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Bioinformatics analysis identifies potential 
biomarkers involved in the metastasis of 
locoregionally advanced nasopharyngeal carcinoma
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Abstract 
Nasopharyngeal carcinoma (NPC) is one of the malignant epithelial tumors with a high metastasis rate. This study aimed to screen 
potential novel biomarkers involved in NPC metastasis. Microarray data of locoregionally advanced NPC (LA-NPC; GSE103611) 
were obtained from the database of Gene Expression Omnibus. The differentially expressed genes (DEGs) between LA-NPC 
tissues with and without distant metastasis after radical treatment were screened. Functional analysis was performed and the 
protein–protein interaction and submodule were analyzed. The univariate Cox regression analysis was performed to identify 
prognostic genes in NPC in the validation microarray dataset GSE102349. The drug–gene interactions and key genes were 
identified. Totally, 107 DEGs were identified. The upregulated DEGs and the key nodes in the protein–protein interaction network 
were associated with pathways or biological processes related to the cell cycle. Four genes including CD44, B2M, PTPN11, and 
TRIM74 were associated with disease-free survival in NPC. The drug–gene interaction analysis revealed that upregulated genes 
CXCL10, CD44, B2M, XRCC5, and RPL11 might be potential druggable genes for patients with LA-NPC metastasis by regulating 
cell cycle, autophagy, and drug resistance. Upregulated CXCL10, CD44, B2M, XRCC5, and RPL11 might play important roles in 
LA-NPC metastasis by regulating cell cycle-related pathways.

Abbreviations:  BP = biological process, CD44 = cluster of differentiation 44, CXCL10 = CXC chemokine ligand 10, 
DEG = differentially expressed gene, DGIdb = Drug–Gene Interaction Database, GEO = Gene Expression Omnibus, LA-NPC = 
locoregionally advanced nasopharyngeal carcinoma, PPI = protein–protein interaction, PTPN11 = protein tyrosine phosphatase 
nonreceptor type 11, STRING = Search Tool for the Retrieval of Interacting Genes/Proteins, TIL = tumor-infiltrating lymphocyte, 
XRCC5 = X-ray repair cross-complementing 5.
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1. Introduction

Nasopharyngeal carcinoma (NPC) is one of the malignant 
epithelial tumors arising from the nasopharynx epithelium 
with a high incidence.[1,2] The global morbidity and mortality 
of NPC is about 133,000 and 80,000 cases in 2020, respec-
tively.[1] NPC is an Epstein–Barr virus-associated malignancy 
and has a characterized geographical distribution.[2,3] Over 
70% of cases are in the east and southeast parts of Asia.[2,3] 
Advanced diagnostic tools, sophisticated surgical resection, 
and conventional pharmacological treatments confer effective 
prevention and treatment for NPC.[4] Notably, despite a large 
proportion of patients with locoregionally advanced NPC 
(LA-NPC) respond well to the above therapeutic methods, 

patients with secondary or radiation-induced diseases still 
have an unsatisfactory prognosis and poor survival due to 
high rates of recurrence and metastasis.[2,5,6] Therefore, it is 
important to identify novel markers and therapeutic interven-
tions for LA-NPC metastasis.

NPC is characterized by multiple histopathological appear-
ances and complex etiopathogenesis.[7] Cervical lymph node 
metastasis is the major cause of NPC-related deaths.[7] Numerous 
characteristic markers of NPC metastasis have been identified 
by bioinformatics analysis with the revolution of high through-
out sequencing technologies, which facilitate early recognition 
and targeted treatment interventions for NPC metastasis. Using 
genome-wide methylation microarray data, Ren et al[8] identi-
fied aberrantly methylated NPC-specific transcription factors, 
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including the most significantly hypermethylated HOP homeo-
box HOPX, which promoted NPC metastasis and resulted in 
poor clinical outcomes. In addition, several research studies 
showed that genes including matrix metalloproteinase 13,[9] 
cyclooxygenase-2,[10] flotillin-1,[11] and serine protease inhibitor 
Kazal-type 6[12] were associated with NPC metastasis. Some of 
them were associated with the clinical prognosis of NPC.[8,12–14] 
A recent study based on microarray analysis by Tang and his 
colleagues[15] established a reliable prognostic 13-gene signature 
to predict distant metastasis of LA-NPC. The recent biomarkers 
were limited to improving the diagnosis and clinical therapy of 
NPC, and further work is still urgently needed to identify poten-
tial biomarkers for NPC metastasis, recurrence, and prognosis.

This study aimed to identify potential marker genes associ-
ated with LA-NPC metastasis. The microarray data of LA-NPC 
was used to identify differentially expressed genes (DEGs) 
between samples from LA-NPC patients with and without dis-
tant metastasis. Meanwhile, potential prognostic and druggable 
DEGs in NPC were identified. This study might provide addi-
tional information on the metastasis, development, and treat-
ment intervention of LA-NPC.

