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Abstract
The purpose of this study was to investigate novel biomarkers and potential mechanisms in nasopharyngeal carcinoma (NPC)
patients with metastasis.
Two microarray datasets (GSE103611 and GSE36682) were obtained from GEO database, differentially expressed genes (DEGs)

and differentially expressed miRNA (DEMs) were identified, Gene ontology (GO) as well as Kyoto Encyclopedia of Genes and
Genomes (KEGG) pathway analysis were conducted with DEGs and DEMs targeted genes. Protein–protein interactions (PPI)
network of the DEGs and DEMs targeted genes were constructed, furthermore, Connectivity Map (CMap) database was applied to
select the potential drugs with therapeutic effects.
Overall, we identified 396 upregulated and 19 downregulated DEGs. Additionally, we identified 1 upregulated DEM,miR-135b, and

a downregulated DEM, miR-574-5p. Functional enrichment analysis indicated that both DEGs and DEMs targeted genes
participated in biological process (BP) of regulation of transcription from RNA polymerase II promoter, DNA-templated positive
regulation of transcription, and Epstein-Barr virus infection signaling pathway. Besides, upregulated EP300 gene was a hub node
both in DEGs and DEMs target genes. CMap database analysis indicated that sanguinarine, verteporfin, and chrysin are potential
drugs for prevention and treatment of NPC metastasis.
In summary, the common hub gene, biological process and pathway identified in the study provided a novel insight into the

potential mechanism of NPC metastasis. Furthermore, we identified several possible small molecule compounds for treatment of
NPC metastasis.

Abbreviations: BP = biological process, Camp = Connectivity Map CMap, DEGs = differentially expressed genes, DEM =
differentially expressedmiRNA, EP300= E1A binding protein p300, GEO=Gene Expression Omnibus, GO=GeneOntology, KEGG
= Kyoto Encyclopedia of Genes and Genomes, NPC = nasopharyngeal carcinoma.
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1. Introduction

Differ fromotherheadandneckcancer, nasopharyngeal carcinoma
(NPC) has a special geographical distribution, with a peak
incidence approaching 50 cases per 100,000 in Southern China
and Southeast Asia.[1] Approximately 80% of NPC patients were
diagnosed with locoregionally advanced disease at presentation.[2]

Due to its deep-seated location, radiation in combine with
chemotherapy were considered the standard treatment for NPC
patients and leads to excellent 5-year survival rate of 85%.[3]

Nevertheless, the development of distant metastasis is the major
cause of treatment failure and the overall survival of metastatic
NPC is poor.[4] Clinically, an anatomy-based staging system was
found to be insufficient in evaluating treatment efficiency and
predict prognosis in metastatic NPC patients. Although some
molecular biomarkers, such as Epstein–Barr virus DNA (EBV
DNA) and lactate dehydrogenase (LDH), were found be linked
withNPCmetastasis, themolecularmechanismsofNPCmetastasis
have not yet been fully clarified.[5] Novel biomarkers and its
underlying molecular mechanisms that affect tumormetastasis still
need to be explored to guide treatment for NPC patients.
Over the past few decades, microarray technology established

using high-throughput platforms serves as a promising and
efficient tool to detect phenotypic characteristics of cancer.[6] For
example, Zhang et al[7] revealed that 8 genes and immune-related
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Figure 1. Flow chart of data analysis. BP=biological process, DEGs=differentially expressed genes, DEMs=differentially expressed miRNA, PPI=protein–
protein interactions.
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pathways associated with the development of osteosarcoma
metastasis by weighted gene co-expression network analysis
(WGCNA). Cai et al[8] and Lu et al[9] identified 5 hub genes as
prognostic biomarkers for breast cancer metastasis by bioinfor-
matics analysis. However, studies integratingmicroarray datasets
for investigation of key genes and regulatory networks of
metastatic NPC are lacking. Thus, the goal of the present study
was to systematically explore the molecular mechanisms
underlying metastatic NPC.
In our study, we identified differentially expressed genes (DEGs)

and differentially expressed microRNAs (DEMs) between meta-
static NPC and non-metastatic NPC tissue based on information
obtained from 2 GEO databases (GSE103611 and GSE36682).
Next, we performed bioinformatic analyses of DEGs and DEMs
targeted genes by utilizing Gene Ontology (GO), Kyoto Encyclo-
pedia of Genes and Genomes (KEGG) enrichment analysis and
construction of protein–protein interaction (PPI) network. The
commonhubgene,biological process, andpathwaywere identified
betweenDEGsandDEMs targetedgenes,Diagramofdata analysis
process was showed in Fig. 1. Furthermore, DEGs were uploaded
to CMap database to detect small active compounds with possible
therapeutic effects on NPC metastasis.

