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The aims of this study were to use RNA expression profile bioinformatics data from cases of thyroid cancer
from the Cancer Genome Atlas (TCGA), the Kyoto Encyclopedia of Genes and Genomes (KEGG), and the Gene
Ontology (GO) databases to construct a competing endogenous RNA (ceRNA) network of mRNAs, long noncoding
RNAs (IncRNAs), and microRNAs (miRNAs).

TCGA provided RNA profiles from 515 thyroid cancer tissues and 56 normal thyroid tissues. The DESeq R pack-
age analyzed high-throughput sequencing data on differentially expressed RNAs. GO and KEGG pathway anal-
ysis used the DAVID 6.8 and the ClusterProfile R package. Kaplan-Meier survival statistics and Cox regression
analysis were performed. The thyroid cancer ceRNA network was constructed based on the miRDB, miRTar-
Base, and TargetScan databases.

There were 1,098 mRNAs associated with thyroid cancer; 101 mRNAs were associated with overall survival
(0S). Multivariate analysis developed a risk scoring system that identified seven signature mRNAs, with a
discriminative value of 0.88, determined by receiver operating characteristic (ROC) curve analysis. A ceRNA
network included 13 mRNAs, 31 IncRNAs, and seven miRNAs. Four out of the 31 IncRNAs and all miRNAs were
down-regulated, and the remaining RNAs were upregulated. Two IncRNAs (MIR1281A2HG and OPCML-IT1) and
one miRNA (miR-184) were significantly associated with OS in patients with thyroid cancer.

Differential RNA expression profiling in thyroid cancer was used to construct a ceRNA network of mRNAs,
IncRNAs, and miRNAs that showed potential in evaluating prognosis.
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Background

Thyroid cancer is the most common primary endocrine malig-
nancy. During the past 30 years, the reported incidence of thy-
roid cancer has increased, which is partly due to improvements
in cancer screening and detection, but there has also been an
increasing incidence [1,2]. In 2017, thyroid cancer represented
approximately 3.4% of new cases of cancer in the USA [3].

Primary malignancy of the thyroid gland originates from para-
follicular C-cells and follicular cells, with follicular-cell derived
cancer being more common. Medullary thyroid cancer (MTC)
is usually a low-grade malignancy that accounts for 5-10%
of primary thyroid cancer and is the only thyroid malignancy
that originates from parafollicular C-cells. Follicular cell-de-
rived thyroid cancer can be divided into differentiated thyroid
cancer (DTC), poorly differentiated thyroid cancer (PDTC) and
anaplastic thyroid cancer (ATC). ATC and PDTC are uncommon
forms of thyroid cancer, representing less than 5% and 6.7%
of thyroid cancer respectively, but typically exhibit aggressive
clinical behavior with poor prognosis. Of the DTCs, papillary
thyroid cancer (PTC) is the most common form, representing
more than 80% of all cases of thyroid cancer, while follicular
thyroid cancer (FTC) is the second most common thyroid can-
cer accounting for 10% of cases. DTC generally exhibits far less
aggressive behavior than PDTC and ATC, and patients usually
have a good prognosis although rapid progression and the
poor clinical outcome can occur in some cases. Clinical diag-
nostic challenges also exist for the DTCs as fine-needle aspi-
ration biopsy (FNAB) and ultrasonography are not sufficient
to distinguish this tumor from benign thyroid nodules, which
may lead to overdiagnosis and overtreatment. Therefore, the
identification of new molecular biomarkers for the diagnosis
and prognosis of thyroid cancer is important to improve treat-
ment strategies, including for patients with DTC [4].

Although thyroid cancer is a multifactorial disease, inherited and
acquired genetic alterations play a critical role in the in the de-
velopment of this cancer and have been extensively studied [5].
Some of the most widely studied gene changes include mu-
tations in the BRAF gene, RET/PTC gene rearrangements, RAS
gene mutations, and PAX8-PPARy gene rearrangement [6-8].

