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Introduction 

Less than 2% the mammalian genome are protein coding 
genes and over 90% of genome represent noncoding RNAs 
(ncRNA) which are transcribed but do not encode proteins. 
Despite of initial controversy regarding their biological 
characters, increasing evidence had showed that ncRNAs 
are highly regulated and functional (1). Two categories 
of ncRNA were grouped according to their size, short 
ncRNAs and long ncRNAs (lncRNA). The short ncRNA 
includes transcripts such as miRNAs, transfer RNAs 
(tRNAs), small interfering RNAs (siRNAs), piwi-interacting 
RNAs (piRNAs) and some ribosomal RNAs, out of which 
miRNAs were most extensively studied in human cancers. 
Although being not well understood in human cancers, long 
noncoding RNAs (>200 nt) have recently forwarded to the 
forefront of noncoding RNA research. Thyroid cancer is 
the most common malignant tumor of the endocrine organs 
whose incidence has been steadily increased over the past 
few decades (2). The deregulation of ncRNA expression is 
believed to be an important regulator of tumor development 
and progression of thyroid cancer. The present review 
highlighted the roles of miRNAs and newly discovered 

lncRNAs in thyroid development, tumorigenesis, metastasis, 
and their clinical implication.

MiRNAs and thyroid cancer

MicroRNAs (miRNAs) represent a  class  of  short 
endogenous noncoding RNAs regulating gene expression 
at mRNA post-transcriptional level in many biological and 
pathological processes, including proliferation, apoptosis, 
and differentiation (3). Increasing evidence has revealed 
the involvement of mi-RNA in human malignancies. The 
deregulation of miRNA expression is believed to be an 
important regulator of tumor development and progression. 
Due to its repression effect, deregulation of specific mi-
RNA could lead to the repression of tumor suppressor gene 
and/or increase of oncogene expression. Consequently, these 
molecular changes favor cell proliferation, differentiation 
and apoptosis. MicroRNA expression profiling of human 
tumors has identified signatures associated with diagnosis, 
staging, prognosis, and response to treatment (4). MiRNA 
expression profiles resulted in being different not only 
between tumors and normal tissues but also between 
different subtypes of tumors and between primary tumors 
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and metastatic tumors. 
A comprehensive analysis by microarray found that a 

significant miRNA signature with thyroid cancers. Out 
of numerous differentially expressed miRNAs in thyroid 
cancer, three miRNAs including miR-221, -222 and -181b 
were  extens ive ly  s tudies  in  thyroid  cancers  (5 ) .  
Studies demonstrated that miR-221, -222, and -146 
are transcriptionally up-regulated in PTC tumors in 
comparison with normal thyroid tissue (6). Functional 
study showed that miR-221 and miR-222 are endogenous 
regulators of P27Kip1 protein expression, which represents 
a very important regulator of cell cycle (7). What is 
concomitant with up-regulation of the three miRNAs is 
the dramatic loss of KIT transcript and Kit protein, both 
of which involves in the pathogenesis of thyroid cancer. 
Microarray analysis of PTCs showed numerous genes were 
directly and indirectly regulated by miR-221 and studies 
both in vitro and in vivo using the bioluminescence imaging 
system confirmed the down-regulation of HOXB5 by 
endogenous or exogenous miR-221 (8). Significant down-
regulation of miR-1 was detected in a panel of thyroid 
tumors compared with normal thyroid tissues and miR-1 as 
a tumor suppressor targeting CCND2, CXCR4, and SDF-1 
genes, suggesting its ability to inhibit thyroid carcinoma cell 
proliferation and migration (9). 

I n  c o n t r a s t  t o  m R N A s ,  m a t u r e  m i R N A s  a r e 
comparatively stable and remain largely intact in routinely 
collected, formalin-fixed paraffin-embedded (FFPE) clinical 
tissues (10). The ability to detect miRNA profiles in FFPE 
tissues implicated a great opportunity to perform the large 
retrospective analyses necessary to confirm the diagnostic 
role and investigate the prognostic significance of miRNA 
profiles. Numerous studies have demonstrated that the 
potential diagnostic value of mi-RNA expression signatures 
in thyroid cancer, especially for indeterminate results on 
fine-needle aspiration biopsy (FNAB) samples. FNAB is 
currently the most widely used tool for the preoperative 
diagnosis of thyroid lesions with limitation for up to 30% 
indeterminate cases (11). Investigation of miRNA expression 
pattern for differential diagnosis of thyroid neoplasms in 
fine needle aspiration biopsy samples is feasible and may 
improve the accuracy of FNAB cytology. Pallante et al. (5) 
investigated that expression of miR-221, -222 and -181b 
had 5- to 35-fold differential in FNAB samples of PTCs 
compared with other thyroid nodules. Overexpression of 
four miRNAs (miR-100, miR-125b, miR-138, and miR-
768-3p) was detected in malignant samples of follicular 
origin and only miR-125b was significantly overexpressed 

in FTC samples (12). These findings suggested that 
specific miRNAs can be potential diagnostic tools with 
high accuracy in both surgical and preoperative FNA 
samples. Mazeh et al. (13) found that miR-221 was the most 
favorable miRNA in differentiating benign from malignant 
thyroid pathology with specificity (100%), negative (96%) 
and positive (100%) predictive value, and accuracy (98%) 
respectively. Given the high negative predictive value 
of miR-7 (100%), patients may benefit from the result 
based on the predictor and avoid an immediate diagnostic 
thyroidectomy. 