2. Materials and methods

2.1. Data source

Microarray data (GSE103611 and GSE36682) was downloaded
from NCBI Gene Expression Omnibus (GEO) database. The
2

GSE103611 dataset contained gene expression from 48 samples,
including 24 NPC tumor tissues with distant metastasis and 24
NPC tumor tissues without distant metastasis. The GSE36682
dataset contained the miRNA expression profiles of 68 samples,
which included 17NPC tumor tissues with distant metastasis and
45 NPC tumor tissues without distant metastasis, and were
utilized for further analysis in our study. All relevant datasets
were publicly available through open access. Therefore, an ethics
committee approval was not necessary.
2.2. Screening results of DEGs and DEMs

The interactive online tool GEO2R was utilized to compare
between 2 datasets fromGEO.[10] In our study, GEO2Rwas used
to analyze and screen DEGs and DEMs between the metastatic
and non-metastatic NPC samples using the GSE103611 and
GSE36682 data sets. Then, microarray data of DEGs and DEMs
were obtained in text format. The gene probes were transformed
into gene names by referencing the annotation file of probes in the
platform. DEGs were screened due to the criteria of P< .01 and
jlog 2 fold–changej>1.5. DEMs were screened due to the criteria
of P< .05 and jlog 2 fold–changej>1.
2.3. DEMs related genes were predicted using
miRTarBase

DEMs target genes were screened by the miRTarBase online
databases (http://mirtarbase.mbc.nctu.edu.tw/php/index.php).[11]

http://mirtarbase.mbc.nctu.edu.tw/php/index.php
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This database contains extensive information of experimentally
validatedmiRNA-target interactions. TheDEMs target geneswere
supported by strong experimental evidence, such as Western blot,
quantitative polymerase chain reaction (qPCR), or reporter assay.
If the DEMs target genes were not observed in the strong
experimental evidence, which would screened by weak experi-
mental evidence, such as NGS, pSILAC, or microarray. In our
study, the intersections of target genes of DEMs were screened for
further analysis.
2.4. Analyses of GO and KEGG pathway enrichment

GO database was applied to conduct functional studies based on
the 2 gene datasets. The gene annotation terms were represented
as biological process (BP), cellular component (CC), and
molecular function (MF). KEGG was applied to identify
functional pathways and practical application of genes.[12]

Analyses were assessed using Database for Annotation, Visuali-
zation and Integrated Discovery (DAVID). P-value of <.05
indicated statistical significance with regards to GO terms and
KEGG pathway. Venn Diagram online tool was utilized to
identified the common biological process and pathways between
the 2 gene datasets.
Figure 2. Volcano plot of differentially expressed genes (DEGs). The x-axis
shows the gene expression difference by the fold change (log scaled) while the
y-axis shows the significance P-value (log scaled). Red dot represents the up-
regulated genes and blue dot represents the down-regulated genes in
metastasis NPC samples compared with no-metastasis NPC samples. The
expression of gene is considered significantly differentially if its jlog(FC)j>1.5
and P-value< .01. NPC=nasopharyngeal carcinoma.
2.5. Construction of the PPI network

The STRING database is a web tool that is used for studying
target protein interactions.[13] Cytoscape, an open source tool,
was applied to visualize biological pathways and molecular
interaction networks by integrating networks with gene expres-
sion profiles and annotations.[14] We downloaded the DEGs and
DEMs from the GSE103611 and GSE36682 dataset, respective-
ly, and we uploaded them onto STRING’s official website. Then,
the PPI interaction network of DEGs and DEMs target genes was
visualized using the Cytoscape software (v3.6.1). Molecular
Complex Detection (MCODE) of Cytoscape was utilized to
established modules of DEGs and DEMs according to the
following criteria: the highest MCODE score and node number.
In addition, we applied Cytohubba of Cytoscape to screen hub
nodes that are commonly linked to proteins.

