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Objectives: The microRNAs (miRNAs) are known to be commonly expressed in papillary thyroid carcinoma. The
BRAFV600E mutation is the most common genetic mutation in thyroid cancer. The main aim of this study was to determine
the possible association between expression of the three miRNAs and that of BRAFV600E mutation and the clinicopathological features in papillary thyroid carcinoma.
Methods: This study was conducted on 51 paraffin-embedded tissues (42 thyroid cancer, 9 benign tumor) obtained from
patients undergoing thyroidectomy at the Endocrine Center of OOO University Hospital.
Results: miRNAs expression was significantly high in patients with cervical lymph node metastasis and advanced TNM
stage. In addition, miR-146b expression levels were significantly higher in papillary thyroid carcinoma patients with
BRAFV600E mutation. The relative quantification (2-△△Ct) of miR-146b was also high among the miRNAs. Individually,
the AUCs for miRNA-146b was 0.923 (cutoff value -1.97, sensitivity 88.9%, specificity 85.7%).
Conclusions: Especially, expression of miR-146b increased higher in PTC patients with BRAFV600E mutation. These findings showed a role of miR-146b as potential biomarkers in differentiating PTC from benign tumor and as a prognostic indicator of PTCs. Further investigation will need for the roles of miRNAs in the pathogenesis of papillary thyroid
carcinomas.
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Thyroid cancer is the most common type of endocrine malignancy, accounting for approximately ≥ 92% of all endocrine malignancies,
with the fastest worldwide growth in occurrence
rate over the past few years. Papillary cancer is
the most common among thyroid cancers, accounting for approximately 80% – 95% of thyroid cancers, most of which are papillary

microcarcinomas.1 Papillary carcinoma exhibits
relatively slower growth compared to cancers
occurring in other tissues and is known to display a rather positive prognosis. However, as
30% – 50% of the papillary carcinoma cases exhibit cervical lymph node metastasis at the time
of diagnosis and 5% can be life-threatening with
accompanied distant metastasis, the prediction
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of aggressive papillary carcinoma prior to surgery could assist in the planning of treatment.2
The clinicopathological features used to predict
aggressiveness include the age of the patient at
the time of diagnosis, the stage of papillary carcinoma, tumor size (≥ 3 cm), extrathyroidal extension, lymph node metastasis, distant
metastasis, insular variant, tall cell variant, and
diffuse sclerosing variant; cases demonstrating
these features are known to show poor
prognosis.2 The presence of biomarkers that can
predict the aggressiveness of the tumor could, in
addition to these clinical features, function as potential targets for the diagnosis and treatment of
papillary carcinoma.
The BRAFV600E mutation is the most common genetic mutation in thyroid cancer and is particularly common in papillary carcinoma and
anaplastic carcinoma developing from papillary
carcinoma; however, it has not been observed in
follicular or medullary carcinoma.3 The frequency of occurrence of the BRAFV600E mutation
has been reported in the range of 30% – 83%;
however, countries having high iodine consumption, such as South Korea, have shown a higher
frequency of occurrence.4,5 The BRAFV600E mutation regulates the division and proliferation of
thyroid cells through the mitogen activated protein
kinase (MAPK) pathway and is involved in carcinogenesis through interactions with rearranged
during transfection/papillary thyroid carcinoma
(RET/PTC) and mutations in the rat sarcoma
viral oncogene homolog (RAS).6 The BRAFV600E
mutation has been reported to show high-risk
clinicopathological features, as it is related to
2

