29 0.06 
VSIG4 -0.16 0.32 0.36 * 0.45 ** 0.15 0.34 -0.05 0.75 0.18 0.26 0.30 0.05 
MS4A4A -0.20 0.20 0.31 * 0.40 * 0.00 1.00 0.05 0.77 0.19 0.22 0.29 0.07 

Neutrophils 
CD66b (CEACAM8) -0.27 0.08 -0.10 0.53 -0.08 0.60 -0.03 0.83 0.07 0.65 0.16 0.31 0.17 0.27 
CD11b (ITGAM) -0.31 * 0.17 0.29 0.08 0.63 0.16 0.31 0.15 0.35 -0.02 0.91 0.34 * 
CCR7 -0.50 *** -0.05 0.75 0.07 0.65 -0.06 0.73 -0.06 0.70 0.01 0.94 -0.16 0.32 

NK cell 

KIR2DL1 -0.35 * 0.24 0.13 0.24 0.13 0.11 0.49 0.05 0.73 -0.04 0.81 0.03 0.85 
KIR2DL3 -0.42 ** 0.18 0.25 0.15 0.34 -0.01 0.93 0.03 0.85 0.03 0.83 0.15 0.34 
KIR2DL4 -0.21 0.19 0.22 0.16 0.20 0.22 0.00 0.98 -0.15 0.35 0.11 0.51 0.27 0.09 
KIR3DL1 -0.29 0.07 0.12 0.46 -0.14 0.40 -0.08 0.63 -0.06 0.70 -0.23 0.15 0.05 0.75 
KIR3DL2 -0.61 *** -0.06 0.72 0.14 0.38 0.03 0.83 -0.06 0.72 0.15 0.35 -0.06 0.70 
KIR3DL3 -0.12 0.46 0.22 0.17 0.12 0.47 -0.05 0.75 0.06 0.73 -0.10 0.54 -0.05 0.75 
KIR2DS4 -0.24 0.13 -0.04 0.80 0.13 0.41 -0.02 0.92 -0.19 0.24 -0.06 0.71 -0.01 0.93 

Dendritic cell 

HLA-DPB1 -0.21 0.19 -0.35 * -0.41 ** -0.27 0.08 -0.15 0.34 -0.26 0.11 -0.28 0.07 
HLA-DQB1 -0.16 0.31 -0.21 0.19 -0.12 0.47 0.12 0.44 0.13 0.43 -0.25 0.12 -0.13 0.42 
HLA-DRA -0.20 0.22 -0.30 0.06 -0.13 0.42 -0.09 0.59 0.02 0.91 -0.17 0.29 -0.20 0.21 
HLA-DPA1 -0.30 0.05 -0.34 * -0.30 0.06 -0.16 0.32 -0.15 0.35 -0.22 0.17 -0.33 * 
BCDA-1 (CD1C) -0.03 0.87 -0.08 0.60 0.04 0.82 -0.15 0.36 0.33 * 0.05 0.76 0.10 0.53 
BDCA-4 (NRP1) -0.26 0.09 0.13 0.43 0.39 * 0.03 0.85 -0.05 0.74 0.31 * 0.27 0.09 
CD11c (ITGAX) -0.53 *** -0.04 0.79 -0.08 0.63 0.04 0.80 0.25 0.11 -0.15 0.35 0.09 0.57 

Th1 

TBX21 -0.71 *** 0.36 * 0.27 0.09 -0.01 0.95 -0.11 0.48 0.00 0.99 0.01 0.95 
STAT1 -0.45 ** 0.23 0.15 0.18 0.25 0.11 0.49 -0.12 0.47 -0.10 0.55 0.04 0.79 
STAT4 -0.73 *** -0.05 0.77 0.00 0.98 -0.21 0.19 -0.26 0.10 0.20 0.21 -0.21 0.20 
IFN-g (IFNG) -0.54 *** 0.30 0.05 0.32 * 0.10 0.54 -0.18 0.25 -0.03 0.85 0.02 0.89 
TNF-a (TNF) -0.33 * -0.08 0.61 -0.06 0.71 -0.14 0.39 -0.27 0.09 -0.13 0.40 -0.17 0.29 

