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Background: Nasopharyngeal carcinoma (NPC) is a common malignancy in South-East Asia. NPC is characterized by distant
metastasis and poor prognosis. The pathophysiological mechanism of nasopharyngeal carcinoma is unknown.
This study aimed to identify the crucial miRNAs in nasopharyngeal carcinoma and their target genes, and to
discover the potential mechanism of nasopharyngeal carcinoma development.

Material/Methods: Microarray expression profiling of miRNA and mRNA from the Gene Expression Omnibus database was down-
loaded, and we performed a significance analysis of differential expression. An interaction network of miRNAs
and target genes was constructed. The underlying function of differentially expressed genes was predicted
through Gene Ontology and Kyoto Encyclopedia of Genes and Genomes pathway enrichment analyses. To val-
idate the microarray analysis data, significantly different expression levels of miRNAs and target genes were
validated by quantitative real-time polymerase chain reaction.

Results: We identified 27 differentially expressed miRNAs and 982 differentially expressed mRNAs between NPC and
normal control tissues. 12 miRNAs and 547 mRNAs were up-regulated and 15 miRNAs and 435 mRNAs were
down-regulated in NPC samples. We found a total of 1185 negative correlation pairs between miRNA and mRNA.
Differentially expressed target genes were significantly enriched in pathways in cancer, cell cycle, and cytokine-
cytokine receptor interaction signaling pathways. Significantly differentially expressed miRNAs and genes, such
as hsa-miR-205, hsa-miR-18b, hsa-miR-632, hsa-miR-130a, hsa-miR-34b, PIGR, SMPD3, CD22, DTX4, and CDC6,
may play essential roles in the development of nasopharyngeal carcinoma.

Conclusions: hsa-miR-205, hsa-miR-18b, hsa-miR-632, hsa-miR-130a, and hsa-miR-34b may be related to the development
of nasopharyngeal carcinoma by regulating the genes involved in pathways in cancer and cell cycle signaling
pathways.
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Background

Nasopharyngeal carcinoma is a head and neck cancer charac-
terized as highly malignancy and regional selection [1,2]. NPC
is a rare cancer in Western countries, but it is common in Asian
countries [3]. NPC frequently occurs in southern China, includ-
ed Guangdong, Fujian, Hong Kong and Southeast Asia, includ-
ing Malaysia, Indonesia, and Singapore.

The incidence rate of NPC is 2 per 100 000 worldwide [4]. The
NPC incidence in southern China is 20-50 times higher than
in Western countries [5]. Radiotherapy is the main curative
treatment for NPC to extend patient survival time [6,7]. NPC
presents highly malignant recurrence with local tissue inva-
sion and distant metastasis, which is the dominant reason for
radiotherapy failure [8].

Currently, the major etiological factors of NPC are reported to
be genetic susceptibility, environmental factors, and Epstein-
Barr virus (EBV) infection. Familial and large-scale case-control
studies report that HLA class | genes in the MHC locus at chro-
mosome 6p21 are notably associated with high risk of NPC. In
addition, CDK5, TEL2, CELF2, and IKKB [9-12] are also report-
ed to be associated with NPC pathogenesis. Environmental
risk factors include eating salt-preserved food [13], insuffi-
cient intake of fresh vegetables and fruits [14], alcohol con-
sumption [15], and tobacco smoking [13,16]. Epstein-Barr virus
(EBV) infection is an extensively researched etiological factor
for NPC. EBV belongs to the gamma herpes virus family, per-
sistently infects B lymphocytes in more than 90% of adults,
and is related to NPC tumorigenesis [17].

In addition to the above-mentioned etiological factors of NPC,
mounting evidence shows that microRNAs (miRNAs) may
play essential roles in NPC tumorigenesis by regulating target
genes. miRNAs are small (20-25 nucleotides) non-coding RNAs
that negatively regulate expression level of target gene [18].
Numerous studies have reported that miRNAs are associated
with NPC cell proliferation, migration, invasion, metastasis,
and irradiation sensitivity by suppressing their target genes.
miR-142-3p promotes NPC cell proliferation via suppressing
SOCS6 expression [19]. miR-4649-3p inhibits NPC cell prolif-
eration by targeting protein tyrosine phosphatase SHP-1 [20].
miR-29a/b regulates SPARC and COL3A1 gene expression to
promote NPC cell migration and invasion [21]. miR-23a tar-
gets IL-8/Stat3 pathway results in radio-sensitivity in NPC [22],
while miR-504 down-regulates nuclear respiratory factor 1 re-
sult in radio-resistance in NPC [23]. However, the mechanism
of pathogenesis in NPC remains unclear.

