
 

 

Introduction 
 
MicroRNAs (miRNAs) represent a class of short 
endogenous non-coding RNAs regulating gene 
expression at mRNA post-transcriptional level in 
many biological processes, including prolifera-
tion, apoptosis, and differentiation [1]. These 
19-23 nucleotide (nt) RNAs are able to block 
translation or degradation of target mRNA 
through complementary binding to the 3’-
untranslated region (UTR) of mRNAs. Mi-RNA 
genes were firstly transcribed by RNA poly-
merase II (PloII) into a long hairpin structure 
known as primary miRNA (pri-miRNA). Subse-
quently, pri-miRNA is processed by Drosha and 
DGCR8 to form about 70-nucleotide-long pre-
cursor miRNA (pre-miRNA). After exported into 
cytoplasm, pre-miRNA is cleaved by endonucle-
ase enzyme Dicer into mature miRNA. Mature 
miRNA is loaded into RNA-induced silencing 
complex (RISC), which results in cleavage or 
translational repression of target mRNA. (See 
Figure 1). 
 
Increasing evidence has revealed the involve-
ment of mi-RNA in human malignancies. The 
deregulation of miRNA expression is believed to 
be an important regulator of tumor develop-

ment 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. Con-
sequently, these molecular changes favor cell 
proliferation, differentiation and apoptosis. Mi-
croRNA expression profiling of human tumors 
has identified signatures associated with diag-
nosis, staging, prognosis, and response to treat-
ment [2]. MiRNA expression profiles resulted in 
being different not only between tumors and 
normal tissues but also between different sub-
types of tumors and between primary tumors 
and metastatic tumors. In this review, we dis-
cussed important roles and different expression 
profiles of miRNA in differentiated thyroid can-
cer as well as the promising implication in clini-
cal practice. 
 
MicroRNA expression profiles in thyroid cancer 
 
Differentiated thyroid carcinomas (DTCs) com-
prise two most common histologic types, papil-
lary thyroid carcinoma (PTC) and follicular thy-
roid carcinoma (FTC). PTCs and FTCs, making up 
about 94% of total thyroid cancer cases, have a 
favorable prognosis with an 85% 10-year sur-
vival [3]. However, both PTCs and FTCs may 
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progress to poorly differentiated thyroid carcino-
mas (PDTCs) or may completely loose differen-
tiation and transform to anaplastic thyroid carci-
noma (ATC).  
 
Outcomes regarding mi-RNA expression profiles 
in DTCs based on a number of independent 
studies were collected in Table 1. These studies 
strongly suggested a vital role for specific 
miRNAs as key factors in the development and 
progression of thyroid cancer. Moreover, func-
tional studies suggested that miRNA deregula-
tion may play a critical role in thyroid carcino-
genesis. A comprehensive analysis by microar-
ray found that an aberrant miRNA expression 
profile that clearly differentiates PTCs from nor-
mal thyroid tissues, especially significant 
upregulation of miR-221, -222 and -181b in 
PTCS [4]. Further data demonstrated that miR-
221 and miR-222 are endogenous regulators of 
P27Kip1 protein expression, which represents a 
very important regulator of cell cycle [5]. An-
other study showed that three microRNAs (miR-
221, -222, and -146) are transcriptionally up-
regulated in PTC tumors in comparison with 

normal thyroid tissue [6]. Concomitant with up-
regulation of the three miRNAs was 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 further studies in 
vitro or in vivo using the bioluminescence imag-
ing system confirmed the downregulation of 
HOXB5 by endogenous or exogenous miR-221 
[7]. Significant downregulation of miRNA-1 was 
detected in a panel of thyroid tumors compared 
with normal thyroid tissues. Functional studies 
identified miRNA-1 as a tumor suppressor tar-
geting CCND2, CXCR4, and SDF-1 genes, sug-
gesting its ability to inhibit thyroid carcinoma 
cell proliferation and migration [8]. 
 
In contrast to PTCs, mi-RNA expression profile in 
FTCs comparatively lack comprehensive studies 
especially with regard to distinct subtypes like 
oncocytic vs. conventional FTCs. One observa-
tion by miRNA microarray analysis showed that 
two miRNAs (miR-197 and miR-346) were differ-
entially expressed between malignant and be-

Figure 1. The biogenesis of miRNAs. Mi-RNA genes were transcribed by RNA polymerase II (PloII) into primary miRNA 
(pri-miRNA). Subsequently processed by Drosha and DGCR8, pri-miRNA forms precursor miRNA (pre-miRNA) and is 
exported into cytoplasm. In the cytoplasm, pre-miRNA is cleaved by endonuclease enzyme Dicer into mature miRNA. 
Mature miRNA is loaded into RNA-induced silencing complex (RISC), which results in cleavage or translational repres-
sion of target mRNA. 
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nign follicular thyroid tumors and both contrib-
uted to FTC carcinogenesis [13]. Rossing et al. 
[14] reported that 150 and 107 miRNAs were 
differentially expressed in follicular thyroid carci-
noma and adenoma respectively compared with 
normal thyroid tissues. Among the most down-
regulated miRNAs, miR-199b-5p and miR-144 
were found essentially lost in the carcinomas, 
indicating their potential to promote malignant 
transformation and a useful diagnostic tool.  
 
