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The four-microRNA signature identified by bioinformatics
analysis predicts the prognosis of nasopharyngeal
carcinoma patients

SIWEI ZHANG'?, WENXING YUE'?, YAN XIE!?, LINGZHI LIU'?, SHEN LI1'?, WEI DANG'?,
SHUYU XIN!?, LI YANG'?, XINGYU ZHAI'? , PENGFEI CAO' and JIANHONG LU'?

'NHC Key Laboratory of Carcinogenesis, Department of Hematology, Xiangya Hospital, Central South University,

Changsha, Hunan 410080; 2Department of Microbiology, School of Basic Medical Science,
Central South University, Changsha, Hunan 410078, P.R. China

Received March 8, 2019; Accepted July 23,2019

DOI: 10.3892/0r.2019.7316

Abstract. The aim of the present study was to identify
microRNAs(miRNAs) thatpredictthe prognosis of patients with
nasopharyngeal carcinoma by integrated bioinformatics anal-
ysis. First, the original microarray dataset GSE32960, including
312 nasopharyngeal carcinomas and 18 normal samples, was
downloaded from the Gene Expression Omnibus database. In
addition, 46 differentially expressed miRNAs (DEMs) were
screened. Then, four miRNAs, including hsa-miR-142-3p,
hsa-miR-150, hsa-miR-29b, and hsa-miR-29¢c, were obtained
as prognostic markers by combining univariate Cox regression
analysis with weighted gene coexpression network analysis
(WGCNA). Subsequently, the risk score of 312 NPC patients
from the signature of miRNAs was calculated, and patients
were divided into high-risk or low-risk groups. Notably,
compared with patients with low-risk scores, high-risk groups
had shorter disease-free survival (DFS), overall survival (OS),
and distant metastasis-free survival (DMFS). Receiver oper-
ating characteristic curve (ROC) analysis indicated that the
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risk score was a very effective prognostic factor. Moreover, the
Search Tool for the Database for Annotation, Visualization,
and Integrated Discovery (DAVID), Cytoscape, starBase,
and Retrieval of Interacting Genes database (STRING) were
used to establish the miRNA-mRNA correlation network and
the protein-protein interaction (PPI) network. In addition,
the shared genes superimposing 888 protein-coding genes
targeted by four hub miRNAs and 1,601 upregulated differen-
tially expressed mRNAs accounted for 127 and were used for
subsequent gene functional enrichment analysis. In particular,
biological pathway analysis indicated that these genes mainly
participate in some vital pathways related to cancer pathogen-
esis, such as the focal adhesion, PI3K/Akt, p53, and mTOR
signalling pathways. In summary, the identification of NPC
patients with a four-miRNA signature may increase the prog-
nostic value and provide reference information for precision
medicine.

Introduction

Nasopharyngeal carcinoma (NPC), considered a rare tumour,
has a unique geographical distribution and has the highest
prevalence in Southeast Asia, such as southeastern China,
including Guangdong and Hong Kong, and in other regions
(India and Thailand) (1). Distant metastasis is a leading
cause of treatment failure in patients with nasopharyngeal
carcinoma, in which more than 70% of them have locore-
gionally advanced disease (2). Even after undergoing radical
treatment, ~30-40% of patients with locoregionally advanced
NPC ultimately develop distant metastasis (3). The present
tumour-node-metastasis (TNM) system was suggested to have
some limitations in predicting which patients will develop
distant metastasis because it is entirely based on anatomical
information (4).

Consequently, increasing the number of biomarkers has
been researched to improve the prognosis and treatment
efficiency of nasopharyngeal carcinoma, such as Epstein-Barr
virus DNA (EBV DNA), lactate dehydrogenase (LDH), VEGF,
and distant metastasis gene signature (DMGN) (5-8). However,
new biomarkers that reflect tumour heterogeneity should be
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studied to determine their clinical roles and to guide personal-
ized therapy (9). MicroRNAs (miRNAs) have been revealed
to suppress or promote many cancers, such as miRNA-195,
miR-BART6-3p, microRNA-150, microRNA-29c, and
microRNA-29b, which are potential biomarkers for diagnosis,
prognosis, and personalized treatment (10-14). However,
the molecular mechanism of miRNAs in nasopharyngeal
carcinoma has not been completely established (15).