In this study we used bioinformatics methods to integrate
miRNA and mRNA expression data, which are available in the
GEO database, to identify differentially expressed miRNAs and
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target genes between NPC and normal control tissues, aiming
to provide valuable information for use in defining the mech-
anism of pathogenesis in NPC.

Material and Methods

Gene expression datasets

We searched the Gene Expression Omnibus database (GEO,
http://www.ncbinlm.nih.gov/geo) for mRNA and miRNA ex-
pression profiling of NPC, and downloaded the raw expression
data. GEO is a public repository for high-throughput gene ex-
pression data [24]. We only retained the microarray studies
between tumor and normal tissues. The following information
was extracted from each identified study: GEO accession num-
ber, platform, number of cases and controls, time, and author.

Data processing

Different sequencing platforms and clinical samples commonly
cause the heterogeneity among different microarray datasets,
and make it difficult to compare microarray datasets directly.
We downloaded the raw expression dataset and preprocessed
it by log2 transformation and Z-score normalization.

Analysis of differentially expressed miRNA and mRNA

The miRNAs and mRNA differentially expressed between the
NPC and normal control samples were identified using the
limma method, which is a linear model for microarray data
analysis [25]. We selected differentially expressed miRNA as
false discovery rate (FDR) <0.05, and selected differentially ex-
pressed mRNA as FDR <0.001.

Identification of miRNA target genes

To obtain the target genes of miRNAs, the selected miRNAs
were integrated into the miRWalk database (http://www.umm.
uni-heidelberg.de/apps/zmf/mirwalk/) [26], in which the cor-
relation between target genes and miRNAs have been con-
firmed. miRWalk is a comprehensive database that provides
predicted and experimentally validated miRNA-target inter-
actions for humans, mice, and rats. It combines the predict-
ed and validated information with a comparison of binding
sites resulting from 12 existing miRNA-target prediction pro-
grams [26,27]. In our study, we used 6 algorithms: DIANAmMT,
miRanda, miRDB, miRWalk, PICTAR, and TargetScan to predict
target genes of miRNA; if more than 4 of 6 algorithms pre-
dicted the same gene of miRNA, the gene was considered as a
target gene of the miRNA [26]. Reverse correlations of miRNA-
target gene interacting pairs were subject to construct miR-
NA-RNA interaction network analysis.
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Table 1. Genes and primers for gqRT-PCR.

MOLECULAR BIOLOGY

miRNA/mRNA Primer sequence (5°to3’)

Forward-CCAACAAGTGTAACGACGATGCC

Reverse-AACGCTTCACGAATTTGCGT

miRNA-target gene network

Differentially expressed miRNA and differentially expressed
target genes were used to construct the interaction network
by using Cytoscape software (http://cytoscape.org) [28]. In the
miRNA-gene network, a circular node represented the mRNA
and a diamond node represented the miRNA, and their asso-
ciation was represented by a line.

Functional enrichment analysis

The underlying function of differentially expressed target genes
was predicted by the Gene Ontology (GO) [29] function and
Kyoto Encyclopedia of Genes and Genomes (KEGG) [30] path-
way enrichment analysis using the DAVID tool (Database for
Annotation, Visualization, and Integrated Discovery) (http://
www.david.niaid.nih.gov) [31]. We set p<0.05 and FDR <0.05
as the cut-off for selecting significantly enriched functional GO
terms and KEGG pathway, respectively.

Quantitative real-time polymerase chain reaction
(qQRT-PCR)

Total RNA of fresh frozen tissues was extracted using TRIzol
reagent (Invitrogen, Carlsbad, CA, USA) according to the manu-
facturer’s instructions. The SuperScript Ill Reverse Transcription
Kit (Invitrogen, Carlsbad, CA, USA) was used to synthesize the

cDNA according to the manufacturer’s instructions. gqRT-PCR re-
actions were performed using Power SYBR Green PCR Master
Mix [32] (Applied Biosystems, Foster City, CA) on the Applied
Biosystems 7500 (Applied Biosystems, Foster City, CA). The miR-
cute miRNA First-Strand cDNA Kit (Tiangen, Beijing, China) and
miRcute miRNA gPCR Detection Kit (Tiangen, Beijing, China)
were used for miRNA expression level detection. U6 and B-ac-
tin were used as internal control for miRNA and mRNA de-
tected. The relative expression of target genes was calculat-
ed using the 224 equation. The PCR primers were used as
shown in Table 1.

