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Abstract

Evidence suggests that the microRNAs are involved in tumorigenesis and progression of various types of malignant tumors.
Therefore, the aim of current research was to examine association between genetic variants in the miRNA machinery genes and
risk of papillary thyroid carcinoma(PTC) in Iranian population. Peripheral blood samples were collected from 120 PTC patients
and 130 healthy subjects. Genotyping of polymorphisms in miRNA Machinery genes (DICER1 rs3742330, DROSHA 1s6877842
and XPOS5 rs11077) polymorphisms was performed using PCR-RFLP method. Chi square and independent sample ¢ tests were
applied for categorical and continuous variables, respectively. In this study, we found that frequency of DICER] 1s3742330G
allele was significantly higher in controls compared to PTC patients. In addition, the DICER1 rs3742330 polymorphism was
associated with lower risk of PTC in dominant (AG + GG vs. AA, OR =0.5,95%CI=0.3-0.9, P =0.03) model. No association
was found between DROSHA rs6877842 and XPOS5 rs11077 polymorphisms and PTC neither in dominant nor in recessive and
allelic models. The frequency of DROSHA rs6877842GC genotype was higher in PTC patients with smaller tumor size (<1).
Therefore, this polymorphism could be a protective factor for tumor development in PTC patients (OR =0.3, 95%CI=0.1-1,
P=0. 04). The current study indicated that DICERI rs3742330 polymorphism was associated with lower risk of PTC.
Furthermore, DROSHA rs6877842 polymorphism could be a protective factor for tumor development in PTC patients.
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Introduction

Thyroid cancer (TC) considers among the major cancers that
can affect the endocrine system [1]. Over the past decade, the
number of people with TC has increased in the United States
[2]. It is interesting that increased TC diagnosis has been
known to be associated with increased papillary thyroid
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cancer (PTC) that constitutes higher than 80% of all thyroid
carcinomas. PTC, known as the well-differentiated TC, is de-
scribed by particular nuclear features and originates from fol-
licular epithelial cells [3].

There is a lot of evidence that PTC development is associ-
ated with several risk factors including age, sex, Hashimoto’s
thyroiditis, thyroid-stimulating hormone concentrations, soli-
tary nodularity, and anti-thyroglobulin antibodies positivity
[4, 5]. Moreover numerous reports showed that genetic factors
may involve in development of PTC [6-9].

MicroRNAs are described as small noncoding RNA mol-
ecules, which suppress post-transcriptionally mRNA transla-
tion. It is believed that microRNAs are present in various
process such as cell proliferation, differentiation, metabolism,
development, and apoptosis [10]. Studies have reported that
the microRNAs are involved in tumorigenesis and progres-
sion of various types of malignant tumors [11]. Evidences
showed that in human carcinogenesis, specific onco-
microRNAs have been up regulated, and, tumor suppressor
miRNAs have been deleted genetically [12, 13], therefore it
seems that the pathophysiology of cancers, including papillary
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thyroid carcinoma, is influenced by improper biogenesis of
miRNA [14]. The role of miRNAs on differentiation and func-
tion of thyroid follicular cells as well as thyroid tumorigenesis
is described [15].

Biosynthesis of miRNAs occurs in several steps. At first
step the miRNA gene is transcribed by RNA polymerase 11
into pri-miRNA in the nucleus. The nuclear RNase DROSHA,
and DGCRS protein, convert pri-miRNA into ~70 nt long
precursor (with a hairpin structure), known as pre-miRNA.
Ran GTPase (RAN) /exportin 5 (XPO5) complex exports
pre-miRNA to the cytoplasm, and TAR RNA-binding protein
(TRBP) and DICER cut pre-miRNA into miRNA duplexes
(almost 20 bp) which finally is converted to miRNA [16]. In
microRNA machinery genes, polymorphisms can resulted in-
to atypical expression of miRNA and subsequently affect the
target genes expression; therefore, they may be risk factors for
abnormalities like tumors [17]. Hence, the aim of current re-
search was to examine association between genetic variants in
the miRNA Machinery genes (DICER! 1s3742330, DROSHA
rs6877842 and XPOS5 rs11077) and risk of PTC.

