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Abstract: MicroRNAs (miRNAs) are small non-coding RNAs, which play a critical regulatory role in papillary thyroid
carcinoma (PTC). BRAF V600E is a hotspot mutation occurring in a majority of PTC cases and is proposed to be associated
with poor clinical outcomes. The relationship between BRAF V600E status and miRNA expression in PTC has not been
comprehensively studied. In this study, we aimed to identify the differentially expressed miRNAs in PTCs with and without
BRAF V600E in an unbiased manner. Five fresh frozen thyroid cancer tissues paired with their respective adjacent normal
tissues from PTC patients were subjected to BRAF V600E genotyping using Sanger sequencing and small RNA deep
sequencing (miRNAseq). MiRNAs differentially expressed between BRAF V600E-positive and BRAF V600E-negative
PTC tissues were validated in silico using The Cancer Genome Atlas (TCGA) THCA datasets containing 420 samples.
MiRNA target prediction and pathway enrichment analysis were performed to identify biological pathways altered in this
cancer. We identified 174 differentially expressed miRNAs; 80 were significantly over-expressed, while 94 were under-
expressed (adj. p-value < 0.1; log2 fold change < -1 or > 1). Fifteen miRNAs were significantly differentially expressed only
in BRAF V600E-positive PTC, and eight of these were validated in TCGA THCA dataset (hsa-miR-212, -132, -135b-3p/5p,
-200b, -200a-3p/Sp, -27a-3p/5p, -29a and -1296). Subsequent analysis revealed significant enrichment of cancer-related
pathways including proteoglycans in cancer, ECM-receptor interaction and MAPK pathways in BRAF V600E-positive PTC.
Using the miRNAseq and in silico validation using TCGA THCA study, we identified eight miRNAs that were differentially
expressed in PTC tissues with BRAF V600E. This study also complemented the existing knowledge about deregulated
miRNAs in PTC development.
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Introduction were further divided into well-differentiated papillary

o ) ) o thyroid carcinoma and follicular carcinoma, poorly
The incidence rate of thyroid cancer had risen significantly differentiated carcinoma and anaplastic carcinoma

in many countries worldwide in the past decade. In 2012, [+-6) Papillary thyroid carcinoma (PTC) is the most
there were approximately 230,000 and 70,000 new cases prevalent histological type that contributed to 85 to 90%
of thyroid cancer among women and men, respectively of reported cases "l Several of its clinicopathological

121 According to the .United States Cancer Statistics features are correlated to poor prognosis in PTC patients,
2019, 52,070 new thyroid cancer cases with 2,170 deaths which include the male gender, larger tumour size, older

were estin.lafed by 2019 in _bOth sexes [3?' Most thyrqid age, extrathyroidal extension, thyroid capsule invasion,
cancers originated from follicular epithelial cells, which
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lymph node metastasis as well as BRAF mutation [,
Although PTC patients had a high survival rate ['), these
prognostic factors had been shown to affect the overall
survival among PTC patients [

MiRNAs are small non-coding RNAs that comprise of
19 to 22 nucleotides, which negatively regulate gene
expression. Each miRNA can take part in many cellular
pathways, and thus, miRNAs are involved in many
different diseases ' including thyroid cancers ">l In
addition, it was reported that different histopathological
types of thyroid tumours have discrete miRNA profiles
(6] miR-146b U718 miR-221 and miR-222 are among
the commonly upregulated miRNAs in papillary
thyroid carcinoma ['¢1°23, These non-coding RNAs are

promising biomarkers to identify aggressive PTC cases
[17,24]

BRAF is a serine-threonine kinase that is activated
by RAS binding and protein recruitment to the cell
membrane 226, Activation of MEK along with the
MAPK signalling pathway is activated by BRAF
phosphorylation ?7. The most frequent genetic changes
in PTC are point mutations of BRAF which are observed
in 35 to 70% of PTC cases . More than 95% of BRAF
mutations detected in thyroid cancers are thymine to
adenine transversion at position 1799 (T1799A), resulting
in the substitution of valine by glutamate at residue
600 (V600E) 21, Various studies had shown that the
BRAF V600E mutation was associated with lymph node
metastasis, therefore, it had received the attention as a
diagnostic and prognostic molecular marker in recent
years to improve the diagnosis and identify individuals
at increased risk of PTC recurrence %32,

In the past few years, the evolution of next-generation
sequencing technologies has allowed global expression
profiling of miRNAs P! and the discovery of novel
human miRNAs "3, In this study, we aimed to identify
the differentially expressed miRNAs in PTCs with BRAF
V600E using small RNA sequencing. To achieve this
objective, five fresh-frozen tumour tissues paired with
their normal adjacent thyroid tissues were included in
the study. The mutational analysis of BRAF' V600E gene
and differentially expressed miRNAs were performed
using Sanger sequencing and small RNA sequencing,
respectively. The results were validated with an in silico
approach using the dataset obtained from The Cancer
Genome Atlas (TCGA) THCA.