2. Materials and Methods

2.1. Ethical approval

This article does not contain any studies with human partici-
pants or animals performed by any of the authors, therefore the 
ethical approval was not applicable.

2.2. Data acquisition

Gene expression microarray dataset GSE103611 was down-
loaded from the National Center of Biotechnology Information 
Gene Expression Omnibus database (GEO, http://www.ncbi.
nlm.nih.gov/geo/).[16] This dataset is based on the platform of 
GPL19251 (HuGene-2_0-st) Affymetrix Human Gene 2.0 ST 
Array (probe set [exon] version). Twenty-four LA-NPC tumor 
tissues with distant metastasis after radical treatment (metas-
tasis group) and 24 paired LA-NPC tissue specimens without 
distant metastasis (nonmetastasis group) were included in this 
dataset.

2.3. Data preprocessing and DEGs screening

Data preprocessing was performed using the Oligo package 
(version 1.36.1, http://bioconductor.org/packages/release/bioc/
html/oligo.html) of R software, which mainly consisted of back-
ground correction, normalization, and expression calculation. 
Probe that was not mapped to any gene symbol was removed 
from our analysis. When, however, 1 gene was mapped by mul-
tiple probes, the mean value of the probe was considered as 
the expression value of this gene. The classical Bayes method 
provided by the Limma package[17] was used to screen DEGs 
between the metastasis and nonmetastasis tumors. Significant 
DEGs were identified according to the criteria of P value of <.05 
and |log2(fold change)| >.5.

2.4. Gene Ontology (GO) and KEGG pathway enrichment 
analyses

To assess functions and significantly enriched pathways of 
DEGs, GO functional annotation of the biological process[18] and 
Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway 
enrichment analysis[19] were conducted with clusterProfiler.[20] 
The thresholds for significantly enriched biological processes 
and KEGG pathways were P value < .05 and count ≥ 2.

2.5. Protein–protein interaction network construction and 
submodule analysis

The Search Tool for the Retrieval of Interacting Genes/Proteins 
(STRING) database (version: 10.0, http://www.string-db.org/)[21] 
that provides the protein–protein interaction (PPI) prediction 
function is online available. Therefore, we conducted the PPI 
analysis of DEGs based on this database using the PPI score of 
0.15 and expected to identify crucial protein pairs. Afterward, 
the PPI network was visualized by the Cytoscape software (ver-
sion 3.2.0, http://www.cytoscape.org/).[22] Moreover, the molec-
ular complex detection (MCODE, version 1.4.2, http://apps.
cytoscape.org/apps/MCODE)[23] plugin of Cytoscape was used 
to analyze submodules with similar functions in the original 
PPI network. Functional enrichment analysis of GO biologi-
cal processes and KEGG pathways associated with DEGs were 
performed using clusterProfiler[20] to investigate the functions of 
submodules. The top 10 nodes with high degrees in the PPI net-
work and all nodes included in submodules were regarded as 
hub genes for further analyses.

2.6. Screening of validation microarray datasets

To validate the prognostic values and expression patterns of 
hub genes in NPC tumors, the microarray dataset GSE102349 
was downloaded from the GEO database. The microarray data-
set was selected according to the following criteria: included 
of survival data (overall or disease-free survival [DFS] data); 
included clinical stage; the number of patients was not <20. The 
GSE102349 dataset (GPL11154, Illumina HiSeq 2000 [Homo 
sapiens]) included data on DFS, clinical stage, and morphology 
(differentiated, mixed [round and spindle], and undifferenti-
ated) from 133 patients with NPCs.

2.7. Prediction of drug–gene interactions

The Drug–Gene Interaction Database (DGIdb, version 4.2.0; 
http://www.dgidb.org/)[24] is used to mine existing resources and 
generate assumptions about how genes are therapeutically tar-
geted or prioritized for drug development. Only FDA-approved 
drugs were selected to predict drug–gene interactions for hub 
genes in the PPI network and submodules. Meanwhile, the 

Figure 1. The volcano distribution map of DEGs. Green and red color notes 
downregulated and upregulated DEGs. DEG = different expressed gene, FC 
= fold change.
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drug–gene interaction network was constructed and visualized 
using the Cytoscape software.[22]

2.8. Literature searching for key genes

GeneCLiP2.0 (http://ci.smu.edu.cn/),[25] a web-based service 
platform based on literature mining, has 4 major functional 
modules, including gene function annotation, molecular net-
work construction, GO, and pathway analysis. Literature 
searching was performed for the druggable genes by Gene 
Cluster with Literature Profiles. P value <.05 and count ≥ 3 were 
set as thresholds for significant items.