2.6. Screening of small-molecules compounds

Connectivity Map (CMap) is a unique gene-expression-based
drug development platform that is focused on finding associa-
tions between genes, drugs, and diseases. In this study, we
transformed DEGs into probes and compared these probe sets
with those that participate in small active molecular interference
using the CMap website and obtained the corresponding small-
molecule compounds.[15] Enrichment score representing similari-
ty and P-value were calculated. Negatively related small-molecule
compounds (P< .01 and enrichment <0) were suggested to be
therapeutically effective for treatment of NPC metastasis.
3. Results

3.1. Identification of DEGs and DEMs

In our study, expression profiles from 2 datasets (GSE103611
and GSE36682) were obtained. Based on criteria of P< .01 and
jlog FCj>1.5, we identified 415 DEGs, including 396 upregu-
lated mRNAs and 19 downregulated mRNAs, volcano plot of
DEGs were identified and showed in Fig. 2. Additionally, based
3

on P< .05 and jlog FCj>1, we identified 1 upregulated
microRNA (miR-135b) and 1 downregulated microRNA
(miR-574-5p). Furthermore, we identified microRNA related
genes using the miRTarBase online tool. One hundred eighty nine
mRNAs were found to be miR-135b-3p target genes while 415
mRNAs were found to be miR-574-5p target genes. All the DEGs
and DEMs were identified by comparing expression profiles
between the NPC tumor tissues with distant metastasis and NPC
tumor tissues without distant metastasis.

3.2. Gene ontology analysis of DEGs and DEMs

In order to further explore the potential molecular mechanism of
NPC metastasis. GO analyses of the DEGs and DEMs target
genes were conducted by using the DAVID web tool. With
regards to BP, DEGs were mainly enriched in ATP-dependent
chromatin remodeling, DNA repair, and RNA processing. DEMs
target genes were mainly involved in regulation of transcription
from RNA polymerase II promoter, DNA-templated positive
regulation of transcription and Wnt signaling pathway. For the
CC category, DEGs were significantly highly expressed in
nucleoplasm, membrane, and cytosol. DEMs were mainly
associated with nucleus, membrane raft and postsynaptic
membrane. Additionally, for the MF category, DEGs were found
to be largely involved in protein binding, poly (A) RNA binding,
and nucleotide binding, DEMs target genes, on the other hand,
were mainly involved in transcription corepressor activity,
transmembrane receptor protein serine/threonine kinase activity
and transcriptional activator activity, RNA polymerase II core
promoter proximal region sequence-specific binding. Result of
Venn Diagram indicated that regulation of transcription from
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Figure 3. Venn diagrams indicated the common biological process between differentially expressed genes (DEGs) and differentially expressed miRNAs (DEMs)
target genes (A). Venn diagrams indicated the common pathway between DEGs and DEMs target genes (B). Venn diagrams indicated the common hub gene
between DEGs and DEMs target genes (C).
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RNA polymerase II promoter and DNA-templated positive
regulation of transcription were the common significant
biological process across both DEGs and DEMs target genes
(Fig. 3A). The top 5 most significant enriched GO terms
(P value< .05) are summarized in Table 1.

3.3. Pathway enrichment analyses of DEGs and DEMs

We analyzed cell signaling pathway enrichment of DEGs and
DEMs target gene by using KEGG. A total of 30 significant
pathways were selected. DEGs were found to be involved in
phosphatidylinositol signaling system, Epstein-Barr virus infec-
tion, and choline metabolism in cancer. DEMs target genes were
enriched in TGF-beta signaling pathway, signaling pathways
regulating pluripotency of stem cells, and Hippo signaling
pathway. We further identified that the Epstein-Barr virus
infection was common pathway both DEGs and DEMs target
genes (Fig. 3B). The top 5 most significant KEGG pathways
(P value of <.05) are summarized in Table 2.
3.4. PPI network construction