lymph node metastasis, extrathyroidal extension,
and relapse.7 Conversely, another report has indicated that the BRAFV600E mutation is unrelated
to the prognosis of papillary thyroid carcinoma.8
MicroRNA (miRNA) is a single stranded noncoding RNA with 21 – 25 nucleotides. It is transcribed from DNA as a pri-mRNA, and
undergoes various processes, such as endonucleolytic cleavage, nuclear export, and strand selection, in order to be transformed into mature
miRNA.9 The mature miRNA generated in this
manner forms RNA-induced silencing complexes (RISC) in order to suppress the expression
of target genes, functioning as a negative regulator of vital cellular activities, such as cellular
proliferation, differentiation, and apoptosis.10
Currently, over 1,000 miRNAs have been discovered in humans, and the targets of over 1/3 of
these miRNAs have, in turn, been discovered.11
These miRNAs function as tumor suppressors or
oncogenes in various cancers.12,13 miR-21, miR31, miR-34a, miR-122a, miR-146b, miR-155,
miR-187, miR-204, miR-205, miR-221, and
miR-222 are expressed in papillary thyroid carcinoma; among these, the expression of miR221, miR-222, and miR-146b has been reported
to be distinctly elevated, compared to normal tissues.13,14 Studies investigating the association between miRNA and the BRAFV600E mutation in
thyroid cancer are rare. Nikiforova et al.15 and
Cahill et al.16 reported that the expression of
miR-127, miR-130a, miR-141, miR-144, miR146b, miR-155, miR-187, miR-200a, miR-200b,
miR-221, and miR-222 was dysregulated in thyroid cell strains expressing the BRAFV600E muta-
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tion. Meanwhile, Chou et al.17 reported that, in
addition to the expression of miR-221, miR-222,
and miR-146b, the high risk group of papillary
thyroid carcinoma (displaying the BRAFV600E
mutation) demonstrated elevated expression of
miR-221 and miR-146b and a significant elevation in miR-146b expression; a follow-up study
also indicated that miR-146b increased the mobility and invasiveness of cancerous thyroid
cells, and increased their resistance to
chemotherapy-induced apoptosis.18
This study aimed to investigate the possible clinicopathological relationships between miR-221,
miR-222, and miR-146b expression and the
BRAFV600E mutation in papillary thyroid carcinoma.

METRIALS AND METHODS
Subjects
This study was conducted on portions of paraffin-embedded tissues obtained from patients who
had undergone thyroidectomy at the Endocrine
Center of the Kosin University Gospel Hospital.
Tissues were obtained from a total of 51 cases;
among these, 42 cases involved thyroid cancer
and 9 cases involved benign tumor. The mean
age of the patients was 47.1 ± 11.2 years (range
28 – 75 years), and the male to female ratio was
1:4.3. This study was approved by the Institutional Review Board of Kosin University Gospel
Hospital.
Methods

1) Classification of risk groups
The American Joint Committee on Cancer Staging System for differentiated cancers published
in 201619 was used to classify patients who were
55 years or younger and had TMN stage 1 or
were older than 55 years and had TMN stage 1
or 2 into the low-risk group. The remaining patients were classified into the high-risk group.
This study has been approved by the Institutional Review Board of the Kosin University
Gospel Hospital (approval no. 2014-10-140).
2) BRAFV600E mutation analysis
(1) DNA extraction
Genomic DNA was extracted using the QIAamp DNA FFPE Tissue kit (Qiagen, Hilden,
Germany), from paraffin-embedded tumor tissues that were cut to a thickness of 10 µm and
were obtained from patients subjected to thyroidectomy.
(2) Amplification
The DNA was amplified by adding 50 ng of
DNA to a mixture containing 10 µL 2X concentrated HotStarTaq Master Mix (Qiagen), 3 mM
MgCl2, 0.3 µM primer pairs, and 400 µM deoxynucleotide triphosphate. The amplification of
BRAF exon 15 was performed using the forward
and reverse Exon 15 primers: forward, 5′-atgcttgctctgataggaaaatga-3′; reverse, 5′-agcagcatctcagggcca-3′. The PCR reaction conditions were
set as follows: 35 repeats of 30 s at 94°C, 30 s at
58°C, and 45 s at 72°C, and a final extension for
10 min at 72°C.
(3) Direct sequencing
DNA was purified from a slice of the 2% agaro3
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Fig. 1. Wild-type and mutant sequences of codon 600 of the BRAF gene.

gel (used for electrophoresis) using the QIAgen
gel extraction kit (Qiagen). The purified product
was amplified using fluorescence-activated
ddNTP (BigDye3.1; Applied Biosystems, Foster
City, CA, USA); subsequently, ethanol was used
for purification. The purified product was dissolved in 10µL HiDi-Formamide, and the solution analyzed using an ABI PRISM 3100
automated capillary DNA sequencer (Applied
Biosystems) (Fig. 1).
3) Expression of miRNA-146 b, miRNA-221,
and miRNA-222
(1) RNA extraction
Total RNA was separated from the paraffin-embedded tissues; the paraffin tissue was placed in
an RNase-free tube to which 300 µL melting
buffer was added. This was centrifuged and incubated at 72°C for 10 min. Subsequently, 20 µL
of proteinase K solution was added to this solution. The extract was mixed with 400 µL of binding buffer and 800 µL of 100% ethanol at 60°C.
Following this, a cartridge was placed within the
collection tube in order to transfer 700 µL of the
extract containing the binding buffer and ethanol;
this was then centrifuged twice. Five hundred
microliters of the wash buffer and 100% ethanol
4

