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Abstract. MicroRNAs  (miRNAs) are a class of short 
(approximately 22 nucleotides), non-coding and endogenous 
RNA molecules that play pivotal roles in the occurrence and 
development of cancer. The present study aimed to investigate 
key miRNAs involved in papillary thyroid carcinoma (PTC). 
Two independent datasets (GSE73182 and GSE113629) were 
obtained from the GEO database. The differentially expressed 
miRNAs (DEmiRNAs) between PTC tissues and normal thyroid 
tissues were analyzed by GEO2R with the Limma R package. 
Key miRNAs in PTC were identified by the VennDiagram R 
package. The targets of the key miRNAs were predicted by 
miRWalk and were functionally enriched by clusterProfiler R 
package. Five miRNAs including hsa‑miR‑146b-5p, hsa-miR-
15a-5p, hsa-miR-21-5p, hsa-miR‑221-3p and hsa-miR-222-3p 
were identified as key miRNAs in PTC. The expression levels 
of these key miRNAs were upregulated in PTC. This finding 
was also confirmed in the other dataset. Target prediction of 
miRNAs indicated that hsa-miR-146b-5p, hsa-miR-15a-5p, 
hsa-miR-21-5p, hsa‑miR-221-3p and hsa-miR-222-3p exhibited 
2, 41, 3, 14 and 8 target genes, respectively. Enrichment analysis 
indicated that these key miRNAs were mainly involved in nine 
biological processes, such as regulation of MAP kinase activity, 
JNK cascade signaling and regulation of protein serine/threo-
nine kinase activity) and in 28 pathways, including the mitogen 
associated protein kinase, the sphingolipid, ErbB, Ras and the 
C-type lectin receptor signaling pathways. In conclusion, the 
present study identified several key miRNAs in PTC, which 
serve as potential targets for PTC diagnosis and treatment.

Introduction

Papillary thyroid carcinoma (PTC) is the main histological 
type of thyroid cancer, accounting for >80% of all thyroid 

malignancies (1). Although most patients with PTC have low 
recurrence rate and exhibit optimal prognosis as determined 
by long term follow-up, approximately 15% of patients demon-
strate aggressive behavior and poor outcome (2,3). To date, the 
pathogenesis of PTC has not been fully identified. Therefore, 
detailed investigation of the biological processes involved in 
PTC can provide insight to the diagnosis and pathogenesis of 
this disease and to its potential treatment.

MicroRNAs (miRNAs) are a class of short (approximately 
22 nucleotides), non-coding and endogenous RNA molecules 
that can suppress the expression of the corresponding protein 
coding genes by binding to the 3'-untranslated region (3'-UTR) 
of the target mRNAs (4,5). Previous studies have suggested 
that miRNAs can function as regulators of oncogenes or of 
tumor suppressor genes and are involved in the occurrence and 
development of cancer (6-10). However, due to the limitations 
of the traditional biomolecular detection methods, most of the 
previous studies focused only on the expression and function of 
single miRNAs in cancer. The application of high-throughput 
detection technologies used for miRNA expression, such as 
miRNA expression microarray and miRNA sequencing has 
enabled the generation of an increasing number of miRNA 
expression profiles and their deposition in the public databases, 
such as Gene Expression Omnibus (GEO) and The Cancer 
Genome Atlas (TCGA). By analyzing these miRNA expres-
sion profiles, a comprehensive understanding of the expression 
levels of specific miRNAs can be attained in a biological 
sample at a given moment.

In the present study, high-throughput miRNA expression 
profiles were obtained from the GEO database (corresponding 
to PTC patients) and key miRNAs in PTC were subsequently 
identified. Furthermore, the role of specific key miRNAs in 
the development of PTC was further revealed by investigating 
the potential function of their associated target genes.

Materials and methods

miRNA expression profiles. Two independent microarray data-
sets (GSE73182 and GSE113629) were obtained from the GEO 
database (https://www.ncbi.nlm.nih.gov/geo/). GSE73182 
included miRNA expression profiles of 19 primary PTCs and 
five normal thyroid samples, which were generated using the 
Agilent microarray platform (GPL20194) (11). GSE113629 
included miRNA expression profiles of five pairs of PTC and 
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normal thyroid tissues, which were generated using the Agilent 
microarray platform (GPL24741) (12).

Data analysis. The GEO2R tool (https://www.ncbi.nlm.
nih.gov/geo/geo2r/) was used to identify the differentially 
expressed miRNAs (DEmiRNAs) between PTC and normal 
thyroid tissues. Multiple-testing corrections were performed 
based on the Benjamini & Hochberg method in order to correct 
for false-positive results. The miRNAs with the adjusted 
P<0.05 and with a |logFC|>1 were selected as DEmiRNAs.