Materials and Methods

In this case-control study, a total of 120 PTC patients (mean
age 33.5+£10.2 years) and 130 healthy subjects (mean age
35.9+11.9 years) were recruited. This study was approved
by the Ethics Committee of Zahedan University of Medical
Science (IR. ZAUMS. REC.1395.208). Each participant
signed informed written consent. The PTC was diagnosed
based on fine needle aspiration cytology which admitted to
endocrinology clinic. All subjects with previous neck irradia-
tion, thyroid disease, thyroid surgery, other malignancies and
systemic diseases were excluded from the study. Also the
participants with endocrine and autoimmune diseases, diabe-
tes mellitus, malignancies, hepatic and renal dysfunction and
other systemic disease were excluded from control group.

Sample Preparation and Genotyping

After collecting peripheral blood samples in EDTA tubes, they
were stored at —20 °C until DNA extraction. DynaBio kit
(Takapoozist, Iran) was used, as outlined by the manufacturer
to isolate genomic DNA. The primers were used for the de-
tection of genotypes as previously described [18]. The PCR-
RFLP method was applied for genotyping of DICERI
1rs3742330, DROSHA rs6877842 and XPOS5 1511077 poly-
morphisms. The PCR assay was conducted in a final volume
of 15 pL, consisting of 100 ng of DNA, 7 uL of Tag DNA
Polymerase 2X Master Mix, 5 pl of ddH,0, and 1 pL of each
primer. PCR conditions were as follows: 5 min of denaturation
at 95 °C, 30 cycles consisting of denaturation at 95 °C for 30 s;
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30 s of annealing at 58 °C, 58 °C, and 68 °C (DICERI
rs3742330, DROSHA 16877842 and XPO5 rs11077, respec-
tively); 30 s of extension at 72 °C; and 5 min of extension at
72 °C. PCR products of DICERI rs3742330, DROSHA
rs6877842 and XPOS5 rs11077 were digested with Banl,
Sau96l, and EcoRI restriction enzymes.

Statistical Analysis

For analyzing the data, SPSS version 23 was used. For con-
tinuous variables, independent sample ¢ test was applied,
while for categorical variables, Chi square test was used. To
evaluate the relationship between PTC and genotypes, the
odds ratio (OR) in the logistic regression analysis (95% CI)
was measured. The Hardy-Weinberg equilibrium (HWE) was
used to examine the genotypes distribution of variants. The P-
values less than 0.05 were considered as significant.

Result

Table 1 indicates the demographic features of the two groups.
Allele and genotype frequencies of polymorphisms in PTC
patients and controls are presented in Table 2. Although the
frequencies of the DICERI 1s3742330AG and GG genotypes
were lower in PTC patients than those in the controls, the
differences were not statistically significant (P=0.07 and
P=0.1). However, the DICER! rs3742330 polymorphism
was associated with lower risk of PTC in dominant (AG +
GG vs. AA, OR=0.5,95%CI=0.3-0.9, P=0.03) and allelic
(G vs. A, OR=0.6, 95%CI1=0.3-0.9, P=0.02) models but
not recessive model (GG vs. AA + AG, OR =0.3, 95%CI =
0.06-1.5, P=0.14).

The frequency of DROSHA 156877842 GC genotype was
lower in PTC patients than controls, however; the difference
was not significant (P =0.06). No association was found be-
tween DROSHA 156877842 polymorphism and PTC neither
in dominant (GC + CC vs. GG, OR =0.6, 95%CI=0.3-1.1,
P =0.07) nor in recessive (CC vs. GG+GC, OR=1.1,
95%CI=0.5-7.8, P=0.9) and allelic (C vs G, OR=0.6,
95%CI1=0.3-1.1, P=0.14) models. No association was
found between XPOJS rs11077 polymorphism and PTC sus-
ceptibility in dominant, recessive and allelic models. Tables 3
and 4 present the relation between DICERI 153742330 and
DROSHA 1s6877842 polymorphisms and the clinical/
pathological and demographic characteristics of PTC patients.
In PTC patients, there was no association between DICER]
rs3742330 and XPOS5 rs11077 (data not shown) polymor-
phisms with gender, age, tumor size, N stage, TNM stage,
vascular/capsular invasion, and extrathyroidal expansion.
Also, no relation was observed between DROSHA
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Table 1 Demographic and clinical characteristics of papillary thyroid
carcinoma patients and controls
PTC n=120 Control n=130 P value

