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Abstract: Background: The mechanism of microRNAs (miRNAs) in thyroid cancer is still unclear. We identified miR-
NAs with differential expression in thyroid cancer versus normal tissues. Methods: Microarray datasets were ob-
tained from the GEO and ArrayExpress databases, and from publications found via PubMed, EMBASE, and Web of 
Science. Differentially expressed miRNAs were identified using the limma package, and their targets predicted using 
miRWalk. Gene Ontology (GO), Kyoto Encyclopedia of Genes and Genomes (KEGG), and protein-protein interaction 
(PPI) network analyses were performed using these target genes to explore potential carcinogenic mechanisms. 
Correlations between target gene and miRNA expression levels were examined. Changes in target protein expres-
sion were confirmed using data from The Human Protein Atlas and the Cancer Genome Atlas. Results: We ultimately 
included five datasets, and further analyzed the four miRNAs that were down-regulated in at least four datasets 
(miR-7-2-3p, miR-138-5p, miR-144-5p, miR-486-5p). Predicted targets were enriched in GO terms including extra-
cellular matrix organization, cell surface, and receptor binding, and in KEGG cancer pathways. PPI analysis identi-
fied 10 hub genes as key potential targets of these miRNAs. The expression levels of eight target genes were nega-
tively correlated with those of their respective miRNAs. Furthermore, eight predicted target genes in cancer-related 
pathways showed up-regulated protein and mRNA expression in thyroid cancer. Conclusion: Low miRNA expression 
in thyroid cancer might influence tumorigenesis via critical pathways. The genes identified here may act as a starting 
point for further investigation of the carcinogenic mechanisms of these miRNAs.
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Introduction

Thyroid cancer is considered the most common 
malignant tumor of the endocrine system [1]. In 
2017, 56,870 new thyroid cancer patients and 
approximately 2,010 thyroid cancer deaths 
were predicted to occur in the United States 
[2]. Thanks to fine-needle aspiration biopsy, 
thyroid cancer can be diagnosed at an early 
stage, and patients can receive effective treat-
ment. However, approximately 20% of lesions 
cannot be accurately categorized as begin or 
malignant [3]. Despite the development of 
treatment for thyroid cancer, the 5-year cancer-
specific survival rate remains low. Therefore, it 
is important to identify biomarkers that can be 
used to assist in diagnosing and assessing the 
prognosis of thyroid cancer patients.

MicroRNAs (miRNAs) are a class of endoge-
nous, small (~22 nucleotides) non-coding RNA 
molecules [4]. miRNAs can bind 3’-untranslated 
regions, regulating the expression of genes. 
Additionally, miRNAs can regulate the degrada-
tion of messenger RNA (mRNA), mediated by 
miRNA base-pairing with the mRNA [5]. miRNAs 
are important factors in many biological pro-
cesses, including cell proliferation, apoptosis, 
and carcinogenesis [4]. miRNAs can target 
mRNAs within complex regulatory networks and 
use these networks to regulate tumor develop-
ment and progression [7]. Because they are 
stable and strongly related to clinically-relevant 
processes, miRNAs are considered ideal bio-
markers [6]. 

In the present study, we explored differential 
miRNA expression between thyroid cancer and 
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non-cancerous tissues. The predicted targets 
and potential pathways of miRNAs were exam-
ined to explore and identify potential carcino-
genic mechanisms of different miRNAs in thy-
roid cancer.

Materials and methods

Collection of miRNA microarray data 

We searched microarray databases using the 
Gene Expression Omnibus (GEO; www.ncbi.

miRNA data extraction

Relevant data were extracted from the included 
datasets. If a study qualified for inclusion but 
the original microarray data could not be 
obtained, it was requested from the authors. 
The differences in miRNA expression levels 
were calculated independently by two authors 
(Denghua Pan and Liang Liang). In the event of 
conflicts, all authors participated in a discus-
sion to reach an agreement. All miRNA data 
were standardized using miRBase version 21. 

Figure 1. Procedure for 
identification and inclu-
sion of data in the pres-
ent analysis. A total of 
1269 records were ini-
tially identified, and 5 da-
tasets were included in 
the study after applying 
exclusion criteria.