2.9. Statistical analysis

The association of hub genes (top 10 nodes in the PPI network 
and nodes in submodules) with the DFS of NPC was vali-
dated in the dataset GSE102349. The univariate Cox regres-
sion analysis was performed to investigate the association of 
hub genes with the DFS of NPC in the GSE102349 dataset. 
Differences in the expression levels of hub genes across dif-
ferent clinical stages (I/II, III, and IV) and morphologies (dif-
ferentiated, mixed, and undifferentiated) were analyzed using 
the nonparametric Kruskal–Wallis H test with Dunn multiple 
comparisons test. All statistical analyses were carried out using 
the SPSS software (version 22.0; IBM, Armonk, NY) or the 
Graphpad Prism software (version 8.3.0; GraphPad software, 
San Diego, CA). Statistical differences were defined when P 
value was <.05.

3. Results

3.1. Identification of DEGs

Totally, 107 DEGs between LA-NPC tissue specimens with 
distant metastasis after radical treatment and LA-NPC tissue 
specimens without distant metastasis, including 98 upregulated 
genes and 9 downregulated genes were screened according to 
the methods described above (Fig. 1).

3.2. Functional enrichment analysis of DEGs

Functional enrichment analysis showed that upregulated DEGs 
were enriched in 5 KEGG pathways, including “pathogenic 
Escherichia coli infection,” “arachidonic acid metabolism,” “adher-
ens junction,” and “EBV infection” (Fig. 2A). GO analysis indicated 
that upregulated DEGs were enriched in 272 GO biological pro-
cesses. The top 10 biological processes are shown in Fig. 2B, such as 
“RNA splicing,” “regulation of intrinsic apoptotic signaling path-
way,” “mRNA processing,” and “spliceosomal complex assembly.” 
However, downregulated DEGs were not enriched in any KEGG 
pathways and GO biological processes.

3.3. PPI network analysis

Overall, 66 nodes and 232 protein interaction pairs were 
included in the PPI network (Fig. 3A). The degree top 10 nodes 
are exhibited in Table  1 and were used as hub genes, which 
mainly contained CD44, SRSF6, RPL11, SMG1, HIST1H4D, 
PTGES3, SFPQ, XRCC5, SNAI2, and HNRNPH3. These 

Figure 2. The GO and KEGG pathway enrichment analysis of DEGs. (A) KEGG pathways associated with DEGs. (B) The top 10 biological processes associated 
with DEGs. DEG = different expressed gene, GO = Gene Ontology, KEGG = Kyoto Encyclopedia of Genes and Genomes.

http://ci.smu.edu.cn/
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crucial genes were enriched in 102 GO biological processes and 
the top 10 biological processes in order of P value are shown in 
Figure 3B, inclusive of “telomere maintenance,” “telomere orga-
nization,” and “anatomical structure homeostasis.”

Furthermore, the PPI network included 2 submodules 
(Fig. 3A). Specifically, module-a (score = 4.4) contained 6 upreg-
ulated genes, which were mainly associated with RNA splicing, 
ribonucleoprotein complex assembly, and ribonucleoprotein 

Figure 3. PPI network analysis of DEGs. (A) The PPI network and 2 submodules of DEGs. Red circular node represents upregulated genes and blue prismatic 
node represents downregulated genes. (B) The top 10 biological processes associated with DEGs in the PPI network. DEG = different expressed gene, PPI = 
protein–protein interaction.

Table 1

Top 10 genes in the protein–protein interaction network and genes in the submodules (hub gene list).

Degree top 10 Module-a Module-b

Nodes Regulation Degree Nodes Regulation Degree Nodes Regulation Degree 

CD44 UP 17 SRSF6 UP 16 HIST1H4D UP 15
SRSF6 UP 16 PTGES3 UP 15 SNAI2 UP 14
RPL11 UP 15 HNRNPH3 UP 14 B2M UP 10
SMG1 UP 15 LUC7L3 UP 12 CXCL10 UP 10
HIST1H4D UP 15 IVNS1ABP UP 8 SETX UP 10
PTGES3 UP 15 PNISR UP 7 PTPN11 UP 8
SFPQ UP 14    RBBP8 UP 7
XRCC5 UP 14    HIST3H2BB DOWN 6
SNAI2 UP 14    TRIM74 DOWN 4
HNRNPH3 UP 14       
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complex subunit organization based on GO analysis (Fig. 4A). 
Module-b (score = 3.25) included 7 upregulated genes and 2 
downregulated genes (Table 1), which were primarily implicated 
with GO biological processes including “response to fibroblast 
growth factor”, “response to vitamin D”, and “regulation of cell 
adhesion mediated by integrin” (Fig. 4B), and 4 KEGG path-
ways, including “RNA splicing”, “mRNA splice site selection”, 
and “ribonucleoprotein complex assembly” (Fig. 4C).