Identification of key miRNAs in PTC. TheVennDiagram R 
package was used to identify common DEmiRNAs in two 
independent datasets (13). These common DEmiRNAs were 
identified as key miRNAs involved in PTC. Furthermore, 
the Human Cancer Metastasis Database (HCMDB; http://
hcmdb.i-sanger.com/index) was used to analyze large-scale 
expression data of cancer metastasis. miRNA deep sequencing 
data of three PTC and three matched normal tissues was used 
to confirm the expression levels of the key miRNAs (14).

miRNA-target prediction. The miRWalk tool (http://mirwalk.
umm.uni-heidelberg.de/) integrating three prediction tools 
(miRDB, TargetScan and miRTarBase) was used to predict 
the target genes of key miRNAs involved in PTC (15). The 
genes that were predicted simultaneously by the three tools 
were identified as miRNA target genes. The cytoscape soft-
ware was used to construct the miRNA-target gene interaction 
networks (16).

Functional annotation. To analyze the role of key miRNAs in 
PTC, Gene Ontology (GO) and Kyoto Encyclopedia of Genes 
and Genomes  (KEGG) pathway enrichment analysis were 
performed using ClusterProfiler package for the miRNA target 
genes (17). The adjusted P<0.05 was considered to indicate 
statistically significant difference.

Results

Identification of DEmiRNAs. In the GSE113629 dataset 2,115 
DEmiRNAs including 1,968 up‑ and 147 downregulated 
miRNAs were identified in PTC. Furthermore, the analysis 
indicated that 1,963  miRNAs were upregulated only in 
the GSE113629 dataset. In the GSE73182 dataset, seven 
DEmiRNAs including five up‑ and two downregulated 
miRNAs were identified in PTC. Moreover, five miRNAs 
(hsa‑miR‑146b-5p, hsa-miR-15a-5p, hsa-miR-21-5p, 
hsa‑miR‑221-3p and hsa-miR-222-3p) were upregulated in 

both the GSE113629 and GSE73182 datasets, which were 
identified as key miRNAs in PTC (Figs. 1 and 2 and Table I).

To validate the expression levels of these miRNAs in PTC, 
the dataset (Exp ID: EXP00227) collected by HCMDB was 
analyzed (Fig. 3). The results indicated that the expression 
levels of all these miRNAs were upregulated in PTC compared 
with those of the normal tissues, which was consistent with 
previous microarray results (11,12).

Potential function of of key miRNAs. To reveal the potential 
function of the key miRNAs, the prediction of their target 
genes was initially performed by the miRWalk tool. The 
results indicated that hsa-miR-146b-5p exhibited two target 
genes (ZNRF3 and TRAF6), whereas hsa-miR-15a-5p exhib-
ited 41  target genes (including ZNF704, SEPT2, SPTLC1, 
SBNO1, KATNAL1, ZBTB10, NUFIP2, TAOK1 and CRKL). 
hsa-miR-21-5p exhibited three target genes (PAN3, CCL1 and 
MEF2C), hsa-miR-221-3p 14 target genes (including TMCC1, 
PAK1, MAP3K2, MIDN, HECTD2, PIK3R1 and PCDHAC1) 
and hsa-miR-222-3p eight target genes (including TRPS1, 
PANK3, PHACTR4, DPP8, TLE3 and ZFYVE16)  (Fig. 4). 
Subsequently, GO analysis demonstrated that the target genes 
of these key miRNAs were significantly enriched in nine 
biological processes [regulation of MAP kinase activity, Janus 
N-terminal kinase (JNK) cascade signaling and regulation of 
protein serine/threonine kinase activity] (Table II). KEGG 
pathway analysis indicated that the target genes of the key 
miRNAs identified were significantly enriched in 28 pathways, 
including the MAPK, the sphingolipid, the ErbB, the Ras and 
the C-type lectin receptor signaling pathways (Table III).

Discussion

Bioinformatic analysis for microarray and RNA-seq has 
been widely used recently to identify potential targets for 
the diagnosis and therapy of different cancer types (18-20). 
Xia et al (12) demonstrated that promoter DNA methylation 
caused silencing of miR-204 that could serve as a potential 
diagnostic biomarker of PTC based on miRNA expression 
profiling (GSE113629). Minna  et  al  (11) highlighted that 
miR‑451a expression was downregulated and that it targeted 
the protein kinase B/mammalian target of rapamycin pathway 
in PTC based on miRNA expression profiling (GSE73182). In 
the present study, the two sets of data were analyzed by bioin-
formatic methods and five key miRNAs (hsa-miR‑146b-5p, 
hsa-miR-15a-5p, hsa-miR-21-5p, hsa‑miR‑221-3p and 
hsa‑miR-222-3p) were identified in PTC. The expression 
levels of these key miRNAs were increased in PTC compared 

Table I. Summary for key miRNAs in papillary thyroid carcinoma.

