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Abstract

Although various research papers have revealed that alterations of microRNAs (miRNAs) expression profiles in
thyroid cancer, there have been few studies on the miRNA machinery itself, Altered expression of microRNA
(miRNA) machinery components may play an important role in progression of thyroid cancer, The purposes of
this study were to evaluate the mRNA expression levels of important miRNA machinery components in papillary
thyroid cancer (PTC) and to investigate the correlations between each component, By using quantitative real-time
PCR, the mRNA expressions of the four miRNA machinery components were examined in 40 PTC tissues and
their adjacent non-neoplastic tissues, In the present study, decreased mRNA expression level of Drosha was
observed in PTC, The altered mRNA expression levels of Dicer and AGO2; DGCR8 and Drosha; AGO2 and
DGCR8 were positively correlated with each other, This study revealed for the first time that altered expression of
Drosha is present in PTC tissue and could be potentially responsible for altered miRNAs profiles observed in this
malignancy:.
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Introduction unclear, environmental and genetic factors have

been implicated as a risk factor for PTC [3-5].

Thyroid cancer is the most prevalent type of In recent years, gradually accumulating
endocrine malignancy, accounting for evidences have demonstrated that a wide range of
approximately 1% of all cancers [1,2]. Although biological processes, such as cellular development,
the mechanism in the development of PTC is differentiation, proliferation, cell death,
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metabolism, and carcinogenesis, are associated
with a group of endogenous, small (17-21
nucleotides) and noncoding RNAs called
microRNAs (miRNAs) [6-8]. The biogenesis of
miRNA occurs in a well-organized process,
referred to as the “miRNA machinery” [9]. A
number of interesting reports have provided proof
that human disorders, including malignant tumors,
are frequently associated with global alterations in
the miRNA machinery components, comprising
irregular expression and function of the key factors
Drosha, the DiGeorge syndrome critical region
gene 8 (DGCRS), Dicer, and Argonaute (AGO)
[10]. Drosha, an RNAse III endonuclease, is a part
of a multiprotein complex, the microprocessor,
which cleaves primary miRNAs (pri-miRNAs;
consisting of a hairpin stem, a terminal loop, and 5’
and 3 single-stranded RNA extensions) into
precursor miRNAs (pre-miRNAs; approximately
60-70 nucleotide stem-loop structure) in nucleus
[11]. DGCRS is also a part of the microprocessor
complex and has been shown to be essential for
miRNAs maturation [12], Within the cytoplasm, the
pre-miRNAs are further processed by a
multidomain Dicer, which also belongs to the class
of RNAse III endonucleases, into short double-
stranded molecules, mature miRNAs [13]. The
effect in which miRNAs regulates gene expression
are accomplished by the RNA-induced silencing
complex (RISC), multiprotein effector complex
with endonuclease activity, which integrates
mature miRNA strands [14]. The RISC is the main
element of the RNA silencing process and consist
of several different proteins that comprise a
multiprotein complex, including AGO1, AGO2, and
the dsRNA-binding protein PACT [15].

The regulation of miRNA machinery
components could directly influence expression
patterns of various genes by regulating mRNA

expression, If any miRNA machinery component is
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dysregulated, miRNA may be incompletely
matured, Recently, the dysregulated miRNA
machinery components have been reported in
various human diseases, including malignancies
[15,10].

Therefore, in the present study, the mRNA
expression levels of miRNA machinery
components were compared and analyzed in
thyroid cancer tissues and corresponding adjacent
non-neoplastic tissues from patients with PTC,
Moreover, the correlations between the mRNA
expression levels of inter-individual miRNA

machinery components were investigated in PTC,

Materials and Methods

Patients and tissues

Altogether, forty female patients diagnosed
with PTC were included in the study, Papillary
thyroid carcinomas and adjacent non-neoplastic
tissues were obtained from the patients undergoing
surgery in Dongsan Medical Center (Daegu, Korea)
between July 2008 and December 2011. Tissue
samples were immediately frozen in liquid
nitrogen and stored at -80C until RNA isolation,
Tissue samples were provided from Keimyung
Human Bio-resource Bank, Korea, All patients
were explained the purpose of study and informed
consents were obtained from each study
participant, The protocols were approved by the
Institutional Review Board of Keimyung University

Dongsan Medical Center (approval #12-41).

Isolation of RNA and quantitative real-time
PCR

Total cellular RNA was extracted from tissues

using the TRIzol reagent (Molecular Research
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Center, Inc., Cincinnati, OH, USA). RNA was
quantified using Nanodrop 1000 (Thermo
Scientific, Wilmington, Denmark), Each cDNA was
synthesized form 2 pg of total RNA using M-MLV
reverse transcriptase (Promega, Madison, WI, USA)
according to the manufacturer’s protocol, By using
the specific primer pairs described in Table 1 and
SYBR GREEN Premix (TOYOBO, Japan),
quantitative real-time PCR (qPCR) was performed
on the LightCycler® 480 real-time PCR system
(Roche Diagnostics, Mannheim, Germany), B-actin
was used as a housekeeping gene for
normalization, and a no template sample was used

as a negative control,
Statistical analysis

Statistical analysis was performed with SPSS
18.0 (SPSS Inc., Chicago, IL, USA), Differences
between the groups were analyzed statistically by
using Student’s ¢ test, Correlations between relative
mRNA expressions of inter-individual miRNA
machinery components were analyzed by the

Pearson’s correlation coefficient analysis,

Generally, p value of less than 0.05 was
established to denote significance in all statistical

analyses performed in the study.