Statistical analysis

At least 3 independent experiments were performed for sta-
tistical evaluation. qRT-PCR experimental data were expressed
as means +SD. The statistical significance was evaluated us-
ing the Student’s t-test and p<0.05 was considered as a sig-
nificant difference.

Results

Differentially expressed miRNAs and mRNAs in the NPC

In this work, we collected a total of 3 mRNA expression pro-
files including 74 NPC and 31 normal control (NC) samples and
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Table 2. Characteristics of mRNA and miRNA expression profiling of the nasopharyngeal carcinoma.

GEO ID Platform Samples (N:P) Time Author
mRNA expression profiling
GPL6480Agilent-014850 Whole Human Genome .
CeRt Microarray 4x44K G4112F (Probe Name version) 18:18 2014 il (G
GSE13597 GPL96[HG-U133A] Affymetrix Human Genome 3.25 2009 Wei W
U133A Array
GPL570[HG-U133_Plus_2] Affymetrix Human .
GSE12452 Genome U133 Plus 2.0 Array 10:31 2008 Ahlquist P
miRNA expression profiling
GSE32906 GPL1135.0 Illumina Custom Prostate Cancer DASL 6:16 2014 Luo Z
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, PRGOS
GPL16770Agilent-031181 Unrestricted_Human_
GSE46172 miRNA_V16.0_Microarray (miRBase release 16.0 4:4 2013 Bethony JM
miRNA ID version)
GSE22587 GPL893.3IlIum|na H}Jman Beta-version microRNA 48 2012 YANG S
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, expression BeadChip
GSE32960 GPL14722microRNA array 18:312 2012 Ma J
GSE36682 Human miRNA 1K 6:62 2012 Wei R

N — normal samples; P — patients’ samples.

5 miRNA expression profiling including 402 NPC and 38 NC
samples, as shown in Table 2. After normalization of the raw
microarray data, significantly differentially expressed genes
including 27 miRNA and 982 mRNA were identified in NPC
compared to normal nasopharyngeal tissues; 27 miRNAs con-
sisted of 12 up-regulated and 15 down-regulated miRNAs; 982
mRNA consisted of 547 up-regulated and 435 down-regulated
mRNAs (Supplementary Table 1). hsa-miR-205, hsa-miR-196b,
and hsa-miR-632 was the most significantly up-regulated miR-
NAs, while hsa-miR-130a, hsa-let-7a, and hsa-miR-34b were
the most significantly down-regulated miRNAs in NPC com-
pared with the normal control (Table 3).

The interaction network of miRNAs and target genes

Based on the identified miRNA-target gene interaction pairs
of reverse association, we compared the interaction network
between miRNAs and target genes in NPC and visualized them
with Cytoscape software. We used 1185 miRNA-target gene
pairs of reverse correlation, including 316 pairs of up-regulat-
ed miRNA and 735 pairs of down-regulated miRNA, to con-
struct the miRNA-target genes interaction network. The target
predictions of hsa-miR-376a*and hsa-miR-18a* are not avail-
able in miRWalk databases.

In this network, the significantly differentially expressed hsa-
miR-632, hsa-miR-205, hsa-miR-18b, hsa-miR-34b, and hsa-
miR-130a were targeted in significantly differentially ex-
pressed PIGR, CDC6, CD22, SMPD3 and DTX4, respectively, as
shown in Figure 1.

GO classification of miRNA target genes

To obtain insights into the biological roles of differential-
ly expressed miRNA target genes, we analyzed the predict-
ed target gene of miRNAs using GO annotation. The thresh-
old of GO terms was p-value<0.05. Nuclear division (GO:
0000280, p=3.05E-05) and cell cycle G2/M phase transition
(GO: 0044839, p=4.02E-05) were the most significant enrich-
ments of targets genes biological process. Intracellular organ-
elle part (GO: 0044446, p=1.95E-05) and organelle part (GO:
0044422, p=3.62E-05) were the highest enrichments of cellular
component. Catalytic activity (GO: 0003824, p=1.09E-04) and
hydrolase activity (GO: 0016787, p=1.75E-04) were the high-
est enrichments of molecular function, as shown in Table 4.

