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Abstract Background/purpose: Nasopharyngeal carcinoma (NPC) is a malignant neoplasm of
the head and neck. This study aims to use integrated bioinformatics technologies to develop a
predictive miRNA-signature correlated with the prognosis of NPC.
Materials and methods: Initially, the differentially expressed miRNAs (DEMs) in NPC were iden-
tified, and then DEMs related to the prognosis of NPC were further screened. Subsequently, the
relatively important DEMs identified by random forest algorithm were used to construct a pre-
dictive signature by multivariate COX regression analysis. Moreover, PCA, KaplaneMeier anal-
ysis, time-dependent ROC analysis, and univariate and multivariate COX regression analysis
were performed to evaluate the ability of the signature in risk identification and prognosis pre-
diction in NPC.
Results: Hsa-miR-29c, hsa-miR-30e and hsa-miR-93 were selected from DEMs to construct a
signature, and their abnormal expression was significantly associated with poor prognosis of
NPC. The average AUC values of 1- to 5-year OS, DFS and DMFS predicted by the signature were
all above 0.7, and showed better clinical independence than other indexes. In addition, 295
differentially expressed mRNAs could be used as potential target genes of the 3 DEMs. Among
them, 56 differentially expressed mRNAs were related to PFS. GO and KEGG enrichment anal-
ysis indicated that the poor prognosis of NPC was related to the abnormality of chromosomes,
cytokines, and chemokines.
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Conclusion: We constructed a three-miRNA signature with good independent performance in
predicting the prognosis for NPC. This study may lay the foundation for exploring new thera-
peutic targets and improving survival outcomes in NPC patients.
ª 2021 Association for Dental Sciences of the Republic of China. Publishing services by Elsevier
B.V. This is an open access article under the CC BY-NC-ND license (http://creativecommons.
org/licenses/by-nc-nd/4.0/).
Introduction

Nasopharyngeal carcinoma (NPC), a type of head and neck
malignant tumor derived from the columnar epithelium of
nasopharyngeal mucosa, has caused substantial mortality
and a huge economic burden in Southeast Asian countries
over the years due to its insidious onset and highly invasive
characteristics.1 According to the International Agency for
Research on Cancer (IARC), there were an estimated
133,354 new cases of NPC and 80,008 NPC-related deaths in
2020 worldwide, showing an increasing trend compared
with 2018.2,3 As a country with the highest incidence rate of
NPC in the world, in 2018, the corresponding new cases of
NPC and NPC-related deaths in China were as high as 60,
558 and 31, 413 respectively, and most of which were
confirmed to be locoregionally advanced (LA) NPC at the
time of initial diagnosis.1 One of the predominant reasons
for the high mortality of NPC is tumor relapse and distant
metastases, which is mainly related to the treatment fail-
ure of patients with LA-NPC.4 Therefore, it is important to
strengthen the prognostic evaluation of NPC in order to
guide the individualized treatment for NPC patients.

Currently, the tumor-node-metastasis (TNM) staging
system is the main determinant for NPC treatment, but the
disadvantages of this method include difficulties to predict
the prognosis of NPC patients and to identify the biological
heterogeneity of the tumor.5 Although the application of
intensity-modulated radiation therapy has been shown to
improve the overall survival rate in NPC patients with early
stage disease, 20e30% of the patients eventually developed
tumor relapse and distant metastasis.6 Furthermore, the
prognosis in a considerable number of LA-NPC patients has
not been improved due to the induction chemotherapy or
adjuvant chemotherapy, suggesting that the differences in
molecular biology or gene of NPC in different individuals
may be the main reason for the differences in prognosis of
NPC patients.7 Several studies have explored the influence
of EpsteineBarr virus (EBV) DNA load and antibody titer
changes on the prognosis of NPC, while others also have
analyzed the prognostic evaluation capacity of tissue in-
hibitor metalloproteinase-2 (TIMP-2), L-selectin (SELL),
Matrix metalloproteinase-3 (MMP-3), interleukin-8 (IL8), as
well as cytokines such as cystic fibrosis transmembrane
conduction regulator (CFTR) and platelet to lymphocyte
ratio (PLR) in NPC.8e11 However, despite the encouraging
answers given by these studies, the current evidence is still
not enough to start their clinical trials. Therefore, it is
important to explore new molecular markers related to the
survival outcome of NPC.

