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Abstract: Mechanisms about regulation of mRNAs, microRNAs (miRNAs), and long non-coding RNAs (lncRNA) in 
cervical lymph node metastatic laryngeal squamous cell carcinoma (LSCC) remained unclear. Two sets of three 
microarrays of mRNA, miRNA and lncRNA in fresh surgical LSCC samples were established, respectively from three 
paired tumor and adjacent normal mucosa epithelial tissues in cN + (Positive metastasis of cervical lymph node) 
patients, and three paired tumor and adjacent normal tissues in cN0 (non-cervical lymph node metastatic) pa-
tients. Bioinformatic methods including differentiation analysis and enrichment analysis were recruited to identify 
crucial mRNAs, miRNAs and lncRNAs. Pearson Correlation Coefficients, TargetScan 6.2 and Miranda software were 
used to establish lncRNA-mRNA, miRNA-mRNA and lncRNA-miRNA regulatory networks. Venn analysis was per-
formed to select specific integrated network for cervical lymph node metastatic LSCC. In total, 2253/600 differen-
tially expressed (DE)-mRNAs, 45/34 DE-miRNAs and 71/48 DE-lncRNAs were identified as specific for lymph node 
metastatic/non-metastatic LSCC samples. Cell cycle and proteasome pathways were over-represented for specific 
mRNAs in lymph node metastatic samples. In the interacted networks, PVT1 was associated with the downregu-
lated hsa-miR-1207-5p and the upregulated G6PD, which was predicted targeted by hsa-miR-1207-5p; whereas 
LOC157273 was closely related to the downregulated hsa-miR-145-5p and upregulated CDK4, SEH1L and SMC1A, 
which were predicted targeted by hsa-miR-145-5p. Several important mRNAs (G6PD, SMC1A and CDK4), miRNAs 
(miR-1207-5p and hsa-miR-145-5p) and lncRNAs (PVT1 and LOC157273) were identified as potential biomarkers 
for lymph node metastatic LSCC diagnosis. Additionally, PVT1 might regulate miR-1207-5p, whose potential target 
was G6PD; and SMC1A and CDK4 might be targets of hsa-miR-145-5p.

Keywords: Laryngeal squamous cell carcinoma, lymph node metastasis, mRNA, microRNA, long non-coding RNA, 
cell cycle

Introduction

Laryngeal squamous cell carcinoma (LSCC) is 
the most frequent type of Head and neck squa-
mous cell carcinomas (HNSCC), which is the 
fifth frequent malignancy worldwide [1, 2]. It is 
the second predominant upper respiratory 
tract tumor with high mortality and is able to 
spread to regional cervical lymph nodes [3]. 
Though advanced technologies have been de- 

veloped in the diagnosis and prevention of the 
disease, the survival rates were not significantly 
improved or even decreased in the United State 
[4, 5]. The overall 5-year survival rate for LSCC 
was 64.2% in a meta-analysis [6]. Cervical 
lymph nodes metastases is believed to be one 
major reason of the poor prognosis in LSCC 
patients [7]. Additionally, in patients with lymph 
node metastases, the 5-year survival rate was 
less than 50% [8]. 

http://www.ijcep.com
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Therefore it is necessary to explore new strate-
gies such as identifying novel biomarkers asso-
ciated with metastasis for prediction and prog-
nosis of LSCC. In previous studies, a spectrum 
of gene makers related to LSCC have been pro-
posed such as matrix metalloproteinase-2 
(MMP-2) [9], cluster of differentiation 24 (CD24) 
[10] and U3 small nucleolar ribonucleoprotein 
protein (IMP3) [11]. Also, several achievements 
have been made in the identification of bio-
markers linked to lymph node metastasis in 
LSCC, including RPN2 and eukaryotic transla-
tion initiation factor 3, subunit A (eIF3a) [2]. 

Known as a class of small non-coding RNAs, 
microRNAs (miRNAs) normally serve as regula-
tors of gene expression at post-transcriptional 
level, and play significant roles in various 
human cancers [1, 12]. MiR-34a was reported 
to involve in cell proliferation suppression and 
thus influence the occurrence of LSCC [13]. The 
elevated expression of miR-1297 was discov-
ered in LSCC, and further experiments in vitro 
indicated that this miRNA suppressed the 
expression of its target PTEN, a tumor suppres-
sor gene whose dysregulation might result in 
tumor metastasis and proliferation [14]. 

Recently, increasing attentions have been paid 
to the long non-coding RNAs (lncRNAs), which 
have the length of more than 200 nt and  
are widely distributed in human genome [15]. 
Different with miRNAs, lncRNAs could exert its 
regulatory functions at transcriptional and post-
transcriptional levels [16]. Inspiringly, the roles 
of several potential lncRNA markers have been 
elucidated. The lncRNA Metastasis-associated 
lung adenocarcinoma transcript 1 (MALAT-1), 
overexpressed in LSCC tumor tissues and 
closely related to metastasis, was involved in 
the regulation of cell apoptosis [17]. To date, 
the elaborated lncRNA markers with experi-
mental validations were AC026166.2-001 and 
RP11-169D4.1-001 [15]. 