3.4. The expression patterns of hub genes in NPC tumors 
with different clinical stages and morphologies

Twenty nonoverlapping DEGs, including the top 10 nodes in the 
PPI network and all nodes in the 2 submodules, were regarded 
as hub genes (Table 1). The GSE102349 microarray validation 
showed that only 4 and 5 of the 20 hub DEGs were differentially 
expressed in tumors in different clinical stages and morphol-
ogies, respectively (nonparametric Kruskal–Wallis H test, P < 
.05; Fig. 5A, B). Statistical analysis showed that genes LUC7L3, 
CXCL10, and XRCC5 were upregulated in advanced NPC 
tumors (III or IV) compared with early-stage tumors (I/II), while 
the B2M gene was downregulated in advanced NPC tumors (P 

< .05; Fig. 5A). Also, genes PTPN11, XRCC5, and SNAI2 were 
downregulated in mixed (round and spindle) and/or undiffer-
entiated tumors compared with differentiated tumors (P < .05; 
Fig. 5B), while genes HIST3H2BB and B2M were upregulated 
in mixed and/or undifferentiated tumors (P < .05; Fig. 5B).

3.5. Screening of prognostic genes in NPC by univariate 
Cox regression analysis

The univariate Cox regression analysis was performed to 
screen factors and hub genes associated with DFS in NPC 
patients in the GSE102349 dataset. The results showed that 
stromal tumor-infiltrating lymphocytes (TILs) percent and 
the expression levels of CD44, B2M, PTPN11, and TRIM74 
were associated with DFS in NPC patients (Table  2). The 
low level of % stromal TILs (hazard ratio, HR = .980, 95% 
CI .963–.998, P = .029) and B2M (HR = 1.000, 95% CI 
.999–1.000, P = .033), and high expression levels of CD44 
(HR = 1.010, 95% CI 1.001–1.020, P = .039), PTPN11 (HR 
= 1.068, 95% CI 1.012–1.128, P = .017), and TRIM74 (HR 
= 26.495, 95% CI 1.229–571.371, P = .036) were associated 
with a poor DFS in NPC (Table 2).

Figure 4. Results of functional enrichment analysis. (A, B) Gene Ontology biological processes associated with nodes in module-a and module-b, respectively. 
(C) KEGG pathways associated with nodes in module-b. KEGG = Kyoto Encyclopedia of Genes and Genomes.



6

Hu et al. • Medicine (2022) 101:35 Medicine

3.6. Drug–gene interaction network

Based on the prediction analysis with DGIdb, 20 drug–gene 
interaction pairs were extracted for the 20 hub genes, which con-
tained 5 upregulated DEGs (CXCL10, CD44, B2M, XRCC5, 
and RPL11) and 20 kinds of FDA-approved drug molecules, 
such as zidovudine, oxaliplatin, methylprednisolone, mometa-
sone furoate, gentamicin, thyroglobulin, pembrolizumab, amik-
acin, thalidomide, hydrogen peroxide, phenylbutanoic acid, and 
methylene blue (Fig. 6).

3.7. Literature searching of key genes

According to GeneCLiP2.0, the 5 druggable genes, including 
RPL11, CD44, PTPN11, XRCC5, and B2M, were associated 
with multiple biological functions (Fig. 7). Notably, these genes 
were clustered in the processes or pathways including “cell 
proliferation,” “cell development,” “hepatitis B virus,” “kinase 
activity,” “drug resistance,” “autophagy,” and “human cancers” 
(Fig. 7).

4. Discussion
Recently, extensive studies have concentrated on illuminating 
NPC pathogenesis and the identification of biomarkers for NPC 
via bioinformatics analyses.[26,27] The present study identified 107 
DEGs between LA-NPC tissues with and without distant metas-
tasis after radical treatment. The upregulated DEGs were mainly 
enriched in cell cycle-related pathways. Hub genes in the PPI 
network, including CD44, SRSF6, RPL11, SMG1, HIST1H4D, 
PTGES3, SFPQ, XRCC5, SNAI2, and HNRNPH3, were also 
associated with cell cycle-related pathways, including telomere 
maintenance and organization. Cox regression analysis showed 

Figure 5. The expression of several hub genes in tumors of different clinical stages and morphologies in the dataset GSE102349. (A), the expression levels 
(FPKM value) of the genes, LUC7L3, CXCL10, B2M, and XRCC5 in tumors of different clinical stages. (B) The expression levels (FPKM value) of the genes, 
PTPN11, XRCC5, HIST3H2BB, SNAI2, and B2M, in tumors of different morphologies. Difference was identified using the nonparametric Kruskal–Wallis H test 
with Dunn multiple comparisons test.

Table 2

Univariate Cox regression analysis for factors associated with 
disease-free survival in advanced nasopharyngeal carcinoma in 
the GSE102349 dataset.