As a class of short (z20e22 nucleotides), non-coding
RNA molecules, micro RNAs (miRNAs) have been proved to
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play important roles in the occurrence, development and
outcome of a tumor.12 In recent years, with the rapid
development of high-throughput technology and bioinfor-
matics algorithm, investigators have found that miRNAs
expression in tissue and bodily fluids of NPC patients can
not only be used as potential biomarkers for early diagnosis
and efficacy prediction, but can also participate in prog-
nostic evaluation of the disease.5,13 For instance, Zhou
et al.14 found that five differentially expressed miRNAs in
NPC tissues were involved in distant metastasis. Liu et al.15

identified a 5-miRNA signature in large-scale tissue sam-
ples, which were associated with the prognosis of NPC pa-
tients with a high risk of progression. Lian et al.16 found
that miRNA-183 and miRNA-141 were potential risk factors
for poor prognosis in NPC patients. However, although the
research on miRNAs as prognostic biomarkers of NPC is
developing rapidly, the overlap of the results is very
limited. So, it is necessary to verify and optimize the
research data to provide a more accurate basis for its
feasibility of clinical transformation.

Gene Expression Omnibus (GEO) database stores a large
number of published high-throughput data, which makes it
more convenient for investigators to study the role of genes
in tumorigenesis. In this study, we constructed a prognostic
signature composed of three miRNAs such as, hsa-mir-93,
hsa-mir-29c and hsa-mir-30e, based on the GSE32960
dataset from the GEO database. Comprehensive analysis
showed that the three-miRNA signature has a satisfactory
independent predictive performance for the overall sur-
vival (OS), disease-free survival (DFS), and distant
metastasis-free survival (DMFS) in NPC patients.
Materials and methods

Data acquisition and processing

All datasets used in this study were searched and down-
loaded from the GEO database of national center for
biotechnology information (NCBI) (https://www.ncbi.nlm.
nih.gov/geo), including miRNA expression dataset
GSE32960, mRNA expression dataset GSE12452, GSE53819
and GSE102349. Among them, the GSE32960 dataset
contained two cohorts of healthy and NPC tissue samples
with a total of 330 cases (18 and 312, respectively). The
number of normal nasopharyngeal tissues and NPC tissues
in GSE12452 and GSE53819 were 10 and 31, and 18 and 18,
respectively, while GSE102349 contained 113 NPC tissue
samples alone. Meanwhile, the clinical data of GSE32960
dataset and GSE 102349 dataset were also downloaded. All
microarray data were processed for homogenization, and
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the data of GSE102349 was processed by fragments per
kilobase of exon model per million mapped reads (FPKM)
and log2-transformed for further analyses.

Screening of differentially expressed miRNAs and
mRNAs

The limma Bioconductor R package was used to screen
differentially expressed miRNAs (DEMs) between NPC tis-
sues and normal nasopharyngeal tissues. Considering the
limited expression of miRNAs in tissues and analyzing DEMs
as much as possible, the P-value [false discovery rate (FDR)]
<0.05 and |fold change (FC)| >1.5 were adjusted as the
cut-off criteria to identify DEMs in GSE32960 dataset.
Similarly, the P-value (FDR) < 0.05 and |FC| >2 was
adjusted as the cut-off criteria to identify differentially
expressed mRNAs in GSE12452 and GSE53819 datasets.

Functional enrichment analysis

FunRich (Version 3.1.3), an online tool for functional
enrichment and interaction network analysis, was used to
identify the pathways involved in the DEMs and the tran-
scription factors that regulate their expression. In addition,
the “clusterProfiler”, “enrichplot” and “org.Hs.eg.db”
packages were adopted to conduct gene ontology (GO)
annotation and Kyoto Encyclopedia of Genes and Genomes
(KEGG) pathway enrichment analyses of the potential
target genes of selected hub DEMs.

