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ABSTRACT. In this study, we examined the molecular mechanism of
thyroid carcinoma (THCA) using bioinformatics. RNA-sequencing data of
THCA (N = 498) and normal thyroid tissue (N = 59) were downloaded from
The Cancer Genome Atlas. Next, gene expression levels were calculated
using the TCC package and differentially expressed genes (DEGs)
were identified using the edgeR package. A co-expression network was
constructed using the EBcoexpress package and visualized by Cytoscape,
and functional and pathway enrichment of DEGs in the co-expression
network was analyzed with DAVID and KOBAS 2.0. Moreover, modules
in the co-expression network were identified and annotated using MCODE
and BINGO plugins. Small-molecule drugs were analyzed using the
cMAP database, and miRNAs and transcription factors regulating DEGs
were identified by WebGestalt. A total of 254 up-regulated and 59 down-
regulated DEGs were identified between THCA samples and controls.
DEGs enriched in biological process terms were related to cell adhesion,
death, and growth and negatively correlated with various small-molecule
drugs. The co-expression network of the DEGs consisted of hub genes
(ITGA3, TIMP1, KRT19, and SERPINAT) and one module (JUN, FOSB,
and EGRT). Furthermore, 5 miRNAs and 5 transcription factors were
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identified, including E2F, HSF2, and miR-26. miR-26 may participate in
THCA by targeting CITED1 and PLA2R1; E2F may participate in THCA by
regulating ITGA3, TIMP1, KRT19, EGR1, and JUN; HSF2 may be involved
in THCA development by regulating SERPINA1 and FOSB; and small-
molecule drugs may have anti-THCA effects. Our results provide novel
directions for mechanistic studies and drug design of THCA.

Key words: Differentially expressed genes; MicroRNAs; RNA sequencing;
Thyroid carcinoma; Transcription factors

INTRODUCTION

Thyroid carcinoma (THCA) is a prevalent endocrine malignancy (Xing, 2013). Over the
past several decades, the incidence of THCA has been steadily increased worldwide. Particu-
larly, the THCA mortality rates in most countries ranged between 0.20-0.40 per 100,000 men and
0.20-0.60 per 100,000 women in 2008-2012 (La Vecchia et al., 2015). Currently, available treat-
ment involves surgery, radioactive iodine therapy, and thyroid hormone. However, the median
survival is reported to be 3-5 months from diagnosis, and the carcinoma worsens when chemo-
therapy fails (Sosa et al., 2014).

Currently, various genetic and epigenetic alterations have been found to participate in the
initiation and progression of THCA, including activation of the phosphatidylinositol 3-kinase-protein
kinase B (AKT) and mitogen-activated protein kinase signaling pathways, point mutations in BRAF
and RAS, and chromosomal rearrangement of paired box 8/peroxisome proliferator-activated re-
ceptor y and RET/PTC (Nikiforov and Nikiforova, 2011). As an effective gene expression regulator
at the post-transcription level, microRNA (miRNA) has been found to play crucial roles in THCA;
for example, 1) miR-145 is significantly down-regulated in THCA, and its overexpression inhib-
its the growth and metastasis of THCA by targeting AKT3 and inhibiting the PI3K/Akt pathway
(Boufragech et al., 2014); 2) miR-146b-5p promotes metastasis and the epithelial-mesenchymal
transition in papillary THCA by targeting zinc RING finger 3 and enhancing Wnt/B-catenin signaling
(Deng et al., 2015); 3) down-regulation of miR-181b accelerates apoptosis by targeting CYLD in
papillary THCA (Li et al., 2014).

In addition, transcription factors (TFs) regulate gene expression at the transcription level
and participate in THCA; for example, 1) as a basic helix-loop-helix TF, Twist1 affects the survival
and motility of THCA cells by up-regulating HS6ST2, COL1A1, F2RL1, LEPREL1, PDZK1, and
PDZK1IP1 (Di Maro et al., 2014) and 2) Runx2 promotes the invasion and metastasis of THCA by
regulating epithelial-mesenchymal transition-related molecules, angiogenic/lymphangiogenic fac-
tors, and matrix metalloproteinases (Niu et al., 2012). However, the molecular mechanism underly-
ing THCA is not well understood.