Variables β HR 95% CI P 

% Stromal TILs –0.020 0.980 0.963–0.998 .029
% Intratumoral TILs –0.030 0.970 0.917–1.027 .299
Morphology –0.653 0.520 0.156–1.731 .287
Nonsynonymous mutation 

burden
–0.003 0.997 0.992–1.001 .142

Clinical stage (I/II/III/IV) 0.782 2.185 0.894–5.344 .087
CD44 0.010 1.010 1.001–1.020 .039
SRSF6 –0.017 0.984 0.952–1.016 .315
RPL11 0.000 1.000 0.999–1.001 .680
SMG1 –0.016 0.984 0.871–1.112 .798
HIST1H4D –0.375 0.687 0.044–10.625 .788
PTGES3 0.007 1.007 0.999–1.015 .103
SFPQ 0.025 1.025 0.997–1.054 .080
XRCC5 0.004 1.004 0.979–1.028 .775
SNAI2 –0.019 0.981 0.925–1.040 .981
HNRNPH3 0.014 1.014 0.986–1.043 .321
LUC7L3 –0.006 0.994 0.965–1.025 .703
IVNS1ABP 0.017 1.018 0.992–1.044 .173
PNISR –0.018 0.982 0.937–1.028 .437
B2M –0.000291 1.000 0.999–1.000 .033
CXCL10 –0.000478 1.000 0.996–1.003 .766
SETX –0.063 0.939 0.796–1.108 .457
PTPN11 0.066 1.068 1.012–1.128 .017
RBBP8 –0.023 0.977 0.928–1.029 .386
HIST3H2BB –0.956 0.384 0.033–4.545 .448
TRIM74 3.277 26.495 1.229–571.371 .036

Morphology is categorized into, differentiated, mixed (round and spindle), and undifferentiated.
CI = confidence interval, HR = hazard ratio, TIL = tumor-infiltrating lymphocytes.
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that the percent of stromal TILs and the expression levels of 
CD44, B2M, PTPN11, and TRIM74 were associated with DFS 
in NPC patients. Genes including CXCL10, B2M, XRCC5, and 
PTPN11, were differentially expressed in NPC tumors of differ-
ent clinical stages and morphologies. Genes of CXCL10, CD44, 
B2M, XRCC5, and RPL11 might be potentially druggable genes 
for patients with LA-NPC metastasis by regulating various bio-
logical functions, including cell cycle, cell proliferation, drug 
resistance, and autophagy.

Cancer is characterized by the deregulation of cell cycle con-
trols, which leads to the uncontrolled growth of tumor cells.[28] 
This study found that most of the upregulated DEGs in meta-
static NPC tumors were mainly involved in biological processes 
and pathways related to the cell cycle, such as RNA splicing, 
mRNA processing, telomere maintenance, and regulation of 
chromosome organization. As the basic biological process, 
the cell cycle is defined as the process from the end of a cell 
division to the end of the next cell division and consists of 2 
main events: DNA synthesis and cell division. There are 2 major 
mechanisms for the regulation of the tumor cell cycle, including 
cell cycle-driven mechanisms and monitoring mechanisms.[28] 
The deregulation of cell cycle mechanisms can contribute to the 
uncontrolled growth of normal cells and conversion to tumor 
cells.[28] Meanwhile, the uncontrolled cell cycle monitoring 
mechanisms can also occur in cell proliferation, DNA repair, 
cell death, etc, thereby causing genomic instability.[28] It is well 
known that genomic instability is mainly manifested as DNA 
mutations, deletions, or ectopic, as well as chromosome malfor-
mations and aneuploidy, which can result in a burst of mutated 
genes related to cell cycle regulation.[28] Thus, the key regulators 
of the cell cycle are promising targets for cancer therapy.[29]

There is plenty of research studies that have proved the effi-
ciency of cell cycle-targeted cancer therapy recently.[30] In this 
study, twenty DEGs including CXCL10, CD44, B2M, XRCC5, 
PTPN11, and RPL11 were identified as hub genes for LA-NPC 
metastasis. The protein tyrosine phosphatase nonreceptor type 
11 (PTPN11) gene encodes the SHP-2 phosphatase, which 

participates in oncogenic events by regulating the expression 
of genes controlling cell cycle progression, cell proliferation, 
oncogene-induced senescence, and drug resistance.[31,32] CXC 
chemokine ligand 10 (CXCL10) is a member of the chemok-
ine family secreted from various cell types.[33] Of note, a previ-
ous study has demonstrated that CXCL10 can cause cell cycle 
redistribution by prolonging G1 and shortening the S phase 
in cancer cells.[34] Wightman et al[35] showed that coexpression 
of CXCL10 and CXCR3 predicted an increased risk of metas-
tasis and was associated with poor overall survival and early 
metastasis. Cluster of differentiation 44 (CD44) is a cell adhe-
sion molecule that is thought as a potential diagnostic tumor 
marker.[36] The upregulation of CD44 can promote the prolif-
eration and metastasis of tumor cells, while its downregula-
tion inhibits cell cycle progression.[36] A meta-analysis showed 
that total CD44 isoforms overexpression was correlated with 
worse overall survival of patients with colorectal cancer, and 
CD44 expression was related to distant metastasis and poor dif-
ferentiation.[37] X-ray repair cross-complementing 5 (XRCC5) 
is known as a DNA repair protein that exerts critical effects 
on genomic stability and tumorigenesis.[38] Ribosomal protein 
L11 (RPL11) is essential for cell viability and mutations in the 
RPL11 gene may contribute to cancer pathogenesis.[39,40] Beta-
2-microglobulin (B2M) is a major histocompatibility complex 
class I molecule that displays antibacterial activity. B2M over-
expression is correlated with a poor prognosis in several human 
cancers, including pancreatic ductal adenocarcinoma[41–43] and it 
has been considered as a potential target for cancer therapy.[41,42] 
Consistently, we found that CXCL10, CD44, B2M, XRCC5, 
PTPN11, and RPL11 were upregulated in the LA-NPC tumors 
with metastasis compared with tumors without metastasis, and 
genes CD44, B2M, PTPN11, and RPL11 were associated with 
the DFS in NPC patients in the GSE102349 dataset.