Th2 

GATA3 -0.69 *** -0.12 0.45 -0.11 0.49 -0.20 0.21 -0.26 0.09 -0.25 0.11 -0.43 ** 
STAT6 0.07 0.68 -0.01 0.95 0.14 0.38 -0.11 0.48 -0.08 0.63 0.03 0.85 0.09 0.57 
STAT5A -0.42 ** -0.10 0.52 -0.15 0.36 -0.08 0.62 -0.26 0.10 -0.23 0.15 -0.02 0.91 
IL13 -0.30 0.06 -0.18 0.26 -0.10 0.52 0.08 0.63 -0.05 0.78 0.02 0.91 0.08 0.62 

Tfh 
BCL6 0.18 0.25 -0.32 * -0.44 ** -0.34 * -0.05 0.74 -0.05 0.74 -0.09 0.57 
IL21 -0.41 ** -0.05 0.78 -0.10 0.55 -0.03 0.84 -0.11 0.49 -0.33 * -0.22 0.18 
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Immune cells Gene markers 
Purity CXCL1 CXCL2 CXCL5 CXCL6 CXCL7 CXCL8 

rho p rho p rho p rho p rho p rho p rho p 

Th17 
STAT3 -0.28 0.08 0.23 0.15 0.36 * 0.13 0.42 -0.01 0.95 0.19 0.25 0.30 0.05 
IL17A -0.51 *** 0.21 0.19 0.13 0.43 0.22 0.16 0.28 0.07 -0.05 0.76 -0.01 0.95 

Treg 

FOXP3 -0.63 *** -0.30 0.06 -0.01 0.96 0.18 0.25 0.03 0.85 -0.04 0.80 -0.19 0.25 
CCR8 -0.48 ** -0.24 0.13 -0.01 0.96 0.10 0.52 0.02 0.91 0.08 0.60 0.03 0.84 
STAT5B -0.32 * -0.11 0.48 0.10 0.55 -0.12 0.46 -0.14 0.37 -0.08 0.60 -0.08 0.60 
TGFβ (TGFB1) -0.52 *** 0.08 0.64 0.12 0.45 -0.10 0.53 -0.08 0.63 0.10 0.53 0.13 0.42 

Tex 

PD-1 (PDCD1) -0.53 *** -0.08 0.62 -0.15 0.35 -0.14 0.40 -0.08 0.64 -0.15 0.36 -0.16 0.33 
CTLA4 -0.70 *** -0.13 0.42 -0.21 0.19 -0.10 0.53 -0.14 0.37 -0.14 0.37 -0.30 0.06 
LAG3 -0.56 *** 0.34 * 0.22 0.16 -0.01 0.93 -0.09 0.58 -0.09 0.56 -0.03 0.87 
TIM-3 (HAVCR2) -0.39 * 0.39 * 0.31 * 0.18 0.25 -0.10 0.52 0.13 0.43 0.20 0.22 
GZMB -0.24 0.12 0.32 * 0.35 * 0.16 0.30 -0.24 0.13 0.05 0.73 0.08 0.60 
PDL1 (CD274) -0.37 * 0.21 0.20 0.30 0.06 0.09 0.57 -0.15 0.36 0.08 0.60 0.16 0.33 
TIGIT -0.43 ** -0.12 0.46 -0.06 0.70 -0.10 0.54 -0.23 0.14 -0.13 0.43 -0.32 * 
PVR (CD155) -0.44 *** 0.37 * 0.30 0.06 0.18 0.26 -0.05 0.76 0.23 0.15 0.31 * 
PVRL2 (CD112) -0.43 ** 0.38 * 0.29 0.06 0.30 0.06 -0.01 0.93 0.15 0.36 0.39 * 
PVRL3 (CD113) -0.51 *** 0.05 0.75 0.07 0.69 0.10 0.55 0.13 0.40 0.10 0.52 0.15 0.36 
DNAM-1 (CD226) -0.66 *** 0.04 0.78 0.33 * -0.02 0.91 0.10 0.55 0.16 0.33 -0.01 0.94 
CD96 -0.70 *** -0.05 0.76 0.03 0.87 -0.19 0.24 -0.31 0.05 0.08 0.63 -0.26 0.10 

Table 2. Continued. 