In the present study, the microarray data of GSE32960 (16)
and GSE12452 (17) from the Gene Expression Omnibus
(GEO) dataset were applied to identify differentially
expressed genes (DEGs) via integrative bioinformatics
approaches. The search tools of the starBase v2.0, DAVID,
STRING, and GEO databases were used to identify the core
differentially expressed miRNAs (DEMs) and differentially
expressed mRNAs (DEmRNAS), as well as DEM-DEmRNA
interactions. In total, 46 DEMs and 2,956 DEmRNAs were
identified as being aberrantly expressed. In the first analyses,
four significant miRNAs were revealed to be associated
with overall survival (OS), disease-free survival (DFS), and
distant metastasis-free survival (DMFS) in NPC via a series
of bioinformatics analyses. Notably, the risk score of four
miRNAs was a greatly effective prognostic factor. Finally, a
regular enrichment analysis was performed for key differen-
tially expressed genes (DEGs) that participated in some vital
pathways related to cancer pathogenesis, such as the focal
adhesion, PI3K/Akt, p53, and mTOR signalling pathways.
The present study aimed to identify key genes associated
with the prognosis of NPC and to provide a theoretical basis
for future molecular mechanisms.

Materials and methods

miRNA and mRNA expression data and pre-processing. The
gene expression profile data (GSE32960 and GSE12452)
were downloaded from the NCBI Gene Expression Omnibus
(GEO) database. However, the detailed clinical data presented
in Table SIV was obtained from the researchers. The
GSE32960 dataset contained the microRNA profile of 312
paraffin-embedded NPC specimens and 18 normal nasopha-
ryngeal tissues (16). The aim of the researchers of this study
was to evaluate whether microRNAs can predict the survival
and efficacy of concurrent chemotherapy in nasopharyngeal
carcinoma (NPC) patients. The GSE12452 dataset contained
the mRNA expression profile of 31 nasopharyngeal carcinomas
and 10 normal healthy nasopharyngeal tissue specimens. The
mRNA expression levels were measured for essentially all
human genes and all latent Epstein-Barr virus (EBV) genes
in nasopharyngeal carcinoma tissue samples and normal
ones. The aim of the authors of this study was to analyse
data for differential gene expression between nasopharyngeal
carcinoma tissue samples and normal nasopharyngeal tissues
and for correlations with levels of viral gene expression (17).
Statistically significant DEMs between NPC samples and
normal samples were obtained with the cut-off criteria of
adjust P-value [false discovery rate (FDR)] <0.01 and fold
change (FC) >2.5. Likewise, with a cut-off criteria of adjust
P-value (FDR) <0.05 and a fold change (FC) >1.5, statisti-
cally significant mRNAs expressing differentially were also
obtained. R software (version 3.5.1, https://www.r-project.
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org/) and MEV (version 4.9.0, http://mev.tm4.org/) were
applied to the significance analysis of differentially expressed
genes.

Construction of weighted gene co-expression network.
First, with the use of the systems biology method, the
weighted gene co-expression network, a scale-free network
from gene expression data was constructed (18). Next, a
soft-thresholding power (soft-threshold, =3) was selected in
accordance with standard scale-free networks, with which a
hierarchical clustering tree was produced using the WGCNA
package (19). Then, the correlations between the 30 modules
and clinical traits and P-values were assessed using R func-
tions in the WGCNA package. Subsequently, the adjacency
was transformed into a topological overlap matrix (TOM).
In addition, an average linkage hierarchical clustering was
performed on the basis of the TOM-based dissimilarity
measure. Finally, a minimum size (gene group) of 10 for
the gene dendrogram and a cut-line of 0.25 for the module
dendrogram were selected.

Risk score. miRNAs that were associated significantly with
DMES were selected to construct a miRNA signature with
the risk-score method. The risk score of each patient was the
sum of the multiplication of the log-transformed normalized
expression value and the regression coefficient of each gene.
The risk score was used for survival analysis.