To gain insight into the genetic changes that occur in THCA, RNA sequencing (RNA-seq)
data were downloaded from a public database for analysis. We conducted differential expres-
sion analysis, co-expression analysis, and functional annotation to detect all possible changes. To
comprehensively understand these changes, differentially expressed genes (DEGs) related small-
molecule drugs, miRNAs and TFs were screened. The results of this study may provide novel
directions for mechanism studies and drug design for THCA.
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MATERIAL AND METHODS
Preprocessing of RNA-seq data

All second generation RNA-seq data of THCA from The Cancer Genome Atlas (TCGA)
were analyzed using the TCGA-Assembler software (Zhu et al., 2014), and only solid tumor
(THCA group, N = 498) and normal solid tissue (control group, N = 59) samples were included in
this study. Next, the reads per kilobase per million mapped sequence read values, which could
be used to evaluate gene expression levels, were calculated and normalized using the Tag count
comparison package (version1.6.5, http://www.bioconductor.org/packages/release/bioc/html/
TCC.html) (Sun et al., 2013).

DEG screening

DEGs between THCA and control samples were identified using the edgeR package from
Bioconductor  (version3.8.6, http://www.bioconductor.org/packages/3.0/bioc/html/edgeR.html)
(Robinson et al., 2010). In this analysis, the gene expression values of THCA and control samples
were evaluated based on edgeR models, and P values were adjusted using the multtest package
(version 2.22.0, http://www.bioconductor.org/packages/3.0/bioc/html/multtest.html) (Benjamini,
2010) to obtain the false discovery rate (FDR). The criteria for DEG screening were FDR < 0.05
and [log,-fold change (FC)[>1, in which FC = gene expression value in THCA group / gene expres-
sion value in the control group.

Bidirectional hierarchical clustering analysis of DEGs

In bidirectional hierarchical clustering analysis (Boufragech et al., 2014), the gene symbols
and expression values of DEGs in every sample were extracted and clustered using the pheat-
map package (version1.0.2, http://cran.r-project.org/web/packages/pheatmap/index.html) (Kolde,
2012) based on Euclidean distance (Deza and Deza, 2009). Next, the results of this analysis were
illustrated using heatmap.

Construction of co-expression network

The correlations between DEGs were calculated using the EBcoexpress package from
Bioconductor (version1.10.0, http://www.bioconductor.org/packages/3.0/bioc/html/EBcoexpress.
html) (Dawson et al., 2012), and the DEG-DEG pairs with correlation coefficient (|r|) > 0.6 were
utilized to construct the co-expression network, which was visualized using Cytoscape (version
2.8, http://cytoscape.org/) (Smoot et al., 2011).

Functional and pathway enrichment analyses of DEGs

Gene annotation information as downloaded from the Gene Ontology (GO) Consortium
(http://geneontology.org/) and DEGs were annotated and given GO identifiers, which were fur-
ther divided into Biological Process (BP), Cellular Component (CC), and Molecular Function (MF)
categories (Blake et al., 2013). GO functional enrichment of DEGs in the co-expression network
was also conducted, accompanied by Kyoto Encyclopedia of Genes and Genomes pathway en-
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richment using the online tool DAVID (http://david.abcc.ncifcrf.gov/) (Huang et al., 2007) and web
server KOBAS 2.0 (http://kobas.cbi.pku.edu.cn) (Xie et al., 2011) based on a hypergeometric algo-
rithm. The threshold for these analyses was set as P value < 0.05.