Immune cells Gene markers 
Purity CXCL9 CXCL10 CXCL11 CXCL12 CXCL13 CXCL14 

rho p rho p rho p rho p rho p rho p rho p 

CD8+T cell 
CD8A -0.54 *** 0.67 *** 0.55 *** 0.56 *** 0.37 * -0.02 0.90 -0.05 0.73 

CD8B -0.41 *** 0.36 * 0.27 0.09 0.31 * 0.18 0.25 -0.13 0.43 0.08 0.62 

T cell 

CD3D -0.71 ** 0.23 0.16 0.12 0.46 0.11 0.50 0.27 0.09 0.12 0.47 0.20 0.21 

CD3E -0.75 *** 0.63 *** 0.45 ** 0.42 ** 0.44 ** 0.08 0.62 0.13 0.41 

CD2 -0.74 *** 0.63 *** 0.48 ** 0.45 ** 0.48 ** 0.08 0.61 0.06 0.69 

B cell 
CD19 0.15 0.36 -0.36 * -0.27 0.09 -0.35 * -0.09 0.57 -0.07 0.66 0.15 0.35 

CD79A 0.03 0.84 -0.07 0.66 -0.16 0.31 -0.17 0.28 0.28 0.08 0.01 0.94 0.21 0.18 

monocyte 
CD86 -0.39 * 0.25 0.12 0.23 0.15 0.23 0.15 0.37 * 0.16 0.31 -0.10 0.52 

CD115 (CSF1R) -0.51 *** 0.59 *** 0.52 *** 0.44 ** 0.51 *** 0.32 * -0.02 0.88 

TAM 

CCL2 -0.25 0.11 0.47 ** 0.45 ** 0.46 ** 0.41 ** 0.11 0.49 -0.04 0.80 

CD68 -0.41 ** 0.62 *** 0.67 *** 0.63 *** 0.48 ** 0.16 0.31 -0.21 0.18 

IL10 -0.21 0.18 0.66 *** 0.64 *** 0.64 *** 0.36 * 0.22 0.16 -0.25 0.11 

M1 Macrophage 

INOS (NOS2) -0.20 0.22 0.17 0.30 0.25 0.11 0.26 0.10 -0.08 0.62 0.18 0.27 -0.03 0.87 

IRF5 -0.26 0.10 0.35 * 0.28 0.08 0.27 0.09 0.23 0.15 0.20 0.21 0.08 0.62 

COX2 (PTGS2) -0.32 * 0.31 * 0.32 * 0.32 * 0.04 0.80 0.06 0.69 -0.15 0.35 

M2 Macrophage 

CD163 -0.08 0.60 0.60 *** 0.71 *** 0.67 *** 0.51 *** 0.01 0.93 -0.44 ** 

VSIG4 -0.16 0.32 0.62 *** 0.74 *** 0.65 *** 0.47 ** 0.12 0.47 -0.37 * 

MS4A4A -0.20 0.20 0.41 ** 0.47 ** 0.45 ** 0.57 *** -0.04 0.81 -0.32 * 

Neutrophils 

CD66b (CEACAM8) -0.27 0.08 -0.20 0.20 -0.04 0.79 -0.03 0.83 -0.05 0.76 -0.15 0.34 -0.35 * 

CD11b (ITGAM) -0.31 * 0.20 0.21 0.22 0.17 0.19 0.23 0.19 0.23 0.23 0.15 -0.13 0.40 

CCR7 -0.50 *** 0.31 * 0.24 0.13 0.24 0.13 0.09 0.57 -0.08 0.63 -0.22 0.18 

NK cell 

KIR2DL1 -0.35 * 0.24 0.12 0.18 0.25 0.14 0.37 -0.01 0.95 0.38 * 0.22 0.17 