With the emergence of high-throughput sequencing methods,
approximately 20,000 pseudogenes have been identified [8,9].
Long non-coding RNA (IncRNA) and microRNA (miRNA) may act
as pseudogenes, by modifying and regulating gene expression.
Recently, IncRNAs and miRNAs have been shown to have a role
in many types of cancer, including thyroid cancer. For example,
IncRNA AB074169 was reported to exhibit tumor suppressive
properties by targeting KHSRP-mediated p21 expression [10]
and IncRNA GAS5 was found to act as a competing endoge-
nous RNA (ceRNA) to modulate PTEN expression by targeting
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miR-222-3p in papillary thyroid cancer [11]. Therefore, the hy-
pothesis that drove the present study was that a network con-
sisting of mRNA, IncRNA, and miRNA might have a role in the
pathogenesis of thyroid cancer.

Therefore, the aims of this study were to use RNA expression
profile bioinformatics data from cases of thyroid cancer from
the Cancer Genome Atlas (TCGA), the Kyoto Encyclopedia of
Genes and Genomes (KEGG), and the Gene Ontology (GO) da-
tabases to construct a ceRNA network of mRNAs, IncRNAs, and
miRNAs. The study also included survival analysis and KEGG
functional analysis to provide new understanding of the role
of the ceRNA network in the pathogenesis and progression
of thyroid cancer.

Material and Methods

The Cancer Genome Atlas (TCGA) patient and sample
information

RNA sequencing data of 515 cases of thyroid cancer and 56
normal thyroid tissues were downloaded from The Cancer
Genome Atlas (TCGA) on April 2018. The Illumina HiSeqRNASeq
and Illumina HiSeqmiRNASeq platforms were used to generate
the mRNA and microRNA (miRNA) expression profiles of each
sample. The National Cancer Institute (NCI) Genomic Data
Commons (GDC) Data Transfer Tool (https://gdc.cancer.gov/ac-
cess-data/gdc-data-transfer-tool) was used to download clinical
information and the gene expression profiles from level 3 mRNA-
Seq and miRNA-Seq. The study met the publication guidelines
provided by TCGA (https://cancergenome.nih.gov/publications/
publicationguidelines). No ethical approval was required for the
study as all patient data were acquired from TCGA.

Identification of differentially expressed RNA

To identify the differentially expressed mRNAs, long non-coding
RNAs (IncRNAs), and miRNAs in thyroid cancer compared with
normal tissues, the DESeq R package analyzed high-through-
put sequencing data on differentially expressed RNAs [12],
R software was utilized with thresholds set at log? fold change
>2, and a false discovery rate (FDR) or adjusted P-value <0.01.
ENSEMBL (htps://www.ensembl.org/) was used to annotate the
differentially expressed mRNAs and [ncRNAs.

Gene Ontology (GO) and the Kyoto Encyclopedia of Genes
and Genomes (KEGG) functional enrichment analysis

Analysis of the Gene Ontology (GO) database was performed to
further study the potential biological processes and pathways of
the differentially expressed RNAs. The Annotate, Visualize and
Integrate Discovery Database (DAVID 6.8) (http://david.abcc.

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

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




LAB/IN VITRO RESEARCH

nciferf.gov/) [12] was used for GO analysis, with the significance
level set at a FDR <0.05. KEGG pathway analysis was performed
with the KEGG Oncology-Based Annotation System 3.0 (KOBAS
3.0) (kobas.cbi.pku.edu.cn/) with the significance level set at an
adjusted P-value <0.05. To generate the data plot, the GOplot
package in R was used. Cytoscape version 3.6.1 [13] was used
for assembly and visualization of the network.

Construction of the IncRNA, miRNA, and mRNA ceRNA
network

A ceRNA network was constructed, as IncRNAs are believed to
be able to adhere to miRNAs and prevent them from binding
their target genes [11]. To change the miRNA sequences, the
starBase version 2.0 database (http://starbase.sysu.edu.cn/)
was used. The MIRanda database (http://www.microrna.org/)
was used to predict the interactions between IncRNAs and
miRNAs. The target genes of miRNAs were predicted with
miRDB (http://www.mirdb.org/), miRTarBase (http://mirtar-
base.mbc.nctu.edu.tw/) [14], and TargetScan (http://www.tar-
getscan.org/) databases. Also, differentially expressed miRNA
were used to select the intersecting IncRNAs and mRNAs. The
ceRNA network consisting of IncRNA, miRNA, and mRNA was
constructed and visualized with Cytoscape version 3.6.1. The
significance level was set at log2 fold change >2, and P<0.05.