Table 1. miRNA expression datasets included in this analysis

Datasets Year GPL Types of TC
No. of Patients

Region
Tumor Control

GSE40807 2014 GPL8227 MTC 40 40 France
GSE57780 2015 GPL11154 PTC 3 3 Belgium
GSE62054 2014 GPL8179 FTC 17 8 Norway
GSE73182 2016 GPL20194 PTC 19 5 Italy
E-MTAB-736 2011 ND FTC 12 10 Denmark
FTC: follicular thyroid carcinoma; GPL: gene platform; MTC: medullary thyroid can-
cer; PTC: papillary thyroid cancer; TC: thyroid carcinoma. 

nlm.nih.gov/geo/) and Array- 
Express (www.ebi.ac.uk/arr- 
ayexpress) to collect miRNA 
expression profiling data. We 
also searched PubMed, EM- 
BASE, and Web of Science to 
identify studies containing 
relevant data, with the most 
recent update on October 3, 
2017. The following literature 
search strategy was used: 
(MicroRNA or miRNA or miR) 
and (thyroid OR papillary OR 
follicular OR medullary) and 
(tumour OR tumor OR carci-
noma OR cancer OR neo-
plasm* OR malignan*). We 
also searched the references 
of relevant studies to identify 
potential related studies. The 
following inclusion criteria 
were considered for the data-
sets identified: (a) data were 
from thyroid cancer tissues 
and non-thyroid cancer tis-
sues; (b) the study used hu- 
man samples; and (c) miRNA 
expression data was obtained 
and calculated for experi-
mental and control groups. 
Datasets and publications 
were excluded from the study 
based on the following crite-
ria: (a) dataset had no infor-
mation on miRNA; (b) datas-
ets did not provide complete 
data for further analysis; (c) 
samples were cell lines rath-
er than tissues; (d) not all 
subjects were human; and (e) 
miRNA was only measured in 
thyroid cancer tissues with-
out comparison tissues.
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Figure 2. Expression of miRNAs in thyroid cancer datasets. miRNA expression was analyzed in each included dataset: GSE40807 (A), GSE57780 (B), GSE62054 
(C), GSE73182 (D), and E-MTAB-736 (E). The P values of differences in miRNA expression in thyroid cancer tissues compared to non-cancerous tissues are plotted 
versus the fold-change to identify up-regulated (red) and down-regulated (green) genes. The cut-off value for the fold-change was 1.2. 
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All the names of miRNAs used the present 
study were standardized by miRBase.

Prediction of miRNA target genes 

miRWalk (http://zmf.umm.uni-heidelberg.de/
apps/zmf/mirwalk2/) was adopted to identify 
the potential targets of miRNAs using predic-
tion programs including miRWalk, miRanda, 
MicroT4, miRDB, miRMap, miRBridge, miRNA-
Map, PICTAR2, RNA22, PITA, TargetScan, and 
RNAhybrid. Overlapping targets, defined as 
those that appeared 7 or more times among 
the 12 prediction software programs, were fur-
ther analyzed.

Bioinformatics analysis of overlapping miRNAs

DAVID (https://david.ncifcrf.gov) was selected 
to perform Gene Ontology (GO) functional anno-
tation and KEGG biological pathway analyses. P 
values less than 0.05 were considered statisti-
cally significant in GO and Kyoto Encyclopedia 
of Genes and Genomes (KEGG) analyses. The 
top ten results were visualized using Cytoscape 
version 3.2.1 software. A protein-protein inter-
action (PPI) network, which was generated 
based on the STRING database v10.0 (http://
www.string-db.org), was used to indicate asso-
ciations among the proteins encoded by the 
overlapping target genes. Nodes with a greater 

number of edges (i.e., interactions with other 
proteins) are more likely to be proteins encoded 
by meaningful target genes for the selected 
miRNAs. Hub genes were defined as nodes with 
at least four interactions. 

Correlation of miRNAs with target genes in 
cancer pathways and validation

Pearson’s correlation analysis was applied to 
study the correlation between expression of 
target genes and that of miRNAs. A P value less 
than 0.05 was considered significant. The 
Human Protein Atlas and Cancer Genome Atlas 
data were used to examine the protein expres-
sion levels of the target genes in tumor versus 
normal tissues. 

Statistical analysis

Student’s t-tests were applied to evaluate dif-
ferences between thyroid cancer and non-can-
cerous tissues from each microarray database, 
and P values less than 0.05 were regarded as 
statistically significant. Among the significant 
differencest, fold-changes (FC) were used to 
define the up- and down-regulated expression 
of miRNAs when compared to the levels in non-
cancerous tissues. The cut-off value of FC was 
1.2.