Pathway analysis of miRNA target genes

We performed the KEGG pathway enrichment analysis for
differentially expressed miRNA-target genes. FDR <0.05 was
used as the criteria for pathway detection. The highest enrich-
ment of pathways in our analysis was the pathway in cancer
(FDR=1.78E-11) and cell cycle (FDR=1.48E-07) (Table 5).

qRT-PCR validation of differentially expressed miRNAs and
target genes

To validate the microarray analysis data, the levels of signifi-
cantly differentially expressed miRNAs (hsa-miR-632, hsa-miR-
34b, hsa-miR-130a, hsa-miR-205, and hsa -miR-18b) and target
genes (CD22, CDC6, DTX4, PIGR, and SMPD3) were quantified
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Table 3. Significantly dysregulated miRNAs.

MOLECULAR BIOLOGY

miRNAs p-value FDR
Up-regulated miRNAs
"""" hsamiR20s 00000 000E+0
"""" hsamiR-1%b  isgos  1gsE03
"""" hsamiR632 ~  gBEos 35603
"""" hsamiR186  737E0s 3503
"""" hsamiR93  3gEo4a  9s:k03
"""" hsamiR326  37eos  9sE03
"""" hsamiR20 3104  9sk03
"""" hsamiR376a* 119603 24ee02
"""" hsamiR200  1e&o03 30800
"""" hsamiR18* 2203 377802
"""" hsamiRs423p  260e03  40E02
"""" hsamiR9* 3403 a0
Downregulated mRNAS
"""" hsamiR130a  2oEm 3509
"""" hsalt7a 31os 278603
"""" hsamiR34  aeeos 32803
"""" hsadet7e 7305 3503
"""" hsaletzd  14k04  se7E03
"""" hsamiR3d 2204 78E03
"""" hsamiR146a  33E04  9sk03
"""" hsamiR98  1o09E03  246E02
"""" hsamiR106 11803 24eE02
"""" hsami138 14s03  28%E0
"""" hsamiR31  izsso3 30502
"""" hsamiR363 2603 4oE02
"""" hsamiRsed  29e03  43e02
"""" hsadet7g 30003  43E0D
"""" hsamiR292  33E03  assE02

FDR — false discovery rate.

by gRT-PCR in 2 NPC samples and 2 normal control samples. As
shown in Figure 2A-2C, the expression levels of hsa-miR-632,
hsa-miR-205, and hsa-miR-18b were significantly up-regulated
and the respective target genes CD22, PIGR, and SMPD3 were
significantly down-regulated in NPC samples (p<0.01). The ex-
pressions of hsa-miR-34b and hsa-miR-130a were significantly

down-regulated and the respective target genes CDC6 and DTX4
were significantly up-regulated in NPC samples (p<0.01), as
shown in Figure 2D, 2E. In conclusion, the gRT-PCR validation
of differentially expressed miRNAs and target genes between
NPC and normal control samples was in accordance with re-
sults of our microarray data bioinformatics analysis.
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Figure 1. miRNA-mRNA interaction network of NPC. (A) Down-regulation miRNA and up-regulation mRNA interaction network. The
green and blue diamond nodes represent down-regulation, and red and blue circular nodes represent up-regulation.
(B) Up-regulation miRNA and down-regulation mRNA interaction network. The green and blue circular nodes represent down-
regulation, and the red and blue diamond nodes represent up-regulation. Circular nodes represent mRNAs and diamond
nodes represent miRNAs. Solid lines indicate interaction associations between the miRNAs and mRNAs. The blue diamond
nodes and blue circular nodes represent verified miRNA and mRNA through qRT-PCR.
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Table 4. GO function enrichment analysis of differentially expressed miRNA target genes (top 15).