Combination of differentially expressed mRNAs with target
gene prediction of DEMs. To increase the accuracy of our
prediction, a Venn plot was generated to obtain the common
genes of differentially expressed mRNAs (fold change >1.5)
and the potential target genes of miRNAs (http://bioinfor-
matics.psb.ugent.be/webtools/Venn/). The potential target
genes of four hub DEMs (hsa-miR-142-3p, hsa-miR-150,
hsa-miR-29b, and hsa-miR-29¢) were analysed by using online
tool starBase v2.0 (http://starbase, sysu.edu.cn/starbase2/index.

php) (20).

Gene ontology (GO) analysis and pathway enrichment
analysis. To further clarify the mechanism of our 127 mRNAs
of interest, they were uploaded to the Database for Annotation,
Visualization, and Integrated Discovery (DAVID, https://david.
ncifcrf.gov/) for GO functional annotation and biological
pathway analysis (21). P<0.05 was used as the cut-off crite-
rion. The biological significance of mRNAs was explored
by GO term enrichment analysis, including molecular func-
tion (MF), biological process (BP), cellular component (CC),
and biological pathway (BPA). The results of the aforemen-
tioned functional enrichment analysis were visualized via the
package (‘ggplot2’) of R software (version 3.5.1) and GraphPad
Prism (version 5.0; GraphPad Software).

PPI network and miRNA-mRNA correlation network analysis.
The Search Tool for the Retrieval of Interacting Genes
(STRING) database (https://string-db.org/) provides PPI
information of mRNAs regarding the predicted and experi-
mental interactions of proteins (22). Cytoscape (version 3.6.0)
software was used for the construction of the PPI network
under the interaction information of 101 interaction genes (23).
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Figure 1. Filtering of differentially expressed miRNAs. (A) Data analysis pipeline to search for survival-correlated critically important miRNAs. (B) Volcano
plot revealing a total of 46 miRNAs (red and green) that were differentially expressed between 312 NPC samples and 18 normal samples (cut-off criteria
are fold change >2.5 and adjust P-value (FDR) <0.01). The red and green spots represent upregulated and downregulated miRNAs, respectively. miRNAs,
microRNAs; NPC, nasopharyngeal carcinoma; DEGs, differentially expressed genes; ROC, receiver operating characteristic, WGCNA, weighted gene
co-expression network analysis; PPI, protein-protein interaction; BPA; biological pathway; FDR, false discovery rate.

Superimposing four hub miRNAs with 127 mRNAs, a
miRNA-mRNA correlation network was constructed utilizing
Cytoscape software.

Statistical analysis. Statistical analysis was performed using
SPSS 16.0 and R software 3.5.1. Graphs were generated using
GraphPad Prism 5.0. Student's t-test was used to evaluate the
statistical significance of the difference in the means between
groups with a stringency of P<0.05, which was considered to
be significant. The ¥ test was used to calculate the associa-
tion between two categorical variables. Kaplan-Meier survival
analysis and univariate/multivariate Cox regression analysis
were used to assess the expression levels of DEMs and prog-
nostic characteristics. Receiver operating characteristic (ROC)
curves were used to compare the specificity and sensitivity
for the prediction of survival by the risk score, TNM stage,
T stage, N stage, and sex of NPC patients. All P-values were
two-sided.

Results

Identification of DEMs. The brief work-flow of this study
is presented in Fig. 1A. The microarray data of GSE32960,
including 312 NPC tissue samples and 18 normal tissue
samples, were obtained from the NCBI-GEO database. After
applying the cut-off criteria of adjust P-value (FDR) <0.01
and fold change >2.5, a total of 46 DEMs were considered
statistically significant between NPC tissues and normal
tissues (Table SI). The results of 32 significantly downregu-
lated miRNAs and 14 significantly upregulated miRNAs are
displayed in the volcano plot (Fig. 1B). A heat map of these
46 DEM:s is presented in Fig. 2.

Construction of a weighted co-expression network and
identification of key modules. First, the WGCNA package
was used to cluster the miRNA expression of 312 cases of
nasopharyngeal carcinoma in GSE32960 (Fig. S1). The results
revealed that only the expression of GSM816316 was abnormal,
which is considered an outlier sample, and thus, GSM816316
was excluded from our analysis. To ensure a scale-free
network, a soft-threshold p=3 was selected to produce a
hierarchical clustering tree using a WGCNA package as the
soft-thresholding power and then a total of 30 modules were
identified (Figs. 3 and S2). Then, a co-expression network of
the associations between clinical traits and these modules was
constructed using data from GSE32960, including 311 NPC
samples associated with complete clinical data (Fig. 4).
Notably, the dark green module was most significantly associ-
ated with survival status, such as DMFS, RFS, DFS, and OS
in NPC patients. Thus, the dark green module that is most
relevant to survival status was defined as a sur-module.

