
Abstract. Background: MicroRNAs (miRNAs) are non-
coding regulatory molecules 18-25 nucleotides in length
that act as post-transcriptional regulators of gene
expression. MiRNAs affect various biological processes
including carcinogenesis. Deregulation of miRNAa
expression has been described in a variety of tumors
including papillary thyroid carcinoma (PTC). The aim of the
present study was to investigate the role of selected miRNAs
in PTC and find associations between miRNA expression
and the BRAF (V600E) mutation. Materials and Methods:
The study group comprised a total of 62 patients with
surgically treated PTC. The control group consisted of 30
patients with nodular goitre that were surgically treated in
the same time period. The expression status of miR-146b,
miR-181a, miR-187, miR-221 and miR-222 was determined
using quantitative real-time PCR. BRAF mutation analysis
was performed by PCR with reverse hybridization. Results:
MiR-146b, miR-181a, miR-187, miR-221 and miR-222 were
up-regulated in PTC compared to normal thyroid gland
tissue of the same patient. MiR-146b, miR-187, miR-221 and
miR-222 were also up-regulated in PTC compared to
nodular goitre. The recurrent tumors were statistically
significantly associated with up-regulation of miR-221. The
mutation V600E of BRAF gene was significantly associated
with up-regulation of miR-146b and with down-regulation
of miR-187. Conclusion: Over-expression of selected

miRNAs in PTC compared to normal thyroid gland tissue
and nodular goitre was found. Moreover, miR-221 may
serve as a prognostic marker as its over-expression was
significantly associated with recurrent tumors. 

Thyroid cancer is the most common malignant tumor of the
endocrine system (1-2). The incidence of thyroid cancer has
increased dramatically over last three decades (3). Papillary
thyroid carcinoma (PTC) represents the majority of
malignant thyroid tumors, accounting for approximately 80%
of all thyroid cancers (4-5). Its overall prognosis is
favourable (6). 

In spite of this fact, some PTCs have aggressive biological
behaviour characterized by local recurrence and
dissemination (6). The most important clinical prognostic
factors include tumor size, regional and distant metastases
and extrathyroidal extension (4). Genetically, BRAF (V600E)
mutation is the most common alteration in PTC (7). This
mutation is significantly associated with extrathyroidal
invasion, regional lymph node metastases, advanced TNM
stages and recurrent disease (4). 

MicroRNA (miRNA) deregulation is another important
event in the pathogenesis of PTC (3, 8). MiRNAs are non-
coding regulatory molecules 18-25 nucleotides in length
that act as post-transcriptional regulators of gene expression
(9-10). MiRNAs affect various biological processes
including carcinogenesis (11). Expression of miRNAs is
tissue specific and varies between cancer and normal cells
and also among different types of cancers (5, 12-13).
Deregulation of miRNAs expression has been described in
a variety of tumors including pancreas, lung, breast and
sinonasal tract (6, 12-13). Alterations in miRNAs
expression have been also described in thyroid tumors
including PTC (14-18). The aim of the present study was
to investigate the role of selected miRNAs in PTC and find
some associations between miRNAs expression and the
BRAF (V600E) mutation.   
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Materials and Methods

Patients. The study group comprised a total of 62 patients with
PTC, treated from January 2009 to December 2014. All patients
underwent surgery and the diagnosis of PTC was confirmed by
microscopic examination. Patients were aged between 18-82 years
(median=48 years), with a male to female ratio 1:3. A subgroup of
32 patients had recurrent disease (repeated surgery or repeated
radioactive iodine ablation), the rest of the study group (30 patients)
had non-recurrent disease. The control group consisted of 30
patients with nodular goitre, who were treated surgically in the same
time period. The age range in the control group varied between 30
and 69 years (median=50 years). Male to female ratio in control
group was 1:6. Studied miRNAs were miR-146b, miR-181a, miR-
187, miR-221 and miR-222. These miRNAs were selected based on
review of literature dealing with deregulation of miRNAs in PTC. 

Total RNA isolation. Two to four 5-μm-thick sections were cut from
FFPE tissue samples and deparaffinised using xylene and ethanol.
Total RNA including miRNAs was isolated from FFPE tissue samples
using RNeasy FFPE Kit (Qiagen, Hilden, Germany) according to the
manufacturer’s protocol. The extracted RNA was ultimately eluted in
30 μl of RNase free water. Concentration and purity of the isolated
RNA was determined by NanoDrop ND 1000 spectrophotometer
(Thermo Fisher Scientific, Wilmington, DE, USA) by measuring the
optical density at 260 nm and 280 nm (A260/280 ratio). After the
isolation, the samples were immediately processed or stored at –80˚C. 