We input all DEGs and DEMs target genes into STRING
database, as shown in Figs. 4A and 5A, red colored nodes
represent up-regulation, while blue colored nodes represent
down-regulation. The PPI network of DEGs contained 363 nodes
and 1470 edges. The PPI network of DEMs target genes were
composed of 379 nodes and 832 edges. We visualized the
network using Cytoscape software. Next, we modularized the
network using the plug-in MCODE and identified the highest
MCODE score and node number. The data indicated that the
DEGs module was mainly correlated with the spliceosome and
RNA polymerase (Fig. 4B), and the seed gene was heterogeneous
nuclear ribonucleoprotein D (HNRNPD). On the other hand, the
DEMs target genes module mainly correlated with the cell
adhesion molecules (CAMs), and the seed gene was ring finger
protein 138 (RNF138) (Fig. 5B).We also used cytohubba, a plug-
in, to select the hub nodes. The top 10 hub nodes with higher
degrees of interaction in DEGs were identified, which included
EP300, XPO1, SMARCA4, ATM, STAT3, YWHAZ, DICER1,
POLR2B, GAPDH, and HNRNPD, all of them were up-
regulated (Fig. 4C). The top 10 hub nodes with higher degrees
of interaction in DEMs target genes were screened, including
4

EP300, MAPK10, CCND1, CDKN1A, IGF1, TGFBR1,
RUNX2, MYC, KLF4, FOXO1 (Fig. 5C). miR-574-5p target
genes were EP300, MAPK10, CCND1, CDKN1A, and IGF1,
while miR-135b-5p target genes were TGFBR1, RUNX2, MYC,
KLF4, and FOXO1. Among the above genes, EP300 had a high
degree in the protein–protein interaction network and was
identified as a hub gene in both DEGs and DEMs target genes
(Fig. 3C). Therefore, upregulated EP300 may play an important
role in metastatic NPC.

3.5. CMap analysis of DEGs

We screened the compounds with molecular features that have
the potential to treat NPC metastasis. In order to do so, we
uploaded previously selected DEGs into the CMap database, the
potential small molecular compounds were ranked according to
negative connectivity scores and P< .05. The top 10 small-
molecule compounds that demonstrated high correlation with
NPC metastasis are shown in Table 3. Among these molecules,
sanguinarine, verteporfin, and chrysin were described to be
significantly associated with NPC metastasis (Fig. 6).

4. Discussion

NPC is a malignant disease of the head and neck area and causes
34.1 million deaths annually.[16] The disease is characterized by
unique geographic, etiologic, and biologic features. As the widely
application of intensity modulated radiotherapy and chemother-
apy, the survival rate and quality of NPC patients have increased
largely. Nevertheless, distant metastases are still an obstacle to
successful treatment. It is reported that approximately 30% to
40% of patients with locoregionally advanced NPC develop
distant metastasis after receiving treatment.[17] In fact, distant
metastasis accounts for cancer-specific mortality among approx-
imately 70% of NPC patients, there is no obvious clinical
evidence of metastases in the initial diagnosis and regular
examinations is hard to detected subclinical micrometastases.[18]

On the other hand, studies to date have indicated that some
molecules, such as specific mRNAs, microRNAs, and proteins
regulate metastasis through different biological process, includ-
ing methylation, cell cycle, and adhesion.[19–21] Whereas, the
interaction and molecular mechanisms between mRNAs and
microRNAs in NPC metastasis remain unclear. Therefore, it is



Table 1

Go function annotation for the DEGs and DEMs targeted genes (top 5).

Expression Category Term Count P value

DEGs BP GO:0043044∼ATP-dependent chromatin remodeling 6 1.41E–04
GO:0006281∼DNA repair 16 3.20E–04
GO:0006396∼RNA processing 10 3.57E–04
GO:0000723∼telomere maintenance 6 .001238
GO:0008380∼RNA splicing 12 .001455

CC GO:0005654∼nucleoplasm 130 5.54E–19
GO:0016020∼membrane 104 5.71E–15
GO:0005829∼cytosol 129 2.11E–12
GO:0005737∼cytoplasm 164 1.73E–08
GO:0005634∼nucleus 163 4.17E–07

MF GO:0005515∼protein binding 276 3.38E–15
GO:0044822∼poly(A) RNA binding 72 3.39E–15
GO:0000166∼nucleotide binding 25 1.60E–06
GO:0005524∼ATP binding 59 4.22E–05
GO:0019901∼protein kinase binding 23 5.59E–05