Functional annotation of modules in co-expression network

The modules in the co-expression network were identified and annotated using the mo-
lecular complex detection plugin (Bader and Hogue, 2003) and biological networks gene ontology
tool plugin (Maere et al., 2005) in Cytoscape (http://www.cytoscape.org/) (Smoot et al., 2011), re-
spectively. The criteria for module division were degree cutoff 2 2 (the connective degree of every
node in the module should = 2) and K-core = 2 (the neighbor nodes of every node in the module
should = 2). Annotation was performed based on the hypergeometric distribution with a threshold
of adjusted P value < 0.01.

Small-molecule drug analysis of DEGs

In order to identify functional relationships between THCA, DEGs, and bioactive small-
molecule drugs, small-molecule drug analysis was performed for the identified DEGs based on
the Connectivity map database (http://www.broadinstitute.org/cmap/) (Lamb et al., 2006). The
Connectivity map database stores genome-wide expression data from cultured human cells
treated with bioactive small molecules. The criterion for this analysis was correlation coefficient
(|score|) > 0.8.

miRNAs and TFs analysis of DEGs

The miRNAs and TFs regulating DEGs were identified using online software WEB-based
GEne SeT Analysis Toolkit (http://bioinfo.vanderbilt.edu/webgestalt/) (Wang et al., 2013), and the
corresponding criterion was set as adjusted P value < 0.05 via multiple test.

RESULTS
DEGs between THCA and control groups

Atotal of 11,483 genes were detected in the RNA-seq data of THCA samples and controls.
After DEG screening, a total of 313 significant DEGs (FDR < 0.05 and |log, FC|>1) were identified
between THCA and control groups, including 254 up-regulated and 59 down-regulated DEGs. Par-
ticularly, CITED1 (log, FC = 4.97, FDR = 0) andPLA2R1 (log, FC = -2.93, FDR = 0) were among
the most significantly down-regulated DEGs.

Bidirectional hierarchical clustering analysis of DEGs

After bidirectional hierarchical clustering analysis, DEGs between 498 THCA samples
and 59 controls were clustered based on their expression values, and then illustrated using
heatmap (Figure 1). THCA samples and controls could be clearly differentiated using the iden-
tified DEGs.
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Figure 1. Heatmap of DEGs between THCA and control groups. The red line under the heatmap indicates the THCA
samples. The color bar on the right side represents gene expression values. DEGs: differentially expressed genes;

THCA: thyroid carcinoma.

Functional annotation of DEGs

After GO functional annotation, 313 DEGs were predicted to participate in 11 CC terms,
12 MF terms, and 23 BP terms (Figure 2). The 11 CC terms were mainly associated with extracel-
lular region, membrane, and synapse; the 12 MF terms were mainly related with gene expression,
reaction activity, and transporter; and the 23 BP terms were mainly associated with cell adhesion,
death, and growth. The terms chemoattractant activity, electron carrier activity, translation regulator

activity, and cell killing only included up-regulated DEGs.
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Figure 2. Results of functional annotation of DEGs. Pink: up-regulated DEGs; green: down-regulated DEGs; left
vertical axis: percent of DEGs involved in a specific term against all DEGs; right vertical axis: number of DEGs involved

in a specific term; DEGs: differentially expressed genes.

Co-expression network of DEGs

Based on the DEG-DEG pairs with |r] > 0.6, the co-expression network of DEGs was
constructed, consisting of 20 DEGs (17 up-regulated DEGs and 3 down-regulated DEGs) and 21
co-expression relationships (Figure 3). In this network, the up-regulated DEGs ITGA3 (degree =
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6, log, FC = 1.70), TIMP1 (degree = 3, log, FC = 3.05), KRT19 (degree = 3, log, FC = 2.73), and
SERPINA1 (degree = 3, log, FC = 4.61) had a high connective degree, and thus were defined as
hub genes.

Figure 3. Co-expression network of DEGs. Red nodes: up-regulated DEGs; blue nodes: down-regulated DEGs;
edges: co-expression relationship between DEGs; DEGs: differentially expressed genes.