However, the potential regulatory correlations 
among mRNAs, miRNAs and lncRNAs as well  
as the comparisons between cervical lymph 
node metastatic and non-metastatic LSCC,  
are rarely reported. In the present study, we 
established two microarray sets of mRNAs, 
miRNAs and lncRNAs, respectively obtained 
from three paired cervical lymph node meta-
static LSCC tissues and adjacent normal muco-
sa epithelial tissues in cN1 (sentinel lymph 

node) patients, and from three paired LSCC tis-
sues and adjacent normal mucosa epithelial 
tissues in cN0 (non-cervical lymph node meta-
static) patients. Bioinformatic methods were 
recruited to screen differently expressed 
mRNAs, miRNAs and lncRNAs (DE-mRNAs, 
DE-miRNAs and DE-lncRNAs) and seek their 
potential regulatory relationships. Following 
that, venn analysis was performed to further 
explore the metastatic specific integrated net-
work, attempting to uncover the underlying 
mechanisms in the progression of LSCC metas-
tasis as well as provide novel related miRNA or 
lncRNA biomarkers.

Material and methods

Patient sample collection

All the LSCC patients recruited in this study did 
not undergo prior radiotherapy, chemotherapy, 
biotherapy and other molecular targeting thera-
py, and were obtained from the Department of 
Otolaryngology Head and Neck Surgery of The 
first Hospital Affiliated with Shanxi Medical 
University. LSCC and the lymph node metasta-
sis were all diagnosed using frozen section by 
two different senior pathologists. Paired tumor 
and control (adjacent normal mucosa epithelial 
tissues) were obtained during surgery. All the 
patients were ensured without the history of 
hepatitis A, B and C, human papillomavirus 
(HPV), human immunodeficiency virus (HIV), 
syphilis, other chronic diseases and familial 
genetic disorder. We also determined the tumor 
stages, with the criteria of tumor-node-metas-
tasis (TNM), which was based on American 
Joint Committee on Cancer (AJCC). Detailed 
characteristics of patients are presented in 
Table 1. This study was conducted according to 
the Helsinki declaration and was approved by 
the Research Ethics Committee at Shanxi 
Medical University. All the patients signed the 
informed consent. 

Total RNA extraction

Tissues were immediately frozen in liquid nitro-
gen and shred using a homogenizer (IKA, 
Staufen, Germany). For the mRNA and lncRNA 
microarray preparation, the total RNA was ex- 
tracted by TRIzol reagent (Invitrogen, Carlsbad, 
CA), while the total RNA for miRNA microarray 
was abstracted and purified applying mirVana™ 
miRNA Isolation Kit (Ambion, Austin, TX, US) 
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and miRNeasy Mini Kit (QIAGEN, GmBH, 
Germany). The samples were qualified and 
examined recruiting an Agilent Bioanalyzer 
2100 (Agilent technologies, Santa Clara, CA, 
US). We evaluated the purity of total RNA 
through the detection of the absorbance ratio 
at 260 to 280 nm.

Microarray analysis

The RNA was amplified and transferred to cDNA 
after purification. Subsequently, based on the 
relevant instructions of the manufacture, the 
cDNA was labeled and homogenized. For mRNA 
and lncRNA microarray, the labeling was per-
formed by Agilent Quick Amp Labeling Kit 
(Agilent Technologies, Santa Clara, CA) and the 
hybridization was conducted on the Agilent 
Human LncRNA Microarray (4*180 K) V19.0  
via Agilent Gene Expression Hybridization Kit 
(Agilent technologies, Santa Clara, CA, US), in a 
SureHyb Hybridization Chamber (Agilent) at 
65°C for 17 h. When the washing was complet-
ed, the slides were scanned with an Agilent 
DNA Microarray Scanner (Agilent technologies, 
Santa Clara, CA, US), and afterwards the data 
were abstracted using Agilent Feature 
Extraction software. Further data analysis was 
conducted using Agilent GeneSpring GX v12.0 
software (Agilent technologies, Santa Clara, 
CA, US). 

For miRNA microarray, the labeling was per-
formed by miRNA Complete Labeling and Hyb 
Kit (Agilent technologies, Santa Clara, CA, US) 
and hybridization was conducted with 100 ng 
Cy3-labeled RNA using miRNA Complete 
Labeling and Hyb Kit (Agilent technologies, 
Santa Clara, CA, US) on the Agilent Human 
MiRNA Microarray (8*60 K) V19.0. Based on 
the manufacture’s instruction, the hybridization 
was carried out in an Oven (Agilent technolo-
gies, Santa Clara, CA, US) at 55°C for 20 h. 