Construction and evaluation of three-miRNA
signature

In order to better screen and identify the DEMs related to
the prognosis of NPC, 312 patients in GSE32960 dataset
were randomly divided into the training set and the testing
set by R package “caret”, and the whole set was used to
represent the integration of the two sets. Then, the uni-
variate Cox regression analysis was used to identify the
DEMs related to OS of patients in the training set, and the
random forest algorithm was used to reduce the dimension
of the survival data to complete the importance ranking of
DEMs. According to relative importance >0.1, three hub
DEMs (hsa-miR-29c, hsa-miR-30e, and hsa-miR-93) were
selected for multivariate Cox regression analysis to
construct the three-miRNA prognostic signature. The index
of signature was calculated as follows:

Prognostic index (Pi) Z (b ) expression level of hsa-miR-
29c) þ (b ) expression level of hsa-miR-30e) þ (b )
expression level of hsa-miR-93).

Subsequently, KaplaneMeier survival curve and time-
dependent ROC curve analysis were used to evaluate and
verify the predictive capacity of the three-miRNA signa-
ture for risk identification, OS, DFS and DMFS of patients in
the training set, testing set and whole set, respectively.
Univariate and multivariate Cox regression analyses were
used to demonstrate whether it can be used as a prog-
nostic indicator for NPC independent of other clinical
indexes.
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Target gene analysis

Since miRNA can target mRNA and regulate gene expression
at the post-transcriptional level, and the imbalance of
miRNA-mRNA regulatory network is considered to be
significantly associated with cancer treatment and prog-
nosis, TargetScan (an online miRNA binding prediction
database) was used to predict the target genes of 3 miRNAs.
Furthermore, the predicted results were intersected with
the differentially expressed mRNAs in GSE12452 and
GSE53819 datasets to obtain the potential target genes of 3
miRNAs, and the overlapping results were displayed by
drawing the Venn diagram on the bioinformatics & Evolu-
tionary Genomics website (http://bioinformatics.psb.
ugent.be/webtools/Venn/). Finally, the genes associated
with NPC progression free survival (PFS) were screened in
GSE102349 dataset by the univariate Cox regression
analysis.

Statistical analysis

R software (version 3.6.3) was used for all the statistical
analyses. The R statistical packages “survival” and “survi-
miner” were used to plot the KaplaneMeier survival curve
with the median used as a cut-off value, while the package
“survivalROC” was used to generate the receiver operating
characteristic (ROC) curve of the three-miRNA signature.

Results

Identification and functional enrichment analysis of
DEMs in NPC

The roadmap of the present study is demonstrated in Fig. 1.
The clinical characteristics of 312 NPC patients in GSE32960
dataset are listed in Table 1. According to the above
screening criteria (|FC|>1.5 and FDR<0.05), a total of 185
miRNAs in NPC tissues reached statistical significance
compared with the normal tissues. Among them, 94 signifi-
cantly up-regulated miRNAs and 91 significantly down-
regulated miRNAs are illustrated in the volcanic map
(Fig. 2a), while the heat map of these DEMs is shown in
Fig. 2b. The enrichment analysis results by FunRich showed
that these DEMs were mainly involved in ErbB receptor
signaling network, sphingosine 1-phosphate pathway, glypi-
can pathway, plasma Membrane Estrogen Receptor, pro-
teoglycan syndecan-mediated signaling, vascular endothelial
growth factor (VEGF) and VEGF receptor signaling network,
and other biological pathways, as shown in Fig. 2c. In addi-
tion, the top 10 upstream transcription factors predicted by
FunRich software, namely SP1, EGR1, SP4, POU2F1, RREB1,
NFIC, SOX1, TFAP4, E2F1 and RORA, may have regulatory
effects on these 185 DEMs, as shown in Fig. 2d.

Construction of three-miRNA signature and risk
identification of NPC patients

The results of univariate Cox regression analysis in the
training set revealed that 17 DEMs were associated with OS
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Figure 1 Roadmap of the present study.

Table 1 Baseline information of patients in GSE32960.