were added to the cartridge and centrifuged; this
process was performed in triplicate, and the final
solution discarded. RNAse-free DW (50 µL) at
65°C was added to the cartridge; the tube was incubated for 1 min, and subsequently centrifuged.
The total RNA remaining in the tube following
the removal of the cartridge was used in further
experiments.
(2) Quantitative real time polymer chain
reaction (qRT-PCR)
The miR-221, miR-222, and miR-146b microRNA expression was measured using the TaqMan miRNA assay. Two microliters of the
synthesized cDNA was subjected to quantitative
real time PCR, using the ABI PRISM 7000 sequence detection system (Applied Biosystems).
The cDNA was mixed with a 20 µL solution containing 10 µL TaqMan 2X universal PCR master
mix (Applied Biosystems), 1 µL of the primer
and probe mix (20X), and 7 µL RNase free
water. As a double analysis, the level of miRNA
expression was measured. U6 small RNA
(RNU6B) was quantified as the standardized
control group for the target miRNA. The same
sample was used to perform quantitative real
time PCR three times, in order to obtain the mean
value for quantifying the level of expression. The
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threshold cycle value (Ct value) of each PCR reaction, generated using the RNU6B expression
as a reference, was standardized. The standardized values were converted to relative values.
The relative quantity of miRNA for each sample
was calculated as △Ct, which was the value obtained by subtracting the Ct value of RNU6B
(used as the endogenous control) from the Ct
value of the sample. The relative quantification
of gene expression between the malignant and
benign tumors was calculated via the 2-△△Ct
method (Applied Biosystems user bulletin no. 2
(P/N 4303859)), using the ΔΔCt value (difference between the △Ct value exhibited by papillary thyroid carcinoma patients and the △Ct
value of benign nodes).

significance level was set to P < 0.05.

Statistical analysis
The clinicopathological features of the subjects
were demonstrated using the independent t-test
and chi-square test. The changes in miRNA expression were displayed as mean ± standard deviation (SD). The differences in miRNA
expression between benign and malignant nodes
were compared by independent t-test, and the
differences between the expression of various
miRNAs were analyzed by one-way analysis of
variance (ANOVA); a post-hoc test was performed using the Scheffe’s method. A ROC (receiver operating characteristic) curve analysis
was performed in order to assess the possibility
of using miR-221, miR-222, and miR-146b as diagnostic biomarkers for papillary carcinoma. The
SPSS (version 18.0; IBM, Armonk, NY, USA)
software was used for statistical analysis, and the

Association between miR-221, miR-222, and
miR-146b expression and the clinicopathological features of papillary thyroid carcinomas
miR-221 expression was high in the lymph
node metastasis (P = 0.00) high-risk TMN staging group (P = 0.00); in addition, miRNA-222
and miRNA-146b expression was significantly
high in cases displaying a tumor size ≥ 1 cm (P
= 0.02), extrathyroidal extension (P = 0.00),
lymph node metastasis (P = 0.01), and the highrisk TMN staging group (P = 0.00). In particular,
miRNA-146b expression was significantly elevated in the group expressing the BRAFV600E mutation, compared to the group without the
mutation (P = 0.02) (Table 2).

RESULTS
Clinicopathological features of papillary carcinoma
The mean tumor size observed in the 42 papillary carcinoma test subjects was 15.2 ± 9.9 mm;
23 of these cases (54.7%) tested positive for the
BRAFV600E mutation. We also observed 22 cases
(52.4%) of extrathyroidal extension, 22 cases
(52.4%) of lymph node metastasis, 27 cases
(64.3%) of low-risk TMN staging group, and 15
cases (35.7%) of high-risk TMN staging group
(Table 1).