GO ID GO Term Count P-value FDR

Biological process

G0:0000280  Nucleardivision 7 305£05  148E01
Go:0044839 Cell ycle G2/M phase transition 6 40605  976E02
© GO:0000086 G2/M transition of mitotic cellcyle 6 402E05  650E02
 GO:0007067 Mitotic nuclear division 6  771E05 93702
G0:0022617  Extracellular matrix disassembly 6  B875E05  850E02
GO:0030574 Collagen catabolic process 6 87505  7.08E02
Go:0044243 Multicellular organismal catabolic process 6 875605  607E02
| Go:0048285 organelle fission 7 946E05  574E02
Go:0051301 Celldivision 9 145604 78302
GO:0044763 Single-organism cellular process 191 187604  908E02
| GO:1903047 Mitotic cell cycle process 12 280E04 12401
Go:0044772 Mitotic cell cycle phase transition o 284604  LISEO1
Go:0044770 Cell cycle phase transition 9 284804  106E01
GO:0051726  Regulationof cellyde 41 292604  101E01
G0:0032963 Collagen metabolic process 6 34904  113E01
CCellularcomponent
| G0:0044446  Intracellular organelle part 159 195€05  109E-02
| GO:0044422 organellepat 162 362605  101E02
Go:000s581 Collagen trimer 5 687E05  128E02
GO:0005829 tosol 42 430604  601E02
| GO:0044424  Intracelllarpat 220 73608 819E02
CMolecular function
GO:0003824 Catalyticactvity 88 10904  106E01
GO:0016787  Hydrolaseactvity 7 175E04  855E02
GO:0004000 Adenosine deaminase activity 2 SI17E04  168E01
' co.oo1eaia  Hydrolase activity acting on carbon-nitrogen (but not peptide) s simor 1osEol

bonds, in cyclic amidines

FDR - false discovery rate.

Discussion

miRNAs play essential roles in many fundamental biological
processes, including cell proliferation, migration, invasion, and
metastasis. miRNAs can function as oncogenes or oncosup-
pressor, depending on the targets suppressed.

In our study, we found that hsa-miR-205, hsa-miR-632, hsa-
miR-196b, hsa-miR-18b, and hsa-miR-93 are the top 5 up-reg-
ulated miRNAs and we found that hsa-miR-130a, hsa-let-7a,

hsa-miR-34b, hsa-let-7e, and hsa-let-7d are the top 5 down-
regulated miRNAs in NPC patients. hsa-miR-205 and hsa-miR-
18a are significantly up-regulated, and hsa-miR-34b is signifi-
cantly down-regulated in NPC biopsy tissues [33,34], which is
in accordance with our bioinformatics analysis and further was
validated through qRT-PCR (Table 3, Figure 2D). Moreover, hsa-
miR-205 and hsa-miR-34b expression level influence the devel-
opment of NPC [33]. Functions of hsa-miR-632 up-regulation
and hsa-miR-130a down-regulation in NPC are not reported.

Indexed in:  [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]
[Chemical Abstracts/CAS] [Index Copernicus]

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)




MOLECULAR BIOLOGY

Liu M. et al.:
miRNA-mRNA interaction network in nasopharyngeal carcinoma
© Med Sci Monit, 2016; 22: 2215-2234

Table 5. KEGG pathway enrichment analysis of differentially expressed miRNA target genes (top 15).

KEGG ID KEGG term Count Genes

CCNE2, STAT1, KITLG, RARB, BIRC5, E2F3, EPAS1, FZD7,
. BMP2, NRAS, COL4A5, CDK4, NFKBIA, RAD51, WNT2, BID,

nsa05200  Pathways in cancer 27 L78E-11 £704, MYC, PIK3CD, ITGAV, BRCA2, ITGB1, ARNT2, ZBTB16,
HDAC2, PTGS2, MMP1
CCNE2, ESPL1, CDC14A, GADD45A, E2F3, CHEK1, CCND2,

hsad4110  Cell cycle 14 L48E-07  pKa, CDC25C, CDC6, RBL2, MYC, CDC25A, HDAC2
CCNE2, RARB, E2F3, COL4A5, CDK4, NFKBIA, MYC, PIK3CD,

hsa05222 Small cell lung cancer 11 9.81E-07 ITGAV, ITGB1, PTGS2

Cvtokine-cvtokine recentor INHBB, IL15RA, KITLG, IL15, BMP2, CXCL3, CLCF1,

hsa04060 in)ieractiony P 16 3.08E-05 TNFSF15, PRLR, CCR1, GHR, CD40LG, CCL8, TNFRSF9,
TNFSF4, CCR6