Clinical characteristics Total Percentage (%)

GSE32960 in GEOa 312 100
Survival status Survival 246 78.85

Death 66 21.15
Age �65 years 291 93.27

＞65 years 21 6.73
Gender Female 79 25.32

Male 233 74.68
Stage I 12 3.85

II 86 27.56
III 91 29.17
IV 123 39.42

RTb period interruptions 0 days 178 57.05
�1 days 134 42.95

RT boosting Yes 149 47.76
No 163 52.24

CCRTc Yes 268 85.90
No 44 14.10

a GEO: Gene Expression Omnibus.
b RT: Radiotherapy.
c CCRT: Concurrent chemoradiotherapy.
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in NPC patients (Fig. S1). By using the random forest algo-
rithm to evaluate the importance of these DEMs, three
miRNAs with relative importance >0.1, such as hsa-miR-
29c, hsa-miR-30e and hsa-miR-93, were selected for
future analysis. The relationship between the error rate
and the number of classification trees and the out of bag
importance of the 3 miRNAs is shown in Fig. 3a. Multivariate
Cox regression analysis was then performed to construct a
three-miRNA signature, the hazard ratios (HRs) and confi-
dence interval of 3 miRNAs were shown in Fig. 3b. The
signature risk score was calculated as follows: Risk
Score Z 0.843) exphsa-miR-93-0.543) exphsa-miR-29c-
0.749) exphsa-miR-30e. Next, the three-miRNA signature
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was used to calculate the risk score of each patient in the
training set, and the patients were divided into the high-
risk group and the low-risk group according to the median
value. As shown in Fig. 3c and Fig. S2a, the results showed
that there were significant differences in risk score, sur-
vival time, expression of three miRNAs and principal
component analysis (PCA) between the two groups, indi-
cating that the three-miRNA signature constructed in this
study has a good power to identify the prognostic risk of
NPC. As expected, similar results were also observed in the
testing set and the whole set, which further increased the
credibility of analysis results in the present study (Fig. 3d, e
and Fig. S2b, c).
Evaluation of the predictive performance for OS
and independent prognostic value of three-miRNA
signature in NPC

To evaluate the predictive performance of three-miRNA
signature for OS in NPC patients, KaplaneMeier survival
curves were generated in the training set, the testing set,
and the whole set, respectively. The results revealed that
the high-risk patients identified by three-miRNA signature
had worse survival probability (P < 0.001) (Fig. 4a, b, c).
Subsequently, the time-dependent ROC curve analysis was
performed to further evaluate the predictive capacity of
three-miRNA signature in each group. As shown in Fig. 4d, e
and f, the AUC values of the signature for predicting 1- to 5-
year OS of NPC patients were 0.803, 0.806, 0.793, 0.806 and
0.806 in the training set, 0.981, 0.685, 0.699, 0.685 and
0.685 in the testing set, and 0.838, 0.750, 0.750, 0.752 and
0.756 in the whole set, respectively. These results indi-
cated that the three-miRNA signature constructed in this
study is accurate and stable in predicting OS of NPC pa-
tients. Furthermore, the results of univariate and multi-
variate Cox regression analyses showed that whether in the
training set, testing set, or whole set, three-miRNA signa-
ture was superior to any clinical index such as gender, age,



Figure 2 Identification of DEMs and enrichment analysis. (a) The volcano of DEMs. (b) The heatmap of DEMs. (c) Biological
pathway analysis for DEMs using FunRich software. (d) Transcription factor analysis for DEMs using FunRich software.
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and TNM stage in predicting prognosis, suggesting that it is
suitable as an independent prognostic indicator for NPC
patients (Fig. S3a, b and c). In addition, these results also
implied that hsa-miR-93, hsa-miR-29c, and hsa-miR-30e
may play important roles in NPC progression and can be
used as potential targets for NPC treatment.