Identification of hub miRNAs. The 8 miRNAs belonging to
the dark green module are listed in Table SII. The correlation
of the 8 miRNAs of the dark green module and the survival
time of patients is presented in Fig. SA. To determine which
genes were associated with distant metastasis-free survival,
univariate Cox regression analysis of the DEMs individually
was performed (Table SIII). Additionally, 9 miRNAs were
independently significantly related to DMFS (P<0.05). Finally,
the overlapping four miRNAs (hsa-miR-142-3p, hsa-miR-150,
hsa-miR-29b, and hsa-miR-29c) were obtained as our candi-
date miRNAs from the two methods aforementioned (Fig. 5B).
As a result, these four miRNAs were identified as potential
prognostic molecules. Then, all of the tissue data was applied
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Figure 3. Clustering dendrogram and modules identified by WGCNA. miRNAs correlated with DMFS were selected by WGCNA. The clustering diagram
and 30 modules for the 311 NPC tissue screening based on gene expression pattern are presented. WGCNA, weighted gene co-expression network analysis;
miRNAs, microRNAs; DMFS, distant metastasis-free survival; NPC, nasopharyngeal carcinoma.

to determine the four hub miRNA expression levels between
312 NPC tissues and 18 normal tissues, and Fig. 5C revealed
that compared with the normal tissues, the hub miRNAs were
significantly decreased (P<0.001). The detailed clinical data is
presented in Table SIV. Moreover, in the present study, it was
determined that the four miRNAs were not only significantly
downregulated but positively associated with DFS, of which
miR-29c¢ and miR-142-3p were positively associated with
DMES (Figs. S3-S5).

Feasibility analysis of miRNA as a prognostic factor for
survival. We obtained a formula to calculate the risk score
for every patient from the expression values of the four hub
miRNAs, weighted by the regression coefficient (24,25).

Risk score=-(0.6xexpression value of hsa-miR-142-3p)-
(0.37xexpression value of hsa-miR-150)-(0.42xexpression
value of hsa-miR-29b)-(0.66xexpression value of miR-29c).

With this risk score formula, the 312 NPC patients were
divided into low-risk or high-risk groups with the median risk
score (-19.78) as the cut-off. Furthermore, the survival differ-
ence between the two groups of patients was plotted (Fig. 6A).
Notably, compared with patients with low-risk scores of the
four miRNAs, patients with high-risk scores had a shorter
DMFS [hazard ratio (HR) 2.276, 95% CI, 1.403-3.692;
P<0.0009], OS (2.119, 95% CI, 1.337-3.357; P<0.0014), DFS

(2.183, 95% CI, 1.457-3.271; P<0.0002), and RFS (1.768,
95% CI, 0.975-3.207; P<0.0606). The relative clinical charac-
teristics are presented in Table SV. To better understand which
of the groupings were critical in the development of clinical
outcome, univariate and multivariable Cox regression analyses
were performed using a forward conditional method in view of
the results of the univariate analysis. With this aforementioned
analysis, it was clearly observed that the risk scores of the four
miRNAs and T stage were independent prognostic factors for
DFS, DMFS, RFS, and OS in patients with nasopharyngeal
carcinoma (Tables SVI and SVII). Patients in the high-risk
group had significantly higher risk scores, T-stage, and TNM
stages than the low-risk group. Furthermore, to compare the
sensitivity and specificity of prediction, ROC analysis was
performed, and the risk score of four miRNAs exhibited a
better prediction for survival than TNM stage, T stage, N stage
and sex with regard to DMFS, OS, RFS, and DFS in patients
with nasopharyngeal carcinoma (Fig. 6B). Coincidentally, the
AUC:s of the risk score in DMFS and DFS were both 0.69
(95% CI, 0.63-0.75; P<0.0001). Similarly, the AUCs of the
risk score in RFS and OS were both 0.68 (95% CI, 0.62-0.74;
P<0.0001). Thus, the risk score of the four miRNAs was an
effective prognostic factor.