Quantitative real-time PCR of microRNAs. The synthesis of cDNA
was done using TaqMan® Advanced miRNA cDNA Synthesis Kit
with universal reverse transcription primers (Applied Biosystems,
Foster City, CA, USA) according to the manufacturer’s protocol
with 8-10 ng of total RNA in the reaction. Real time PCR was done
with TaqMan® Fast Advanced Master Mix (Applied Biosystems)
and specific TaqMan® Advanced miRNA Assays (Applied
Biosystems) on Rotor Gene Q (Qiagen). Assays for hsa-miR-146b-
5p, hsa-miR-181a-5p, hsa-miR-187-3p, hsa-miR-221-3p, has-miR-
222-3p and has-miR-361-5p (endogenous control) were used. All
steps were performed following the manufacturer’s protocol. All
reactions were performed in triplicates and the reaction volume was
10 μl with 2.5 μl of the sample. The reaction conditions were set
according to the manufacturer’s protocol and it involved enzyme
activation at 95˚C for 20 s followed by 40 cycles of denaturation at
95˚C for 3 s and annealing/extension at 60˚C for 30 s. Fluorescence
data were analyzed in the Rotor Gene Q Series Software. Relative
expression of each miRNA was determined using the 2ΔΔCt
method (19) with expression levels of miR-361 for data
normalization. This workflow was chosen based on literature review
and manufacturer’s recommendation for endogenous controls listed
in the user guide for TaqMan® Advanced miRNA Assays. 

Determination of BRAF mutation. DNA from the paraffin-embedded
tissue was extracted with the MagCore Genomic DNA FFPE One-
Step Kit (RBC Bioscience, Taiwan) according to the manufacturer’s
protocol. The amount of extracted DNA was measured with Qubit®
dsDNA BR Assay Kit (Invitrogen). BRAF mutation analysis was
performed by PCR with reverse hybridization with BRAF 600/601
StripAssay (ViennaLab). The test detects mutations V600A, V600D,
V600E (c.1799T>A), V600E (c. 1799_1800 TG>AA), V600G,
V600K, V600M, V600R, K601E. The analytical sensitivity given

by manufacturer is the detection of 1% mutant alleles on wild-type
background.

Statistical analysis. All statistical analyses were performed using data
analysis software system STATISTICA version 13 (TIBCO Software
Inc., Tulsa, OK, USA). MiRNA expression values were log
transformed to a normal distribution of data for parametric tests.
Student’s t-test was used to compare level of expression of miRNAs
in tumor and control samples. The null hypothesis was based on theory
that there was no difference between expression levels of studied
mirRNAs between tumor samples and control samples. All tests were
two tailed and p<0.05 was considered statistically significant. All data
were reported as mean±standard error of the mean (SEM). 

Ethical approval. All procedures performed in studies involving
human participants were in accordance with the ethical standards of
the institutional and national research committee and with the 1964
Helsinki declaration. Experimental protocol was approved by a
named institutional ethical committee (Ethical committee University
Hospital Hradec Králové), reference number 201711S09P.

Results 
Comparison of expression status of microRNAs between
neoplastic and non-neoplastic tissue. The comparison of the
expression value of the studied miRNAs in PTC and in
normal thyroid gland tissue of the same patient confirmed
statistically significant differences: all five studied miRNAs
(miR-146b, miR-181a, miR-187, miR-221, miR-222) were
up-regulated in PTC tumor tissue (Table I). 

Comparison of expression status of microRNAs between
neoplastic tissue and nodular goitre. The comparison of the
expression value of the studied miRNAs in PTC and in
nodular goitre (control group) proved to be statistically
significant up-regulation of miR-146b, miR-187, miR-221
and miR-222 in PTC tumor tissue (Table II). The only
exception was expression value of miR-181a without
significant difference between the studied tissues.

Comparison of expression status of microRNAs in neoplastic
tissue between recurrent and non-recurrent PTC. The
comparison of the expression value of the studied miRNAs in
recurrent and non-recurrent PTC revealed the only statistically
significant difference in miR-221 expression value, which was
up-regulated in recurrent tumors (Table ΙΙΙ).

Comparison of expression status of microRNAs in relation to
BRAF mutation. The mutation V600E of BRAF gene was
significantly associated with up-regulation of miR-146b and
down-regulation of miR-187 (Table IV). 

Discussion

Micro-RNAs in papillary thyroid cancer. Nowadays, there is
an increasing interest in the role of miRNAs in physiological
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and pathological cell processes which bring new insights into
understanding cancer pathobiology (9). MiRNAs are 20 to
22 nucleotides long and bind to complementary messenger
RNA. Their main function is to regulate gene expression at
the post-transcriptional level. MiRNAs play an important
role in proliferation, apoptosis, differentiation of cells and