Evaluation of DFS and DMFS prediction
performance of three-miRNA signature in NPC

In order to comprehensively evaluate the prognostic value
of three-miRNA signature in NPC, the KaplaneMeier survival
curves of DFS and DMFS of NPC patients in GSE32960 dataset
were further generated. The results revealed that the high-
risk patients differentiated by the three-miRNA signature
constructed in this study had worse survival probability
(P < 0.0001) (Fig. 5a and b). Furthermore, time-dependent
ROC curve analysis was performed to evaluate the predic-
tive capacity of three-miRNA signature for DFS and DMFS in
NPC patients. The results indicated that the AUC values of
the signature for predicting 1- to 5-year DFS and DMFS of
NPC patients were 0.718, 0.723, 0.702, 0.723 and 0.723,
and 0.753, 0.774, 0.749, 0.774 and 0.774, respectively
(Fig. 5c and d). Moreover, the results of univariate and
multivariate Cox regression analyses also demonstrated
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that the three-miRNA signature had better independent
prognostic performance in predicting NPC DFS and DMFS
than gender, age, TNM stage, radiotherapy interrupt,
radiotherapy boosting and concurrent chemoradiotherapy
(Fig. 6a and b). These results further corroborated the
robustness of prognostic value of the three-miRNA signa-
ture for NPC patients, which is worthy of further study.

Advantages of the three-miRNA signature

Currently, gender, age and TNM stage are the main refer-
ences to evaluate the prognosis of NPC patients. There-
fore, in order to further confirm the advantages of the
three-miRNA signature constructed in this study in pre-
dicting prognosis, time-dependent ROC curves of the
comparison between three-miRNA signature, gender, age
and TNM stage in predicting 1-year, 3-year and 5-year OS of
NPC patients in the GSE32960 dataset were conducted. As
shown in Fig. 7a, b and c, the AUC values of three-miRNA
signature in predicting 1-year, 3-year, and 5-year OS of
NPC patients were 0.838, 0.750, and 0.745, respectively.
Compared with the clinical indexes mentioned above, the
three-miRNA signature showed better predictive power. In
addition, KaplaneMeier survival curve analyses of the 3
miRNAs revealed that the patients with high has-miR-93



Figure 3 Construction and verification of the signature. (a) Decision tree constructed using random forest algorithm and
screening of relative importance genes. (b) Three-miRNA signature was built by step multivariate Cox regression. Distribution of
Risk score, survival time and miRNAs expression between the high-risk and low-risk groups in training set (c), testing set (d), and
whole set (e).
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expression had poor prognosis (OS, P < 0.001), and low
expressions of has-miR-30e and has-miR-29c were associ-
ated with poor prognosis (OS, P < 0.001 and P Z 0.002)
(Fig. 7d, e, f). These results demonstrated that the three-
miRNA signature is a better potential prognostic biomarker
for NPC compared with the commonly used clinical in-
dexes, and can be used to guide the individualized treat-
ment of NPC.

Analysis of three-miRNA target genes

Using TargetScan, a total of 9642 target genes for the 3
miRNAs were predicted. Meanwhile, 1322 and 2439 differ-
entially expressed mRNAs were screened in GSE12452 and
GSE53819 datasets, respectively. The intersection of over-
lapping genes between the three sets of data is shown in
the Venn diagram, which indicated that 295 differentially
expressed mRNAs could be the potential target genes of the
3 miRNAs (Fig. 8a). The results of GO enrichment analysis
revealed that the 295 differentially expressed mRNAs were
mainly involved in biological processes such as, nuclear
chromosome segregation, and endodermal cell differenti-
ation. In terms of cellular components, these potential
target genes were mainly enriched the apical part of the
cell, endoplasmic reticulum lumen, and apical plasma
membrane, while their molecular function were mainly
associated with the extracellular matrix structural
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constituent, cytokine activity, chemokine receptor binding,
and extracellular matrix structural constituent conferring
tensile strength (Fig. 8b). Furthermore, KEGG analysis
indicated that the potential target genes of 3 miRNAs were
significantly enriched in the cytokineecytokine receptor
interaction, chemokine signaling pathway, PI3K-Akt
signaling pathway, and other pathways associated with
tumorigenesis (Fig. 8c). Finally, the univariate Cox regres-
sion analysis revealed that there were 56 differentially
expressed genes in GSE102349 dataset, which were related
to progression-free survival (PFS), and the top 40 genes
were illustrated in Fig. 8d.