Age 335+10.2 359+11.9 0.1
Gender

Male 22(18.3) 24(18.5)

Female 98(81.7) 106(81.5) 1
Location

Right Lobe 52(43.3)

Left Lobe 56(46.7)

Both Lobes 12(10)
Tumor Size

<l cm 22(18.3)

>1 cm 86(71.7)

Unknown 12(10)
TNM stage

1 69(57.5)

I 13(10.8)

it 13(10.8)

v 9(7.5)

Unknown 16(13.4)
N stage

NO 69(57.5)

N1 34(28.3)

Unknown 17(14.2)
M stage

MO 99(82.5)

Ml 4(3.3)

Unknown 17(14.2)
Vascular invasion

Positive 15(12.5)

Negative 90(75)

Unknown 15(12.5)
Capsular invasion

Positive 16(13.3)

Negative 89(74.2)

Unknown 15(12.5)
Extrathyroidal expansion

Positive 12(10)

Negative 91(75.8)

Unknown 17(14.2)

rs6877842 and gender, age, N stage, TNM stage,
extrathyroidal expansion, and vascular/capsular invasion.
Nevertheless, DROSHA 1s6877842GC genotype had a higher
frequency in PTC patients who had smaller tumor size.
Therefore, this polymorphism could be a protective factor
for tumor development in PTC patients (OR = 0.3, 95%CI =
0.1-1, P=0. 04).

Discussion

Previous studies have reported that the expressions of target
genes have been influenced by dysregulation of miRNAs in
TC that consequently affected the imperative cellular process
including proliferation, metastasis, invasion, and apoptosis
[19-21]. The miRNA- mediated gene regulation is affected
by genetic variants in 3’-UTR of the miRNA target genes,
which can in turn increase the risk of cancer [22].

The DICER enzyme, involved in miRNA precursor cleav-
age, has been shown to contribute to oncogenic processes in
different cancers [12]. Recently a rare genetic disorder,
DICERI1 syndrome, are known which could lead to the devel-
opment of benign or malignant tumors. This complication is
initiated from a mutation in DICER] gene and its association
with pleuropulmonary blastomas, multinodular goiter and thy-
roid cancer has been reported. Although one copy of the mu-
tations is adequate for tumor development, some patients with
a mutation in this gene do not show abnormal growths. It is
probable that a second mutation in DICERI gene which is
affected the catalytic activity of the enzyme could be initiate
the tumorigenesis [23]. Previous studies have shown that there
is a correlation between reduced expression of DICERI gene
and clinical aggressiveness or poor prognosis of several tu-
mors like lung and ovary [24, 25]. Besides, it has been report-
ed that the expression of DICERI mRNA is decreased in
thyroid cancer; thus, impairment of miRNA processing in-
cluding DICER probably contributes to the development of
thyroid cancer [26]. The DICERI gene has been shown to
contain SNP rs3742330. This SNP is situated in the 3'-UTR
region. It is postulated that gene expression and stability are
influenced by this region [27].

In this study we observed higher frequency of G allele in
controls compared to PTC patients which was significantly
different. In addition, the DICERI rs3742330 polymorphism
was associated with lower risk of PTC in dominant (AG + GG
vs. AA, OR=0.5, 95%CI =0.3-0.9, P=0.03) model.

Several studies have investigated the role of DICER! poly-
morphisms in cancers. Kim et al found no direct association
between DICERI 1s3742330 and rs13078 polymorphisms
and Hepatocellular carcinoma (HCC) risk while they illustrat-
ed that DICER] rs3742330 was related to the survival of pa-
tients with HCC [27]. Wojcikiewicz et al reported an associa-
tion between DICER! 153742330 polymorphism and risk of
laryngeal cancer in Polish Population (p =0.0004) [28].
Recently song et al reported a significant association between
rs3742330 polymorphism and Gastric cancer susceptibility.
Furthermore, the result from Stratified analysis confirmed that
the G allele of rs3742330 was associated with a later stage of
gastric cancer [17].