A study by Mi et al[26] identified 10 molecules, including eto-
midate, sanguinarine, verteporfin, and chrysin, were associated 
with NPC metastasis, and are potential drugs for the prevention 
and treatment of metastasis. However, few clinical trials have 

Figure 6. Network of drug–gene interaction. Red circle nodes are upregulated genes; gray square nodes are drug molecules.
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been reported for these drugs in NPC. The drug–gene inter-
action analysis in this study indicated that upregulated genes 
CXCL10, CD44, B2M, XRCC5, and RPL11 were potential 
druggable genes that were targeted by >1 FDA-approved drug. 
For instance, the CXCL10 gene is targeted by 9 molecules, 
including zidovudine, oxaliplatin, and methylprednisolone, 
and the B2M gene is targeted by 3 drugs including amikacin, 
pembrolizumab, and thyroglobulin. Drugs including pem-
brolizumab, oxaliplatin, methylprednisolone, hydrogen perox-
ide, and amikacin, have been used in the clinical treatment of 
NPC.[44–48] These results showed that these genes might be used 
as promising targets for NPC therapy or metastasis.

The limitation of this study is the lack of validation exper-
iments for expression, metastatic/prognostic value, and drug-
gability of genes, including CXCL10, CD44, B2M, XRCC5, 
PTPN11, and RPL11. The association of CD44, B2M, PTPN11, 
and TRIM74 with the DFS of NPC patients was preliminarily 
evaluated in the GSE102349 dataset. However, validation using 
microarray datasets or clinical trials reporting the prognostic 
values of the hub genes, or experiments confirming their thera-
peutic value might provide more evidence for the results of this 
study.

5. Conclusions
In conclusion, 107 DEGs between LA-NPC tissue specimens 
with and without distant metastasis after radical treatment were 
identified in the dataset of GSE103611. Upregulated expression 
of CXCL10, CD44, B2M, XRCC5, and RPL11 in LA-NPC tis-
sues after radiotherapy treatment may promote metastasis. The 
univariate Cox regression analysis showed that the percent of 
stromal TILs and the expression levels of CD44, B2M, PTPN11, 
and TRIM74 were associated with DFS in NPC patients. Five 
DEGs, including CXCL10, CD44, B2M, XRCC5, and RPL11 
might be potential druggable genes for patients with LA-NPC 
metastasis by regulating cell cycle-related pathways. Monitoring 
the expression profiles of these genes may provide a reference 
for clinical practice.

Author contributions
Conception and design of the research: Rongrong Hu and Lujiao 
Mo. Acquisition, analysis and interpretation of data: Rongrong 
Hu, Xujun Xu, Lujiao Mo, Yuxiang Liu, and Mengjie Chen. 
Statistical analysis: Rongrong Hu and Xujun Xu. Manuscript 
drafting: Rongrong Hu and Xujun Xu. Manuscript revision for 
important intellectual content: Lujiao Mo, Mengjie Chen, and 
Yuxiang Liu. All authors have read and approved the manuscript.

References
 [1] Sung H, Ferlay J, Siegel RL, et al. Global cancer statistics 2020: 

GLOBOCAN estimates of incidence and mortality worldwide for 36 
cancers in 185 countries. CA Cancer J Clin. 2021;71:209–49.

 [2] Chua ML, Wee JT, Hui EP, et al. Nasopharyngeal carcinoma. Lancet. 
2016;387:1012–24.

 [3] Wong KC, Hui EP, Lo K-W, et al. Nasopharyngeal carcinoma: an evolv-
ing paradigm. Nat Rev Clin Oncol. 2021;18:679–95.

 [4] Lee A, Ma B, Ng WT, et al. Management of nasopharyngeal carcinoma: 
current practice and future perspective. J Clin Oncol. 2015;33:3356–64.

 [5] Wu F, Wang R, Lu H, et al. Concurrent chemoradiotherapy in 
locoregionally advanced nasopharyngeal carcinoma: treatment out-
comes of a prospective, multicentric clinical study. Radiother Oncol. 
2014;112:106–11.

 [6] Ribassin-Majed L, Marguet S, Lee AW, et al. What is the best treatment 
of locally advanced nasopharyngeal carcinoma? An individual patient 
data network meta-analysis. J Clin Oncol. 2017;35:498–505.