Afterwards, slides were washed in staining 
dishes (Thermo Shandon, Waltham, MA, US) 
using Gene Expression Wash Buffer Kit (Agilent 
technologies, Santa Clara, CA, US), followed by 
scanning through Agilent Microarray Scanner 
(Agilent technologies, Santa Clara, CA, US) and 
Feature Extraction software 10.7 (Agilent tech-
nologies, Santa Clara, CA, US). Raw data were 
normalized by Quantile algorithm, Gene Spring 
Software 11.0 (Agilent technologies, Santa 
Clara, CA, US). 

Identification of DE-mRNAs, DE-miRNAs and 
DE-lncRNAs

All the microarray data were preprocessed 
using Affy package in Bioconductor [18]. The 
raw data were subjected to background  
correction, quantile data normalization and 
probe summarization recruiting the Robust 
Multi-array Average (RMA) algorithm [19]. 
DE-mRNAs, DE-miRNAs and DE-lncRNAs be- 
tween cervical lymph node metastatic  
LSCC and control samples, lymph node  
non-metastatic LSCC and control samples  
were screened based on t-test using linear 
models for microarray data (limma) package  
of Bioconductor R (http://www.bioconductor.
org/packages/release/bioc/html/limma.html) 
[20]. The threshold for selection were P < 0.05 
and |log2FC (fold change)| > 1. Moreover, by 
comparing these two kinds of DE-mRNAs, 
DE-miRNAs and DE-lncRNAs using Venn analy-
sis [21], the common or specific ones in cervi-
cal lymph node metastatic and non-metastatic 
LSCC tissues were selected for further 
analyses.

Functional enrichment analyses for DE-mRNAs

The DE-mRNAs were mapped to gene ontology 
(GO, http: //www. geneontology. org/) [22] and 

Table 1. Clinical parameters of the six LSCC patients

Samples Hospitalization  
starting time Gender Age Types Differentiation TNM 

Stage
Clinical 
stage

C1/N1 2012/12/5 Female 61 Supraglottic LSCC Poorly differentiated T1N0M0 I
C2/N2 2012/6/10 Male 75 Supraglottic LSCC Poorly differentiated T2N0M0 II
C3/N3 2013/1/12 Male 58 Glottic LSCC Poorly differentiated T3N0M0 III
C4/N4 2012/8/13 Male 60 Glottic LSCC Highly differentiated T4N1M0 IV
C5/N5 2013/4/28 Male 73 Supraglottic LSCC Moderately differentiated T2N1M0 III
C6/N6 2012/5/4 Male 54 Supraglottic LSCC Moderately differentiated T4N2M0 IV
LSCC, laryngeal squamous cell carcinoma; C, LSCC tissues (1-3 represent lymph node non metastatic tissues, 4-5 represent 
cervical lymph node metastatic tissues); N, the paired adjacent normal tissues; TNM, tumor-node-metastasis.
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Figure 1. The heat map of clustering analysis of differentially expressed (DE) mRNAs, miRNAs and lncRNAs. X-axis 
represents samples, while Y-axis represents mRNAs, miRNAs and lncRNAs. A: DE-mRNAs in lymph node metastatic 
laryngeal squamous cell carcinoma (LSCC); C: DE-miRNAs in lymph node metastatic LSCC; E: DE-lncRNAs in lymph 
node metastatic LSCC; B: DE-mRNAs in lymph node non-metastatic LSCC; D: DE-miRNAs in lymph node non-meta-
static LSCC; F: DE-lncRNAs in lymph node non-metastatic LSCC.
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Kyoto Encyclopedia of Genes and Genomes 
(KEGG, http://www.genome.jp/kegg/pathway.
html) [23] databases to recognize their poten-
tial functions and pathways, with the method  
of Fisher test [24] using the tool of Database 
for Annotation, Visualization and Integrated 
Discovery (DAVID, http://david.abcc.ncifcrf.
gov/) [25]. The P values were adjusted into 
false discovery rate (FDR), and the criteria  
for significantly enriched GO terms and path-
ways were both FDR < 0.05. For the common  
or specific DE-mRNAs in cervical lymph node 
metastatic and non-metastatic LSCC tissues, 
functional enrichment analyses were also 
performed.

Correlation analysis of mRNA, miRNA and ln-
cRNA 

The potential interaction pairs between 
DE-lncRNA and DE-mRNAs with the Pearson 
Correlation Coefficients (absolute value) > 0.95 
[26] were screened out to establish the co-
expression network between them. 

The target genes of the DE-miRNAs were  
predicted by TargetScan 6.2 (http://www.tar-
getscan.org) database [27]. Then combining  
with the DE-mRNA information, the interaction 
pairs of miRNA-mRNA (which had reverse 
expression patterns) were recognized to con-
struct a regulatory network between them. 