Combination of differentially expressed mRNAs with
predicted targets of hub miRNAs. Bioinformatics analysis was
applied to explore the potential correlation between miRNAs



1772 ZHANG et al: 4-miRNA SIGNATURE PREDICTS PROGNOSIS OF NPC PATIENTS
White 0,014 -0.005 0.017 -0.017 0012 -0.023 0.02 -0.0081
0.8) 0.9) (0.8) 0.8) 0.8) 0.7) 0.7) 0.9)
-0.05 0.02 -0.022 0016 -0.042 0.029 -0.026 0014
Magenta I (0.4) .7 0.7) 0.8) (0.5) (0.6) (0.6) (0.8) 1
0.063 -0.00021 0.084 -0.012 0065 -0.011 0.086 0.01
Green yellow ©3) ) ©.1) ©8) (©3) ©9) ©.1) ©9)
Blue 0.076 -0.032 0.11 -0.079 0,083 -0.056 0.1 -0.038
©.2) (0.6) (0.05) ©.2) 0.1) 0.3) (0.08) (0.5)
022 -0.14 023 -0.17 023 -0.17 0.21 -0.065
Dark green (1e-04) ©01) (56-05) 0.003) (68-05) (0.003) (26-04) 02
-0.047 -0.043 -0.018 -0.059 -0.045 -0.021 -0.013 -0.066
Sky blue (0.4) (0.5) (0.7) (0.3) (0.4) (0.7) (0.8) (0.2)
Cvan -0.014 0.028 0.005 0.0088 -0.022 0.029 0.017 0.0014
Yi ©.8) (0.6) (0.9) ©.9) ©.7) (0.6) (0.8) 1)
-0.12 0.0082 -0.067 -0.019 -0.1 0.026 -0.071 -0.047
Grey60 (0.03) 0.9) 0.2) 0.7 (0.06) (0.6) 0.2) 0.4)
i -0.041 -0.020 0.023 -0.066 -0.012 -0.027 0.011 -0.11 L
Midnight blue (0.5) (0.6) 0.7) 0.2) (0.8) (0.6) (0.8) (0.05) 0.5
0059 -0.052 0.043 -0.019 0,064 -0.077 0.041 0.023
Royal blue (0.3) (0.4) (0.5) 0.n (0.3) 0.2) (0.5) 0.7)
: 0012 -0.054 0018 -0.053 0011 -0.028 0.02 -0.038
Light yellow ©08) ©3) 1) 0.4) ©08) (0.6) ©7) 0.5)
Black -0.23 0.011 -0.17 0013 -0.21 0.053 -0.18 -0.044
ac (58-05) (0.8) (0.002) 0.8) (28-04) (0.4) (0.001) (0.4)
Green -0.22 -0.0012 -0.19 0.0075 -0.21 0.05 -0.21 -0.050
(62-05) 1) (Te-04) 0.9) (20-04) (0.4) (3e-04) ©.3)
-0.18 0.033 -0.12 -0.0076 -0.15 0.048 -0.13 -0.052
Dark red (0.001) (0.6) (0.04) ©.9) (0.006) (0.4) (0.02) (0.4)
: -0.17 0015 -0.13 0011 -0.15 0.052 -0.15 -0.04
Turquoise (0.002) (0.8) (0.02) 0.8) (0.008) (0.4) (0.007) (©.5) 0
: -0.084 -0.036 -0.055 -0.028 -0.063 -0.017 -0.072 -0.022
Dark turquoise I ©.1) (0.5) 0.3) 0.8) ©.3) (0.8) 02) ©.7)
. -0.16 0.0023 -0.11 0.0032 -0.13 0.02 -0.13 ~0.011
Light green (0.008) ) (0.05) I (0.02) 7) (0.02) (0.8)
Red -0.035 0.025 -0.075 0.094 -0.03 0.04 -0.082 0.054
e ©.5) 0.7) 02) ©.1) (©.6) (0.5) (0.1) ©.3)
B 024 0.02 017 0.037 021 -0.033 0.19 0.087
rown (22-05) ©.7) (0.002) 0.5) (22-04) (0.6) (9e-04) 0.09)
0.13 -0.0069 012 -0.043 0.12 -0.024 013 -0.073
Orange 0.02) (0.9) (0.04) ©.5) (0.04) 1) (0.02) ©.2)
0.12 0.047 0073 0,025 0086 0.026 0.009 0013
Purple I (0.03) (0.4) (0.2) ©.7) (©.1) (0.6) (0.08) (0.8)
-0.059 0.022 -0.097 0.039 -0.067 0.021 -0.1 0025
Yellow 0.3) 1) (0.09) (0.5) 0.2) 07 (0.07) ©7) — -0.5
0.082 0.03 0.019 0,036 0053 0.0041 0.034 0.045
Dark grey ©.2) (0.6) 0.7) ©.5) (0.4) (0.9) (0.5) (0.4)
0.13 0.02 0.031 0053 0.087 0.009 0.058 0054
Saddle brown 0.02) 0.7) (06) ©03) ©0.1) ©9) ©3) ©03)
0.05 -0.0094 0.056 -0.036 0.039 -0.035 0.069 -0.032
Dark orange L 0.4) (0.9) (0.3) ©.5) 0.5) (0.5) 0.2) 0.6)
i -0.068 -0.012 -0.11 0.04 -0.069 0.0012 -0.11 0.054
Light cyan ©02) (0.8) (0.06) (0.5) 0.2) 1) (0.05) (03)
Tan 0075 -0.035 0.033 -0.0027 0.06 -0.044 0.041 0.043
(0.2) (0.5) (0.6) (1) (0.3) (0.4) (0.5) (0.5)
Pink 0.16 -0,021 0.09 0.028 0.12 -0.027 0.1 0.08
| (0.008) 0.7 ©.1) 0.8) (0.03) (0.6) (0.04) ©.2) 1
0.12 0.0025 0.058 0054 0.084 0.0081 0.087 0.057 -
Salmon (0.03) () ©3) 0.3) ©.1) 09) ©.1) (03)
Grey 0,037 -0.032 0.046 -0.034 0,048 -0.037 0.035 -0.0085
{0.5) (0.6) (0.4) (0.6) (0.4) (0.5) {0.5) 0.9)
o w ) w o o ) o
£ =2 £ =] £ =2 £ =
£~} © = © = © = ©
%) 2] %) ] %) ] %) [
= e © e o« L ©
© _g o a = ‘® i 2
z bl o _‘E ©
5 2] b ©
W (m] o o
=