Materials and Methods
Clinical Specimens

Five pairs of tumour-adjacent normal fresh frozen
tissues were collected from patients diagnosed with
PTC from the UKM Medical Centre (UKMMC). This
study was approved by the Universiti Kebangsaan
Malaysia Research Ethics Committee (UKMREC; UKM
1.5.3.5/244/UMBI-2015-002). Informed consent was
obtained from all the study participants. The tissues were
dissected, snap-frozen and stored in liquid nitrogen.
All samples were cryosectioned and stained using

haematoxylin and eosin and the percentage of tumour cells
and normal cells contents were assessed by a pathologist.
Only tumour samples with at least 80% cancerous cells
and normal adjacent thyroid tissues with less than 20%
necrosis were selected for further analysis.

Nucleic Acid Isolation

All fresh frozen tissues were subjected to nucleic acid
extraction using Allprep DNA/RNA/miRNA Universal
Kit (Qiagen, Hilden, Germany) according to the
manufacturer’s recommendations. The integrity of RNA
was assessed using Agilent BioAnalyzer 2100 (Agilent
Technologies, CA, U.S.), while the quality of DNA
was assessed using 1% agarose gel. The quantity and
purity of RNA and DNA were assessed using Qubit 2.0
fluorometer (Thermo Scientific, MA, U.S.) and Nanodrop
2000c Spectrometer (Thermo Scientific, MA, U.S.),
respectively.

BRAF V600E Genotyping

PCR amplification of genomic regions of interest
was performed using BRAF V600E forward
primer 5’-TGCTTGCTCTGATAGGAAAATG-3’
and BRAF V600E reverse primer
5’-AGCATCTCAGGGCCAAAAAT-3’ 1, Amplification
was performed in a reaction volume of 25 pl containing
50 ng DNA template, 10 uM each primer (Integrated
DNA Technologies, 1A, U.S.),10x PCR Gold Buffer
without MgClL, dNTP Mix (10 mM), MgCl, solution (25
mM) , AmpliTaq Gold® (5U/ul) (Applied Biosystems,
CA, U.S.) and nuclease-free water. PCR conditions were
as follows; 95°C for 4 minutes; 35 cycles of 95°C for
45 seconds, 50°C for 30 seconds and 72°C for 1 minute;
72°C for 5 minutes; and held at 4°C. PCR products were
visualized by electrophoresis on 1.5% agarose gel with
an expected size of ~ 228 bp. PCR purification was
conducted using QIAquick PCR Purification Kit (Qiagen,
Hilden, Germany) as per manufacturer’s instruction.
Subsequently, DNA sequencing was performed using
ABI Prism 3130x1 Genetic Analyzer (Applied Biosystem,
CA, USA).

Library Preparation and miRNA Sequencing

RNA samples from tumour samples and their adjacent
normal tissues were processed into libraries using TruSeq
Small RNA Sample Prep Kit (Illumina, CA, USA).
Briefly, 3" and 5" adapters were sequentially ligated to the
ends of small RNAs fractionated from 2 pg of total RNA,
and reverse transcribed to generate cDNA. The cDNA
was amplified using a common primer complementary
to the 3" adapter, and a primer containing 1 of 48 index
sequences. Samples were size-selected (140-160bp
fragments) on a 6% polyacrylamide gel, purified,
quantified and pooled for multiplexed sequencing. The
resulting pooled libraries were normalized to 2 nM and
were hybridized to oligonucleotide-coated single-read
flow cells for cluster generation using HiSeq® Rapid
SR Cluster Kit v2 on Hiseq 2500 (Illumina, CA, USA).
Subsequently, the clustered pooled miRNA libraries were
sequenced on the HiSeq 2500 for 50 sequencing cycles
using HiSeq® Rapid SBS Kit v2 (50 Cycle) (Illumina,
CA, USA).
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Bioinformatics and Statistical Analyses