By recruiting miRanda software (http://www.
microrna.org/microrna/getDownloads.do) [28], 
the correlations between DE-miRNA and 
DE-lncRNA were predicted and the interaction 
pairs of miRNA-lncRNA with inverse expression 
patterns were selected to construct the res- 
ponding network.

Based on the interaction pairs in the above 
three networks, the interactions between 
mRNA and lncRNA sharing common miRNA 
were predicted. Afterwards, the integrated reg-
ulatory network of mRNA-miRNA-lcnRNA was 
established. 

Furthermore, we conducted parallel compari-
sons between all the networks separately built 
for lymph node metastatic and non-metastatic 
LSCC tissues, to recognize the common inter-
action pairs and specific ones and then estab-
lished the corresponding mRNA-miRNA-lcnRNA 
networks.

All the networks were visualized by Cytoscape 
(http://cytoscape.org/) [29].

Results

Screening of DE-mRNAs, DE-miRNAs and DE-
lncRNAs

Based on the t-test method using limma pack-
age, there identified a total of 1183/2836 
DE-mRNAs, 52 (30 up-regulated and 22  
down-regulated)/63 (34 up-regulated and  
29 down-regulated) DE-miRNAs and 81/104 
DE-lncRNAs in lymph node metastatic/non-
metastatic LSCC tissues, compared with  
control samples, as shown in the heat map  
of clustering analysis (Figure 1). By comparing 
the two sets of DE-mRNAs, DE-miRNAs and 
DE-lncRNAs, a total of 583 DE-mRNAs, 18 
DE-miRNAs and 33 DE-lncRNAs were identi- 
fied as common ones, while 2253/600 
DE-mRNAs, 45/34 DE-miRNAs and 71/48 
DE-lncRNAs were deemed as the specific ones 
in lymph node metastatic and non-metastatic 
LSCC samples, respectively.

Enriched functions and pathways for DE-
mRNAs

GO and KEGG pathway enrichment analyses 
were conducted for the common and specific 
DE-mRNAs identified in lymph node metastatic 
and non-metastatic LSCC samples, respective-
ly. As a result, the significant GO terms for  
specific DE-mRNAs in lymphatic metastasis 
LSCC included cell cycle related issues (GO: 
0000278, GO: 0051301 and GO: 0000087), 
protein heterodimerization activity (GO: 0046- 
982) and protein binding (GO: 0005515), while 
that in non-lymphatic metastasis LSCC tissues 
embraced cell adhesion (GO: 0007155), extra-
cellular region (GO: 0005576) and AMP deami-
nase activity (GO: 0003876) (Table 2). For the 
overlapped DE-mRNAs in both lymphatic me- 
tastasis and non-lymphatic metastasis LSCC 
tissues, the significant enriched GO terms were 
extracellular matrix structural constituent (GO: 
0005201), proteinaceous extracellular matrix 
(GO: 0005578) and mitotic cell cycle (GO: 
0000278) (Table 2). With regards to the path-
ways, 12 pathways such as viral carcinogene-
sis, proteasome and cell cycle were enriched 
for the specific DE-mRNAs in lymphatic metas-
tasis LSCC, while 15 pathways such as cell 
adhesion molecules (CAMs), ECM-receptor 
interaction, small cell lung cancer and arrhyth-
mogenic right ventricular cardiomyopathy 
(ARVC) were over-presented amongst the spe-
cific DE-mRNAs in non-lymphatic metastasis 
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Table 2. Significant GO terms for DE-mRNAs in lymphatic metastasis and non-lymphatic metastasis 
LSCC (top 5)

Category Term Count P-Value FDR
Lymph node metastatic LSCC BP GO: 0000278~mitotic cell cycle 87 2.59199E-13 9.15748E-10

BP GO: 0051301~cell division 69 1.09578E-07 0.000153002

BP GO: 0060337~type I interferon-mediated signaling 
pathway

26 1.29919E-07 0.000153002

BP GO: 0000087~M phase of mitotic cell cycle 31 4.33335E-07 0.000339685

BP GO: 0000236~mitotic prometaphase 29 4.81476E-07 0.000339685

CC GO: 0005654~nucleoplasm 161 4.00857E-09 2.33299E-06

CC GO: 0005829~cytosol 330 1.26826E-07 3.69065E-05

CC GO: 0000786~nucleosome 24 1.56763E-06 0.000304119

CC GO: 0000777~condensed chromosome kinetochore 22 1.55833E-05 0.002267366

CC GO: 0005694~chromosome 24 8.59121E-05 0.010000169

MF GO: 0046982~protein heterodimerization activity 63 9.86116E-05 0.079094272

MF GO: 0005515~ protein binding 611 0.000132486 0.079094272

MF GO: 0003725~double-stranded RNA binding 13 0.001753337 0.639062494

MF GO: 0004298~threonine-type endopeptidase activity 8 0.003387402 0.639062494

MF GO: 0032393~MHC class I receptor activity 7 0.004296241 0.639062494

Non- lymph node metastatic LSCC BP GO: 0007155~cell adhesion 26 0.000193068 0.277052439