XPOS5 belongs to the importin- family of
nucleocytoplasmic transport factors. Through a GTP-
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Table 2 Allelic and genotypic

frequency of DICER I, DROSHA PTC (N=120) Control (N =130) P value OR (95% CI)
and XPOS5 polymorphisms in
PTC patients and control group DICERI rs3742330
AA, n(%) 91(75.8) 82(63.1) 1
AG, n(%) 27(22.5) 41(31.5) 0.07 0.6(0.3-1.1)
GG, n(%) 2(1.7) 7(5.4) 0.1 0.3(0.05-1.3)
Dominant (AG + GG vs. AA) 0.03 0.5(0.3-0.9)
Recessive (GG vs. AA + AG) 0.14 0.3(0.06-1.5)
Allele
A, n(%) 209(87) 205(79) 1
G, n(%) 31(13) 55(21) 0.02 0.6(0.3-0.9)
DROSHA rs6877842
GG, n(%) 103(85.8) 100(77) 1
GC, n(%) 15(12.5) 28(21.5) 0.06 0.5(0.3-1)
CC, n(%) 2(1.7) 2(1.5) 0.97 1(0.1-7)
Dominant (GC + CC vs. GG) 0.07 0.6(0.3-1.1)
Recessive (CC vs. GG + GC) 0.9 1.1(0.5-7.8)
Allele
G, n(%) 221(92) 228(88) 1
C, n(%) 19(8) 32(12) 0.14 0.6(0.3-1.1)
XPOS5 rsl11077
AA, n(%) 45(37.5) 58(44.6)
AC, n(%) 44(36.7) 50 (38.5) 0.7 0.9(0.5-1.4)
CC, n(%) 31(25.8) 22(16.9) 0.08 1.8(0.9-3.6)
Dominant (AC + CC vs. AA) 0.09 1.3(1-1.8)
Recessive (CC vs. AA + AC) 0.09 1.7(0.9-3.2)
Allele
A, n(%) 134(56) 166(64)
C, n(%) 106(44) 94(36) 0.08 1.4(1-2)

dependent process, XPOS5 exports the pre-miRNAs from nu-
cleus to cytoplasm. Afterwards, pre-miRNAs become more
mature and turn into functional miRNAs in cell [29].
Because, the transporter XPOS5 contribute in the miRNA syn-
thesis pathway, the miRNA expression may be affected by the
structural variations in XPOS5 gene that may resulted into the
development of tumor [30].

Previous studies have demonstrated an association be-
tween rs11077 of XPOS5 gene with the risk of esophageal
cancer, and laryngeal cancer [28, 31]. In this study we
found no significant association between XPOJ5 polymor-
phism and PTC as well as in dominant, recessive
models, and demographic and clinical/pathological fea-
tures in PTC. Wen et al reported that XPO5 rs11077
polymorphism was associated with onset of TC.
Furthermore, lower XPO5 expression level was detected
in patients with G allele [32].

DROSHA, as a major nuclease, belongs to the RNaselll
super family and catalyzes the initial stages of miRNA pro-
cessing through the conversion of pri-miRNA into pre-
miRNA [33]. In this study, no association was observed
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between DROSHA 156877842 polymorphism and PTC neither
in dominant nor in recessive and allelic models. However; the
frequency of DROSHA rs6877842GC genotype was higher in
PTC patients who had smaller tumor size (<1). Therefore, this
polymorphism could be a protective factor for tumor develop-
ment in PTC patients (OR =0.3, 95%CI=0.1-1, P=0. 04).
Several studies have investigated the effect of DROSHA poly-
morphisms on cancer risk. Kim et al have found no significant
association between DROSHA rs6877842 C>G and
rs10719T > C polymorphisms and HCC risk in a Korean pop-
ulation [27]. In another study, Wojcikiewicz et al also ob-
served no association between DROSHA 156877842 and risk
of laryngeal cancer [28]. The higher risk of bladder cancer in
association with 1s10719T > C in 3’- UTR of DROSHA was
reported in Yuan et al study [34]. In another study conducted
among Korean population, DROSHA rs874332 was associat-
ed with overall survival in breast cancer [35].