miRBase	 miRBase	 miRBase	 miRNA

hsa-miR-221-3p	 hsa-miR-221	 MIMAT0000278	 5'-AGCUACAUUGUCUGCUGGGUUUC-3'
hsa-miR-146b-5p	 hsa-miR-146b	 MIMAT0002809	 5'-UGAGAACUGAAUUCCAUAGGCU-3'
hsa-miR-222-3p	 hsa-miR-222	 MIMAT0000279	 5'-AGCUACAUCUGGCUACUGGGU-3'
hsa-miR-21-5p	 hsa-miR-21	 MIMAT0000076	 5'-UAGCUUAUCAGACUGAUGUUGA-3'
hsa-miR-15a-5p	 hsa-miR-15a	 MIMAT0000068	 5'-UAGCAGCACAUAAUGGUUUGUG-3'
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with those noted in normal tissues, which was also confirmed 
by an RNA-seq dataset. By reviewing the relevant literature, 
the data demonstrated the carcinogenic or cancer-promoting 
effects of hsa-miR-146b-5p and hsa-miR‑222-3p in PTC. 
For instance, hsa-miR-146b-5p expression was associated 
with advanced PTC stage and promoted the development of 
this disease by targeting CCDC6 in vitro and in vivo, which 
may serve as a promising target for PTC treatment (21). The 
enhanced expression of miR-222-3p promoted the prolif-
eration of PTC cells, while miR-222-3p knockdown inhibited 
it (22). Although no direct functional study has been conducted 
to date on hsa-miR-15a-5p or hsa-miR-21-5p in PTC, the find-
ings by Jiang et al (23) and Zhang et al (24) indicated that 
these two miRNAs may exert tumor-suppressive effects in 
PTC. These results are contradictory to the present findings 
possibly due to tumor heterogeneity or due to the opposing 

function of these two miRNAs in the development of PTC. 
The upregulated expression of hsa-miR-221-3p in PTC has 
also been reported in a previous study (25). However, no rele-
vant functional experiment was performed previously to the 
best of our knowledge. Therefore, further studies are required 
to explore the function of these key miRNAs in PTC, notably 
of hsa-miR-15a-5p, hsa-miR‑21-5p and hsa‑miR-221-3p. 
Chen et al  (26) explored several types of RNAs involved 
in the development of PTC based on TCGA and identified 
30 differentially expressed miRNAs between PTC and 
normal samples. However, hsa-miR-15a-5p, hsa‑miR‑21-5p, 
hsa‑miR-221-3p and hsa‑miR-222-3p were not reported in that 
study (26).

Considering that the miRNA function is mainly depen-
dent on its target gene, the target genes of the key miRNAs 
investigated in the present study were predicted by miRWalk. 

Figure 1. Venn diagrams showing the differentially expressed microRNAs in the GSE73182 and GSE113629 datasets.

Figure 2. Boxplots indicating the expression levels of key miRNAs in papillary thyroid carcinoma based on miRNA microarray data. miRNA/miR, microRNA.

Figure 3. Boxplots indicating the expression levels of key miRNAs in PTC based on miRNA deep sequencing data (Group_A and Group_B indicated 3 normal 
thyroid tissues and 3 matched PTC tissues, respectively). PTC, papillary thyroid carcinoma; miRNA/miR, microRNA.
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A total of 68 genes were identified as targets of these key 
miRNAs. Subsequently, GO and KEGG pathway enrichment 
analysis based on these target genes was performed to indi-
cate the function of these key miRNAs in PTC. The results 
indicated that the key miRNAs could significantly influence 
nine biological processes and 28 signaling pathways, such as 
the regulation of mitogen associated protein kinase (MAPK) 
activity, JNK cascade signaling, the MAPK signaling pathway, 
the sphingolipid signaling pathway, the ErbB signaling 
pathway and the Ras signaling pathway. These observations 
can aid the understanding of the pathogenesis of PTC.

Although the present study identified key miRNAs in PTC 
based on data mining and bioinformatic methods, the following 
limitation must be highlighted: Functional experiments are 
required in future studies to elucidate the mechanism of action 
of the key miRNAs identified in PTC.

In conclusion, findings of the present study have revealed 
a group of miRNAs associated with PTC. Therefore, 
hsa-miR-146b-5p, hsa-miR-15a-5p, hsa-miR-21-5p, hsa-
miR-221-3p as well as hsa-miR-222-3p may be regarded as 
promising diagnostic biomarkers and therapeutic targets for 
PTC.

Table II. Biological processes enrichment analysis of microRNA targets.

ID	 Description	 P.adjust

GO:0032147	 Activation of protein kinase activity	 1.75x10
GO:0043406	 Positive regulation of MAP kinase activity	 1.85x10
GO:0007254	 JNK cascade	 3.23x10
GO:0071902	 Positive regulation of protein serine/threonine kinase activity	 3.23x10
GO:0043507	 Positive regulation of JUN kinase activity	 3.23x10
GO:0043405	 Regulation of MAP kinase activity	 3.23x10
GO:0000187	 Activation of MAPK activity	 3.40x10
GO:0071900	 Regulation of protein serine/threonine kinase activity	 4.03x10
GO:0043506	 Regulation of JUN kinase activity	 4.03x10

MAPK, mitogen associated protein kinase; JUN, AP-1 transcription factor subunit; JNK, Janus N-terminal kinase; GO, gene ontology.

Figure 4. Network diagram showing the potential target genes of key miRNAs in papillary thyroid carcinoma. miRNA/miR, microRNA.
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