Pre-processing of data was executed in BaseSpace
software (Illumina, CA, USA), and FASTQ files were
generated. miRNA Analysis app version 1.0.0 was used
for determination of differentially expressed miRNAs
using the workflow described by Cordero et al, 2012 31,
Briefly, the pipeline includes 3’ end adapter removal using
Cutadapt, annotation to miRBase v21, mapping using
SHRIMP aligner and differential analysis of miRNAs using
DESeq2. Benjamini and Hochberg’s B9 correction was
applied to ensure a false discovery rate (FDR) less than 0.1
and absolute log2 fold change <-1 or > 1 were considered
for further analysis. Heatmaps were created using GeneE
from the Broad Institute (http://www.broadinstitute.org/
cancer/software/GENE-E). MiRNA target prediction via
DIANA-TarBase v7.0 BT and pathway enrichment analysis
was performed using DIANA-miRPath v3.0 B%. Other
statistical analyses were performed using GraphPad Prism
6 unless stated otherwise.

In silico Validation

We used the TCGA-generated level 3 miRNA sequencing
data from THCA project ?4. These data were accessed
from ‘https://tcga-data.nci.nih.gov/tcga/dataAccessMatrix.
htm’ on April 13, 2016. The normalised expression (reads
per million or RPM) of all miRNAs was log2-transformed
and used for fold change calculation. We then performed
the Students’ unpaired t-test with Benjamini Hochberg
false discovery rate (FDR) multiple testing correction
and log2 fold change calculation using Bioconductor
version 3.1 (BiocInstaller 1.18.2) B in R version 3.2.0 (R
Development Core Team, 2008).

Results
Demographic Data

All patients in the small discovery set were women with a
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mean age of 51.6 years. Majority of the tumours were
located in the right lobe of the thyroid and all tumours
were larger than 1 cm. All of the patients had lymph
node metastasis at diagnosis. Validation cohort from
TCGA THCA studies included 229 BRAF V600E-
positive PTC, 132 BRAF V600E-negative PTC and 59
unpaired normal thyroid samples.

miRNAseq Analysis

With the rapid run mode using HiSeq Rapid SBS Kit v2,
we achieved an average of 5.6 M reads per sample with
Q30 (3,779,968 to 8,308,285 reads in each sample).
The percentage of mapped reads in normal samples
were significantly lower than in tumour samples
(Supplementary Table 1). Figure 1 illustrated the quality
control statistics of miRNAseq experiment for BRAF
V600E-positive versus adjacent normal samples. In
Figure 1(A), approximately 45 to 75% of the reads were
identified as isomiR (known precursor) and 25 to 55%
were the already known mature miRNAs. Figure 1(B-
D) illustrated the Principle Component Analysis (PCA)
plots of miRNAs family, mature miRNAs and precursor
miRNAs expression profiles. PCA analysis revealed
that samples formed distinct clusters, withall tumour
and normal samples clustering based on their respective
groups.

Differentially Expressed miRNAs

There were 174 miRNAs significantly differentially
expressed in PTC BRAF V600E-positive versus their
normal adjacent thyroid tissues. Eighty miRNAs were
upregulated, while 94 miRNAs were downregulated
(log2 fold change < -1 or > 1; FDR p-value < 0.1).
The volcano plot (Figure 2) illustrated the significantly
differentially expressed miRNAs. In addition, the
unsupervised hierarchical clustering analysis and
heatmap illustrated in Figure 3, clearly demonstrated the
difference of the miRNA expression profiles between
tumour and normal samples.
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Figure 1. Quality control statistics of miRNAseq experiment. (A) Distribution of miRNA sequences among the subcategories in BRAF V60OE PTC and their adja-

cent normal. (B-D) Principle Component Analysis (PCA) plots of miRNAs family, mature miRNA and precursor miRNAs. The plots showed that global miRNAs

family, mature miRNAs and precursor miRNAs expression pattern clearly differentiate the samples according to respective group
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BRAF V600E-positive PTC
VS.
normal thyroid
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Figure 2. MiRNAs with statistical significance after a t-test are shown in red and blue on a volcano plot above. Those with no significance are shown in black. The red dots

represent significantly upregulated miRNAs while blue dots represented significantly downregulated miRNAs.
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Figure 3. Hierarchical clustering and heatmap representation of differentially expressed miRNAs in discovery set. The list of differentially expressed miRNAs were filtered
using FDR-adjusted p value <0.1, absolute log2 fold change >1 or <-1. In BRAF V600E-positve PTC versus normal-adjacent tissues, miRNAseq revealed 174 differentially

expressed miRNAs. Ninety-four (94) were under-expressed while 80 were over-expressed.
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Pathway Enrichment Analysis of the Deregulated
miRNAs