The current study had some limitation, including
small sample size. Also, in some subgroups, the limited
number of samples resulted in the insufficient power of
analysis. Therefore, future researches with a larger
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Table 3 Association of DICER! 1s3742330 polymorphism with clinical characteristics of papillary thyroid carcinoma
Characteristics DICER] 1s3742330 P value OR (95% CI)
AA AG GG AG vs AA GG vs AA Dominant Recessive

Age, years

<40 58(74.3) 18(23.1) 2(2.6)

>40 33 (78.6) 921.4) 0(0) 0.8 0.9(0.4-2.2) - 0.6 0.8(0.3-1.9) -
Gender

Female 75(76.5) 21(21.4) 2(2.1)

Male 16(72.7) 6(27.3) 0(0) 0.6 1.3(0.5-3.9) - 0.7 1.2(0.4-3.5) -
Tumor size, cm

<1 16(72.7) 5(22.8) 14.5)

>1 66(76.7) 19(22.1) 1(1.2) 0.9 0.9(0.3-2.8) 0.3 0.2(0.01-4) 0.7 0.8(0.3-2.3) 0.3 0.2(0.02-4)
N stage

NO 54(78.3) 13(18.8) 22.9)

NI 24(70.6) 10(29.4) 0(0) 0.3 1.7(0.7-4.5) - 0.4 1.5(0.6-4.8) -
TNM stage

|81 63(76.8) 17(20.7) 2(2.5)

-1V 17(77.3) 5(22.7) 0(0) 0.9 1.1(0.4-3.4) - 11(0.3-3) -
Extrathyroidal expansion

Negative 68(74.7) 21(23.1) 2(2.2)

Positive 10(83.3) 2(16.7) 0(0) 0.6 0.7(0.1-2) - 0.5 0.6(0.1-2.9) -
Vascular invasion

Negative 67(74.4) 21(23.4) 2(2.2)

Positive 12(80) 3(20) 0(0) 0.7 0.8(0.2-3.1) - 0.7 0.7(0.2-2.8) -
Capsular invasion

Negative 66 (74.2) 21(23.6) 2(2.2)

Positive 13(81.2) 3(18.8) 0(0) 0.6 0.7(0.2-2.8) - 06 0.7(0.2-2.5) -

sample size are required to approve or refute the present
results. In conclusion, the current study indicated that
DICER]I 1s3742330 polymorphism was related to a

Table 4  Association of DROSHA rs6877842 polymorphism with clinical characteristics of papillary thyroid carcinoma

lower risk of PTC. Furthermore, DROSHA rs6877842
polymorphism could be a protective factor for tumor
development in PTC patients.

Characteristics DROSHA rs6877842 P value OR (95% CI)
GG GC CC GC vs GG CC vs GG Dominant Recessive

Age, years

<40 66(84.6) 10(12.8) 2(2.6)

>40 37 (88.1) 5(11.9) 0(0) 0.9 0.9(0.3-2.8) - 0.6 0.7(0.2-2.3) -
Gender

Female 85(86.7) 11(11.2) 202.1)

Male 18(81.8) 4(18.2) 0(0) 0.4 1.7(0.5-6) - 0.6 1.5(0.4-5) -
Tumor size, cm

<l 15(68.2) 6(27.3) 1(4.5)

>1 76(88.3) 9(10.5) 1(1.2) 0.04 0.3(0.1-1) 0.30.2(0.01-3.3) 0.03 0.3(0.1-0.9) 0.3 0.3(0.02-4)
N stage

NO 62(89.9) 7(10.1) 0(0)

N1 27 (79.5) 6(17.6) 1(2.9) 0.3 2(0.6-6.4) - 0.2 2.3(0.7-7.2) -
TNM stage

I 72(87.8) 9(11) 1(1.2)

I-1v 19(86.4) 2(9.1) 1(4.5) 0.8 0.8(0.2-4.2) 0.4 3.8(0.2-63) 0.9 1.1(0.3-4.6) 0.4 3.8(0.2-64)
Extrathyroidal expansion

Negative 78(85.7) 11(12.1) 2(2.2)

Positive 11(91.7) 1(8.3) 0(0) 0.7 0.7(0.1-5.5) - 0.6 0.6(0.1-4.5) -
Vascular invasion

Negative 76(84.5) 12 (13.3) 2(2.2)

Positive 13(86.7) 2(13.3) 0(0) 0.8 0.8(0.2-4.1) - 11(0.2-4.9) -
Capsular invasion

Negative 75 (84.3) 12(13.5) 2(2.2)

Positive 14(87.5) 2(12.5) 0(0) 0.9 0.9(0.2-4.4) - 0.7 0.8(0.2-3.7) -

@ Springer



1240

A. Mohammadpour-Gharehbagh et al.

Acknowledgements We would like to thank the research deputy of
Zahedan University of Medical Sciences for support of this project
n0.7960 (IR. ZAUMS. REC.1395.208). We wish to acknowledge the
contribution of the study participants (patients and controls) to this
research.