Survival analysis and risk scoring

The differentially expressed mRNAs underwent Kaplan-Meier
analysis and the log-rank test to identify the mRNAs associ-
ated with to overall survival (0S). P<0.05 was considered as
statically significant. Univariate Cox regression analysis was
applied, where P<0.01 was considered as statistically signifi-
cant. The mRNAs that were significantly associated with OS in
univariate Cox regression were further analyzed using a mul-
tivariate Cox regression model. A risk scoring system was es-
tablished following the results of the multivariate Cox regres-
sion model where patients were grouped into a low-risk and
a high-risk group, based on the median risk score calculation.
Kaplan-Meier survival analysis with the log-rank test and re-
ceiver operating characteristic (ROC) analysis was performed
to assess the results of the risk scoring system. All survival
analysis was performed in R using the R package (‘survival’).

Results

Characteristics of the patients with thyroid cancer from
the Cancer Genome Atlas (TCGA) database

The Cancer Genome Atlas (TCGA) provided clinical information
for 507 of 515 patients with thyroid cancer. The clinical features,
including the histopathology, tumor grade and stage, patients
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age and gender are summarized in Table 1. The median patient
age was 46 years (range, 15-89 years). The histological sub-
types of thyroid cancer including follicular carcinoma, classical
papillary carcinoma, follicular variant of papillary carcinoma,
tall cell papillary carcinoma and other not specified subtypes,
which were included in the TCGA dataset, although the ma-
jority of cases were classical papillary thyroid carcinoma. The
median follow-up time was 9.46 years (range, 0-54.23 years).

Differentially expressed mRNAs from the Gene Ontology
(GO) database

A total of 1,098 mRNAs were considered to be differentially
expressed, of which 234 (21.3%) were down-regulated, while
864 (78.7%) were upregulated. The mRNA expression profiles
are visualized using volcano plots (Supplementary Figure 1). To
investigate the biological mechanisms of these differentially
expressed genes, the Gene Ontology (GO) database analysis
was conducted. GO enrichment analysis showed that 19 signif-
icant functions were involved through these mRNAs (P<0.01)
(Figure 1A). Thirty mRNAs were enriched in the plasma mem-
brane, which represented the majority in the analysis. Based
on the z-scores, the extracellular region was dominated by up-
regulated mRNAs, while the external side of the plasma mem-
brane was dominated by downregulated mRNAs (Figure 1B).
All enriched mRNA expression relationships are demonstrated
in the plot shown in Figure 1C.

Prognosis-related mRNAs

Patients were divided into low-expression and high-expression
clusters based on the median differentially expressed mRNAs.
As a result, a total of 101 mRNAs were identified as related
to overall survival by Kaplan-Meier survival analysis (P<0.05)
(Table 2). Sixteen of these mRNAs were verified with univariate
Cox regression (Table 3). Multivariate Cox regression analysis
identified a seven-signature mRNA expression profile predic-
tive of overall survival (OS) (Table 4, Figure 2A). Based on these
results, a risk model was established, which showed that the
seven signature mRNAs were significantly associated with OS
(P<0.05) (Figure 2B). The discriminative value of the risk scoring
system was determined with receiver operating characteristic
(ROC) analysis, with an area under the curve (AUC) discrimina-
tive value of 0.88 (Figure 2C). This risk scoring system had a
high sensitivity and specificity (93% and 100%, respectively)
in predicting OS. The high-risk scoring group represented a
promising finding in the use of this approach to predict OS in
patients with thyroid cancer.
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Table 1. Clinicopathological characteristics of 507 patients with thyroid cancer.