BP GO: 0043101~purine-containing compound salvage 4 0.00052869 0.30003844

BP GO: 0045578~negative regulation of B cell differentia-
tion

3 0.000627258 0.30003844

BP GO: 0061180~mammary gland epithelium develop-
ment

3 0.001298148 0.327228705

BP GO: 0071560~cellular response to transforming 
growth factor beta stimulus

5 0.001540479 0.327228705

CC GO: 0005576~extracellular region 64 0.000149173 0.037889837

CC GO: 0005788~endoplasmic reticulum lumen 11 0.002764353 0.351072807

CC GO: 0016942~insulin-like growth factor binding protein 
complex

2 0.005243474 0.378368834

CC GO: 0031143~pseudopodium 3 0.006865974 0.378368834

CC GO: 0031093~platelet alpha granule lumen 5 0.007448205 0.378368834

MF GO: 0043027~cysteine-type endopeptidase inhibitor 
activity involved in apoptotic process

4 0.002292289 0.30080397

MF GO: 0031732~CCR7 chemokine receptor binding 2 0.00298602 0.30080397

MF GO:0003876~AMP deaminase activity 2 0.004901537 0.30080397

MF GO:0005201~extracellular matrix structural constitu-
ent

6 0.005991223 0.30080397

MF GO: 0070061~fructose binding 2 0.007241483 0.30080397

Common BP GO: 0000278~mitotic cell cycle 34 3.67755E-10 5.67079E-07

BP GO: 0030198~extracellular matrix organization 22 3.20136E-09 2.46825E-06

BP GO: 0006260~DNA replication 21 1.79475E-08 9.22502E-06

BP GO: 0006271~DNA strand elongation involved in DNA 
replication

10 9.81425E-08 3.78339E-05

BP GO: 0000084~S phase of mitotic cell cycle 16 4.89256E-07 0.000150887

CC GO: 0031012~extracellular matrix 22 1.55311E-08 4.93888E-06

CC GO: 0042555~MCM complex 6 1.20137E-06 0.000127918

CC GO: 0005615~extracellular space 49 1.20677E-06 0.000127918

CC GO: 0000776~kinetochore 10 1.86817E-05 0.001485193

CC GO: 0005578~proteinaceous extracellular matrix 18 3.49719E-05 0.002224211

MF GO: 0003777~microtubule motor activity 13 7.95852E-07 0.000421006

MF GO: 0008201~heparin binding 14 3.61926E-05 0.009572936

MF GO: 0003678~DNA helicase activity 6 0.000116293 0.020506412

MF GO: 0005201~extracellular matrix structural constitu-
ent

8 0.000758276 0.100281966

MF GO: 0017111~nucleoside-triphosphatase activity 9 0.000956806 0.101230105
GO, gene ontology; LSCC, laryngeal squamous cell carcinoma; BP, biological process; CC, cellular components; MF, molecular function; Count, number of differentially 
expressed mRNA in a specific term; FDR, false discovery rate.
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LSCC. The overlapped DE-mRNAs between 
these two kinds of samples were predominant-
ly enriched in 11 pathways such as focal  
adhesion, ECM-receptor interaction, mismatch 
repair, protein digestion and absorption and 
small cell lung cancer (Table 3).

Correlation analysis of mRNA, miRNA and ln-
cRNA

The interaction networks of lncRNA-mRNA, 
miRNA-mRNA and miRNA-lncRNA were estab-
lished for metastatic and non-metastatic sam-
ples, respectively. In the networks, the ‘degree’ 
of a node (DE-lncRNA, DE-mRNA, or DE-miRNA) 
represents the number of interactions with 
other nodes. The most highly connected nodes 
(with a high degree) were considered to be the 
network ‘hubs’. After venn analysis, the specific 
and common networks were extracted. 

For metastatic samples the specific lncRNA-
mRNA network was comprised of 316 nodes 
and 874 edges with predominant hub lcnRNAs 
such as LOC157273 (degree = 57, interacted 
with miRNAs such as hsa-miR-145-5p and hsa-
miR-4532), TPTE2P5 (degree = 28), PVT1 
(degree = 46, interacted with hsa-miR-1207-5p 
and hsa-miR-143-3p) and LINC00640 (degree 
= 21), while the specific miRNA-lncRNA network 
was consisted of 109 nodes and 463 edges, 
embracing the hub lncRNAs such as RNA45S5 
(degree = 20), LOC728377 (degree = 14) and 
LOC729732 (degree = 10) (Figure 2). 