Compliance with Ethical Standards

Conflict of Interest The authors declare that they have no conflict of
interest.

Ethical Approval All procedures performed in studies involving human
participants were in accordance with the ethical standards of the institu-
tional and/or national research committee and with the 1964 Helsinki
Declaration.

Informed Consent Informed consents were obtained from the study
participants. The study protocol was confirmed by the Ethics
Committee of the Zahedan University of Medical Sciences.

References

1. Ries LAG, Young Jr JL, Keel GE, Eisner MP, Lin YD, Horner M-
JD (2007) Cancer survival among adults: US SEER program,
1988-2001. Patient and tumor characteristics SEER Survival
Monograph Publication:07-6215

2. LimH, Devesa SS, Sosa JA, Check D, Kitahara CM (2017) Trends
in thyroid cancer incidence and mortality in the United States,
1974-2013. Jama 317(13):1338-1348

3. NingL,Rao W, YuY, Liu X, Pan Y, Ma Y, Liu R, Zhang S, Sun H,
Yu Q (2016) Association between the KRAS gene polymorphisms
and papillary thyroid carcinoma in a Chinese Han population. J
Cancer 7(15):2420-2426

4. LunY, WuX, XiaQ, HanY, Zhang X, Liu Z, Wang F, Duan Z, Xin
S, Zhang J (2013) Hashimoto’s thyroiditis as a risk factor of papil-
lary thyroid cancer may improve cancer prognosis. Otolaryngol
Head Neck Surg 148(3):396-402

5. Rago T, Fiore E, Scutari M, Santini F, Di Coscio G, Romani R,
Piaggi P, Ugolini C, Basolo F, Miccoli P (2010) Male sex, single
nodularity, and young age are associated with the risk of finding a
papillary thyroid cancer on fine-needle aspiration cytology in a
large series of patients with nodular thyroid disease. Eur J
Endocrinol 162(4):763-770

6. Zhang Q, Song F, Zheng H, Zhu X, Song F, Yao X, Zhang L, Chen
K (2013) Association between single-nucleotide polymorphisms of
BRAF and papillary thyroid carcinoma in a Chinese population.
Thyroid 23(1):38-44

7. Ning L, Yu 'Y, Liu X, Ai L, Zhang X, Rao W, Shi J, Sun H, Yu Q
(2015) Association analysis of MET gene polymorphism with pap-
illary thyroid carcinoma in a Chinese population. Int J Endocrinol
2015(2015):1-5. https://doi.org/10.1155/2015/405217

8. Wei W-J, Lu Z-W, Li D-S, Wang Y, Zhu Y-X, Wang Z-Y, Wu Y,
Wang Y-L, Ji Q-H (2014) Association of the miR-149 Rs2292832
polymorphism with papillary thyroid Cancer risk and clinicopath-
ologic characteristics in a Chinese population. Int J Mol Sci 15(11):
20968-20981

9. Heidari Z, Mohammadpour-Gharehbagh A, Eskandari M, Harati-
Sadegh M, Salimi S (2018) Genetic polymorphisms of miRNA
let7a-2 and pri-mir-34b/c are associated with an increased risk of
papillary thyroid carcinoma and clinical/pathological features. J
Cell Biochem 120:8640-8647. https://doi.org/10.1002/jcb.28152