Figure 4. Module-patient trait associations. The relationship between modules and patient traits was analysed by WGCNA. Each cell contains the correlation
in the first line and the P-value in the second line. The table is colour-coded by correlation according to the colour legend on the right. WGCNA, weighted gene
co-expression network analysis; DFS, disease-free survival; DMFS, distant metastasis-free survival; RFS, relapse-free survival.

and mRNA expression profiles. The expression profile of
GSE12452, including 31 NPC tissue samples and 10 normal
tissue samples, was also obtained from the NCBI-GEO data-
base. First, with the differential expression analysis, 2,956
mRNAs were identified as being aberrantly expressed (fold
change >1.5, adjust P-value (FDR) <0.05). There are two
reasons for screening differentially expressed genes. One is
that our main focus is on miRNAs, thus the screening of the
differentially expressed miRNAs is more stringent. Another
reason is that the regulation of mRNAs is complicated. Thus,
the screening criteria for mRNAs was lowered in order to
avoid missing genes that are not obviously altered by miRNA
targeting. Of these, 1,601 mRNAs were upregulated and 1,355

mRNAs were downregulated in NPC tissues compared with
normal tissues. The results of 1,355 downregulated mRNAs
and 1,601 upregulated mRNAs are displayed in the volcano
plot (Fig. 7A). Second, we predicted possible target genes of
four hub miRNAs. The online target prediction tool starBase
v2.0 was used to predict the target genes of hsa-miR-142-3p,
hsa-miR-150, hsa-miR-29b, and hsa-miR-29c. The results
revealed that 888 protein-coding genes were associated with
the four hub miRNAs to generate 1,502 miRNA-mRNA
target pairs. Finally, the 127 shared genes were obtained
from 888 target genes of hub genes and 1,601 upregulated
mRNAs as aforementioned (Fig. 7B; Table SVIII). As a
result, 127 mRNAs were identified for the next analysis.
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Figure 5. Relationship of the four-miRNA signature with patient survival. (A) Scatter plot for correlation between gene module membership in the dark
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disease-free survival; RFS, relapse-free survival.