hsa04662 Eaﬁl\l/v;e;ept°r signaling 8 3.156-04  CD22, CD79A, NRAS, NFKBIA, LYN, PIK3CD, PPP3CA, CD19
CCNE2, STAT1, EIF2AK2, TNFAIP3, CCND2, CDK4, NFKBIA,

hsa05162 Measles 10 3.87E-04 PIK3CD, OAS3, ADAR

hsa04115 p53 signaling pathway 5 4.14E-04 CCNE2, GADD45A, CHEK1, CCND2, CDK4

hsa04640 Hematopoietic cell lineage 8 4.18E-04 CD22, KITLG, CD1D, TFRC, CD1C, CD19, MS4A1, CR1

hsa05220 Chronic myeloid leukemia 7 6.01E-04 E2F3, NRAS, CDK4, NFKBIA, MYC, PIK3CD, HDAC2

. . IL15RA, STAT1, IL15, CCND2, CLCF1, SOCS5, PRLR, MYC,
hsa04630 Jak-STAT signaling pathway 10 7.27E-04 PIK3CD, GHR
hsa05140 Leishmaniasis 4 8.58E-04 STAT1, NFKBIA, ITGB1, PTGS2
. STAT1, EIF2AK2, CLDN8, NRAS, NFKBIA, TRADD, PIK3CD,

hsa05160 Hepatitis C 9 8.98E-04 MAPK14, OAS3

hsa05340 Primary immunodeficiency 5 9.13E-04 CD79A, ADA, CD40LG, CD19, UNG

hsa05219 Bladder cancer 3 1.22E-03 E2F3, CDK4, MYC

Complement and coagulation
hsa04610 6 1.77E-03 PLAUR, PROS1, C3AR1, C7, CR1, PLAU

cascades

FDR — false discovery rate.

Tang et al. reported that miR-205-5p has significant diagnostic
value as a novel candidate biomarker in NPC. They performed
a comprehensive analysis of microRNA expression patterns of
3 NPC biopsies and 3 normal nasopharyngeal epithelium spec-
imens, then validated the differentially expressed miRNAs in
67 NPC and 25 normal tissues with gRT-PCR, finding that miR-
205-5p is 1 of 5 significantly differentially expressed miRNAs
in NPC [35]. In addition, miR-205 is related to radio-resistance
of NPC, and miR-205 up-regulation results in radio-resistance
of NPC through suppressing the PTEN pathway [36,37]. In our
work, PIGR was predicted as target gene of miR-205, and this
was validated in NPC tissues by gRT-PCR (Figure 2B). PIGR had
significantly lower expression in NPC specimens, but was fre-
quently expressed in non-tumor controls [38], which is con-
sistent with our results (Figure 2B).

Target CDC6 was up-regulated by hsa-miR-34b in NPC tissues,
as Figure 2D shows. miR-34b/c and TP-53 polymorphisms may
contribute to the risk of NPC, and gene-gene interaction of
miR-34b/c rs4938723 and TP-53 Arg72-Pro increases the risk
of NPC [39]. It is reported that CDC6 is associated with can-
cer prognosis and proliferation, while CDC6 functions in NPC
are not reported. CDC6 is significantly up-regulated by miR-
26a/b in lung cancer specimens compared with the adjacent
normal tissues, suggesting that CDC6 is associated with poor-
er prognosis of lung cancer [40]. Knockdown of CDC 6 effec-
tively inhibits proliferation of tongue squamous cell carcino-
ma Tca8113 cells [41]. In our work, CDC6 was enriched in cell
cycle, which is the top 2 KEGG enrichment pathway of differ-
entially expressed miRNA target genes (Table 5).

hsa-miR-18b was up-regulated and consequentially caused sig-
nificant down-regulation of target genes ABLIM1 and SMPD3
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Figure 2. miRNA and mRNA expression level in NPC and control tissues by qRT-PCR. (A) hsa-miR-632 and CD22; (B) hsa-miR-205 and
PIGR; (C) hsa-miR-18b and SMPD3; (D) hsa-miR-34b and CDC6; (E) hsa-miR-130a and DTX4. Control tissues mean adjacent

cancer tissues of NPC.