Comparing the miR-221, miR-222, and miR-146b
expression in benign and malignant tumors
5
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Table 1. Clinicopathogenic features of papillary thyroid carcinomas patients analyzed in this study
Clinicopathological features
Age (years)
Gender (male:female)
Tumor size (mm)
BRAFV600E positive
Multifocality
Single
Multiple
Tumor location
Unilateral
Bilateral
Tumor subtype
Classic
FVPTC
Extrathyroidal extension
Lymphovascular invasion
Nodal metastasis
N0
N1a
N1b
pTMN staging
I
III
IV

Number
47.1 ± 11.2
8:34
15.2 ± 9.9
23
24
18
30
12
36
6
22
6
20
11
11
27
9
6

FVPTC; follicular variant papillary thyroid carcinoma

The mean △Ct values of miR-221, miR-222,
and miR-146b in benign tumor cases were 0.11 ± 1.65, -1.65 ± 1.31, and -0.09 ± 1.61, respectively; on the other hand, the mean △Ct values of miR-221, miR-222, and miR-146b
observed in papillary carcinoma cases were 1.75 ± 1.62, -4.17 ± 1.53, and -3.71 ± 1.98, respectively. The △Ct values for all 3 miRNA
were significantly elevated in papillary carcinoma cases, compared to the benign tumor cases
(P = 0.00) (Fig. 2).
In terms of the differences in expression between
6

the different types of miRNA, miR-222 and miR146b showed a significantly elevated expression
compared to miR-221 (P = 0.00); however, no
significant differences were observed between
miR-222 and miR-146b (Fig. 2).
The relative quantification (2-△△Ct) revealed that
genetic (microRNA) expression was significantly higher in malignant tumors than in benign
tumors (P = 0.00). The 2-△△Ct values for miR221, miR-222, and miR-146b expression in papillary carcinoma were 4.91 ± 8.31, 9.18 ± 20.14,
and 23.13 ± 28.59, respectively; this indicated
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Table 2. Differences in miRNA expression in papillary thyroid carcinoma patients displaying different
clinicopathological features
Clinicopathologic
features (n = 42)
Age
< 55 years (n = 18)
≥ 55 years (n = 24)
Gender
Male (n = 8)
Female (n = 34)
Tumor size
≤ 10 mm (n = 15)
> 10 mm (n = 27)
Capsular invasion
No (n = 20)
Yes (n = 22)
Multifocality
Single (n = 24)
Multiple (n = 18)
BRAFV600E mutation
Negative (n = 19)
Positive (n = 23)
Nodal metastasis
Negative (n = 20)
Positive (n = 22)
Tumor stagingb
Low risk (n = 27)
High risk (n = 15)

miR-221

miR-222

miR-146b

-ΔCTa

P-value

-ΔCT

P-value

-ΔCT

P-value

1.36
2.04

0.18

3.78
4.45

0.16

3.59
3.79

0.73

2.31
1.61

0.28

4.62
4.06

0.36

4.83
3.44

0.06

7.61
2.29

0.02

3.21
4.69

0.02

2.17
4.56

0.00

7.52
2.65

0.00

3.34
4.92

0.00

2.62
4.69

0.00

1.08
2.94

0.00

3.78
4.68

0.05

3.37
4.14

0.19

1.56
1.90

0.49

3.98
4.32

0.47

2.94
4.34

0.02

1.04
2.38

0.00

3.56
4.69

0.01

2.65
4.66

0.00

1.08
2.94

0.00

1.09
2.94

0.00

3.06
4.86

0.00

All data have been presented as mean values.
-ΔCT = (CtmiRNA - CtU6).
b The low-risk group was defined as comprising patients who were younger than 55 years and had stage I PTC and those aged
55 years or greater with stage I or II PTC, according to the AJCC. The remaining patients were included in the high-risk group.
miRNA, micro RNA; Ct, threshold cycle.
a

that the 2-△△Ct value of miR-146b was significantly higher than that of miR-221 or miR-222
(P = 0.00). However, no significant differences were
observed between miR-221 and miR-222 (Fig. 3).
ROC curve analysis of miR-221, miR-222,
and miR-146b expression in benign tumor

and papillary carcinoma
The diagnostic value of miR-221, miR-222, and
miR-146b for papillary thyroid carcinoma was
assessed by performing an ROC curve analysis.
miR-221 showed an area under the curve (AUC)
of 0.762 (95% CI; 0.591 – 0.932), a cutoff value
of -0.93, and a sensitivity and specificity of
7
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Fig. 2. Levels of expression of miRNA in patients with papillary thyroid carcinoma (n = 42) and benign tumor (n =
9). # P = 0.00, as determined by the independent T-test, between the expression levels of miR-221 and miR222 and miR-146b in papillary thyroid carcinoma and paired benign tumor. $ P = 0.00 by ANOVA between
the expression levels of miR-221 and miR-222. & P = 0.00 (ANOVA) between the levels of expression of miR221 and miR-146b.