Characteristics

Subtype

Patinets n (%)
238 (44.9)

Tumor stage

Lymph node

Metastasis

Survival status

N=507.

The Kyoto Encyclopedia of Genes and Genomes (KEGG)
enrichment analysis

A total of nine KEGG pathways were found to be enriched based
on the 101 survival-related mRNAs (Figure 3A). As shown in
Figure 3B, the neuroactive ligand-receptor interaction repre-
sents the highest cancer-related pathway, which contains 39
mRNAs, followed by transcriptional misregulation in cancer
mRNAs. In the network diagram, all the KEGG related mRNAs
and expression levels are visualized, the blue genes represent
upregulation while the green genes represent down-regula-
tion and the pathways are represented in red (Figure 3C). The
pathway identities are described in Table 5.

Construction of the competing endogenous RNA (ceRNA)
network of mRNAs in thyroid cancer

To further understand the function of the differentially ex-
pressed mRNAs in thyroid cancer, a ceRNA network composed
of mRNA, IncRNA, and miRNA was created that predicted the
IncRNA and miRNA interactions. As a result, 492 IncRNAs (397
upregulated and 95 down-regulated) and 72 miRNAs (67 up-
regulated and five down-regulated) were identified as differ-
entially expressed in thyroid cancer. The IncRNA and miRNA
expression levels are shown in the volcano plot and heat
map (Supplementary Figure 1B, 1C). A total of 31 IncRNAs
were targeted by 12 key miRNAs described in the ceRNAs
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Figure 1. Differentially expressed mRNAs and Gene Ontology (GO) analysis. (A) Nineteen significant biological processes in Gene
Ontology (GO) analysis of differentially expressed mRNAs. (B) The circle plot shows the expression level and z-score of
differentially expressed mRNAs. (C) All differentially expressed mRNAs related to Gene Ontology (GO) analysis are shown

diagrammatically.

network (Table 6). Also, 13 mRNAs were predicted to be tar-
geted by seven key miRNAs (Table 7). In this ceRNA network,
four IncRNAs and all miRNAs were down-regulated, while 27
IncRNAs and mRNAs were upregulated (Table 8, Figure 4).

Then, the dysregulated ceRNA network was constructed with
differentially expressed RNAs, including 31 IncRNAs, seven
miRNAs, and 13 mRNAs. The results indicated that differen-
tially expressed IncRNAs could indirectly interact with mRNAs
through miRNAs in thyroid cancer. The ceRNA network is

This work is licensed under Creative Common Attribution-
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illustrated in Figure 5, where the red genes represent upregu-
lation and the green genes represent down-regulation. To fur-
ther identify the differentially expressed RNAs with prognostic
significance, Kaplan-Meier survival analysis was used. As a re-
sult, two of 31 differentially expressed IncRNAs (MIR181A2HG
and OPCML-IT1) and one of seven differentially expressed
miRNAs (miR-184) were significantly associated with OS (log-
rank test, P <0.05) (Figure 6).
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Table 2. Overall survival (OS) in 101 mRNAs identified with Kaplan-Meier survival analysis.

L)Y P-value

DMBT1, FGB, GPRIN1, LRG1, CLT1D1, MMP1, FNDC4, EYA1, ZSCAN4, DTX4, NELL2, ENTPD2, EGR2, E2F1,

NLGN1, ADRA1B, TUSC3, NPC2, QRFPR, RAB27B, LMOD1 P<0.01
| VAX2, GMNG, DIRAS3, FREM3, B3GN7, CDH3, CHI3LL, ~ 001<P0.03
© MS4A15, CLDN10, SPOCK2, GALNT, XKRX, DGAT2L6, MYFS, NOD1, TACSTD2, PSG9, NLRP4, LY6D, PRR1S,

KCNA1, SPOCK1, BCAN, FIBCD1, PAPSS2, LRP1B, LCN1, RERGL, PCDHGCS5, LHFPL3, TM4SF4, RNASE11, VRTN
* FAM83A, IL37, SCG5, KIAATS49L, HLA-G, STAC2, CLDN16, GPX2, LGALS13, DUSPS, HTRIE, FOXJL, SEMASD,