By contrast, for non-metastatic samples the 
specific lncRNA-mRNA network was consisted 
of 62 nodes and 70 edges, in which hub 
lncRNAs such as LOC643837 (degree = 6), 
LOC401164 (degree = 8) and CT49 (degree = 
7) were highlighted, whereas in the specific 
miRNA-lncRNA network, 70 nodes and 189 

Table 3. Significant over-presented pathways for DEGs in lymphatic metastasis and non-lymphatic 
metastasis LSCC (top ten)
Category Pathway ID Pathway Term Count P-Value FDR
Lymph node metastatic LSCC PATH:05322 Systemic lupus erythematosus 44 7.66E-08 1.84585E-05

PATH:05034 Alcoholism 48 1.97E-06 0.000237039

PATH:05203 Viral carcinogenesis 46 0.000138 0.011074786

PATH:03050 Proteasome 15 0.000818 0.049256664

PATH:03030 DNA replication 13 0.001158 0.05580516

PATH:00240 Pyrimidine metabolism 24 0.002565 0.103016861

PATH:04110 Cell cycle 27 0.003681 0.126739329

PATH:03013 RNA transport 30 0.014665 0.441790181

PATH:03440 Homologous recombination 8 0.028306 0.726838393

PATH:03460 Fanconi anemia pathway 12 0.030159 0.726838393

Non- lymph node metastatic LSCC PATH:04512 ECM-receptor interaction 9 0.000654 0.106099001

PATH:04514 Cell adhesion molecules (CAMs) 11 0.001192 0.106099001

PATH:05144 Malaria 6 0.003067 0.181948833

PATH:05412 Arrhythmogenic right ventricular cardiomyopathy (ARVC) 7 0.0044 0.195791255

PATH:05200 Pathways in cancer 16 0.015871 0.483007823

PATH:05150 Staphylococcus aureus infection 5 0.017294 0.483007823

PATH:04916 Melanogenesis 7 0.019571 0.483007823

PATH:05146 Amoebiasis 7 0.024334 0.483007823

PATH:05322 Systemic lupus erythematosus 8 0.029801 0.483007823

PATH:05222 Small cell lung cancer 6 0.029896 0.483007823

Common PATH:03030 DNA replication 10 3.62E-07 6.27067E-05

PATH:04110 Cell cycle 15 7.12E-06 0.00061566

PATH:04512 ECM-receptor interaction 10 0.000261 0.015035502

PATH:03430 Mismatch repair 4 0.005477 0.236901812

PATH:04974 Protein digestion and absorption 7 0.009596 0.332026564

PATH:04510 Focal adhesion 12 0.013616 0.392580959

PATH:05146 Amoebiasis 7 0.032787 0.757183804

PATH:05222 Small cell lung cancer 6 0.038953 0.757183804

PATH:05414 Dilated cardiomyopathy 6 0.044312 0.757183804

PATH:05200 Pathways in cancer 15 0.047133 0.757183804
LSCC, laryngeal squamous cell carcinoma; Count, number of differentially expressed mRNA in a specific term; FDR, false discovery rate.
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edges were involved, in which hub lncRNAs 
were DTX2P1-UPK3BP1-PMS2P11 (degree = 
9), COL6A4P2 (degree = 10), LOC643837 
(degree = 9) and SNORD115-9 (degree = 7) 
(Figure 3).

For the overlapped DE-mRNAs, DE-miRNAs and 
DE-lncRNAs, the common lncRNA-mRNA net-
work embraced 13 nodes and 10 edges, in 
which the lncRNA CHEK2P2 was predicted as a 
central node correlating to multiple genes  

such as E2F1, PCNA, CHEK2, HIST1H4E, 
MCM5, RAD51, RBL1 and FEN1, while the com-
mon miRNA-lncRNA network involved 24 nodes 
and 52 edges, in which lncRNAs including 
FENDRR (degree = 12), LOC339524 (degree = 
9) and FLJ43663 (degree = 7) were remarkable 
(Figure 4). 

Although miRNAs with multiple predicted tar-
gets such as hsa-miR-145 (degree = 7) and 
hsa-miR-128 (degree = 5) were remarkably 

Figure 2. The specific lncRNA-mRNA and lncRNA-miRNA networks for lymph node metastatic laryngeal squamous 
cell carcinoma samples. A: The specific lncRNA-mRNA network; B: The specific lncRNA-miRNA network with down-
regulated lncRNA and upregulated miRNA; C: The specific lncRNA-miRNA network with upregulated lncRNA and 
downregulated miRNA. The wedge-shape represents lncRNA with blue color denoting upregulation, and yellow color 
denoting downregulation; the square represents miRNAs with pink color denotes upregulation, and green color 
denoting downregulation; the round represents mRNA with red color denoting upregulation, and green color denot-
ing downregulation. The lncRNAs or miRNAs in the networks serve as the ‘nodes’, and each pairwise interaction is 
represented by an undirected link.
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exhibited in miRNA-mRNA network separately 
for lymph node metastatic and non-metastatic 
LSCC (data not shown) samples, no specific or 
common pairwise interactions were identified 
after venn analysis. Therefore, the integrated 
networks of mRNA-miRNA-lncRNA for the spe-
cific or common DE-mRNAs, miRNAs and 
lncRNAs failed to be constructed. However, the 
separate integrated networks for metastatic 
and non-metastatic samples were constructed: 
in the network for metastatic LSCC, there were 
269 pairwise interactions, with central miRNA 
nodes of hsa-miR-1207-5p (with predicted tar-
gets of DVL3 and G6PD and the interacted 
lncRNA LOC157273), hsa-miR-142-3p (with 
predicted targets of CA5B and CTNND1 and the 
interacted lncRNAs LOC96610) and hsa-miR-