Enrichment analysis of DEGs in co-expression network

After GO functional and Kyoto Encyclopedia of Genes and Genomes pathway enrichment
analyses, DEGs in the co-expression network were significantly enriched in 10 functions, mainly
including response to hormone stimulus, adhesion, and collagen biosynthesis (Figure 4) and 2
pathways, including extracellular matrix-receptor interaction and focal adhesion (P value < 0.05).

response to steroid hormone stimulus
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response to cytokine stimulus

8.57%
response to organic substance
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cell-matrix adhesion
8.57%
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response to hormone stimulus

acute inflammatory response 143%

8.57%

cell-substrate adhesion response to estrogen stimulus
0,
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Figure 4. GO functions involving DEGs in co-expression network. The percent in the figure represents the percent of
DEGs in a specific term against all DEGs. GO: Gene Ontology; DEGs: differentially expressed genes.
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Functional annotation of modules in co-expression network

In the co-expression network, only one module was identified (degree cutoff > 2 and K-
core 2 2), consisting of the down-regulated DEGs JUN (log, FC = -1.73), FOSB (log, FC = -2.30),
and EGR1 (log, FC = -1.72), and 3 co-expression relationships. Furthermore, the DEGs in this
module were annotated to participate in 8 GO functions, which were mainly associated with tran-
scription (adjusted P value < 0.01, Table 1).

Table 1. Functional annotation of DEGs in the identified module.

GOID Adjusted P value DEG Gene function

7610 8.22E-03 JUN, FOSB, EGR1 Behavior

6357 8.22E-03 JUN, FOSB, EGR1 Regulation of transcription from RNA polymerase Il promoter
31324 8.22E-03 JUN, FOSB, EGR1 Negative regulation of cellular metabolic process

10605 8.22E-03 JUN, FOSB, EGR1 Negative regulation of macromolecule metabolic process
9892 8.22E-03 JUN, FOSB, EGR1 Negative regulation of metabolic process

6355 1.97E-02 JUN, FOSB, EGR1 Regulation of transcription, DNA-dependent

48523 1.97E-02 JUN, FOSB, EGR1 Negative regulation of cellular process

51252 1.97E-02 JUN, FOSB, EGR1 Regulation of RNA metabolic process

GO: Gene Ontology; ID: identifier; DEGs: differentially expressed genes.
Small-molecule drug analysis of DEGs

After small-molecule drug analysis, the DEGs between the THCA and control groups were
significantly correlated with 11 small-molecule drugs (|score| > 0.8, Table 2). Eight drugs were

negatively correlated with the identified DEGs, including doxylamine, Prestwick-920, cromoglicic
acid, nimesulide, and pridinol.

Table 2. Small-molecule drugs correlated with DEGs.

Small-molecule drugs Correlation score P value
Cobalt chloride -0.882 0.00318
Doxylamine -0.879 0.00008
Prestwick-920 -0.877 0.00052
Cromoglicic acid -0.861 0.03887
Nimesulide -0.844 0.00105
AG-012559 -0.824 0.01098
AH-23848 -0.821 0.01146
Pridinol -0.817 0.00209
Cefamandole 0.836 0.00111
Amantadine 0.85 0.00072
Fenofibrate 0.864 0.00465

The correlation score changes from 1 to -1. Score < 0 means the change directions of
gene expression values caused by this drug are opposite to the change directions of gene expres-
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sion values in THCA, namely, this drug might have anti-THCA effects. What's more, low scores
represent high anti-THCA effects. On the contrary, score > 0 means the change directions of gene
expression values caused by this drug are same to the change directions of gene expression
values in THCA, namely, this drug might promote THCA. In addition, high scores represent high
THCA-promoting effects. THCA: thyroid carcinoma; DEGs: differentially expressed genes.

miRNAs and TFs regulating DEGs

A total of 5 miRNAs and 5 TFs were found to regulate DEGs (adjusted P value < 0.05,
Table 3). Particularly, 1) E2F was found to regulate hub genes (ITGA3, KRT19, TIMP1) and mod-
ule genes (EGR1, JUN); 2) HSF2 was found to regulate the hub gene SERPINA1 and the module
gene FOSB; 3) miR-26 was found to regulate the most significant DEGs CITED1 and PLA2R1.