Results

Expression levels of miRNAs machinery
components in PTC

The mRNA expression levels of miRNAs
machinery components were quantified by qPCR
in paired samples of cancer tissues and adjacent
non-cancer tissues from 40 patients with PTC, Each
mRNA level of components was normalized to the
level of B-actin mRNA, As shown in Fig, 1, the
mean value of Drosha mRNA expression level in
PTC tissues was significantly lower than in non-

neoplastic thyroid tissues (p < 0,001),

Relationship between mRNA expression levels
of inter-individual miRNA machinery
components in patients with PTC,

Table 1. Primer sequences of miRNA machinery components used in quantitative PCR

Components Position Sequence

Dicer Forward 5’-TTAACCTTTTGGTGTTTGATGAGTGT-3’
Reverse 5’-AGGACATGATGGACAATT-3’

Drosha Forward 5’-CTGTCGATGCACCAGATT-3’
Reverse 5’-TGCATAACTCAACTGTGCAGG-3’

AGO2 Forward 5’-TCATGGTCAAAGATGAGATGACAGA-3’
Reverse 5’-TTTATTCCTGCCCCCGTAGA-3’

DGCRS Forward 5’-CAAGCAGGAGACATCGGACAAG-3’
Reverse 5’-CACAATGGACATCTTGGGCTTC-3

B-actin Forward 5’-CAGCCATGTACGTTGCTATCCAGG-3’

Reverse

5’-AGGTCCAGACGCAGGATGGCATG-3’
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Fig. 1. The relative mRNA expression levels of Dicer, Drosha, DGCRS, and AGO2 in PTC group and non-neoplastic

group.
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Fig. 2. Correlation between mRNA expressions of inter-individual components in PTC. (A) Dicer and AGO2. *p <
0.001. (B) DGCR8 and AGO2. **p = 0.004. (C) DGCR8 and Drosha,***p = 0.004.

Prior to statistical analysis, raw qPCR data of
Dicer, Drosha, DGCR8, and AGO2 mRNA
expression were normalized to reference gene,
B-actin, Then, the qPCR data were analyzed by the
27A0Ct method [17]. To investigate the significant
correlation between mRNA levels of inter-
individual miRNA machinery components in PTC,

the correlations of the four selected miRNA

machinery components were evaluated. As shown
in (Fig. 2) there were significant associations
between Dicer and AGO2; DGCR8 and AGO2;
DGCRS8 and Drosha with Pearson correlation
coefficient value of 0,574, 0,446 and 0,445 in
thyroid cancer (p < 0.001, p = 0.004 and p =
0.004), respectively,
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Discussion

MiRNAs are a new class of highly conserved,
small noncoding RNAs that regulate gene
expression on the post-transcriptional level by
translational repression or cleavage of the target
mRNA [14]. Dysregulation of the miRNAs
machinery components have previously been
linked to a variety of various cancers [18],

The aims of this study were to elucidate the
expression patterns of four selected miRNA
machinery components by RT-qPCR method in
pair-matched thyroid specimens and analyze their
correlation with each other components,
Therefore, the mRNA expression levels of the
miRNA machinery components were investigated
in PTC tissue compared with adjacent non-
neoplastic thyroid tissue using RT-gPCR in a total
number of 40 thyroid cancer patients. Notably, in
the present study, compared with adjacent non-
neoplastic thyroid tissue, Drosha mRNA expression
level was down-regulated in PTC. Previous studies
also have demonstrated that Drosha mRNA
expression level is down-regulated in breast cancer
[19], and nasopharyngeal cancer [20]. On the other
hand, up-regulated mRNA expression level of
Drosha has been revealed in ovarian cancer [21],
cervical cancer [22], salivary gland tumor (23], and
skin cancer [24]. In the esophageal squamous cell
carcinoma, aberrantly increased Drosha expression
was observed and correlated with tumorigenesis
[25]. In the last work, strong Drosha (RNASEN)
staining was observed in the tumor periphery [25],
suggesting that Drosha up-regulation might be
involved in tumor invasion to surrounding tissues,
Although, it would be needed to assess the
mechanism in which Drosha regulates
invasiveness-related miRNA in PTC, it has been
shown that Drosha is regulated diversely in various

cancers [19-25].

Although mRNA expression levels of Dicer,
Drosha, and AGO2 were strongly and positively
correlated to each other in colorectal carcinoma [9),
there were few studies to compare inter-individual
miRNA machinery components in strictly pair-
matched samples of thyroid cancerous and
adjacent non-neoplastic tissues, So, in the present
study, the correlation between expression levels of
inter-individual miRNA machinery components in
thyroid cancer was evaluated by using the
Pearson’s correlation coefficient analysis. It
appeared that mRNA expression levels of Dicer
and AGO2; AGO2 and DGCR8; DGCR8 and Drosha
are positively correlated with each other (Fig, 2).
DGCRS is a cofactor for Drosha, an RNAse III
endonuclease, and also a part of the
microprocessor complex and has been found to be
essential for miRNAs maturation [12], Drosha and
DGCRS8 have evolved to regulate each other via a
complicated double-negative feedback circuit in
which DGCRS stabilizes Drosha through a direct
interaction [10]. On the other hand, there have
been few studies on the correlations between
Dicer and AGO2; AGO2 and DGCRS [26]. So, it
would be needed to investigate the correlations
between Dicer and AGO2; AGO2 and DGCRS8
mRNA expression levels in PTC cases,

In this study, the expression patterns of four
selected miRNA machinery components and their
inter-relation were investigated for the first time in
PTC. Down-regulated Drosha mRNA expression
was identified, suggesting that reduced expression
of Drosha may play an important role in PTC in
comparison with non-neoplastic thyroid tissues
and the positively correlated miRNA machinery
components may share partially common

regulating mechanisms in PTC,
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