GLDN, ENTPD1, KRT6C, GGCT, RXRG, FAM43A, NPTX2, TFCP2L1, SPAG11A, TCIM, ABCC11, GDF15, GALR2, 0.03<P<0.05

PCOLCE2, PLCD3, KLK7, TEKT1, NAT8L, IRS4, CALHM4, OR4D6, SOST, SKOR2, EPHAS5, CHGA, NRCAM, KLK5,

STAB2, TMEM215, RSPO4
Table 3. RNA expression was verified with univariate Cox regression analysis.

Gene HR z P-value
NLGN1 1.829110700 3.774084277 0.000160596

o eapss2 2115458744 3680176199 0000233073
~ pcOCE2 1593571036 3403752823 0000664669
""""""""" TEKTT 1584227855 3399998286 0000673863
s 0616746419 -332807659 0000874478
""""""""" ADRAIB 0527596332 329872768 0000971241
 kenat 1364999932 3108282015 000138249
N2 0522251501  -3.16936368 0001527731
At 1643738302 3122550636 0001792013
- o4 0716121906 ~  -297322480 0002046885
- eRL 0488174682  -289423600 0003800824
~ oredl0 0716299400 -289302393 0003815522
et 0522082026 ~ -270204197 0006891506
- 0698805379  -267016717 0007581349
PRI 0810414585  -264626221 0008138670
- R®RG 0827274307  -25832407 0009776839

Table 4. Prediction of overall survival (OS) by mRNA expression profiles using multivariate Cox regression analysis.

Gene Coef Exp(coef) Se(coef) z P

ADRA1B -0.516 0.597 0.253 -2.04 0.0417
 mDCa 0381 0683 0203 187 00610
""""" Ger  ose7 1764 036 157 ol7a
T 0319 376 0196 163 01029
""""" ORaDIO  -023 079 016 -144 01491
~ ecolce2 o414 52 0130 318 00015
""""" KL 026 1267 o010 148 01399
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Figure 2. Survival analysis and Cox regression analysis based on risk scoring. (A) A heat map of seven signature mRNA expression
profiles predictive of overall survival (OS) by multivariate Cox regression analysis. (B) Seven signature mRNAs were
significantly associated with OS by risk model analysis (P<0.05). (C) Receiver operating characteristic (ROC) curve analysis of

the risk scoring system. Area under the curve (AUC)=0.88.

Discussion

Thyroid cancer is a multifactorial disease, and although the mo-
lecular changes associated with this cancer have been exten-
sively studied in the past, clinical challenges still exist. In this
study, RNA expression profile bioinformatics data from cases
of thyroid cancer from the Cancer Genome Atlas (TCGA), the
Kyoto Encyclopedia of Genes and Genomes (KEGG), and the
Gene Ontology (GO) databases were used to construct a com-
peting endogenous RNA (ceRNA) network of mRNAs, long non-
coding RNAs (IncRNAs), and microRNAs (miRNAs). The study
identified 1098 mRNAs, 492 IncRNAs, and 72 miRNAs associ-
ated with differentiated thyroid cancer compared with normal
thyroid tissue, 101 of the mRNAs were found to be associated
with overall survival (0S), and a risk scoring system of seven
signature expression profiles was established. A ceRNA network
was then constructed consisting of 13 mRNAs, 31 IncRNAs and
seven miRNAs, where two IncRNAs and one miRNA were iden-
tified as associated with patient prognosis in thyroid cancer.

Of the 1,098 mRNAs that were significantly differentially ex-
pressed in thyroid cancer, GO functional enrichment analysis
showed that these genes were mainly enriched in the plasma
membrane. Interestingly, several previous studies have shown
that a large number of genes located in the plasma membrane
have roles in thyroid cancer [15,16]. In this analysis, 101 dif-
ferentially expressed mRNAs were shown to be related with
0S, and these results were consistent with several previous
reports, confirming the associations of some of these genes
with prognosis. Luo et al. demonstrated that overexpression of
the CHI3L1 gene was significantly associated with tumor me-
tastasis and reduced OS in patients with thyroid cancer [17].
Also, CLDN10, E2F1, and HLA-G gene expression have been
previously reported to be associated with poor survival in thy-
roid cancer [18-20], which are findings that support those of
the present study.