The construction of the miRNA-mRNA correlation network.
After merging the target genes of 4 miRNAs with 127 mRNAs,
the miRNA-mRNA correlation network was constructed
(Fig. 7C). In this network, circular nodes represent mRNAs,
and rectangle nodes represent miRNAs. The size of the nodes
is equal to the number of miRNAs corresponding to the
mRNA, and the colour of the nodes represents the fold-change
to mRNA.

Gene ontology (GO) and pathway analysis. Functional
interactions and related pathway analysis were performed on
127 mRNAs screened in the previous step to find a mechanism
that affects patient survival. First, the screened 127 mRNAs
were input into the String website for analysis, and the interac-
tion information of 101 genes was obtained. Then, the previous
information was imported into Cytoscape software. The
number of interactions of each gene was considered as the size
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Figure 6. Feasibility analysis of miRNA as a survival prognostic factor. (A) Kaplan-Meier curves of DMFS, RFS, DFS, and OS according to the risk score
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of its node, and the comprehensive score of each interaction  Fig. 9A and B. The GO analysis indicated that the genes were
was distinguished by colour (Fig. 8). BP, CC, MF and biolog-  mostly enriched in the extracellular matrix organization, blood
ical pathway analyses of these 127 mRNAs are presented in  vessel development, platelet-derived growth factor binding,
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miRNA, microRNA; FDR, false discovery rate.

and extracellular matrix (Table SIX). Biological pathways
were mainly enriched in the focal adhesion, PI3K/Akt, p53,
mTOR, and ECM-receptor interaction signalling pathways
(Table SX).

Discussion
Prognostic assessment is a crucial part of appropriate treatment

choices. In recent years, miRNAs have been reported in the
initiation and development of many cancers and are potential

biomarkers for diagnosis, prognosis, and personalized treat-
ment (26,27). However, miRNAs as a new biomarker still need
to be identified to guide individual treatment for patients. One
of the biggest challenges in developing miRNA-based thera-
peutics is to identify the best miRNA candidates or miRNA
targets for each disease type (28). Another major challenge is
radioresistance in NPC (29). Hence, to improve the prognosis
and clinical treatment of NPC patients, it is urgent to iden-
tify crucial prognostic biomarkers. However, by combining
miRNAs and mRNAs, the functional properties related to
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NPC pathogenesis cannot be determined. Therefore, miRNA
expression profiles were analysed in NPC samples relative to
normal samples to reveal the potential role of miRNAs in the
prognosis of NPC (Figs. 1 and 2).

In the present study, 46 DEMs were identified by analysing
the GSE32960 data. In addition, a co-expression network of
the associations between clinical traits and the modules was
constructed using this dataset, including 312 NPC samples
(Figs. 3 and 4). It was revealed that the dark green module
was most significantly associated with survival status, such as
DMEFS, RFS, DFS and OS, by WGCNA and univariate Cox
regression analyses. Furthermore, to better understand which
of the 46 differentially expressed miRNAs was critical in
the development of clinical outcome, univariate Cox regres-
sion analysis was performed. In the present study, it was also
revealed that four hub miRNAs (hsa-miR-142-3p, hsa-miR-150,
hsa-miR-29b, and hsa-miR-29c) were significantly downregu-
lated and positively associated with DFS. Of them, hsa-miR-29¢
and hsa-miR-142-3p were positively associated with DMFS
by Kaplan-Meier survival analysis (Figs. 5 and S3-S5).
Subsequently, a four-miRNA signature was constructed to