@ Springer

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Ha T-Y (2011) MicroRNAs in human diseases: from cancer to
cardiovascular disease. Immune Netw 11(3):135-154
Zhang W, Dahlberg JE, Tam W (2007) MicroRNAs in tumorigen-
esis: a primer. Am J Pathol 171(3):728-738
Lin S, Gregory RI (2015) MicroRNA biogenesis pathways in can-
cer. Nat Rev Cancer 15(6):321-333
Jansson MD, Lund AH (2012) MicroRNA and cancer. Mol Oncol
6(6):590-610
Paranjape T, Slack FJ, Weidhaas JB (2009) MicroRNAs: tools for
cancer diagnostics. Gut 58(11):1546—1554. https://doi.org/10.1136/
2ut.2009.179531
Fuziwara CS, Kimura ET (2017) MicroRNAs in thyroid develop-
ment, function and tumorigenesis. Mol Cell Endocrinol 456:44-50.
https://doi.org/10.1016/j.mce.2016.12.017
Krol J, Loedige 1, Filipowicz W (2010) The widespread regulation
of microRNA biogenesis, function and decay. Nat Rev Genet 11(9):
597-610
Song X, Zhong H, Wu Q, Wang M, Zhou J, Zhou Y, Lu X, Ying B
(2017) Association between SNPs in microRNA machinery genes
and gastric cancer susceptibility, invasion, and metastasis in
Chinese Han population. Oncotarget 8(49):86435-86446. https:/
doi.org/10.18632/oncotarget.21199
Rah H, Jeon YJ, Lee BE, Kim JO, Shim SH, Lee WS, Choi DH,
Kim JH, Kim NK (2013) Association of polymorphisms in
microRNA machinery genes (DROSHA, DICERI1, RAN, and
XPOS5) with risk of idiopathic primary ovarian insufficiency in
Korean women. Menopause 20(10):1067-1073
Wang F, Jiang C, Sun Q, Yan F, Wang L, Fu Z, Liu T, Hu F (2015)
miR-195 is a key regulator of Rafl in thyroid cancer. Onco Targets
Ther 8:3021-3028. https://doi.org/10.2147/0tt.s90710
Li D, Jian W, Wei C, Song H, Gu Y, Luo Y, Fang L (2014) Down-
regulation of miR-181b promotes apoptosis by targeting CYLD in
thyroid papillary cancer. Int J Clin Exp Pathol 7(11):7672-7680
Deng X, Wu B, Xiao K, Kang J, Xie J, Zhang X, Fan Y (2015)
MiR-146b-5p promotes metastasis and induces epithelial-
mesenchymal transition in thyroid cancer by targeting ZNRF3.
Cell Physiol Biochem: international journal of experimental cellular
physiology, biochemistry, and pharmacology 35(1):71-82. https://
doi.org/10.1159/000369676
Xiong F, Wu C, Chang J, Yu D, Xu B, Yuan P, Zhai K, Xu J, Tan W,
Lin D (2011) Genetic variation in an miRNA-1827 binding site in
MYCLI alters susceptibility to small-cell lung cancer. Cancer Res
71(15):5175-5181. https://doi.org/10.1158/0008-5472.can-10-4407
Robertson JC, Jorcyk CL, Oxford JT (2018) DICERI syndrome:
DICERI mutations in rare cancers. Cancers 10(5). https://doi.org/
10.3390/cancers10050143
Karube Y, Tanaka H, Osada H, Tomida S, Tatematsu Y, Yanagisawa
K, Yatabe Y, Takamizawa J, Miyoshi S, Mitsudomi T (2005)
Reduced expression of Dicer associated with poor prognosis in lung
cancer patients. Cancer Sci 96(2):111-115
Merritt WM, Lin YG, Han LY, Kamat AA, Spannuth WA,
Schmandt R, Urbauer D, Pennacchio LA, Cheng J-F, Nick AM
(2008) Dicer, Drosha, and outcomes in patients with ovarian can-
cer. N Engl J Med 359(25):2641-2650
Erler P, Keutgen XM, Crowley MJ, Zetoune T, Kundel A, Kleiman
D, Beninato T, Scognamiglio T, Elemento O, Zarnegar R (2014)
Dicer expression and microRNA dysregulation associate with ag-
gressive features in thyroid cancer. Surgery 156(6):1342—-1350
Kim MN, Kim JO, Lee SM, Park H, Lee JH, Rim KS, Hwang SG,
Kim NK (2016) Variation in the Dicer and RAN genes are associ-
ated with survival in patients with hepatocellular carcinoma. PLoS
One 11(9):e0162279. https://doi.org/10.1371/journal.pone.
0162279
Osuch-Wojcikiewicz E, Bruzgielewicz A, Niemczyk K,
Sieniawska-Buccella O, Nowak A, Walczak A, Majsterek I
(2015) Association of polymorphic variants of miRNA processing