Discussion

Currently, miRNAs have been demonstrated to play an
important role in the radioresistance and chemoresistance
of NPC, and can affect the survival outcome of patients.14

Several studies have explored the potential role of miR-
NAs as prognostic biomarkers for NPC based on different
human biological samples.15e17 In spite of the emerging
biological importance of miRNAs, their characteristics such
as small molecular weight, low expression and high
sequence homology, as well as the expensive, time-
consuming and complex operation of microarray and
quantitative real time polymerase chain reaction (qRT-PCR)
can restrict the further clinical transformation research of



Figure 4 KaplaneMeier plotter and ROC analysis and Independent prognostic factors determined. Overall survival analysis of the
three-miRNA signature in training set (a), testing set (b), and whole set (c). The ROC analysis of the three-miRNA signature for 1-, 2-
, 3-, 4-, and 5-years in training set (d), testing set (e), and whole set (f).
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miRNAs.18,19 Therefore, integrative bioinformatics analysis
leveraging a number of public datasets has become one of
the effective methods to excavate miRNAs with better
clinical application potential.20

In the present study, miRNA expression data from
GSE32960 dataset were adopted for differential expression
analysis, and 185 DEMs were identified. The miRNA-
enrichment analysis showed that these DEMs were
involved in various pathophysiological pathways such as
tumor proliferation, invasion, metastasis and angiogenesis,
indicating that they can play an indispensable role in the
prognosis of NPC. Considering that transcription factors and
miRNAs are crucial trans-regulatory factors that can play
important roles in controlling gene regulation at the tran-
scriptional and post-transcriptional level, the transcription
factors that regulate these DEMs were also predicted. As a
sequence-specific DNA binding protein, transcription factor
specificity protein-1 (SP1) has been proved to be involved in
regulating the expression of genes that play a key role in
the proliferation and metastasis of a variety of tumor cells,
and the high expression level of SP1 protein is often
considered as a negative prognostic factor in tumor pa-
tients.21 A recent study showed that exogenous SP1 could
inhibit the expression of miR7-5p and could reverse the
growth of NPC cells inhibited by solamargine.22 Ho et al.23

found that melatonin can regulate the expression of ma-
trix metalloprotein 9 (MMP-9) gene induced by tumor pro-
moter 12-o-tetradecanoylphosphate-3-acetate (TPA) by
inhibiting the binding ability of SP1 to DNA, thus inhibiting
the metastasis activity of NPC. Our prediction showed that
SP1 may regulate nearly 58% of DEMs, which is helpful to
383
further clarify the invasion and metastasis mechanism of
NPC, and more experiments are needed to verify it in the
future.

For clinicians, the current difficulty in NPC treatment is
that some patients often do not respond to radiotherapy or
chemotherapy, resulting in tumor progression or distant
metastasis due to not being treated in time, leading to poor
prognosis.7,24 Therefore, we constructed a three-miRNA
signature to evaluate the prognosis of patients with NPC.
Different from other studies, we employed random forest
algorithm to select hsa-miR-93, hsa-miR-29c and hsa-miR-
30e in the training set to form the prognostic signature,
and confirmed the accuracy and stability of the signature in
the testing set and the whole set. It is known that hsa-miR-
93 is overexpressed in many types of cancer, and can target
transforming growth factor beta-receptor type II (TGFbR2)
and disabled-2 (DAB2) through a variety of signaling path-
ways to promote the growth and metastasis of NPC
cells.25,26 Recent studies have shown that upregulated miR-
30e-5p can target metastasis-associated protein 1 (MTA1)
and ubiquitin-specific protease 22 (USP22), respectively, to
reduce the ability of 5e8F cells migration, invasion and
metastasis.27,28 In addition, hsa-miR-29c can directly target
T lymphoma invasion and metastasis inducing factor 1
(TIAM1), inhibit the migration and invasion of NPC cells, and
downregulate Integrin Beta 1 (ITGB1) to enhance the
sensitivity of NPC cells to paclitaxel.29,30 In this study, we
found high expression of hsa-miR-93 and low expression of
has-miR-30e and hsa-miR-29c in NPC tissues through data
analysis, and KaplaneMeier curves indicated that patients
with this expression pattern tend to have shorter OS. These