Fig. 3. Relative quantification of miR-221, miR-222, and miR-146b in patients with papillary thyroid carcinoma or
benign tumor. # P = 0.00, as quantified by independent T-test, between the levels of miR-146b in papillary
thyroid carcinoma and paired benign tumor. $ P = 0.00, when the expression of miR-221 and miR-146b were
compared by ANOVA. & P = 0.00, when the levels of expression of miR-222 and miR-146b were compared
by ANOVA.
8
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Fig. 4. ROC curve analyses of (a) miR-221, (b) miR-222, and (c) miR-146b to help discriminate the patients with
papillary thyroid carcinoma from those with benign tumor. The AUCs for miR-221, miR-222, and miR-146b
were 0.762, 0.903, and 0.923, respectively.

77.8% and 69.0%, respectively. miR-222 showed
an AUC of 0.903 (95% CI; 0.803–1), cutoff
value of -3.03, and sensitivity and specificity of
88.9% and 81.0%, respectively. miR-146b
showed an AUC of 0.923 (95% CI; 0.849–
0.998), a cutoff value, sensitivity, and specificity
of -1.97, 88.9%, and 85.7%, respectively (Fig. 4).

DISCUSSION
In this study investigating the miRNAs miR221, miR-222, and miR-146b, and BRAFV600E
mutation (whose expression is commonly enhanced in papillary thyroid carcinoma), there
was a significant increase in all miRNA in papillary carcinoma, compared to the benign tumor.

The study conducted by Sun et al.20, which investigated miR-221, miR-222, miR-146b, miR181, and miR-21, reported a significant increase
in the miR-221 and miR-222 expression in the
lymph node metastasis and high-risk TMN staging group. Chou et al.17 demonstrated that, although the expression of the miRNAs miR-221,
miR-222, and miR-146b were elevated in the
high-risk TMN staging group, no differences
were seen between the patients with or without
lymph node metastasis. In this study, all three
miRNAs, miR-221, miR-222, and miR-146b,
showed high levels of expression in the lymph
node metastasis and high-risk TMN staging
group; miR-222 and miR-146b expression was
significantly increased in the extrathyroidal extension, with a tumor size ≥ 1 cm. This demon9
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strated the association of miRNA expression
with the clinicopathological features of tumors.
With the increase in prevalence of ultrasound
testing, a greater number of cases of thyroidal
nodules are being discovered; fine needle aspiration cytology is used in the diagnosis of these
thyroidal nodules. However, shortcomings such
as insufficient specimens, unconfirmed diagnosis, and/or false negative results have led to the
demand for a new diagnostic method.21 Gene detection technology has advanced significantly
over the past 10 years. This has allowed for the
analysis of tumorigenesis and progression of
papillary thyroid carcinoma at a molecular biology level, as well as the development of biomarkers for diagnosis and prediction papillary
thyroid carcinoma prognosis. Among the currently available genetic technologies, specific
miRNAs (and their expression) can be applied as
potential molecular biology biomarkers for papillary thyroid carcinoma. Sun et al.22, who used
5 miRNA (miR-221, miR-222, miR-146b, miR181, and miR-21) expressed in thyroid tumors,
reported that miRNA-146b had the highest diagnostic value, with sensitivity, specificity, and
AUC of 90.4%, 88.9%, and 0.952, respectively.
This demonstrated its potential use as a potential
biomarker in order to discriminate between benign and malignant tumors. Our study also
showed miRNA-146b to have the highest diagnostic value with 88.9% sensitivity, 85.7% specificity, and an AUC of 0.923. Moreover, the
relative quantification (2-△△Ct) of genetic expression between benign and malignant tumors revealed that miR-146b expression was higher than
10