A single miRNA might play specific roles in the
pathogenesis of PTC; however, the miRNA pathway as a
whole might also be of importance. Therefore, DIANA-
mirPath B a web-based computational tool, was used
to identify pathways that were potentially altered by the
expression of multiple miRNAs, and to incorporate miRNAs
into molecular pathways. Based on the 80 upregulated
miRNAs, there were 44 significantly enriched pathways
identified by the meta-analysis algorithm using “Pathway
union” option (p-value < 0.05) (Figure 4A). Thirty-eight
out of the 80 upregulated miRNAs were involved in the
proteoglycans in the cancer pathway, targeting 176 genes.
Figure 4B illustrated the hierarchical clustering analysis
and the heatmap derived from the 44 significantly enriched
pathways. The number of miRNAs and experimentally
validated predicted targets involved in each pathway were
tabulated in Table 1.

We also performed the same analysis on 94 significantly
downregulated miRNAs. Only five significantly enriched
pathways were identified: fatty acid biosynthesis, fatty
acid metabolism, ECM-receptor interaction, fatty acid
elongation and proteoglycans in cancer pathway with FDR
adj. p-value < 1E-325, 2.57E-07, 7.70E-05 and 0.000352,
respectively.
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TCGA THCA in silico Validation

To wvalidate the observed significance of the 174
miRNAs in BRAF V600E-positive PTC as compared
to their normal adjacent thyroid tissues, we analysed
the expression of these miRNAs in TCGA THCA
dataset. Comparison between BRAF V600E-positive
PTC versus normal thyroid tissues revealed 123
significantly upregulated and 319 downregulated
miRNAs (Supplementary Table 2). To identify miRNAs
which were deregulated only in BRAF V600E-positive
PTC, the intersection of the differentially expressed
miRNAs was performed (Figure 5). Since TCGA THCA
dataset did not comprehensively annotate the miRNAs
based on 3p and 5p arm, the intersection was performed
without taking into account the arm annotation. From
the intersection, 15 miRNAs were deregulated in BRAF'
V600E-positive PTC versus normal thyroid tissues
in both and TCGA THCA datasets and the current
study. From these 15 miRNAs, eight miRNAs were in
concordance with TCGA THCA data expression levels
which included hsa-miR-212, hsa-miR-132, hsa-miR-
135b-3p and 5p, hsa-miR-200b, hsa-miR-200a-3p and
5p, hsa-miR-27a-3p and 5p, hsa-miR-29a and hsa-
miR-1296 (log2 fold change 1.59, 1.43,2.36, 1.72,2.12,
1.31, 1.52, 1.60, 1.69 and -1.12; adj. p-value < 0.1),
respectively (Figure 6).
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Figure 4. Pathway enrichment analysis of 80 significantly upregulated miRNAs in BRAF V600E-positive PTC and miRNAs versus pathway heatmap (clustering based on sig-

nificance levels) using the DIANA miRPath v3.0 interface. (A) A list of 44 significant KEGG targeted pathways with their log10 p-value. (B) Hierarchical cluster and heatmap.

Dark red indicate lower significant values. The attached dendograms on both axes represent the hierarchical clustering results for miRNAs and pathways respectively. MiRNAs

are clustered together by exhibiting similar pathway targeting patterns and pathways are clustered together by related miRNAs.
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Figure 5. Venn diagram of the differentially expressed miRNAs in discovery and in silico validation dataset. From the intersection, there were 15 miRNAs that were differentially

expressed in BRAF V600E-positive PTC versus normal. From these 15 miRNAs, eight deregulated miRNAs from discovery data were in concordance with TCGA THCA data

(seven were upregulated and one was downregulated).
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Mohamad Yusof A et al.

Table 1. Number of miRNAs and experimentally validated targets involved in each of the 44 enriched pathways.