Based on the results acquired by multivariate Cox regression
analysis, this study identified a seven-signature mRNA expres-
sion profile predictive of OS. The discriminative value of the
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Figure 3. Prognosis-related mRNA and related the Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway enrichment analysis.
(A) Nine enrichment of the Kyoto Encyclopedia of Genes and Genomes (KEGG) pathways for differentially expressed mRNAs
related to overall survival (OS) in thyroid carcinoma. (B) The scattergram shows the enrichment of the KEGG pathways.

(€) The network of differentially expressed mRNAs involved in the KEGG pathways in thyroid cancer. Upregulated genes are
represented by a blue ellipse, while downregulated genes are represented by a green ellipse.
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Table 5. The Kyoto Encyclopedia of Genes and Genomes (KEGG) pathways identification and corresponding description.

Pathway ID Description Adj.P-value Number of DERNAs

hsa04610 Complement and coagulation cascades 9.67E-06 14
"""" hsa04080  Neuroactive ligand-receptor interaction 967606 39
"""" hsa04972  Pancreatic secreion 0001724653 17
"""" hsa05033  Nicotine addiction 000333881 10
"""" hsa04974  Protein digestion and absorption 000652692 15
"""" hsa04657  IL-17signalingpathway 0007949887 15
"""" hsa05202  Transcriptional misregulation in cancer 002251003 22
"""" hsa00350  Tyrosine metabolism 002251003 8
"""" hsa04915 ~ Estrogensignalingpathway 0046699816 17

Table 6. Differentially expressed microRNAs (miRNAs) targeting long noncoding RNAs (IncRNAs) in the competing endogenous RNA
(ceRNA) network.

AP001029.2 miR-31
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Table 7. Differentially expressed microRNAs (miRNAs) targeted mRNAs in the competing endogenous RNA (ceRNA) network.

miRNA mRNA

miR-221 PCDHA1; PCDHAC2; CYP1B1
"""""""""""""""""""""""""" mR205  SHISAGLRRK,Z
"""""""""""""""""""""""""" miR-144  GRKZ
"""""""""""""""""""""""""" mRsld  SAUZFOXQLEF
"""""""""""""""""""""""""" mR373  TMEmioo;TBCID2
"""""""""""""""""""""""""" mR32  TImemw0
"""""""""""""""""""""""""" mR31  _Hoxa1s

Table 8. Differentially expressed RNAs involved in the competing endogenous RNA (ceRNA) network.

RNAs Regulation Fold change P-value
AL158206.1(IncRNA) Up-regulation 2.042202918 1.82E-64
"""""" MIRISIAZHG(ncRNA)  Upregulaion 2158854422 L70E42
 ACo06305.(ncRNA) Down-regulaion  -2584610457 231641
"""""" UNCOO475(ncRNA)  Upregulaon 3437126593 192638
 Acoessoal(ncRNA) Up-regulation 2707393493 35338
 APO010292(ncRNA) Upregulation 2729408357 302637
C opBLASI(nRNA) Upregulaon 2316826339  646E36
"""""" UNCO0284(ncRNA)  Upregulaion 3959715814 26330
 Aco103362(ncRNA) Upregulaon 2383032924 507629
 Aco221481(ncRNA) Upregulaon 3182439942 92729
© ACOOSILA(mRNA) Down-regulation  -224361781 - 121628
© Acousssa(ncRNA) Upregulaon 2414400943 23927
"""""" UNCOO423(ncRNA)  Upregulaon 321313263  371E21
"""""" LNCOO460(ncRNA)  Upregulaion 365846406 354620
"""""" MIR4SOOHG(ncRNA)  Downregulation ~  -2427833048 53320
© Acoo4s32A(ncRNA) Down-regulaion  -2149556707 - 109E19
"""""" HCG22(ncRNA)  Upregulation 2810057237 11419
 SFAPP(ncRNA) Up-regulation 223122051 175619
 APOOOS2S.A(mRNA) Upregulation 2569810266 264E17
"""""" UNCOO365(ncRNA)  Upregulaon 2433475211 244614
 oPCMLTI(ncRNA) Up-regulaon 5036087373 360E14
 ClON10ASI(ncRNA) Upregulaon 4240702414 128613
 GONFASI(ncRNM) Upregulaon 3624884288 424E13
"""""" UCAL(ncRNA)  Upregulaon 3546251043 343E12
"""""" UNCOO457(ncRNA)  Upregulaon 2891042882 567E12
"""""" UNCOO313(ncRNA)  Upregulaion 2211716173 13611
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Table 8 continued. Differentially expressed RNAs involved in the competing endogenous RNA (ceRNA) network.