KIR2DL3 -0.42 ** 0.13 0.43 0.08 0.62 0.15 0.34 0.05 0.75 -0.02 0.90 0.19 0.24 

KIR2DL4 -0.21 0.19 0.30 0.06 0.32 * 0.34 * 0.09 0.59 -0.17 0.28 -0.32 * 

KIR3DL1 -0.29 0.07 0.41 ** 0.36 * 0.34 * 0.17 0.29 0.05 0.74 0.01 0.95 

KIR3DL2 -0.61 *** 0.21 0.18 0.16 0.31 0.18 0.27 -0.03 0.86 -0.11 0.51 0.01 0.97 

KIR3DL3 -0.12 0.46 0.26 0.10 0.19 0.24 0.21 0.19 0.05 0.74 0.10 0.55 0.12 0.46 

KIR2DS4 -0.24 0.13 0.31 0.05 0.24 0.13 0.21 0.19 0.07 0.65 0.07 0.66 0.09 0.57 

Dendritic cell 

HLA-DPB1 -0.21 0.19 0.04 0.80 -0.03 0.85 -0.06 0.71 0.22 0.18 -0.10 0.52 0.14 0.37 

HLA-DQB1 -0.16 0.31 0.13 0.41 0.07 0.68 -0.04 0.81 0.28 0.08 -0.13 0.41 0.03 0.86 

HLA-DRA -0.20 0.22 0.22 0.17 0.05 0.74 -0.02 0.89 0.33 * -0.04 0.80 0.09 0.59 

HLA-DPA1 -0.30 0.05 0.34 * 0.15 0.37 0.10 0.55 0.36 * 0.03 0.87 0.15 0.34 

BCDA-1 (CD1C) -0.03 0.87 -0.02 0.88 0.01 0.93 0.08 0.63 0.22 0.17 0.01 0.97 0.27 0.09 

BDCA-4 (NRP1) -0.26 0.09 0.51 *** 0.50 *** 0.51 *** 0.42 ** -0.07 0.67 -0.28 0.08 

CD11c (ITGAX) -0.53 *** 0.05 0.75 -0.02 0.89 -0.06 0.71 0.01 0.95 0.27 0.09 0.19 0.24 

Th1 

TBX21 -0.71 *** 0.61 *** 0.61 *** 0.61 *** 0.33 * 0.03 0.87 -0.21 0.18 

STAT1 -0.45 ** 0.87 *** 0.76 *** 0.74 *** 0.43 ** 0.10 0.55 -0.26 0.11 

STAT4 -0.73 *** 0.51 *** 0.43 ** 0.39 * 0.46 ** 0.10 0.54 0.17 0.30 

IFN-g (IFNG) -0.54 *** 0.87 *** 0.79 *** 0.76 *** 0.47 ** 0.13 0.41 -0.23 0.14 

TNF-a (TNF) -0.33 * 0.28 0.08 0.17 0.30 0.17 0.30 0.26 0.09 0.38 * 0.17 0.28 
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Immune cells Gene markers 
Purity CXCL9 CXCL10 CXCL11 CXCL12 CXCL13 CXCL14 

rho p rho p rho p rho p rho p rho p rho p 

Th2 

GATA3 -0.69 *** 0.58 *** 0.37 * 0.34 * 0.46 ** 0.10 0.52 0.22 0.18 
STAT6 0.07 0.68 0.52 *** 0.34 * 0.34 * 0.46 ** 0.04 0.81 -0.17 0.28 
STAT5A -0.42 ** 0.17 0.30 0.08 0.64 0.06 0.72 0.03 0.83 -0.08 0.64 -0.30 0.05 
IL13 -0.30 0.06 0.02 0.92 -0.04 0.78 -0.06 0.73 -0.18 0.25 0.00 1.00 -0.05 0.74 