KEGG pathway Adj p-value No. of genes No. of miRNAs
Prion diseases <1E-325 18 8
MicroRNAs in cancer <1E-325 140 12
Oocyte meiosis <1E-325 83 19
TGF-beta signaling pathway <1E-325 62 19
Thyroid hormone signaling pathway <1E-325 95 20
ECM-receptor interaction <1E-325 50 21
Colorectal cancer <1E-325 59 21
Prostate cancer <1E-325 81 21
Fatty acid biosynthesis <1E-325 7 23
Pathways in cancer <1E-325 303 23
Fatty acid metabolism <1E-325 36 24
Cell cycle <lE-325 109 24
Protein processing in endoplasmic reticulum <1E-325 138 24
Hepatitis B <1E-325 118 25
Chronic myeloid leukemia <1E-325 70 27
Glioma <lE-325 58 28
p53 signaling pathway <1E-325 66 29
Viral carcinogenesis <1E-325 177 31
Lysine degradation <1E-325 39 33
Hippo signaling pathway <1E-325 119 35
Adherens junction <1E-325 66 37
Proteoglycans in cancer <1E-325 173 38
FoxO signaling pathway 1.75E-14 104 22
Bacterial invasion of epithelial cells 2.16E-14 65 21
Bladder cancer 391E-13 34 18
Endometrial cancer 4.77E-12 47 18
Small cell lung cancer 2.19E-10 72 17
Transcriptional misregulation in cancer 5.84E-10 133 17
Melanoma 9.28E-10 56 20
Signaling pathways regulating pluripotency of stem cells 7.09E-09 98 14
Thyroid cancer 1.00E-08 26 16
Endocytosis 1.43E-08 159 16
Pancreatic cancer 2.29E-07 62 13
Focal adhesion 6.68E-07 142 12
PI3K-Akt signaling pathway 1.00E-06 182 14
Ubiquitin mediated proteolysis 2.39E-06 105 14
Non-small cell lung cancer 5.32E-06 48 14
Renal cell carcinoma 1.47E-05 58 13
Estrogen signaling pathway 2.93E-05 60 8
Other types of O-glycan biosynthesis 0.000125 21 11
Central carbon metabolism in cancer 0.000955 50 9
Neurotrophin signaling pathway 0.001194 75

Shigellosis 0.002684 50 10
Steroid biosynthesis 0.009698 13 12




In-depth characterization...

Discussion

There was various type of BRAF mutations reported for
malignant tumours including PTC such as BRAF V600E,
BRAF V600D, BRAF V600Q, BRAF V600V and BRAF
V600L H41 For our study, we only focused on BRAF
V600E mutation as it was the most common BRAF
mutation in PTC, which comprised more than 90% of cases
(421 Many studies had demonstrated an association of this
BRAF mutation with the aggressive clinicopathological
characteristics of PTC such as extrathyroidal invasion,
lymph node metastasis and recurrence of PTC B4l It was
suggested that the involvement of BRAF V600E mutation
in the activation of RAS/RAF/MAPK pathway could result
in higher deregulation of miRNA expression “41.

While previously published studies utilized microarray
and real-time PCR, we used small RNA deep sequencing
to determine the deregulation of miRNAs in BRAF V600E-
positive PTC patients in an unbiased manner. There were
more downregulated miRNAs in the tumour samples
as compared to their adjacent normal thyroid tissues
(80 wupregulated versus 94 downregulated miRNAs).
Deregulation of hsa-miR-146b-5p, hsa-miR-146b-3p, hsa-
miR-222-3p, hsa-miR-221-3p, hsa-miR-204-5p and hsa-
miR-7-5p were further reconfirmed in this study, signifying
that dysregulation of these miRNA was common in PTC
versus normal thyroid tissues. The association between
BRAF V600E status and miRNA expression in PTC had
been controversial. A large-scale analysis of TGCA data
had demonstrated that the BRAF V60OE mutation was one
of the key drivers of PTC 4. Other studies had shown
that downregulation of hsa-miR-7-5p and hsa-miR-204-5p
in PTC were associated with the BRAF V600E mutation
(23441 There were however contradictory findings that
showed that BRAF V600E mutation is not related with the
aggressiveness of PTC and thus, cannot serve as prognosis
marker for PTC H#5471,