predict the prognosis of NPC patients. The risk score of the four
miRNAs revealed a better prediction of survival than did TNM
stage, T stage, N stage and sex alone with regard to DMFS, OS,
RFS, and DFS (Fig. 6). Clinically, NPC is a unique malig-
nancy that is highly invasive and metastatic. It was confirmed
that ~50-60% of patients developed distant metastases during
the process of the disease (30). Patients with loco-regionally
advanced NPC (stages III and IV) were reported to have a
5-year survival rate of only 40% despite treatment with stan-
dard RT. In contrast, the great majority of patients died from
distant recurrences (31). It has been reported in the literature
that mir-29c is downregulated in nasopharyngeal carcinoma
and targets a variety of mRNAs, such as extracellular matrix
proteins involved in cell migration and metastasis. Increased
accumulation of mRNAs encoding proteins may contribute to
the invasion and metastasis of NPC (32). Therefore, a decrease
in the expression of mir-29c in NPC cells may contribute to
its aggressive characteristics. Recently, a study indicated that
miR-142-3p, a key suppressive regulator, was epigenetically
silenced by DNMT]1 and suppressed NPC cell metastasis and
EMT by targeting ZEB2 (33). Therefore, miR-142-3p may be
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a potential prognostic marker and therapeutic target to fight
against the metastasis of NPC. One study in NPC revealed
that miR-150 can modulate the EMT course in NPC/HK-1
cells and lead to cell invasion (34). In addition, miR-29a/b
may contribute to the increase in migration and invasion
of S18 cells, a type of nasopharyngeal carcinoma cell (35).
Furthermore, miRNAs emerging as important modulators in
biological pathways can regulate target gene expression and
play a key role in tumourigenesis through translational repres-
sion or mRNA degradation, indicating that these miRNAs
are candidates for clinical applications in the treatment of
cancer (36-39). The function and mechanism of the four
miRNAs in NPC pathogenesis have not been presented thor-
oughly. Further investigation into their functions and partners
may provide us with more targets and strategies for therapy.
Moreover, differentially expressed mRNA data (GSE32960)
were integrated with predicted miRNA targets to increase
the accuracy of target prediction. Therefore, bioinformatics
analysis was applied to explore the potential correlation
between miRNAs and mRNA expression profiles. The target
genes of downregulated miRNAs in NPC should be upregu-
lated. Accordingly, the 127 shared genes were obtained from
888 targets genes of hub genes and 1,601 upregulated mRNAs
as aforementioned. The 127 mRNAs were then identified by
superimposing differentially expressed mRNAs and target
genes of miRNAs, which were used for subsequent gene func-
tional enrichment analysis (Fig. 7). Increasing evidence has
confirmed that miRNAs play an important role in regulating
the expression of protein-coding genes (40-42). To understand
the potential functional roles of miRNAs, GO and BP analyses
were performed. The network revealed that AKT3, PTEN,
FBNI1, LAMCI, COL5A1, COL1A1, COL4Al, and other
genes may play an important role in the interaction (Fig. 8).
In particular, the results revealed that their target genes were
significantly associated with the focal adhesion, PI3K/Akt,
p53, and mTOR signalling pathways (Fig. 9A). In the present
study, PTEN, a type of tumour suppressor and a negative
regulator of PI3K/Akt-dependent cellular survival, has been
implicated in several cancer progressions and was revealed
to be involved in p53 signalling (43-46). The aforementioned
results indicated a possible role of PTEN in p53 and its related
signalling pathways in the dysregulation of miRNAs during
NPC pathogenesis (47-49). Of course, miRNAs play a role in
tumour suppression in other pathways, and we confirmed that
the tumour suppressor miR-216b inhibited the KRAS-related
AKT and ERK pathways (50). Therefore, we conclude that the
results of our gene functional enrichment analysis are reliably
consistent with the present studies.

In conclusion, we successfully identified a four-miRNA
signature using an integrated bioinformatics analysis for
predicting the prognosis of patients with NPC and then
analysed their target genes along with potential biological
signalling pathways in the development and progression
of NPC. GO and BP analyses enabled the identification of
possible associations between miRNAs and protein-coding
genes and revealed the potential roles of miRNAs in NPC
pathogenesis. Additionally, the greatest advantage in the
application of miRNA biology in the clinical management
of patients with NPC is its ability to target multiple genes.
However, the regulatory roles of the four miRNAs related

ZHANG et al: 4-miRNA SIGNATURE PREDICTS PROGNOSIS OF NPC PATIENTS

to p53 signalling or other vital signalling pathways in the
genesis and development mechanism of NPC and the detailed
regulatory mechanisms still require further study before this
four-miRNA signature can be successfully applied clinically.
It is our sincere hope that the present study may help promote
future individualized treatment of NPC.
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