Figure 5 KaplaneMeier plotter and ROC analysis. Disease-free survival (DFS) (a) and distant-metastasis-free survival (DMFS) (b)
analysis of the three-miRNA signature in whole set. ROC curve for the prediction of DFS (c) and DMFS (d) in patients with NPC.
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results are consistent with the findings of other studies
mentioned above, which support the feasibility of three-
miRNA signature as the prognostic risk factor for patients
with NPC. In addition to the three miRNAs used to construct
signature, we also found that hsa-miR-29a, hsa-miR-29b
and hsa-miR-30d were significantly correlated with the
survival of NPC patients. It was found that the down-
regulation of hsa-miR-29a and hsa-miR-29b was related to
the pathogenesis of NPC, and could enhance the migration
and invasiveness of NPC cells by regulating the expression
of secreted protein acidic and rich in cysteine (SPARC) and
Collagen type III alpha 1 chain (COL3A1).31 In another study,
Gao et al.32 found that up-regulating hsa-miR-29a may also
reduce the resistance of nasopharyngeal carcinoma CNE-1
cells to paclitaxel by inhibiting the expression of signal
transducer and activator of transcription 3 (STAT3) and B-
cell leukemia/lymphoma 2 (Bcl-2). One team reported the
power of signature containing hsa-miR-29b to predict the
prognosis of NPC patients, but the AUC values of the risk
score in DFS and DMFS were only 0.69.33 In addition, hsa-
miR-30d was found to be low expressed in a variety of
tumor tissues, and its expression level is helpful to distin-
guish different stages of non-small cell lung cancer and
predict the results of sorafenib in the treatment of hepa-
tocellular carcinoma.34,35 However, there are few reports
on hsa-miR-30d in NPC-related studies, so its prognostic
significance for NPC needs to be clarified in future studies.
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By analyzing the risk score, survival time, the expression
of three miRNAs, and other data of patients, we found that
the signature composed of hsa-miR-93, hsa-miR-29c and
hsa-miR-30e could classify patients into the high-risk group
and the low-risk group in GSE32960 dataset, and the
KaplaneMeier analysis showed that these identified high-
risk patients have worse survival probability, which indi-
cated that the three-miRNA signature constructed in this
study has a better prognosis risk identification ability for
NPC patients. Time-dependent ROC analysis showed that
AUC values of three-miRNA signature in predicting 5-year
OS of patients within the training set, testing set and whole
set were 0.806, 0.685 and 0.756, respectively, which were
better than the three-miRNA signature constructed by
Wang et al.,36 4-miRNA signature constructed by Zhang
et al.,33 4-miRNA signature constructed by Zhao et al.37 and
4-miRNA signature constructed by Liu et al.38 Furthermore,
compared with the published signatures mentioned above,
the AUC values of the three-miRNA signature constructed in
this study for predicting 1- to 5-year DFS and DMFS of NPC
patients were all above 0.7, and showed better power in
predicting OS than gender, age and TNM stage, indicating
that the three-miRNA signature constructed in this study
has the potential to be an independent prognostic factor
for NPC patients.

In the following analysis, the results of target gene
prediction showed that 295 differentially expressed mRNAs



Figure 6 Independent prognostic prediction analysis. The three-miRNA signature was an independent prognostic factor for
Disease-free survival (a) and distant-metastasis-free survival (b) by Univariate and multivariate Cox regression analyses.

Figure 7 ROC analysis of clinical feature and risk score, and KaplaneMeier survival curve for three miRNAs. ROC analysis of risk
score, gender, age, and TNM stage for 1- (a), 3- (b), and 5-years (c) overall survival in the whole set. The overall survival analysis of
has-miR-93 (d), has-miR-30e (e), and has-miR-29c (f) in the whole set.