Figure 3. Selection of differentially expressed miRNAs overlapping between the included databases. A. A total of 
263 up-regulated miRNAs in thyroid cancer tissues versus non-cancerous tissues were identified in the five indi-
cated datasets, but no miRNAs appeared in four or five datasets simultaneously. B. A total of 375 miRNAs down-
regulated in thyroid cancer tissues versus non-cancerous tissues were identified in the five datasets, and only one 
appeared in all five datasets simultaneously. The four miRNAs appearing in four or more datasets were selected for 
further analysis. 
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Figure 4. GO term enrichment analysis. Predicted target genes of the selected miRNAs are enriched in various bio-
logical processes (A), cellular components (B), and molecular functions (C) as indicated by the P value, with darker 
blue indicating higher significance. 
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Results

Validation of miRNAs in thyroid cancer

A total of 1,269 publications and microarray 
datasets were originally collected. After remov-
al of duplicates and removal of publications 
matching the exclusion criteria, 209 records 
remained. After viewing the full-text articles, 
only five datasets matched all inclusion criteria 
and were included in the present study (Figure 
1; Table 1). Four datasets were from GEO 
(GSE40807, GSE57780, GSE62054, and GS- 
E73182) and one dataset was from Array- 
Express (E-MTAB-736). There were 91 thyroid 
cancer and 66 non-cancerous tissues among 

the datasets. Among the miRNAs in these data-
sets (Figure 2), 263 miRNAs were up-regulated 
(Figure 3A) and 375 miRNAs were down-regu-
lated (Figure 3B). We selected for further analy-
sis four miRNAs (miR-7-2-3p, miR-138-5p, miR-
144-5p, and miR-486-5p) that were down-regu-
lated in four or more of the five datasets. 

Prediction of target genes and pathway enrich-
ment analysis

Genes targeted by the four selected miRNAs 
were predicted, and those that appeared in 
more than 7 of the 12 prediction databases 
were selected. The predicted target genes were 
cross-referenced with the Cancer Genome 

Table 2. GO enrichment analysis of miRNA targets
Significant GO enrichment categories P value
Biological process
    GO:0007399: nervous system development 6.71E-06
    GO:0030198: extracellular matrix organization 1.19E-05
    GO:0007155: cell adhesion 1.34E-04
    GO:0001755: neural crest cell migration 3.07E-04
    GO:0008284: positive regulation of cell proliferation 4.90E-04
    GO:0048485: sympathetic nervous system development 9.22E-04
    GO:0050919: negative chemotaxis 1.01E-03
    GO:0010976: positive regulation of neuron projection development 1.16E-03
    GO:0008584: male gonad development 1.54E-03
    GO:0030182: neuron differentiation 1.63E-03
Cellular component
    GO:0009986: cell surface 9.83E-09
    GO:0005576: extracellular region 3.78E-06
    GO:0005886: plasma membrane 4.47E-05
    GO:0030425: dendrite 1.26E-04
    GO:0005887: integral component of plasma membrane 1.60E-04
    GO:0043025: neuronal cell body 2.48E-04
    GO:0045211: postsynaptic membrane 4.42E-04
    GO:0014069: postsynaptic density 6.78E-04
    GO:0005615: extracellular space 0.001284791
    GO:0045121: membrane raft 0.001498988
Molecular function
    GO:0008201: heparin binding 1.17E-03
    GO:0005102: receptor binding 2.27E-03
    GO:0048027: mRNA 5’-UTR binding 5.68E-03
    GO:0005518: collagen binding 7.62E-03
    GO:0019901: protein kinase binding 1.02E-02
    GO:0034185: apolipoprotein binding 1.38E-02
    GO:0038191: neuropilin binding 1.57E-02
    GO:0005088: Ras guanyl-nucleotide exchange factor activity 1.71E-02
    GO:0050431: transforming growth factor beta binding 1.78E-02
    GO:0038064: collagen receptor activity 2.58E-02
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Atlas (TCGA) differentially expressed genes, 
producing 250 genes for further signaling path-
ways analyses. GO processes analyses showed 
that these genes were significantly enriched in 
nervous system development (P = 6.71E-06), 
extracellular matrix organization (P = 1.19E-
05), and cell adhesion (P = 1.34E-04) biological 
processes (Figure 4A; Table 2). Cell surface (P 
= 9.83E-09) was the most significant cellular 
component (Figure 4B; Table 2). Heparin bind-
ing (P = 1.17E-03), receptor binding (P = 2.27E-
03), and mRNA 5’-UTR binding (P = 5.68E-03) 
were significant molecular functions (Figure 
4C; Table 2). KEGG pathway analysis showed 
enrichment in cancer (P = 1.17E-02) and the 
PI3K-Akt signaling (P = 4.52E-03) pathway 
(Figure 5; Table 3).