https://doi.org/10.1155/2015/405217
https://doi.org/10.1002/jcb.28152
https://doi.org/10.1136/gut.2009.179531
https://doi.org/10.1136/gut.2009.179531
https://doi.org/10.1016/j.mce.2016.12.017
https://doi.org/10.18632/oncotarget.21199
https://doi.org/10.18632/oncotarget.21199
https://doi.org/10.2147/ott.s90710
https://doi.org/10.1159/000369676
https://doi.org/10.1159/000369676
https://doi.org/10.1158/0008-5472.can-10-4407
https://doi.org/10.3390/cancers10050143
https://doi.org/10.3390/cancers10050143
https://doi.org/10.1371/journal.pone.0162279
https://doi.org/10.1371/journal.pone.0162279

Association between Genetic Polymorphisms in microRNA Machinery Genes and Risk of Papillary Thyroid...

1241

29.

30.

3L

32.

genes with larynx cancer risk in a polish population. Biomed Res
Int 2015(2015):1-17. https://doi.org/10.1155/2015/298378

Zeng Y, Cullen BR (2004) Structural requirements for pre-
microRNA binding and nuclear export by Exportin 5. Nucleic
Acids Res 32(16):4776-4785. https://doi.org/10.1093/nar/gkh824
Leaderer D, Hoffman AE, Zheng T, Fu A, Weidhaas J, Paranjape T,
Zhu'Y (2011) Genetic and epigenetic association studies suggest a
role of microRNA biogenesis gene exportin-5 (XPOS5) in breast
tumorigenesis. Int J] Mol Epidemiol Genet 2(1):9-18

Ye Y, Wang KK, Gu J, Yang H, Lin J, Ajani JA, Wu X (2008)
Genetic variations in microRNA-related genes are novel suscepti-
bility loci for esophageal cancer risk. Cancer Prev Res 1(6):460—
469

Wen J, Gao Q, Wang N, Zhang W, Cao K, Zhang Q, Chen S, Shi L
(2017) Association of microRNA-related gene XPOS5 rs11077
polymorphism with susceptibility to thyroid cancer. Medicine
96(14):¢6351. https://doi.org/10.1097/md.0000000000006351

33.

34.

3s.

Lee Y, Ahn C, Han J, Choi H, Kim J, Yim J, Lee J, Provost P,
Rédmark O, Kim S (2003) The nuclear RNase III Drosha initiates
microRNA processing. Nature 425(6956):415-419

Yuan L, Chu H, Wang M, Gu X, Shi D, MaL, Zhong D, DuM, Li P,
Tong N, Fu G, Qin C, Yin C, Zhang Z (2013) Genetic variation in
DROSHA 3'UTR regulated by hsa-miR-27b is associated with
bladder cancer risk. PLoS One 8(11):e81524. https://doi.org/10.
1371/journal.pone.0081524

Sung H, Jeon S, Lee KM, Han S, Song M, Choi JY, Park SK, Yoo
KY, Noh DY, Ahn SH, Kang D (2012) Common genetic polymor-
phisms of microRNA biogenesis pathway genes and breast cancer
survival. BMC Cancer 12:195. https://doi.org/10.1186/1471-2407-
12-195

Publisher’s Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

@ Springer


https://doi.org/10.1155/2015/298378
https://doi.org/10.1093/nar/gkh824
https://doi.org/10.1097/md.0000000000006351
https://doi.org/10.1371/journal.pone.0081524
https://doi.org/10.1371/journal.pone.0081524
https://doi.org/10.1186/1471-2407-12-195
https://doi.org/10.1186/1471-2407-12-195

	Association between Genetic Polymorphisms in microRNA Machinery Genes and Risk of Papillary Thyroid Carcinoma
	Abstract
	Introduction
	Materials and Methods
	Sample Preparation and Genotyping

	Statistical Analysis
	Result
	Discussion
	References