 [7] Petersson F Nasopharyngeal carcinoma: a review. Semin Diag Pathol. 
2015;1:54–73.

 [8] Ren X, Yang X, Cheng B, et al. HOPX hypermethylation promotes 
metastasis via activating SNAIL transcription in nasopharyngeal carci-
noma. Nat Commun. 2017;8:14053.

 [9] You Y, Shan Y, Chen J, et al. Matrix metalloproteinase 13-containing 
exosomes promote nasopharyngeal carcinoma metastasis. Cancer Sci. 
2015;106:1669–77.

 [10] Yang G, Deng Q, Fan W, et al. Cyclooxygenase-2 expression is posi-
tively associated with lymph node metastasis in nasopharyngeal carci-
noma. PLoS One. 2017;12:e0173641.

 [11] Cao S, Cui Y, Xiao H, et al. Upregulation of flotillin-1 promotes inva-
sion and metastasis by activating TGF-β signaling in nasopharyngeal 
carcinoma. Oncotarget. 2016;7:4252–64.

 [12] Zheng L-S, Yang J-P, Cao Y, et al. SPINK6 promotes metastasis of naso-
pharyngeal carcinoma via binding and activation of epithelial growth 
factor receptor. Cancer Res. 2017;77:579–89.

Figure 7. Literature searching of key genes. Heat map of key genes and 
related functional categories. Green indicates corresponding gene-term 
association positively reported, black indicates corresponding gene-term 
association not reported yet.



9

Hu et al. • Medicine (2022) 101:35 www.md-journal.com

 [13] Yang B, Jia L, Guo Q, et al. Clinicopathological and prognostic sig-
nificance of cyclooxygenase-2 expression in head and neck cancer: a 
meta-analysis. Oncotarget. 2016;7:47265–77.

 [14] Shui L, Li S, Wang F, et al. Relationship between cyclooxygenase-2 
(COX-2) content and prognosis in nasopharyngeal carcinoma before 
and after radiochemotherapy. J Buon. 2020;25:2395–404.

 [15] Tang X-R, Li Y-Q, Liang S-B, et al. Development and validation of a 
gene expression-based signature to predict distant metastasis in locore-
gionally advanced nasopharyngeal carcinoma: a retrospective, multi-
centre, cohort study. Lancet Oncol. 2018;19:382–93.

 [16] Barrett T, Suzek TO, Troup DB, et al. NCBI GEO: mining mil-
lions of expression profiles—database and tools. Nucleic Acids Res. 
2005;33(suppl_1):D562–6.

 [17] Smyth GK, Ritchie M, Thorne N, et al. LIMMA: linear models for 
microarray data. In: Bioinformatics and Computational Biology 
Solutions Using R and Bioconductor. Statistics for Biology and Health. 
Melbourne, Australia: The Walter and Eliza Hall Institute of Medical 
Research; 2005.

 [18] Ashburner M, Ball CA, Blake JA, et al. Gene ontology: tool for the 
unification of biology. Nat Genet. 2000;25:25–9.

 [19] Kanehisa M, Goto S. KEGG: kyoto encyclopedia of genes and genomes. 
Nucleic Acids Res. 2000;28:27–30.

 [20] Yu G, Wang L-G, Han Y, et al. clusterProfiler: an R package for com-
paring biological themes among gene clusters. OMICS J Integr Biol. 
2012;16:284–7.

 [21] Szklarczyk D, Franceschini A, Wyder S, et al. STRING v10: protein–
protein interaction networks, integrated over the tree of life. Nucleic 
Acids Res. 2014;43:D447–52.

 [22] Shannon P, Markiel A, Ozier O, et al. Cytoscape: a software environ-
ment for integrated models of biomolecular interaction networks. 
Genome Res. 2003;13:2498–504.

 [23] Bandettini WP, Kellman P, Mancini C, et al. MultiContrast delayed 
Enhancement (MCODE) improves detection of subendocardial myo-
cardial infarction by late gadolinium enhancement cardiovascular mag-
netic resonance: a clinical validation study. J Cardiovasc Magn Reson. 
2012;14:83.

 [24] Wagner AH, Coffman AC, Ainscough BJ, et al. DGIdb 2.0: min-
ing clinically relevant drug–gene interactions. Nucleic Acids Res. 
2015;44:D1036–44.

 [25] Huang Z-X, Tian H-Y, Hu Z-F, et al. GenCLiP: a software program 
for clustering gene lists by literature profiling and constructing gene 
co-occurrence networks related to custom keywords. BMC Bioinf. 
2008;9:308.

 [26] Mi J-L, Xu M, Liu C, et al. Identification of novel biomarkers and 
small-molecule compounds for nasopharyngeal carcinoma with metas-
tasis. Medicine. 2020;99:e21505.