PPI network construction and module analysis

We generated a network of the PPIs between 
the proteins encoded by the predicted target 
genes of the four miRNAs (Figure 6). The PPI 

In order to validate the role of genes in cancer 
signaling pathways, we examined the protein 
expression levels of the 12 correlated genes 
using data from TCGA and The Human Protein 
Atlas. Eight genes demonstrated up-regulated 
protein levels (Figures 8-11). and had negative 
correlation with miRNAs, and among these tar-
get genes, miR-138-5p was negatively corre-
lated with CDKN2B (r = -0.1067, P = 0.0169), 
TGFBR1 (r = -0.2774, P < 0.001), LAMC2 (r = 
-0.1003, P = 0.0248), and MECOM (r = -0.1105, 
P = 0.0133). MiR-144-5p was negatively corre-
lated with ITGA2 (r = -0.1057, P = 0.0179) and 
LAMC2 (r = -0.08914, P = 0.0461). MiR-7-2-3p 
was negatively correlated with WNT5A (r = 
-0.1346, P = 0.0029), CCND1 (r = -0.1413, P = 
0.0017), RET (r = -0.1645, P = 0.003), CDKN2B 
(r = -0.2015, P < 0.001), PDGFA (r = -0.1687, P 
= 0.002), TGFBR1 (r = -0.2833, P < 0.001), 
ITGA2 (r = -0.2696, P < 0.001), LAMC2 (r = 
-0.2281, P < 0.001), and MECOM (r = -0.09428, 
P = 0.0373).

Discussion

Thyroid cancer is a common malignancy in the 
endocrine system [8]. Serum thyroglobulin and 
calcitonin levels have served diagnostic and 
prognostic roles in thyroid cancer [9, 10]. 
However, the use of thyroglobulin and calcito-
nin has some limitations in specificity and sen-
sitivity [11, 12]. With the increased malignancy 
rate of thyroid diseases, it is necessary to  
identify a new diagnostic biomarker to improve 
sensitivity and specificity of thyroid cancer 
detection. Previous studies demonstrated that 

Figure 5. KEGG pathway enrichment analysis. The numbers of target genes 
in the indicated KEGG pathways are plotted for enriched pathways (defined 
as P < 0.05). 

Table 3. KEGG enrichment analysis of miRNA 
targets
Term P value
hsa04512: ECM-receptor interaction 1.46E-06
hsa04360: Axon guidance 4.59E-06
hsa04510: Focal adhesion 2.90E-04
hsa04151: PI3K-Akt signaling pathway 4.52E-03
hsa05200: Pathways in cancer 1.17E-02
hsa05222: Small cell lung cancer 2.36E-02
hsa04310: Wnt signaling pathway 3.22E-02
hsa04024: cAMP signaling pathway 4.19E-02

network contained 249 nodes 
and 170 edges (P = 2.44E-14). 
Among these proteins, degree 
values of more than 4 were 
defined as hub proteins (Figure 
7), including those encoded 
by: CD44 (degree = 7), ITGA2 
(degree = 7), ITGA11 (degree = 
6), CCND1 (degree = 5), 
COL4A1 (degree = 5), LAMC2 
(degree = 5), WNT5A (degree = 
5), COL5A2 (degree = 4), NT5E 
(degree = 4), and SPP1 (degree 
= 4). 

The validation of target genes 
based on TCGA and THPA 
data
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miRNAs could help to diagnose colorectal can-
cer [13] and non-small cell lung cancer [14]. Stu- 
dies have identified the expression of miRNAs 
in thyroid cancer [15-17]. In this study, differen-

tion or inhibiting translation [18-20]. miR-7-2-3p 
is an antisense miRNA star product of miRNA-7-
2. A previous study suggested that miR-7-2-3p 
was down-regulated in papillary thyroid cancer 

Figure 6. The protein-protein interaction network of proteins encoded by potential target genes of the four selected 
miRNAs. Each node represents a protein (n = 249), and edges/lines (n = 170) represent interactions between the 
proteins. 

Figure 7. Hub genes identified by protein-protein interaction analysis. Among 
the predicted target genes, nodes with more than four interactions in Figure 6 
were defined as hub genes. 

tial expression of miRNAs in 
thyroid cancer was detect- 
ed using existing microarray 
data. Four down-regulated 
miRNAs were analyzed, and 
miRNA target gene and path-
way analyses were conduct-
ed to investigate potential 
mechanisms of thyroid can-
cer regulation by these mi- 
RNAs.