Correlation of MicroRNA expression pattern with 
genetic background in thyroid cancer 
 
Similar to other cancer types, development and 
progression of differentiated thyroid cancer in-

volves a number of genetic alterations including 
two distinct molecular mechanisms: point muta-
tion or chromosomal rearrangement. The most 
common genetic alterations in PTCs include 
BRAF mutation, RAS mutation, and RET/PTC 
rearrangement which mainly involve in the RAS/
BRAF/MAPK signal pathway. Interesting, these 
molecular alterations are exclusive in PTC pa-
tients, suggesting that each of them alone is 
sufficient for malignant transformation of thy-
roid cells. Two major genetic alternations (RAS 
mutation and PAX8/PPARγ rearrangement) that 
have been found in FTC are rarely overlap in the 
same tumor, suggesting two independent path-
ways involved in the development of FTC [15]. 
In contrast to RAS mutation that is not restricted 

Table 1. Deregulation of mi-RNA expression profile in differentiated thyroid cancer 
Reference Tumor 

type 
Sample 
sources 

Profiling method Upregulated mi-RNAs Downregulated mi-
RNAs 

He et al.[6] PTC Frozen 
tissue 

Microarray, q RT-
PCR and North-
ern blots 

miR-146b, miR-221, and miR-
222 

— 

Pallante et al.
[4] 

PTC Frozen 
tissue 

Microarray, q RT-
PCR and North-
ern blots 

miR-181b, miR-221, and miR-
222 

— 

Tetzlaff et al.
[9] 

PTC FFPE Microarray, q RT-
PCR and North-
ern blots 

miR-21, miR-31, miR-34a, miR
-172, miR-181a, 
miR-181b, miR-213, miR-221, 
miR-222, miR-223, and miR-
224 

miR-19b-1,2, miR-
30a-5p, miR-30c, 
miR-130b, 
miR-145sh, miR-
218, 
miR-292-as, miR-
300, and miR-345 

Chen et al.
[10] 

PTC vs 
non-PTC 

FFPE q RT-PCR miR-146b, miR-221, and miR-
222 

— 

Chou et al.
[11] 

PTC Frozen 
tissue 

q RT-PCR miR-146b, miR-221, and miR-
222 

— 

Nikiforova et 
al.[12] 

PTC and 
FTC 

Frozen 
tissue 

q RT-PCR PTC: miR-187, miR-221, miR-
222, miR-181b, miR-146b, 
miR-155 
Conventional FTC: miR-146b, 
miR-155, 
miR-187, miR-221, miR-222, 
and miR-224 
Oncocytic FTC: miR-183, miR-
187, miR-197, 
miR-221, miR-222, and miR-
339 

— 

Weber et al.
[13] 

FTC Frozen 
tissue 

Microarray, q RT-
PCR 

miR-192, miR-197, miR-328, 
and miR-346 

— 

Rossing et al.
[14] 

FTC vs. 
FTA/NT 

Frozen 
tissue 

Microarray FTC vs. NT: 37 mi-RNAs 
FTC vs. FTA: 12 mi-RNAs 

FTC  vs. NT: 113 mi-
RNAs 
FTC vs. FTA: 44 mi-
RNAs 

Footnotes: PTC, papillary thyroid cancer; FTC, follicular thyroid cancer; FTA, follicular thyroid adenoma; NT, normal thyroid tissues; 
FFPE, formalin-fixed paraffin-embedded samples; q RT-PCR, quantitative RT-PCR; miR, mi-RNA. 
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to a particular histological subtype of thyroid 
tumor, PAX8/PPARγ rearrangement mainly pre-
sented with follicular neoplasms and a small 
portion of follicular variant of papillary thyroid 
cancers [15-21]. 
 
By the unsupervised hierarchical clustering 
analysis, Nikiforova et al. [12] found that BRAF, 
RET/PTC and PAX8/PPAR positive tumors can 
form individual clusters, suggesting a strong 
correlation between miRNA expression pattern 
and mutational status. Further analysis demon-
strated that five specific miRNAs (miR-187, miR-
221, miR-222, miR-146b, and miR-155) pre-
sented with significantly expressed differences 
between the groups according to the mutational 
status. MiR-146b expression in PTCs harboring 
BRAF mutation was significantly higher than 
those without BRAF mutation and has a close 
association with high risk clinicopathological 
feature such as extrathyroidal invasion [11]. 
Expression profiling of mi-RNA were found to be 
able to distinguish tumors containing the BRAF 
mutation from the other tumor types as well as 
make a distinction between the more aggres-
sive insular & anaplastic tumors and the classic 
variant [22]. Cahill et al. [23] found that that 21 
miRNAs were significantly upregulated and 14 
miRNAs were significantly downregulated in two 
human PTC cell lines harboring RET mutation 
compared with normal thyroid cell lines. These 
differentially expressed miRNAs potentially regu-
late genes involved in thyroid functions, and 
their deregulation could be implicated in thyroid 
carcinoma progression. Another study regarding 
PTC cell lines carrying BRAF mutation showed a 
unique miRNA expression signature in compari-
son with a normal thyroid cell line [24]. How-
ever, a study that compared 28 BRAF mutated 
and 26 wild type BRAF PTC tissues showed no 
difference between the mutated and nonmu-
tated tumors [25]. 
 