(NSMASE?) in NPC (Table 3, Figure 2C). SMPD3 was down-reg-
ulated by both of hsa-miR-18b and hsa-miR-632 in our study.
hsa-miR-18b influences cancer cell proliferation, growth, and
metastasis, while hsa-miR-18b up-regulation is mediated by
loss of connective tissue growth factor through PI3K/AKT/C-Jun
and C-Myc signaling to promote cell growth and cell prolifera-
tion of NPC [42]. Oxidative stress modulates NSMASE2 sub-cel-
lular localization in plasma membranes to generate ceramide
and induces apoptosis of lung carcinoma A549 cell line [43].
NSMASE?2 regulates exosomal miRNA secretion and promotes
angiogenesis within the tumor microenvironment, as well as
in metastasis [44].

Deltex 4, E3 ubiquitin ligase is the official name of DTX4; it
functions as a negative regulator of Notch signaling [45], which
is crucial for the T-cell development in early stages and angio-
genesis during carcinogenesis [46,47]. Dysregulation of Notch
and Wnt promotes cell differentiation and tumorigenesis. In
our study, DTX4 was up-regulated by hsa-miR-130a, hsa-miR-
73, hsa-miR-7g, hsa-miR-7d, and hsa-miR-7e in NPC patients.

CD22 was down-regulated by both of hsa-miR-632 and hsa-
miR-210. CD22 was enriched in B cell receptor and hematopoi-
etic cell lineage signaling pathway via KEGG pathway analy-
sis (Table 5). It is reported that pan-B lymphocytes have scant
peri-tumoral areas and are absent in 29 out of 50 NPC biop-
sies through using immunohistological detection [48]. hsa-
miR-632 is reportedly associated with breast cancer tumorigen-
esis, and high expression level of hsa-miR-632 down-regulates
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DNAJB6, leading to significantly increased invasive and met-
astatic ability of breast cancer cells compared to mammary
epithelial cells [49].

Pathway in cancer was identified as the most significantly en-
riched pathway in NPC (Table 5). Pathway in cancer is related to
pathogenesis of various cancer types, such as colorectal, pan-
creatic, thyroid, and lung cancer [50-54], indicating that path-
ways in cancer may play an important role in NPC pathogenesis.

There are limitations in our work. We have constructed the
regulatory network of miRNAs and mRNA inverse correlations
pairs, and the pathogenesis of key miRNAs and mRNAs in NPC
need to be elucidated through in vivo and in vitro experiments.

Conclusions

We identified 27 differentially expressed miRNAs and 982 dif-
ferentially expressed mRNAs between NPC and normal tis-
sues. We used 1185 miRNA-target gene pairs of inverse cor-
relations to construct an interaction network. In this network,
we found several miRNAs and genes that may play important
roles in NPC, such as hsa-miR-205, hsa-miR-34b, hsa-miR-18b,
hsa-miR-632, hsa-miR-130a, PIGR, CDC6, CD22, SMPD3, and
DTX4. The pathway in cancer may be involved in the patho-
genesis mechanism of NPC. Our findings may provide an im-
portant contribution to further elucidate the pathogenesis
mechanisms of NPC.
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Supplementary Table 1. Full list of differentially expressed mRNA in nasopharyngeal carcinoma.

Genes FDR Up/down regulation Genes FDR Up/down regulation
LMNB2 1.00E-11 Up SAC3D1 2.45E-07 Up
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FDR Up/down regulation FDR Up/down regulation
1.67E-06 7.83E-06
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Genes FDR Up/down regulation FDR Up/down regulation
FGD6 2.75E-05 Up 7.17E-05 Up
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Genes FDR Up/down regulation Genes FDR Up/down regulation
LGALS1 1.32E-04 Up TAP1 2.18E-04 Up
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Genes FDR Up/down regulation Genes FDR Up/down regulation
EVL 3.69E-04 Up KCNMB2 6.13E-04 Up
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Genes FDR Up/down regulation Genes FDR Up/down regulation
COL1A1 9.98E-04 Up FCRL2 4.33E-07 Down
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Genes FDR Up/down regulation FDR Up/down regulation
ANG 4.04E-06 Down 3.03E-05 Down
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Genes FDR Up/down regulation Genes FDR Up/down regulation
DLEC1 7.32E-05 Down ZNF137P 1.56E-04 Down
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Genes FDR Up/down regulation Genes FDR Up/down regulation
STAP1 2.64E-04 Down C9orf9 5.92E-04 Down

FDR: false discovery rate
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