RNAs Regulation Fold change P-value
MIR205HG(IncRNA) Up-regulation 2.703446156 3.27E-10
"""""" GF2-AS(ncRNA)  Upregulaton 3984846876  491E08
"""""" UNCO0302(ncRNA)  Upregulaion 3377197372 64908
 SyNPRASI(nRNA) | Upregulation 2698830196 362607
"""""" HOTAR(NGRNA)  Upregulaion 2456805552 212806
"""""" mR221miRNA)  Downregulation 3275967528 104E58
"""""" miR-222(miRNA)  Downregulation 2934265554 201E54
"""""" mR-144(niRNA)  Downregulation  -2214636301 573653
"""""" miR-187(miRNA)  Downregulation 308531177  196E20
"""""" mR31MRNA)  Downregulation 2382671166  619E19
"""""" mR-184(MRNA)  Downregulation 3332322739 254811
"""""" miR-372(miRNA)  Downregulation 334099366 105E08
"""""" mR205(miRNA)  Downregulation 2014735591 211807
"""""" miR-519d(miRNA)  Downregulation 4562776545 531E06
"""""" mR373(niRNA)  Downregulation 2460474501 799605
"""""" (RRK2(MRNA)  Upregulation 4030832163 766E51
 TeaD2(mRNA) | Upregulation 2011561395  964E42
"""""" E2FIMRNA)  Upregulation 2000905201 23339
© sHisasmRNA) | Upregulation 392870545 516828
C oeBiRNA Upregulation 3089583272 154624
© TMEmoo(mRNA) Up-regulation 2831889424 18920
"""""" PCOHAC2(RNA)  Upregulaon 2163599995 246E20
"""""" FOXQUMRNA)  Upregulation 2112598705 162619
 GRI3mRNA) Upregulation 283216694 176E19
"""""" PCOMAI(MRNA)  Upregulaion 2035813016  S10E14
"""""" HOXCI3(MRNA)  Upregulation 2952074119 1SSE07
"""""" SALL3(MRNA)  Upregulaton 2533075495  571E06

combined gene expressions was good with receiver operating
characteristic (ROC) area under the curve (AUC) discriminative

ligand-receptor interaction, including GABRB2 and MLNR.
Previous studies have reported that these two genes have

value of 0.88. However, none of these seven genes (ADRA1B,
FNDC4, GGCT, NLGN1, OR4D10, PCOLCE2, TEKT1) have previ-
ously been reported to be associated with thyroid cancer. The
prognostic value of this set of seven genes remains to be con-
firmed and validated in future studies.

The KEGG pathway analysis in this study showed that
the mRNAs of 39 genes were enriched in the neuroactive

a strong correlation with lymph node metastasis in papillary
thyroid cancer [21,22]. In addition to studies on mRNAs, an
increasing number of studies have shown that IncRNAs play
a critical role in thyroid cancer. However, the relationship be-
tween differentially expressed IncRNAs, miRNAs, and mRNAs
remains unclear. However, the findings of the present study
showed that all the differentially expressed IncRNAs in the
ceRNA network were upregulated, except for AC006305.1,
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Figure 4. Differentially expressed genes involved in the competing endogenous RNA (ceRNA) network. (A) A heat map of differentially
expressed mRNAs involved in the competing endogenous RNA (ceRNA) network. (B) A heat map of differentially expressed
long noncoding RNAs (IncRNAs) involved in the ceRNA network. (C) A heat map of differentially expressed microRNAs

(miRNAs) involved in the ceRNA network.