Table 3. miRNAs and TFs regulating DEGs.

Regulator Regulator name Regulator ID Adjusted P value | DEGs

TF hsa-E2F DB_ID:2297 3.15E-05 S100A11, NPC2, TGM2, LGALS1, CYR61, ENC1, SOX4,
JUN, ITGAS3, CTSC, TGFBI, ELF3, FHL1, TNC, KRT19,
TIMP1, EGR1, PNP, ECE1, FBLN1, EFEMP1, COL3A1,
DCN

hsa-HSF2 DB_ID:1951 5.98E-04 CTSH, COL1A1, MATN2, SPOCK1, CYP1B1, ERBB3,
PRSS23, DHRS3, SPOCK2, GALE, CRABP2, EPSS,
ICAM1, P4HA2, FOSB, E2F1, SPINT1, SERPINA1

hsa-VDR DB_ID:2102 2.63E-04 SLPI, PAPSS2, ALDH1A3, S100A4, UPP1, CDH3, LAD1,
COL5A1, ETV5, PSD3, APOE, TBC1D4, NELL2, CDH2,
MET

hsa-HNF3 DB_ID:2423 3.11E-04 CHST2, CA12, DUSP4, NRCAM, SLC34A2, S100A2,

SORBS2, TMC6, APOC1, ALOX5, PC, BID, ELMO1,
VCAN, NFE2L3, CDH13, CSPG4, PCSK2, TLE4, GJA4

hsa-AP4 DB_ID:1967 1.00E-04 MTMR11, MAMLD1, QPCT, IL1RAP, EGR2, INHBB,
BMP2, PHYHIP, S100A1, PLAG1, CFD, MST1R, PLAU,
ADORAT1
miRNA hsa-miR-520 DB_ID:699 2.00E-04 PLAG1, CFD, MST1R, PLAU, ADORA1, RYR1, SCN1B,

GLS2, CDH6, CORO2A, HRH1, PDE9A, ALDH3B1,
ODZ1, PRSS22

hsa-miR-524 DB_ID:802 4.50E-03 KL, EPHA3, TPPP, TNFRSF10C, TIAM1, SLC26A4,
PTP4A3, PASK, CST6, PDE5A, KCNJ2

hsa-miR-26 DB_ID:687 2.50E-03 SCEL, TGFBRY, CITED1, PLA2R1, CDKN2B, ENTPDT,
IGSF1, PROS1, MUC1, BMP8A, CITED2, MGAT3

hsa-miR-124A DB_ID:811 2.50E-03 ESM1, CCND1, DUSP6, SLC1A5, LGALS3, MDK, HBB,
AGR2

hsa-miR-15 DB_ID:811 5.00E-03 ECM1, TM4SF1, CHI3L1, SYNE1, DUSP5, RAB27A

DEGs: differentially expressed genes; miRNAs: microRNAs; TFs: transcription factors; ID: identifier.
DISCUSSION

THCA is an endocrine malignant cancer with a high incidence worldwide (Xing, 2013; La
Vecchia et al., 2015). In this study, RNA-seq data were downloaded from public databases and
reanalyzed comprehensively. A total of 254 up-regulated and 59 down-regulated DEGs were identi-
fied (CITED1, PLA2R1, etc.) and were negatively correlated with doxylamine, Prestwick-920, cro-
moglicic acid, nimesulide, and pridinol. A co-expression network of DEGs was constructed, which
included hub genes (ITGA3, TIMP1, KRT19, and SERPINA1); next, one module (JUN, FOSB, and
EGRT1) was further evaluated. Furthermore, 5 miRNAs and 5 TFs were identified, including E2F
(ITGA3, KRT19, TIMP1, EGR1, and JUN), HSF2 (SERPINA1 and FOSB), and miR-26 (CITED1
and PLA2R1), as regulators of DEGs.