MiR-200a and miR-200b were the members of miR-
200 family. Upregulation of these two miRNAs was
observed in PTC M8 follicular thyroid carcinoma (FTC)
and follicular adenoma Ul while being downregulated
in anaplastic thyroid carcinoma [*. Tt was suggested that
miR-200b downregulates the tumour suppressor genes 4%,
These miRNAs were shown to play a crucial role in tumour
cell metastasis progression or epithelial-mesenchymal
transition (EMT) 5% and inhibit angiogenesis . Hsa-miR-
200a and hsa-miR-200b were also upregulated in thyroid
cell-derived cell lines and tissues with BRAF V600E 6481,
In this study, miR-200a and miR-200b were upregulated in
BRAF V600E-positive cases in both discovery and TCGA
THCA datasets, suggesting their relation to BRAF V600E
mutation.

Among the significantly enriched pathways in BRAF
V600E-positive PTC were proteoglycans in cancer, cell
cycle pathway and ECM-receptor interaction pathway.
There were 173 genes with 38 miRNAs in proteoglycans in
cancer, 109 genes with 24 miRNAs in cell cycle pathways
and 50 genes with 21 miRNAs involved in the ECM-
receptor interaction pathway. Proteoglycans (PGs) are key
molecular constituents of the ECM and cell surfaces and
play important roles in integrating signals from growth
factors, chemokines and integrins, cell to cell interactions

as well as matrix adhesion P>%!. PGs act in a context-
dependent manner; some have pro- and anti-angiogenic
activities, while others can directly stimulate cancer
growth by controlling key signalling pathways 25455,
Aberrant accumulation of PGs in human thyroid cancer
was first reported in 1984 B¢, Using the glycoproteomics
approach, Arcinas and colleagues studied the expression
of proteoglycans in various thyroid cancer cell lines.
Two transmembrane heparan sulfate proteoglycans,
syndecan-1 and syndecan-4, were uniquely expressed in
FTC-133 and XTC-1 respectively. In addition, a GPI-
anchored proteoglycan, glypican-1, was identified in
three thyroid cancer cell lines (FTC-133, XTC-1 and
DRO-1). The extracellular heparan sulfate proteoglycan
basement membrane-specific core protein or perlecan
was only detected in ARO, a dedifferentiated thyroid
cancer cell line 7.

Numerous studies support the important role of
proteoglycans as miRNA targets in cancer progression
(5859 Deregulation of miRNAs results in atypical
expression patterns of proteoglycans and their
biosynthetic enzymes, thus leading to abnormal
cell proliferation, apoptosis, adhesion, migration,
invasiveness and epithelial-to-mesenchymal transition
[60-621 Therapeutic strategies targeting the microRNA—
proteoglycan are emerging for cancers such as in
melanoma and medulloblastoma [ While the
relationship between miRNAs expression and ECM-
receptor interaction pathway in regards to BRAF V600E
has been reported [ there is currently no published
evidence linking miRNA regulation to proteoglycans in
thyroid cancers, especially in the BRAF V600E-positive
PTC.

In order to validate our results in a larger dataset, we
re-analysed TCGA THCA dataset containing 229 BRAF
V600E-positive PTC, 132 BRAF V600E-negative PTC
and 59 normal thyroid tissues. From the intersection of
our discovery data with the TCGA data, 15 miRNAs
were significantly deregulated in BRAF V600E-positive
as compared to normal thyroid tissues and eight
miRNAs were in concordance in term of expression
levels. The remaining seven miRNAs showed the
opposite trend of expression. The discrepancies could
be due to the fact that TCGA THCA datasets used were
from unmatched samples. Secondly, at the time of the
data retrieval, TCGA THCA had not yet annotated the
miRNAs according to their 3p and 5p arm and thus, the
expression level between these two arms could not be
differentiated. Nevertheless, we were able to reconfirm
the expression of commonly deregulated miRNAs
in PTCs and provide a new list of miRNAs related to
BRAF V600E.

Conclusion

In conclusion, our study illustrated the interplay between
BRAF VG600E status and differentially expressed
miRNAs in PTC. This information would add to the
understanding of the molecular mechanisms of miRNAs
in BRAF V600E-positive PTC. Although these findings
were needed to be validated in larger sample size, they
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could serve as a basis for the identification of a potential
diagnostic or prognostic biomarker of PTC. In addition,
functional studies to clarify further the mechanisms of
miRNA regulation in BRAF V600E-positive PTC were
warranted.
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