also in cancer formation. The development and progression
of malignant tumors is influenced by deregulation of miRNA
expression (20). Therefore, expression of micro-RNAs
differs between PTC, benign thyroid lesions and normal
thyroid tissue. Several studies have demonstrated over-
expression of selected miRNAs in PTC, particularly miR-
146b, mir-221, miR-222, miR-181a, miR-181b, miR-187,
miR-155, miR-224 or miR-197 are most consistently over-
expressed in well differentiated thyroid cancer (11, 20).
However, the miRNA profile varied significantly between
individual types of tumor (20). Chen et al. (11) compared the
expression of miR-146b, miR-221 and miR-222 in PTC with
normal thyroid, hyperplastic nodules, follicular adenomas
and follicular carcinomas. Mir-146b was significantly over-
expressed and also MiR-221 and miR-222 showed higher
expression in PTC. The authors suggested that miR-146b can
be used as a marker in diagnostics of PTC in both
histopathology and fine needle aspiration specimens. In our
study, miR-146b, miR-181a, miR-187, miR-221 and miR-
222 were up-regulated in PTC compared to normal thyroid
gland tissue of the same patient. MiR-146b, miR-187, miR-
221 and miR-222 were also up-regulated in PTC compared
to benign nodular goitre.

MicroRNAs as a prognostic marker in PTC. Several studies
have already reported that over-expression of selected
miRNAs can play an important role in PTC progression and
some miRNAs can also be used as a prognostic marker (4,
8, 21-22). Some authors also reported that deregulation of
selected miRNAs can be associated with size and extension
of primary tumor and presence of regional neck metastases.
MiRNAs, most often described as a possible marker of
tumor progression and prognosis are miR-146b, miR-222,
miR-221 and miR-718. The deregulation of miR-222 and
miR-146b is commonly associated with cancer recurrence
(8). Chou et al. (4) demonstrated that over-expression of
miR-146b may be associated with extrathyroidal extension
and advanced stages of PTC. Also Yip et al. (6) concluded
that miR-146b, miR-222, miR-34b, miR-130b are up-
regulated in more aggressive cases of PTC. The author also
described an association between over-expression of miR-
146b and aggressive behaviour of BRAF-positive tumors. In
our study, miR-221 was significantly up-regulated in
recurrent tumors.

The relationship between microRNAs and BRAF mutation.
RAF proteins are serine-threonine protein kinases. The
family of RAF proteins has three isoforms: ARaf, BRaf and
CRaf. These proteins have an important function in cellular
proliferation, differentiation and gene expression. BRaf is the
predominant isoform in thyroid cells. BRAF mutations occur
in 15-30% of all cancers and are most frequent in carcinoma
of thyroid gland, especially in PTC (7, 20). BRAF mutation
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Table I. Comparison of expression status of microRNAs between
neoplastic and non-neoplastic tissue.

MicroRNA                               t-test                           Dysregulation

146b                                      p<0.001                                  +
181a                                       p<0.001                                  +
187                                        p<0.001                                  +
221                                        p<0.001                                  +
222                                        p<0.001                                  +

Table II. Comparison of expression status of microRNAs between
neoplastic tissue and nodular goiter.

MicroRNA                               t-test                           Dysregulation

146b                                      p<0.001                                  +
181a                                        p=0.11                                     
187                                        p<0.001                                  +
221                                        p<0.001                                  +
222                                        p<0.001                                  +

Table III. Comparison of expression status of microRNAs in neoplastic
tissue between recurrent and non-recurrent PTC.

MicroRNA                               t-test                           Dysregulation

146b                                      p=0.077                                   
181a                                        p=0.27                                    
187                                         p=0.51                                    
221                                        p=0.003                                  +
222                                         p<0.25                                    

Table IV. Comparison of expression status of microRNAs in relation to
BRAF mutation (between BRAF-positive and BRAF-negative tumors).

MicroRNA                               t-test                           Dysregulation

146b                                      p=0.019                                  +
181a                                       p=0.568                                   
187                                        p=0.019                                   -
221                                        p=0.239                                   
222                                        p<0.181           



represents a single amino acid substitution of valine by
glutamate at position 600. As previously reported, this
mutation is often associated with advanced TNM stages of
PTC, extrathyroidal extension of tumor, metastatic
involvement of regional lymph nodes and also recurrent
disease (4). Some authors also suggested that BRAF-positive
PTCs are associated with a higher expression level of miR-
146b than BRAF wild-type tumors (4). Moreover, over-
expression of miR-146b among BRAF-positive tumors is
associated with aggressive behaviour (6). Also, in our present
study, the mutation V600E of BRAF gene was significantly
associated with up-regulation of miR-146b. Another
interesting result of our study was down-regulation of miR-
187 in BRAF-positive tumors. 

Conclusion

In summary, we demonstrated over-expression of miR-146b,
miR-181a, miR-187, miR-221 and miR-222 in PTC
compared to normal thyroid gland tissue and over-expression
of miR-146b, miR-187, miR-221 and miR-222 compared
PTC to nodular goitre. Moreover, miR-221 may serve as a
prognostic marker as its over-expression was significantly
associated with recurrent tumors. BRAF-positive tumors
were significantly associated with up-regulation of miR-146b
and with down-regulation of miR-187. 
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