DEMs target genes BP GO:0006366∼transcription from RNA polymerase II promoter 31 9.42E–05
GO:0045893∼positive regulation of transcription, DNA-templated 30 2.35E–04
GO:0016055∼Wnt signaling pathway 15 7.00E–04
GO:0032924∼activin receptor signaling pathway 5 7.98E–04
GO:0007178∼transmembrane receptor protein serine/threonine kinase signaling pathway 5 .001021

CC GO:0005634∼nucleus 187 9.80E–05
GO:0045121∼membrane raft 17 1.72E–04
GO:0045211∼postsynaptic membrane 17 2.25E–04
GO:0005923∼bicellular tight junction 12 2.59E–04
GO:0009986∼cell surface 29 9.54E–04

MF GO:0003714∼transcription corepressor activity 19 1.24E–05
GO:0004675∼transmembrane receptor protein serine/threonine kinase activity 5 6.26E–05
GO:0001077∼transcriptional activator activity, RNA polymerase II core promoter proximal

region sequence-specific binding
18 2.81E–04

GO:0003700∼transcription factor activity, sequence-specific DNA binding 46 3.10E–04
GO:0000978∼RNA polymerase II core promoter proximal region sequence-specific DNA binding 23 3.29E–04

BP=biological process, CC=cellular component, DEGs=differentially expressed genes, DEM=differentially expressed miRNA, MF=molecular function.

Mi et al. Medicine (2020) 99:32 www.md-journal.com
urgent to screen the key genes and explore the potential
mechanisms for NPC patients with metastasis.
Microarray data sets as well as other omics data sets, such as

proteomics, phosphoproteomics, and single cell RNA seq data
have been increasingly used in cancer research.[22–25] This study is
Table 2

Kyoto encyclopedia of genes and genomes pathway analysis for the

Expression Term Count P v

DEGs hsa04070:Phosphatidylinositol signaling system 8 .01
hsa05169:Epstein-Barr virus infection 9 .01
hsa05231:Choline metabolism in cancer 8 .01
hsa04666:Fc gamma R-mediated phagocytosis 7 .02
hsa03008:Ribosome biogenesis in eukaryotes 7 .02

DEMs target
genes

hsa04350:TGF-beta signaling pathway 13 1.8

hsa04550:Signaling pathways regulating
pluripotency of stem cells

16 3.9

hsa04390:Hippo signaling pathway 15 4.4

hsa04310:Wnt signaling pathway 14 7.0

hsa05200:Pathways in cancer 25 1.0

DEGs=differentially expressed genes, DEM=differentially expressed miRNA.
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focused on DEGs and DEMs in metastatic NPC compared with
non-metastatic NPC based on 2 expression datasets downloaded
from the GEO database. Up-regulated gene EP300 was a core
node between DEGs and DEMs target genes in the PPI network.
In the study of Liao et al,[26] result of western blotting showed
DEGs and DEMs targeted genes (top 5).

alue Genes

2857 PLCB3, INPP5J, DGKD, PIKFYVE, PPIP5K2, OCRL, MTMR4, PIK3R2
3097 CD44, PSMC1, VIM, PSMD1, JAK3, IKBKB, NCOR2, STAT3, PIK3R2
4996 PLD2, PLD1, HIF1A, DGKD, CHKB, PLA2G4F, RPS6KB2, PIK3R2
0711 PLD2, PLD1, LIMK2, LIMK1, RPS6KB2, VAV2, PIK3R2
4171 EIF6, DROSHA, XPO1, EMG1, HEATR1, SPATA5, XRN1
6E–06 EP300, PPP2R1B, SMAD9, TGFBR1, TGFBR2, SMAD5, BMPR2,