145-5p (with predicted targets of SMC1A, 
SEH1L, CDK4 and E2F3 and the interacted 
lncRNA LOC157273); in the network for non- 
metastasis LSCC cells, 103 interaction pairs 
were recognized in the integrated network, in 
which the predominant miRNAs were hsa-miR-
4716-3p, hsa-miR-4428, hsa-miR-4317 and 
hsa-miR-193a-3p (Figure 5).

Discussion

In previous studies relating to LSCC, the target-
ed regulations between miRNA and mRNA have 
been extensively investigated, while the rela-
tionships between lncRNA and mRNA were 
involved in a handful of studies. Our present 
study indicated that there were a total of 

Figure 3. The specific lncRNA-mRNA and ln-
cRNA-miRNA networks for non-metastatic laryn-
geal squamous cell carcinoma samples. A: The 
specific lncRNA-mRNA network; B: The specific 
lncRNA-miRNA network with downregulated ln-
cRNA and upregulated miRNA; C: The specific 
lncRNA-miRNA network with upregulated ln-
cRNA and downregulated miRNA. The wedge-
shape represents lncRNA which in blue denotes 
upregulation, while in yellow denotes downreg-
ulation; the square represents miRNAs which 
in pink denotes upregulation, whereas in green 
denotes downregulation; the round represents 
mRNA which in red denotes upregulation, while 
in green denotes downregulation. 
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2836/1183 DE-mRNAs, 52/63 DE-miRNAs 
and 81/104 DE-lncRNAs between cervical 
lymph node metastatic/non-metastatic LSCC 
tissues and control samples, among which 
2253/600 DE-mRNAs, 45/34 DE-miRNAs and 
71/48 DE-lncRNAs were the specific for meta-
static/non-metastatic LSCC samples. Pathways 
related to cell cycle and proteasome were over-
represented for metastatic specific DE-mRNAs, 
while the predominant pathways for non-meta-
static specific ones were ECM-receptor interac-
tion and CAMs. In the lncRNA-miRNA and inte-
grated mRNA-miRNA-lncRNA networks, up-reg-
ulated PVT1 and LOC157273 were hub meta-

ported the previous results, suggesting the 
negative regulatory relationship might also 
exist in lymph node metastatic LSCC. Glucose-
6-phosphate dehydrogenase (G6PD) is a cyto-
solic enzyme that plays significant roles in  
the production of NADPH, the main electron 
donor in the defense against oxidizing agents. 
In pulmonary artery smooth muscle cells, G6PD 
underwent the ubiquitin proteasome pathway 
mediated degradation [33] under normoxia 
condition, implying its involvement in protea-
some pathway. Additionally, G6PD was validat-
ed to be the target of miR-1207-5p in mesan-
gial cells [34]. Combining with our functional 

Figure 4. The common lncRNA-mRNA and lncRNA-miRNA networks of non-
metastatic and metastatic laryngeal squamous cell carcinoma samples. The 
wedge-shape represents lncRNA which in blue denotes upregulation, while 
in yellow denotes downregulation; the square in pink denotes upregulated 
miRNAs; the round in red upregulated mRNA. A: The specific lncRNA-mRNA 
network; B: The specific lncRNA-miRNA network.

static specific lncRNAs, and 
PVT1 was associated with the 
downregulated miRNAs of 
hsa-miR-1207-5p as well as 
the upregulated genes of 
G6PD, HIST2H4B and MCM6, 
among which G6PD was pre-
dicted to be targeted by hsa-
miR-1207-5p; whereas LOC- 
157273 was closely related to 
the downregulated miRNAs of 
hsa-miR-145-5p as well as 
numerous upregulated genes 
such as CDK4, SEH1L and 
SMC1A, in which SEH1L and 
SMC1A were the predicted 
targets of hsa-miR-145.