that of miR-221 or miR-222; in addition, the positive results for the BRAFV600E mutation were
also related to miR-146b. Chou et al.18, based on
the results of a multivariate logistic regression
analysis, reported that in addition to being an indicator of cervical lymph node metastasis and the
stage of tumor, miR-146b expression was an independent risk factor indicating the poor prognosis of papillary carcinoma. Furthermore,
higher miR-146b expression levels were associated with a notably lower overall survival rate,
compared to cases with lower levels of expression;
the hazard ratio was also 3.92 times higher.
The target genes regulated by miR-146b, and the
molecular mechanism by which miR-146b influences the aggressiveness of tumor cells in papillary carcinoma are not well known. However,
Geraldo et al.22 reported that miR-146b induced
the expression of SMAD4 in order to regulate the
signal pathway of transforming growth factor
(TGF)-β in thyroid tumorigenesis; additionally,
they stated that the over-expression of miR-146b
in PCCL3 cells triggered cell proliferation even
in the absence of thyroid stimulating hormone
(TSH). In addition to papillary thyroid carcinoma, miR-146b is expressed in other solid tumors. The expression of the BRCA1 gene in a
breast cancer cell line was down-regulated by
miR-146b, resulting in increased cell proliferation.23 miR-146b is also associated with poor
prognosis in oral squamous cell carcinoma.24
The BRAFV600E mutation is capable of propagating tumorigenesis in the thyroid of transgenic
mice25; this mutation was responsible for the increase in the invasion of thyroid cells in a study
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using a thyroid cell line.26 Temporary injection
of small interfering RNA (siRNA) into a papillary carcinoma cell line with the BRAF mutation
(to suppress BRAF) led to the suppression of cell
growth and proliferation.27 Although very few
studies have been conducted on the BRAF mutation and miRNA expression in papillary thyroid carcinoma, the results of these were shown
to be contradictory. Chou et al.17 reported that the
BRAFV600E mutation resulted in over-expression of miR-146b; Yip et al.28 also stated that
papillary thyroid carcinoma displaying the
BRAFV600E mutation led to the over-expression
of miR-146b, which was in turn associated with
aggressive behavior. Our study also observed the
over-expression of miR-146b in the group displaying the BRAFV600E mutation. On the other
hand, Sheu et al.29 stated that the BRAFV600E mutation and expression of the miRNA set (miR221, miR-222, miR-146b, miR-181, and miR-21)
were unrelated to each other. In cases with the
BRAFV600E mutation, a study conducted by Sun
et al.20 revealed significantly high expression of
miR-221, miR-222, miR-146b, and miR-181,
while another study by Huang et al.30 revealed
high expression of miR-21 and miR-203; however, these were attributed to the differences in
specimens and examination methods.
In conclusion, miR-221, miR-222, and miR146b showed high levels of expression in the
lymph node metastasis and high-risk TMN staging group in our study; therefore, miRNA expression was associated with the clinicopathological
features of this tumor. In addition, miR-146b
showed the highest sensitivity and specificity

among the three miRNAs. Moreover, miR-146b
expression was demonstrated to be significantly
increased in the presence of the BRAFV600E mutation; therefore, miR-146b was believed to be a
potential biomarker for the diagnosis of papillary
carcinoma. Based on this study, the mutual association between the BRAFV600E mutation and
miRNA must be studied further, in order to determine the causes and progression of papillary
carcinoma.
This study was conducted to examine the probable association between expression of miR-221,
miR-222, and miR-146b and that of the
BRAFV600E mutation and the clinicopathological
features in papillary thyroid carcinoma. miR221, miR-222, and miR-146b expression was
high in the lymph node metastasis and high-risk
TMN staging group, which indicated the association of miRNA expression with the clinicopathological features. All miRNAs showed
significantly elevated expression in papillary carcinoma compared to benign tumor, with miR221 showing the lowest level of expression
among the miRNAs. miR-146b exhibited the
highest sensitivity (88.9%), specificity (85.7%),
and AUC (0.923), and was believed to show the
most diagnostic value as a potential biomarker
for differentiating between benign and malignant
tumors. Moreover, miR-146b expression was
significantly elevated in the presence of the
BRAFV600E mutation. This study indicated the potential of miR-146b to be used as a biomarker
for diagnosis of papillary carcinoma (in the future).
11
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