AC002511.1, MIR4500HG, and AC004832.1. None of these four
IncRNAs have been previously reported in the literature in as-
sociation with thyroid cancer.

However, in the present study, all differentially expressed
miRNAs were down-regulated, and of these differentially ex-
pressed miRNAs, miR-144 and miR-31 have previously been
reported to be associated with thyroid cancer. Guan et al. re-
ported that down-regulation of miR-144 could promote thyroid
cancer cell invasion by targeting the ZEB1 and ZEB2 genes, sug-
gesting that miR-144 is acting as a tumor suppressor in thy-
roid cancer [23]. Wu et al. showed that miR-31 inhibited pro-
liferation of thyroid cancer cells by targeting the RNA-binding
protein, HuR, which modulates mRNAs [24]. Therefore, the re-
sults of the present study indicate that all the differentially ex-
pressed miRNAs involved in the constructed ceRNA network
may function as tumor suppressor genes, although the specific
functions need to be validated by further mechanistic studies.

In the present study, the ceRNA network that was developed
for thyroid cancer included only two IncRNAs (MIR181A2HG and
OPCML-IT1) and one miRNA (Mir-184) that could predict patient

survival. The MIR181A2HG gene, as a MIR181A2 host gene,
has been previously reported to be overexpressed in the thy-
roid, but the function of MIR181A2HG remains unknown [25].
Also, the function of OPCML-IT1 also remains unclear. Mir-184,
which was found to be down-regulated in the ceRNA network
in this study and was associated with increased OS, has previ-
ously been reported to have a role in increasing cell prolifera-
tion oral squamous cell carcinoma and in accelerating the de-
velopment of resistance to chemotherapy [26]. However, the
function of miR-184 in thyroid cancer requires further study.

Conclusions

This study used data from patients with thyroid cancer from
the Cancer Genome Atlas (TCGA), the Kyoto Encyclopedia of
Genes and Genomes (KEGG), and the Gene Ontology (GO) da-
tabases to construct a competing endogenous RNA (ceRNA)
network of mRNAs, long noncoding RNAs (IncRNAs), and mi-
croRNAs (miRNAs). The study identified differentially expressed
mRNAs, IncRNAs and miRNAs related to thyroid cancer pro-
gression and prognosis. Some of these RNAs may represent
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Figure 5. The competing endogenous RNA (ceRNA) network of thyroid cancer. Downregulated genes are shown as a green color, and
upregulated genes are shown as a red color. The mRNAs are represented as an ellipse, the long noncoding RNAs (IncRNAs)
are represented as a rhombus, and the microRNAs (miRNAs) are represented as a rectangle.
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Figure 6. The overall survival (OS) associated with the two long noncoding RNAs (IncRNAs), MIR181A2HG and OPCML-IT1, and the
microRNA, miR-184 in thyroid cancer.
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diagnostic or prognostic biomarkers in thyroid cancer but re-
quire further validation and study. Also, future studies with

LAB/IN VITRO RESEARCH
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functional experiments are needed to determine the specific None.
functional roles of the components of the ceRNA network in
thyroid cancer.
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Supplementary Figure 1. Differentially expressed RNAs in thyroid cancer. Volcano plot to compare the RNAs between thyroid cancer
tissues and normal thyroid gland tissues. The red dots represent upregulated genes and the green dots
represent down-regulated genes. (A) Differentially expressed mRNAs in thyroid cancer. (B) Differentially
expressed long noncoding RNAs (IncRNAs) in thyroid cancer. (C) Differentially expressed microRNAs (miRNAs)

in thyroid cancer.
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