Among the most significant DEGs identified, CITED1 (Cbp/p300-interacting transactivator
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1) has been reported to be greatly up-regulated in papillary THCA compared to in the normal
thyroid (Prasad et al., 2004), and it plays diagnostic role in encapsulated lesions of papillary
THCA (Scognamiglio et al., 2006). PLA2R1 (phospholipase A2 receptor 1) is down-regulated in
malignant follicular THCA compared with in benign follicular adenomas (Fryknas et al., 2006).
Both CITED1 and PLA2R1 were regulated by miR-26. Decreased expression of miR-26 was pre-
viously detected in anaplastic THCA (Braun et al., 2010). Thus, miR-26 may participate in THCA
by targeting CITED1 and PLA2R1.

Among the hub genes and module genes, ITGAS3 (integrin o3), TIMP1 (TIMP metallo-
peptidase inhibitor 1), KRT19 (keratin 19), EGR1 (early growth response 1), and JUN (Jun proto-
oncogene) were regulated by E2F. TIMP1 was found to be up-regulated in THCA, and the protein
product binds to its receptor on cell membrane surface to activate the Akt signaling pathway, which
confers anti-apoptotic behavior and promotes cell invasion (Bommarito et al., 2011). KRT19 is
overexpressed in papillary THCA (Cheung et al., 2001), and our result is consistent with those of a
previous study. EGR1 is expressed in the nucleus and up-regulates PTEN, a tumor suppressor that
inhibits the cell cycle (Di Loreto et al., 2005). In this study, EGR1 expression was down-regulated in
THCA, promoting tumor growth. Additionally, the TF E2F plays crucial roles in regulating the G1/S
transition during the cell cycle by activating genes involved in DNA synthesis and is up-regulated
in benign and malignant thyroid tumors compared with in normal thyroid tissue (Saiz et al., 2002).
Associations between E2F and TIMP1, KRT19, and EGR1 have also been reported (Bigelow et
al., 2009). Differential expression of ITGA3 and JUN was identified in cancer tissues (Briggs et
al., 2002; Bredel et al., 2005), and the expression differed between THCA samples and controls.
ITGA3 and JUN were enriched in the focal adhesion pathway, which is crucial for THCA invasion.
Therefore, we predicted that ITGA3 and JUN play a role in THCA development, and E2F partici-
pates in THCA by regulating ITGA3, TIMP1, KRT19, EGR1, and JUN.

Moreover, SERPINA1 (serpin peptidase inhibitor clade A member 1) and FOSB (FBJ mu-
rine osteosarcoma viral oncogene B) are regulated by HSF2 (heat shock transcription factor 2).
Reportedly, SERPINAT is a biomarker of THCA (Griffith et al., 2006), and FOSB participates in
known oncogenic pathways and various types of cancer (Milde-Langosch et al., 2003). Although
there is little direct evidence regarding the involvement of HSF2 in THCA development, HSF2 has
potential tumorigenic functions by regulating the proto-oncogene c-Fos (De Thonel et al., 2011).
Therefore, HSF2 may participate in THCA development by regulating SERPINA1 and FOSB.

Furthermore, the small-molecule drugs doxylamine, Prestwick-920, cromoglicic acid,
nimesulide, and pridinol were significantly negatively correlated with the identified DEGs. Thus,
the changes in the gene expression values caused by these drugs were opposite of the change of
gene expression values in THCA, indicating that these drugs have anti-THCA effects.

In conclusion, 1) miR-26 may participate in THCA by targeting CITED1 and PLA2R1; 2)
ITGA3 and JUN may play a role in THCA development; 3) E2F participates in THCA by regulat-
ing ITGA3, TIMP1, KRT19, EGR1, and JUN; 4) HSF2 may be involved in THCA development by
regulating SERPINA1 and FOSB; and 5) the small-molecule drugs doxylamine, Prestwick-920,
cromoglicic acid, nimesulide, and pridinol may have anti-THCA effects. The results of this study will
be useful for mechanism studies and drug design in THCA, and our further studies will focus on
validating these predictions through experiments.
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