SMAD4, INHBA, ACVR1B, ACVR2B, MYC, BMPR1A
8E–06 SMAD9, SMAD5, BMPR2, SMAD4, IGF1, FZD5, ACVR1B, INHBA,

ACVR2B, WNT4, SKIL, MYC, KLF4, BMPR1A, APC, KAT6A
1E–05 PPP2R1B, YWHAZ, TGFBR1, TGFBR2, BMPR2, SMAD4, BIRC5, GLI2,

FZD5, LATS2, CCND1, WNT4, MYC, BMPR1A, APC
5E–05 EP300, NKD1, ROCK2, NLK, SMAD4, MAPK10, FZD5, PORCN, PRKCB,

CCND1, WNT4, MYC, FOSL1, APC
5E–04 EP300, ROCK2, FGF14, TGFBR1, TGFBR2, MITF, RUNX1T1, SMAD4,

FOXO1, IGF1, BIRC5, MAPK10, FZD5, GLI2, PRKCB, WNT4, CCND1,
CDKN1A, HHIP, TRAF6, TRAF5, CRK, MYC, TRAF3, APC

http://www.md-journal.com


Figure 4. PPI network of the differentially expressed genes (DEGs) (A). A significant module of the DEGs (B). Top 10 hub nodes of DEGs (C). Red colored nodes
represent up-regulated genes, blue colored nodes represent down-regulated genes. PPI=protein–protein interactions.
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that EP300 protein was increased expression in NPC cell lines
compared with normal nasopharyngeal cells. What’s more,
upregulation of EP300 promote invasion and metastasis of NPC
cells by the induction of epithelial-mesenchymal transition
(EMT). A previous study indicated that the expression levels
of EP300 was significantly higher in NPC tissues than adjacent
non-cancerous tissues, additionally, higher E300 expression is
associated with poor overall survival and progression-free
Figure 5. PPI network of the differentially expressed miRNAs (DEMs) target gene
DEMs target genes (C). Red colored nodes represent down-regulated DEM targe
protein–protein interactions.

6

survival in NPC patients.[27] EP300 has been proved to be
upregulated in several malignancies, such as non-small cell lung
cancer, colorectal carcinomas, hepatocellular carcinoma.[28–30] A
recent study demonstrated that mutation of EP300 is correlated
with higher tumor mutation burden (TMB) and promotes
antitumor immunity in bladder cancer patients.[31] Dou et al[32]

showed that phosphorylation of EP300 associated with liver
metastasis. Besides, our results also suggested that EP300 is
s (A). A significant module of the DEMs target genes (B). Top 10 hub nodes of
t genes, blue colored nodes represent up-regulated DEM target genes. PPI=



Table 3

The top 10 most significant small-molecule compounds that could reverse the tumoral metastasis status of NPC.

Rank Cmap name Mean Count Enrichment score P value

1 etomidate �0.709 3 �0.929 .00052
2 scopoletin �0.697 2 �0.944 .00692
3 sanguinarine �0.644 2 �0.898 .02072
4 verteporfin �0.638 3 �0.853 .00637
5 chrysin �0.627 3 �0.84 .00827
6 talampicillin �0.624 4 �0.735 .00977
7 piperidolate �0.603 3 �0.799 .01661
8 gliclazide �0.599 4 �0.699 .01737
9 proscillaridin �0.597 3 �0.827 .01022
10 tyloxapol �0.592 4 �0.791 .0039

NPC=nasopharyngeal carcinoma.

Figure 6. The 2D structures of the 3 compounds that could reverse the changes of gene expression in NPCmetastasis. Sanguinarine (A), vertipofen (B), chrysin (C).
NPC=nasopharyngeal carcinoma.

Mi et al. Medicine (2020) 99:32 www.md-journal.com
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involved in the TGF-beta signaling pathway, Wnt signaling
pathway, and pathways in cancer. Currently, it is well recognized
that TGF-beta contributes to the metastatic potential of tumor
cells through promoting EMT, cell migration, and invasion.[33] A
reported by Liao et al[26] proved that EP300 enhance EMT
through acetylation of Smad2 and Smad3 via the TGF-b
signaling pathway, and thus promoted the NPC metastasis,
which is similar to the result of our study. In addition, several
studies demonstrated an important role for aberrant Wnt
signaling in NPC involving diverse cellular processes, including
cell migration, hypermethylation, and stemness.[34] Taken
together, our study reveals that high expression of EP300 is
enriched in TGF-beta signaling pathway and Wnt signaling
pathway in metastatic NPC. Up-regulation of EP300 is
significantly correlated with metastasis in NPC patients and
may promote the development of metastatic NPC.
MicroRNAs (miRNA) constitute a family of small noncoding