 [27] Wen W, Mai S-J, Lin H-X, et al. Identification of two microRNA signa-
tures in whole blood as novel biomarkers for diagnosis of nasopharyn-
geal carcinoma. J Transl Med. 2019;17:1–13.

 [28] Vermeulen K, Van Bockstaele DR, Berneman ZN. The cell cycle: a 
review of regulation, deregulation and therapeutic targets in cancer. 
Cell Prolif. 2003;36:131–49.

 [29] Otto T, Sicinski P. Cell cycle proteins as promising targets in cancer 
therapy. Nat Rev Cancer. 2017;17:93–115.

 [30] Sherr CJ, Bartek J. Cell cycle–targeted cancer therapies. Annual Review 
of Cancer Biology. 2017;1:41–57.

 [31] Prahallad A, Heynen GJ, Germano G, et al. PTPN11 is a central node in 
intrinsic and acquired resistance to targeted cancer drugs. Cell Reports. 
2015;12:1978–85.

 [32] Putlyaeva L, Demin D, Uvarova A, et al. PTPN11 knockdown prevents 
changes in the expression of genes controlling cell cycle, chemotherapy 
resistance, and oncogene-induced senescence in human thyroid cells 
overexpressing BRAF V600E oncogenic protein. Biochemistry (Mosc). 
2020;85:108–18.

 [33] Liu M, Guo S, Stiles JK. The emerging role of CXCL10 in cancer. Oncol 
Lett. 2011;2:583–9.

 [34] Yang L-L, Wang B-Q, Chen L-L, et al. CXCL10 enhances radiother-
apy effects in HeLa cells through cell cycle redistribution. Oncol Lett. 
2012;3:383–6.

 [35] Wightman S, Uppal A, Pitroda S, et al. Oncogenic CXCL10 signalling 
drives metastasis development and poor clinical outcome. Br J Cancer. 
2015;113:327–35.

 [36] Basakran NS. CD44 as a potential diagnostic tumor marker. Saudi Med 
J. 2015;36:273–9.

 [37] Wang Z, Tang Y, Xie L, et al. The prognostic and clinical value of CD44 
in colorectal cancer: a meta-analysis. Front Oncol. 2019;9:309.

 [38] Bau D-T, Tsai C-W, Wu C-N. Role of the XRCC5/XRCC6 dimer in carcino-
genesis and pharmacogenomics. Pharmacogenomics. 2011;12:515–34.

 [39] Teng T, Thomas G, Mercer CA. Growth control and ribosomopathies. 
Curr Opin Genet Dev. 2013;23:63–71.

 [40] Dresios J, Panopoulos P, Synetos D. Eukaryotic ribosomal proteins 
lacking a eubacterial counterpart: important players in ribosomal func-
tion. Mol Microbiol. 2006;59:1651–63.

 [41] Prizment AE, Linabery AM, Lutsey PL, et al. Circulating beta-2 micro-
globulin and risk of cancer: the Atherosclerosis Risk in Communities 
Study (ARIC). Cancer Epidemiol Biomarkers Prev. 2016;25:657–64.

 [42] Yoo C, Yoon DH, Kim S, et al. Serum beta-2 microglobulin as a prog-
nostic biomarker in patients with mantle cell lymphoma. Hematol 
Oncol. 2016;34:22–7.

 [43] Liu C, Yang Z, Li D, et al. Overexpression of B2M and loss of ALK7 
expression are associated with invasion, metastasis, and poor-prog-
nosis of the pancreatic ductal adenocarcinoma. Cancer Biomark. 
2015;15:735–43.

 [44] Liang L, Liu Z, Zhu H, et al. Efficacy and safety of thalidomide in 
preventing oral mucositis in patients with nasopharyngeal carcinoma 
undergoing concurrent chemoradiotherapy: a multicenter, open-label, 
randomized controlled trial. Cancer. 2022;128:1467–74.

 [45] Zhang L, Zhao C, Peng P-J, et al. Phase III study comparing standard 
radiotherapy with or without weekly oxaliplatin in treatment of locore-
gionally advanced nasopharyngeal carcinoma: preliminary results. J 
Clin Oncol. 2005;23:8461–8.

 [46] Hsu C, Lee S-H, Ejadi S, et al. Safety and antitumor activity of pem-
brolizumab in patients with programmed death-ligand 1–positive 
nasopharyngeal carcinoma: results of the KEYNOTE-028 study. J Clin 
Oncol. 2017;35:4050–6.

 [47] Zhuo X, Huang X, Yan M, et al. Comparison between high-dose and 
low-dose intravenous methylprednisolone therapy in patients with 
brain necrosis after radiotherapy for nasopharyngeal carcinoma. 
Radiother Oncol. 2019;137:16–23.

 [48] Feng Y, Zhang W, Chen X, et al. Striking regression of temporal lobe necro-
sis following radiotherapy for nasopharyngeal carcinoma in a clinical trial 
of anti-mycobacterium therapy. J Cancer Treat Res. 2014;2:48–55.