Tfh 
BCL6 0.18 0.25 -0.15 0.36 -0.22 0.16 -0.29 0.07 0.22 0.16 0.10 0.52 0.20 0.22 
IL21 -0.41 ** 0.54 *** 0.35 * 0.28 0.08 0.19 0.25 0.15 0.36 0.03 0.87 

Th17 
STAT3 -0.28 0.08 0.66 *** 0.58 *** 0.55 *** 0.38 * 0.20 0.22 -0.25 0.12 
IL17A -0.51 *** 0.20 0.21 0.17 0.28 0.00 0.98 -0.04 0.80 0.24 0.13 0.00 0.98 

Treg 

FOXP3 -0.63 *** 0.20 0.21 0.05 0.75 -0.01 0.93 0.12 0.46 0.03 0.84 0.09 0.59 
CCR8 -0.48 ** 0.37 * 0.23 0.15 0.20 0.20 0.34 * 0.01 0.95 -0.13 0.43 
STAT5B -0.32 * 0.62 *** 0.43 ** 0.36 * 0.45 ** 0.10 0.53 -0.12 0.45 
TGFβ (TGFB1) -0.52 *** 0.55 *** 0.40 ** 0.44 ** 0.51 *** 0.17 0.28 -0.10 0.52 

Tex 

PD-1 (PDCD1) -0.53 *** 0.30 0.05 0.20 0.21 0.17 0.28 0.25 0.12 -0.09 0.59 0.12 0.47 
CTLA4 -0.70 *** 0.31 * 0.24 0.14 0.22 0.17 0.20 0.21 0.10 0.53 0.19 0.23 
LAG3 -0.56 *** 0.59 *** 0.57 *** 0.59 *** 0.27 0.09 -0.08 0.62 -0.18 0.25 
TIM-3 (HAVCR2) -0.39 * 0.78 *** 0.74 *** 0.70 *** 0.54 *** 0.18 0.27 -0.10 0.55 
GZMB -0.24 0.12 0.67 *** 0.70 *** 0.72 *** 0.19 0.22 -0.11 0.49 -0.34 * 
PDL1 (CD274) -0.37 * 0.81 *** 0.72 *** 0.72 *** 0.37 * 0.17 0.30 -0.26 0.11 
TIGIT -0.43 ** 0.34 * 0.22 0.17 0.17 0.29 0.33 * 0.07 0.67 0.39 * 
PVR (CD155) -0.44 *** 0.57 *** 0.59 *** 0.59 *** 0.29 0.07 0.30 0.06 -0.04 0.82 
PVRL2 (CD112) -0.43 ** 0.40 ** 0.47 ** 0.46 ** 0.24 0.13 0.22 0.17 -0.09 0.58 
PVRL3 (CD113) -0.51 *** 0.42 ** 0.33 * 0.31 * 0.27 0.09 0.18 0.26 0.01 0.97 
DNAM-1 (CD226) -0.66 *** 0.55 *** 0.44 ** 0.42 ** 0.30 0.06 0.09 0.58 0.08 0.63 
CD96 -0.70 *** 0.58 *** 0.44 ** 0.37 * 0.46 ** 0.32 * 0.24 0.13 

*p<0.05, **p<0.01, ***p<0.001. 

3.7. Relationship Between CXCL9/10/11 and Immune 

Checkpoints of Tex/Deplete NK Cells in DLBCL 

The anti-tumor effect of immune checkpoint inhibitors 
(ICIs) depends on the high expression levels of immune 
checkpoint in tumor cells. Thus, we explored the relationship 
between the recently popular immune checkpoints of 

Tex/deplete NK cells and the expression of CXCL9/10/11 
using the TIMER 2.0. We found that increased expression of 
CXCL9/10/11 were strongly related to high expression of 
LAG3, TIM-3, GZMB, PDL1, PVR, PVRL2, PVRL3, 
DNAM-1, and CD96 in DLBCL (Table 2). Through the 
GEPIA dataset, we further verified results that were basically 
consistent with TIMER 2.0 (Table 3). 