Promising implication of MiRNAs in clinical prac-
tice 
 
In contrast to mRNAs, mature miRNAs are com-
paratively stable and remain largely intact in 
routinely collected, formalin-fixed paraffin-
embedded (FFPE) clinical tissues [9]. The ability 
to detect miRNA profiles in FFPE tissues impli-
cated a great opportunity to perform the large 
retrospective analyses necessary to confirm the 
diagnostic role and investigate the prognostic 
significance of miRNA profiles. Furthermore, 

miRNA detection presents important molecular 
information that may determine tumor clinico-
pathological characteristics and will unlock a 
rich resource for future tumor researches. Fine-
needle aspiration biopsy (FNAB) is currently the 
most widely used tool for the preoperative diag-
nosis of thyroid lesions with limitation for up to 
30% indeterminate cases [26]. Investigation of 
miRNA expression pattern for differential diag-
nosis of thyroid neoplasms in fine needle aspi-
ration biopsy samples is feasible and may im-
prove the accuracy of FNAB cytology. 
 
Numerous studies have demonstrated that the 
potential diagnostic value of mi-RNA expression 
signatures in thyroid cancer, especially for inde-
terminate results on FNAB samples. Pallante et 
al. [4] 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 fol-
licular origin and only miR-125b was signifi-
cantly overexpressed in FTC samples [27]. 
Seven mi-RNAs Chen et al. [10]  found that four 
mi-RNAs (miRNA-146b, miRNA-221, and miRNA-
222) from tested six miRNAs might potentially 
be adjunct markers to distinguish between PTCs 
and benign lesions. These findings suggested 
that specific miRNAs can be potential diagnostic 
tools with high accuracy in both surgical and 
preoperative FNA samples. Mazeh et al [28] 
found that miR-221 was the most favorable 
miRNA in differentiating benign from malignant 
thyroid pathology with specificity (100%), nega-
tive (96%) and positive (100%) predictive value, 
and accuracy (98%) respectively. For FNAB with 
indeterminate results, studies have showed that 
miR-126 and miR-7 may be useful adjunct diag-
nostic indicators [29, 30]. Given the high nega-
tive predictive value of miR-7 (100%), patients 
may benefit from the result based on the predic-
tor and avoid an immediate diagnostic thyroi-
dectomy. Another study showed that a set of 
four miRNAs (miR-146b, -221, -187, and -30d) 
was identified that could differentiate malignant 
from benign lesions especially for the atypia 
cases in preoperative patients with an accuracy 
of 93.3% for the training sample set and an 
accuracy of 85.3% for the validation sample set. 
However, this particular miRNA panel is subject 
to low accuracy in classifying follicular lesions 
[31].  
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Mi-RNA expression profiles have a close asso-
ciation with clinicopathological features which 
help determine optimum management of thy-
roid cancer. A recent study suggested that 
miRNA signature can distinguishes the degree 
of PTC aggressiveness [32]. The results showed 
that four miRNAs (miR-146b, miR-222, miR-
34b, miR-130b) were differentially expressed in 
aggressive in comparison with nonaggressive 
PTCs. 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. Simi-
lar correlation was observed between down-
regulated miRNAs (miR-34b and miR-1) and 
higher MET expression in aggressive PTC. Chou 
et al. [11] investigated that overexpression of 
miR-146b, miR-221, and miR-222 were signifi-
cantly associated with extra-thyroidal invasion in 
PTCS. MiRNA-100 was observed to have a sig-
nificantly expression level between T1 and T4 
tumors [33]. Schwertheim et al. [34] reported 
that poorly differentiated thyroid carcinoma had 
a distinct mi-RNA expression profile in compari-
son with PTC and ATC, suggesting that deregula-
tion of some miRNAs may take part in selecting 
a subset of PTC progressing to PDTC.  
 
Up to date, detection of mi-RNAs was only per-
formed in specialized laboratories and could not 
be introduced into clinical practice before stan-
dardization of the extraction techniques and the 
testing methods. Due to its diverse roles in 
regulating cell proliferation, differentiation and 
apoptosis, mi-RNA could be potential target of 
therapeutic genetic strategies in human tumors. 
Although still in experimental phase, mi-RNAs 
provide a perspective for a RNA-based therapy 
by either upregulating or inhibiting the expres-
sion of specific miRNAs [35, 36]. 
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