Moreover, reports have dem-
onstrated that miRNAs play 
major roles in the post-tran-
scriptional regulation of gene 
expression [18-20]. miRNAs 
down-regulate the expres-
sion of target genes by dimin-
ishing the stability transcrip-
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Figure 8. Protein expression levels of potential target genes CCND1 and CDKN2B. Up-regulation of CCND1 expres-
sion in tumor tissues compared to normal tissues was shown graphically using data from TCGA (P < 0.001) (A) as 
well as by representative immunostaining images from The Human Protein Atlas of normal thyroid (B) and thyroid 
tumor (C) tissues. Likewise, up-regulation of CDKN2B expression in tumor tissues compared to normal tissues was 
shown graphically using data from TCGA (P < 0.001) (D) as well as by representative immunostaining images from 
The Human Protein Atlas of normal thyroid (E) and thyroid tumor (F) tissues.

Figure 9. Protein expression levels of potential target genes ITGA2 and LAMC2. Up-regulation of ITGA2 expression 
in tumor tissues compared to normal tissues was shown graphically using data from TCGA (P < 0.001) (A) as well 
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[21]. Another study showed that miR-7-2-3p is 
associated with progression-free survival in 
locally advanced esophageal adenocarcinoma 
[22]. 

miR-486-5p has been implicated as both an 
oncogene and suppressor in certain cancers. 
Studies suggested that miR-486-5p is down-
regulated in several tumor types, such as lung 
cancer [23], hepatocellular carcinoma [24], 
osteosarcoma [25], and thyroid cancer [26, 
27]. Another study established that miR-486-
5p down-regulation could increase apoptosis 
and inhibit cell proliferation in papillary thyroid 
carcinoma by directly targeting and suppress-
ing fibrillin-1 expression [27]. 

The miR-144-5p level in esophageal carcinoma 
is lower than that in adjacent non-tumor tis-

sues [28]. In bladder cancer, miR-144-5p di- 
rectly targets CCNE1 and CCNE2, which helps 
to improve the prognosis of patients [29]. Stu- 
dies confirmed several direct targets of miR-
138-5p in cancers, such as SIRT1 in cervical 
cancer [30], ΔNp63 in oral squamous cell carci-
noma [31], EIF4EBP1 in nasopharyngeal carci-
noma [32], and PD-L1 in colorectal cancer [33]. 

In the present study, we identified eight genes 
involved in cancer signaling pathways that cor-
related with the selected miRNAs and show- 
ed up-regulated protein levels. In papillary thy-
roid cancer, expression of the miR-195 target 
CCND1 is negatively correlated with miR-195, 
which can also suppress the Wnt/β-catenin 
pathway, contributing to tumorigenesis [34]. 
Moreover, miR-613 modulates papillary thyroid 
cancer aggression by targeting ITGA2 [35]. In 

as by representative immunostaining images from The Human Protein Atlas of normal thyroid (B) and thyroid tumor 
(C) tissues. Likewise, up-regulation of LAMC2 expression in tumor tissues compared to normal tissues was shown 
graphically using data from TCGA (P < 0.001) (D) as well as by representative immunostaining images from The Hu-
man Protein Atlas of normal thyroid (E) and thyroid tumor (F) tissues.

Figure 10. Protein expression levels of potential target genes MECOM and PDGFA. Up-regulation of MECOM expres-
sion in tumor tissues compared to normal tissues was shown graphically using data from TCGA (P < 0.001) (A) as 
well as by representative immunostaining images from The Human Protein Atlas of normal thyroid (B) and thyroid 
tumor (C) tissues. Likewise, up-regulation of PDGFA expression in tumor tissues compared to normal tissues was 
shown graphically using data from TCGA (P < 0.001) (D) as well as by representative immunostaining images from 
The Human Protein Atlas of normal thyroid (E) and thyroid tumor (F) tissues.
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anaplastic thyroid carcinoma, silencing LAMC2 
was associated with cell cycle progression, cell 
growth, migration, invasion, and growth factor 
receptor signaling [36]. A previous study sh- 
owed that Wnt5a may act as a suppressor in 
primary thyroid lymphoma [37]. Wnt-5a partici-
pates in and has an antagonistic effect on the 
Wnt/β-catenin pathway [38-40]. Additionally, 
COL4A1 also affects tumor angiogenesis and 
progression [41]. So genes may affect the the 
pathogenesis of thyroid cancer by affecting the 
pathway of thyroid cancer.

Conclusion

In conclusion, our study has examined differen-
tially expressed miRNAs in thyroid cancer 
based on microarray datasets and identified 
four down-regulated miRNAs (miR-7-2-3p,miR-
138-5p, miR-144-5p, and miR-486-5p) in thy-
roid cancer that may play a role in thyroid can-
cer tumorigenesis by influencing critical path-
ways. However, further experimental investiga-

tions are needed to characterize the role of 
miRNAs in thyroid cancer. 
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