Journal of Dental Sciences 17 (2022) 377e388

385



Figure 8 Three miRNA targets prediction and enrichment analysis. (a) Venn diagram of differential genes and target genes. (b)
GO enrichment analysis. (c) KEGG enrichment analysis. (d) Univariate Cox regression analysis on progression-free survival of dif-
ferential target genes in GSE102349 cohort.
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may be the potential target genes for the three miRNAs,
indicating that the dysregulation of these miRNA-mRNA
pairs may predict the poor survival outcome of NPC pa-
tients. However, since mRNA can also be targeted by a
variety of miRNAs, their complete interaction network re-
mains to be further revealed.39 In the subsequent GO
enrichment analysis, the results showed that the biological
process and cellular components of these target genes were
related to the nuclear chromosome segregation and
centromeric region of the chromosome, respectively, sug-
gesting that chromosomal abnormalities are important
factors for poor prognosis of NPC. At present, studies have
shown that chromosomal aberration, loss of heterozygosity,
chromosome rearrangements and chromosomal imbalances
can play important role in the occurrence and development
of NPC.40 We speculated that during NPC resistance to
radiotherapy or chemotherapy, these post-transcriptional
target genes were regulated by the 3 miRNAs, resulting in
chromosomal rearrangements and causing distant metas-
tasis or recurrence of the tumor. KEGG analysis showed that
the pathways involved in these target genes, such as PI3K-
Akt signaling pathway and viral protein interaction with
cytokine and cytokine receptors, were related to virus
infection. This may be that EBV activated these signaling
pathways, which leads to the dysregulation of the hub
DEMs, promoted the proliferation of tumor cells, and finally
worsens the disease.41 In addition, some other signal
386
pathways related to tumor invasion and metastasis, such as
small cell lung cancer and osteoclast differentiation,
further confirmed our hypothesis.25,42 In further analysis,
the molecular function annotation and KEGG analysis
showed that these target genes were mainly enriched in
cytokine activity, chemokine receptor binding, and
cytokineecytokine receptor interaction and cytokine
signaling pathway, which may be due to the reason that
these potential target genes promoted the secretion of
cytokines and chemokines by NPC cells under the regulation
of the 3 miRNAs, or interacted with stromal cells by
releasing tumor exosomes, resulting in immune escape and
enhanced tumor metastasis.43 On the other hand, the
three-miRNA signature constructed in this study may be
adopted as a target for NPC immunotherapy. Of course,
further research is needed to clarify the mechanism of their
interaction with EBV and tumor microenvironment.44

Although the above analysis has fully demonstrated that
our constructed three-miRNA signature may be a good
predictive tool for the survival outcome of patients with
NPC, this study still has the following limitations. Initially,
because it is difficult to obtain large-scale tissue microarray
datasets with complete clinical information, we only
adopted the GSE32960 dataset to screen and identify DEMs,
and more external validations of the predictive perfor-
mance of the developed signature is needed as the next
step. In addition, because most of the histopathological
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subtypes of the tissue samples from datasets are undiffer-
entiated non-keratinized carcinoma, the prognostic value
of the signature constructed in this study in other subtypes
remains to be explored. Moreover, the specific mechanism
of the 3 miRNAs in NPC needs to be further studied by
molecular experiments, and the related lncRNA-miRNA-
mRNA competitive endogenous RNA (CeRNA) networks
need to be established. Eventually, the performance of
three-miRNA signature constructed in this study needs to be
further modified and optimized in combination with clinical
research. Although this signature is expected to become an
auxiliary tool for post-treatment follow-up monitoring and
prognosis evaluation of NPC patients to better improve the
prognosis. However, because tissue biopsy is invasive and it
is difficult to obtain samples after treatment, it is worth
further research to detect the expression of these miRNAs
based on serological detection or explore more promising
non-invasive methods, such as nasopharyngeal swab
collection.45e47

Taken together, in this study, three DEMs (hsa-miR-93,
hsa-miR-29c and hsa-miR-30e) were screened from NPC
tissue microarray dataset by using a novel random forest
algorithm. The results of transcription factor prediction,
prognosis evaluation and target gene prediction demon-
strated that the signature, which is composed of the three
DEMs, has the potential to be used as an independent
prognostic factor for NPC. The results of this study may lay
the foundation for further elucidating the underlying
mechanism of miRNAs influencing the prognosis of NPC and
exploring new therapeutic targets of NPC to improve the
survival outcome of patients.
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