Mi-RNA expression profiles have a close association 
with clinicopathological features which help determine 
optimum management of thyroid cancer. A recent study 
suggested that miRNA signature can distinguishes the 
degree of PTC aggressiveness (14). The results showed that 
four miRNAs (miR-146b, miR-222, miR-34b, miR-130b)  
were differentially expressed in aggressive in comparison 
with nonaggressive PTCs. Additionally, miR-146b was 
demonstrated to have a close association with aggressive 
behavior of PTC among BRAF-positive tumors, which 
further refine the prognostic importance of BRAF. Similar 
correlation was observed between downregulated miRNAs 
(miR-34b and miR-1) and higher MET expression 
in aggressive PTC. Chou et al. (15) uncovered that 
overexpression of miR-146b, miR-221, and miR-222 were 
significantly associated with extra-thyroidal invasion in 
PTCS. MiRNA-100 was observed to have a significantly 
expression level between T1 and T4 tumors (16). 
Schwertheim et al. (17) reported that poorly differentiated 
thyroid carcinoma had a distinct mi-RNA expression profile 
in comparison with both PTC and ATC, suggesting that 
deregulation of some miRNAs may take part in selecting a 
subset of PTC progressing to PDTC. 

LncRNAs and thyroid cancer

Increasing studies suggest that lncRNAs constitute an 
important component of tumor biology, representing 
regulatory functions including modulation of apoptosis 
and invasion, reprogramming of induced pluripotent 
stem cells, marker of cell fate and parental imprinting. 
Deregulation of individual lncRNA expression not only 
involve in development and progression of specific cancers, 
but also be significant molecules for clinical implication (18).  
LncRNAs utilize varied mechanism to regulate gene 
expression. In general, the mechanism lncRNA regulating 
gene expressing could be transcriptional or post-
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transcriptional. Cis- and trans-regulation are two main 
transcriptional regulations, under which lncRNAs can target 
genomically local and distant genes respectively. The post-
transcriptional regulatory mechanism is involved in post-
transcriptional processing of mRNAs, including splicing, 
editing, trafficking, translation and degradation. Recently, a 
new regulatory mechanism has been revealed that lncRNA 
can function as competing endogenous RNA (termed 
ceRNA) for shared miRNAs (19,20). ceRNAs showed a 
post-transcriptional regulatory role in miRNA molecules’ 
distribution on the targets. The schematic of lncRNAs was 
illustrated in Figure 1.

Out of numerous lncRNAs, a few well characterized 
lncRNAs to date such as HOTAIR, H19, MALAT1, Xist, 
KCNQ1OT1, AIR, and Evf-2 were extensively studied 
in human cancers. HOTAIR (HOX Antisense Intergenic 
RNA) can distally regulate the chromosomal domain on 
HOXD locus via physical interaction of its 5’ domain with 
PRC2 methylase and in turn result in silencing of the 
HOXD gene (21). HOTAIR is found to be significantly up-
regulated in breast cancer and hepatocellular carcinoma 
and can be served as an independent predictor of prognosis 
(18,22). H19, one of the imprinting-associated lncRNAs, 
has been observed to be deregulated in hepatocellular and 
bladder cancer and involve in both oncogenic and tumor 

suppressive qualities. The diverse roles of H19 in cancers 
may be demonstrated due to its direct activation by cMYC 
and down-regulation by p53 (23,24). Abnormal expression 
of MALAT1 was investigated in various human cancers 
including breast, lung, pancreas, prostate, liver, colon, and 
ovarian cancer (25,26). Silencing of MALAT1 expression 
in lung cancer cells can impair cell migration ability by 
regulation of motility-related genes. 

The role of lncRNAs in thyroid cancer is just beginning 
to be elucidated and there is a long way to go. Most 
recently, a genome-wide association studies (GWAS) 
addressed the predisposition to papillary thyroid cancer 
(PTC), out of which two SNPs (rs965513 and rs944289) 
were addressed to have highly significant association with 
PTC located in 9q22.33 and 14q13.3 respectively (27-30). 
A long noncoding RNA gene termed Papillary Thyroid 
Carcinoma Susceptibility Candidate 3 (PTCSC3) located 
3.2 kb downstream of rs944289 at 14q.13.3 (31). PTCSC3 
expression was found to be strictly thyroid-specific and be 
dramatically down-regulated in both thyroid tumor tissues 
and thyroid cell lines. However, the function of PTCSC3 in 
thyroid cancer is still unclear. Yoon et al. (32) reported that 
down-regulation of a novel gene, NAMA (noncoding RNA 
associated with MAP kinase pathway and growth arrest) 
was highly associated with the activating BRAF mutation 

Figure 1 Schematic mechanisms of lncRNAs function. Generally, lncRNAs can regulate gene expression transcriptionally or post-
transcriptionally. Under cis- and trans-regulatory mechanism, lncRNAs target genomically local and distant genes respectively. The post-
transcriptional mechanisms include naturally occurring antisense transcripts (NATS), pre-mRNA splicing, pseudogene trascripts, trafficking 
regulator and competing endogenous RNA
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V600E in papillary thyroid cancer. 
Up to date, only a small portion of lncRNAs has 

been identified and the implication of lncRNAs in 
tumorigenesis, metastasis, and progression remain to be 
further investigated. LncRNAs have emerged as important 
regulatory molecules in development and progression of 
thyroid cancer. Given the expression profiling of lncRNAs 
in human cancers is not fully reported, study of lncRNAs 
in thyroid cancer is becoming an attractive field, which will 
lead to new markers of cancer diagnosis, prognosis as well 
as novel therapeutic targets.
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