Table 3. The correlation between immune checkpoints of Tex/deplete NK cells and CXCL9/10/11 (GEPIA). 

Gene markers 
CXCL9 CXCL10 CXCL11 

R P R P R P 

PD-1 (PDCD1) 0.55 *** 0.46 ** 0.39 ** 
CTLA4 0.63 *** 0.56 *** 0.48 *** 
LAG3 0.69 *** 0.68 *** 0.66 *** 
TIM-3 (HAVCR2) 0.84 0 0.83 0 0.79 0 
GZMB 0.62 *** 0.69 *** 0.71 *** 
PDL1 (CD274) 0.71 *** 0.73 *** 0.72 *** 
TIGIT 0.59 *** 0.43 ** 0.36 * 
PVR (CD155) 0.66 *** 0.68 *** 0.64 *** 
PVRL2 (CD112) 0.36 * 0.44 ** 0.39 ** 
PVRL3 (CD113) 0.47 *** 0.51 *** 0.55 *** 
DNAM-1 (CD226) 0.69 *** 0.60 *** 0.55 *** 
CD96 0.59 *** 0.55 *** 0.46 ** 

*p<0.05, **p<0.01, ***p<0.001. 

4. Discussion 

Chemokines, a type of soluble cytokines with low 
molecular mass (8 –15 kDa), are involved in cell proliferation, 
differentiation, and survival, especially the migration of 
immune cells. Chemokines are related to many human 
diseases such as chronic inflammation, immune dysfunction, 
and cancer metastasis [29]. The interaction between tumor 

cells and stromal cells may have a certain impact on the 
expression mechanism of chemokines in different cell types, 
thereby providing favorable conditions for the growth, 
invasion and metastasis of tumor cells. Accumulating 
evidence indicate that CXC chemokines play a vital role in 
tumorigenesis and tumor metastasis [9, 30]. However, the 
specific immune mechanism of the CXC chemokines in 
DLBCL is still unclear. In this paper, the correlation between 
CXC chemokines and immune-infiltration in DLBCL was 
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integratively analyzed through multiple database resources.  
We first explored the mRNA expression level of CXC 

chemokines in DLBCL through multi-databases. The results 
indicated that most genes of CXCs, including CXC1-2, and 
CXC5-14, were significantly up-regulated in DLBCL 
compared with normal tissue. Indeed, the abnormal 
expression of CXCs in DLBCL patients has been reported [31, 
32]. Moreover, we found that mRNA level of CXCL9 was the 
highest among CXC chemokines in DLBCL. The HPA 
analysis also demonstrated that the significantly higher 
protein levels of CXCL8 and CXCL11-13 were found in 
DLBCL tissues. Due to insufficient DLBCL tissues of 
immunohistochemical results in the Human Protein Atlas, the 
sample size should be further expanded and follow-up 
validation experiments should be performed. 

In this study, we found that the higher expression of 
CXCL1, CXCL2, CXCL6, CXCL7, CXCL10, and CXCL12 
were related to the worse prognosis of DLBCL patients, and 
the higher mRNA level of CXCL9, CXCL13, CXCL14 were 
significantly associated with better overall survival. Stephen 
M. A et al clarified that elevated serum level of CXCL10 was 
associated with an increase in the possibility of disease 
recurrence and a decrease in survival rate in patients with 
DLBCL [33]. However, previous studies on the relationship 
between the expression levels of CXC chemokines and 
overall survival in DLBCL patients are still far from 
sufficient.  