RNAs and help control a wide range of biological pathways such
as cell growth, differentiation, migration, and apoptosis.[35]

Moreover, miRNAs play a potential role in cancer development
and are often associated with cancer metastasis. In the present
study, an upregulated DEM (miR-135b) and a downregulated
DEM (miR-574–5p) were selected. The hub gene EP300 was one
of the miR-574-5p upregulated genes. MiR-135b was first
identified as having a role in differentiation of somatic stem
cells.[36] Prior studies have indicated that miR-135b encourages
cell migration and invasion by downregulation of LZTS1 in
tumor tissue in the beginning stages of squamous cell carcinoma
progression.[37] Similarly, results of our study indicated that
MiR-135b was upregulated in NPC metastatic tissue. On the
other hand, another study demonstrated that miR-574-5p
suppresses colorectal cancer liver metastasis by negatively
regulating MACC-1 expression.[38] Results of our study also
demonstrated that miR-574-5p was downregulated in metastatic
NPC tissue. Therefore, our results suggest that the above
mentioned microRNAs, particularly miR-574-5p, may play an
important role in the metastasis of NPC, and can potentially
predict metastasis of NPC.
Our study showed that many pathways were detected in the

GO enrichment analysis as related to NPC metastasis. Addition-
ally, we identified 2 significant biological processes across both
DEGs and DEMs target genes, such as regulation of transcription
from RNA polymerase II promoter and DNA-templated positive
regulation of transcription. Previous reports indicated that these
processes were involved in metastasis of cancer, such as liver
cancer, breast cancer, and osteosarcomas.[39–41] Furthermore, a
KEGG pathway, the Epstein-Barr virus infection was enriched
and regulated by DEGs and DEMs target genes together. Li
et al[42] reported that the Epstein-Barr virus-encoded latent
membrane protein-1 could induce MicroRNA-10b and promote
the metastasis of human nasopharyngeal carcinoma cells.
Therefore, we can infer that Epstein-Barr virus signaling process
likely contributes to the mechanism of NPC metastasis and
therefore, may be a possible therapeutic target.
Chemotherapy plays an important role in the treatment of

cancer metastasis.[43,44] We identified a few small molecules that
hold promise of therapeutic efficacy against NPC metastasis.
These small molecules including sanguinarine, verteporfin, and
chrysin, have been reported to display anti-metastatic activity.
Sanguinarine (SNG) serves as quaternary benzophenanthridine
alkaloid, which stimulates cytotoxicity across various human
cancers and inhibits specific pro-tumorigenic processes including
8

invasion, angiogenesis, and metastasis.[45] Vertipofen is a Yap1
inhibitor that blocks metastasis by effectively reducing the
expression of Yap1 and FGFR1 in lung cancer.[46] Chrysin, 5,7-
dihydroxyflavone, is a naturally-occurring flavonoid that is
known to block angiogenesis and metastasis.[47] Lin et al[48]

showed that chrysin inhibits IL-6-mediated angiogenesis by
reducing the soluble IL-6 receptor/gp130/JAK1/ STAT3/VEGF.
Hence, our results suggest that these small molecules can function
to combat NPC metastasis.
5. Conclusion

In conclusion, we analyzed GEO data for metastatic NPC, the
result indicated that an upregulated gene EP300, which was
potentially targeted by downregulated miR-574-5p, may associ-
ated with the NPC metastasis. The DEGs and DEMs target genes
might be involved in the biological process of regulation of
transcription from RNA polymerase II promoter and DNA-
templated positive regulation of transcription and ultimately
affect the development of NPC metastasis through Epstein-Barr
virus signaling pathway. Besides, our study identified small-
molecule compounds including sanguinarine, verteporfin, and
chrysin which may be efficacious in the treatment of NPC
metastasis. Nonetheless, our study had some limitations. First,
microarray datasets and platform obtained from the GEO were
different. Second, the hub gene, biological process, and pathway
should be validated using in vitro or in vivo experiments. Despite
the limitations in our study, the findings in the study might
contribute to advance our understanding of the development of
NPC metastasis and provide reference information for the
treatment of NPC metastasis.
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