The elevated expression of 
PVT1 was implicated in multi-
ple human cancers including 
colorectal cancers (CRC) [30] 
and gastric cancer [31]. 
Moreover, PVT1 was verified 
to be involved in apoptosis 
inhibition in CRC pathophysi-
ology. Meanwhile, miR-1207-
5p was also implicated in this 
process and the knockdown 
of PVT1 resulted in elevated 
miR-1207-5p expression, sug-
gesting the potential regula-
tion between PVT1 and miR-
1207-5p [30]. The downregu-
lation of miR-1207-5p was 
also observed in HNSCC [32]. 
Our study indicated that the 
up-regulated PVT1 was linked 
to the downregulated miR-
1207-5p, which indirectly sup-
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enrichment analysis, which revealed specific 
mRNAs in lymph node metastatic samples 
were highly correlated with proteasome path-
way, it might be speculated that in the progres-
sion of lymph node metastasis, G6PD might 
have the potential to participate in the protea-

some pathway and be targeted by miR-1207-
5p, which was predicted regulated by the 
lncRNA PVT1. 

Large amount of studies have explored the 
functions of miRNAs in LSCC pathology using 

Figure 5. The intergrated lncRNA-miRNA-mRNA networks. A: The network for lymph node metastatic laryngeal squa-
mous cell carcinoma (LSCC) samples with downregulated mRNA, upregulated miRNA and downregulated lncRNA; 
B: The network for lymph node metastatic LSCC with upregulated mRNA, downregulated miRNA and upregulated 
lncRNA; C: The network for non-metastatic LSCC with downregulated mRNA, upregulated miRNA and downregulated 
lncRNA; D: The network for non-metastatic LSCC with upregulated mRNA, downregulated miRNA and upregulated 
lncRNA. The wedge-shape represents lncRNA which in blue denotes upregulation, while in yellow denotes down-
regulation; the square represents miRNAs which in pink denotes upregulation, whereas in green denotes down-
regulation; the round represents mRNA which in red denotes upregulation, while in green denotes downregulation. 
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miRNA microarray profiling. Downregulation of 
hsa-miR-145-5p was detected in various 
human malignancies and was experimentally 
demonstrated by RT-PCR in LSCC [35, 36]. The 
restoration of miR-145 was confirmed to inhibit 
the cell proliferation in human lung adenocarci-
noma via the mediation of its targets EGFR 
[37], an important regulator in cell growth relat-
ed signaling. Thus miR-145 was considered as 
a tumor suppressor in cancer development. 
Structural maintenance of chromosomes 1A 
(SMC1A) is one component of the cohesin mul-
tiprotein complex, which is essential during cell 
division. SMC1A is predicted to be involved in 
cell cycle related events in irradiated IM9 
human B lymphoblastic cell [38] and the gene 
expression was discovered in mitosis [39]. 
Cyclin-dependent kinases (CDKs) consist of 
many members that play significant roles in dif-
ferent stages of cell cycle. CDK4 is considered 
as the factor for disordered progression of cell 
cycle in G1/S phase. The dysregulation of CDK4 
has been detected in many cancers such as 
breast cancer [40], CRC [41] and hepatocellular 
carcinoma (HCC) [42] in previous studies. 
Moreover, a recent study verified the high 
expression of CDK4 in LSCC tumorigenesis [2]. 
Furthermore, the expression of CDK4 was 
found be suppressed by miR-145 in cell cycle 
regulation in non-small cell lung cancer cell pro-
liferation [43]. Combining that miR-145 was 
downregulated, while SMC1A and CDK4 were 
both upregulated in lymph node metastatic 
LSCC with that specific metastatic DE-mRNAs 
were mainly enriched in cell cycle related path-
way in our results, it might be inferred that 
these genes and miRNA might have crucial 
roles in metastatic LSCC progression via regu-
lating cell cycle related pathway, and that a 
regulatory relationship might exist between this 
miRNA and the two genes.

The multifunctional transcription factor, TP53 
regulates cell cycle arrest and apoptosis relat-
ed gene expressions. The mutations of TP53 
are implicated in various human cancers includ-
ing HNLSCC and are correlated with poor prog-
nosis, and thus TP53 normally serves as a 
tumor suppressor [44, 45]. Interestingly, 
LOC157273 was overexpressed in TP53 mutat-
ed tumors in HCC [46], hinting the potential role 
of LOC157273 in HCC progression. However, 
more detailed functions about the lncRNA 
LOC157273 were rarely explored and remained 

unknown, especially with regards to LSCC. 
Given that the upregulation of LOC157273 was 
revealed in lymph node metastatic LSCC sam-
ples in our present study, this lncRNA might be 
a novel biomarker in the prognosis of metastat-
ic LSCC. However, all these putative correla-
tions are warranted to be validated by more 
experiments.

In conclusion, several important mRNAs (G6PD, 
SMC1A and CDK4), miRNAs (miR-1207-5p and 
hsa-miR-145-5p) and lncRNAs (PVT1 and 
LOC157273) were identified as potential bio-
markers for lymph node metastatic LSCC diag-
nosis. Additionally, PVT1 might be in the 
upstream of miR-1207-5p, which might target 
G6PD; and SMC1A and CDK4 might be the tar-
gets of hsa-miR-145-5p and involved in cell 
cycle related pathways.
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