Next, we explored the co-expression relationship between 
the expression levels of 12 CXC chemokines by the GEO 
database, and there was the highest correlation among 
CXCL9/10/11. Some literature has reported that CXCR3 is a 
co-selective receptor of CXCL9/10/11, and the CXCL9, 10, 
11/CXCR3 axis participates in the regulation of immune cell 
migration, differentiation, and activation, thereby inhibiting 
tumors [34, 35]. From the results of the enrichment analysis, 
we discovered that they were significantly associated with 
chemokine activity, chemokine receptor binding, cellular 
response to chemokine, and response to chemokine. By the 
GeneMANIA database, we explored the protein-protein 
interaction network of CXC chemokines as well as the top 
relative 20 genes. Through the enrichment analysis of the 32 
genes, we found that these genes were chiefly involved in the 
chemotaxis and inflammation of cytokines. CXC chemokines, 
as angiostatic chemokines, were predominantly relevant to 
chemokine signaling pathways and cytokine-cytokine 
receptor interactions. It has been reported that chemokine 
signaling pathways play a critical role in various cancers, 
including proliferation, senescence, angiogenesis, immune 
escape, and invasion of tumor cells [36-39]. 

DChimeric antigen receptor (CAR) T-cell therapy has 
greatly changed the treatment pattern of DLBCL. It is 
already in randomized phase III clinical trials and may 
become a breakthrough in the treatment of DLBCL patients 
in the future [4, 40]. In this paper, the results revealed that 
CXC chemokines played a vital role in the immune 
infiltration of DLBCL. In particular, CXCL9/10/11 has a 
positive correlation with most immune cells. Therefore, 

combining these inhibitors with immunotherapy may be a 
promising treatment strategy for DLBCL patients. The high 
transcription level of CXCL9/10/11 had a strong correlation 
with some highly expressed immune checkpoint markers on 
Tex/deplete NK cells, such as PD1/PD-L1, CTLA4, LAG3, 
TIM-3, GZMB, CD155, CD112, CD113, CD226, and CD96. 
In recent years, the suppression therapy of immune 
checkpoints has become a breakthrough point for 
refractory/relapsed malignant tumors. Some scholars have 
found that the combined inhibition of PD1/PD-L1, 
PD1/CTLA4, PD1/TIM-3, and PD1/LAG3 can significantly 
inhibit cytokines in response to malignant neoplasm therapy 
[5, 41-44]. T cell immunoglobulin and ITIM domain (TIGIT), 
as an inhibitory receptor, is an emerging cancer 
immunotherapy target. It can be combined with its ligand 
CD155/CD112 to inhibit the production of IFNγ, TNFα, and 
IL2 by T cells in tumors, and combined with PD1/PD-L1 to 
treat patients with advanced solid malignant tumors. [6, 45, 
46]. To some extent, all results demonstrated the correlation 
between the high expression of CXC chemokines and 
immune infiltration in DLBCL. In the future, it may become 
a breakthrough in the treatment of refractory/relapsed 
DLBCL patients. 

This study has some limitations because of the prediction 
results without verification by experiments. It is necessary to 
further validate the predicted results at the cellular and animal 
levels by different methods, including reverse transcription 
polymerase chain reaction (RT-PCR), western blotting, 
immunohistochemistry, flow cytometry, etc. 

5. Conclusion 

In summary, through systematic analysis, we found that the 
high expression of CXCL1/2/6/7/10/12 were pertinent to 
poorer survival of DLBCL patients, and CXCL9/10/11 were 
positively correlated with most of the infiltrating immune cells. 
In addition, we hope that the combination of these genes with 
immune markers of Tex/deplete NK cells could promote the 
upgrading of DLBCL treatment regimens and reduce 
unnecessary side effects, thereby helping clinicians more 
accurately grasp the survival of DLBCL patients. Overall, 
these findings indicated that these CXC chemokines and their 
related immune checkpoints may be potential targets for 
immunotherapy in patients with DLBCL. 
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