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Abstract. – OBJECTIVE: MiR-381-3p plays an 
essential role in the progression of a variety of 
cancers, but its expression and role in papillary 
thyroid carcinoma (PTC) progression have not 
been investigated. The aim of this study was to 
investigate the expression of miR-381-3p and its 
function in PTC.

PATIENTS AND METHODS: The expression 
levels of miR-381-3p and low-density lipopro-
tein receptor‑related protein 6 (LRP6) mRNA in 
PTC tissues and cell lines were measured using 
RT-PCR. Cell proliferation, migration and inva-
sion were assessed by cell viability assay and 
transwell assay. Luciferase assays and Western 
blotting were performed to demonstrate miR-
381-3p target gene.

RESULTS: We found that miR-381-3p was sig-
nificantly down-regulated in PTC tissues and 
cell lines. In vitro assay indicated that up-regula-
tion of miR-381-3p significantly suppressed PTC 
cell proliferation, migration and invasion. More-
over, luciferase reporter gene assay demon-
strated that miR-381-3p could target LRP6 by 
binding to the 3’ UTR. Western blot and Re-
verse transcription‑quantitative polymerase 
chain reaction (RT‑qPCR) showed that miR-381-
3p overexpression suppressed the expression 
of LRP6 at both mRNA and proteins levels. In 
addition, functional experiment confirmed that 
LRP6 was involved in the suppressive effect of 
miR-381-3p-mediated PTC on cell proliferation, 
migration and invasion.

CONCLUSIONS: Our findings suggested, for 
the first time, that miR-381-3p was lowly ex-
pressed in PTC tissues, and its up-regulation in-
hibited tumorigenesis of PTC by targeting LRP6.
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Introduction

Thyroid carcinoma is the most common endo-
crine malignancy, accounting for 5-10% of cancers 
in women1. Papillary thyroid carcinoma (PTC), 
which represents 70-80% of thyroid carcinoma, is 
the most common endocrine malignancy in thy-
roid carcinoma2. Although the majority of PTC is 
effectively managed by surgical resection followed 
by radioiodine and levothyroxine, the prognosis of 
about 10% of PTC patients presenting recurrence 
or metastasis remains poor3,4. In order to find better 
therapeutic strategies to cure PTC, a better under-
standing of the underlying mechanisms of human 
PTC development and progression is necessary.

MicroRNAs (miRNAs) are a novel class of 
short, endogenous, non-coding RNA with 18-25 
nucleotides in length5. It has been proved that 
miRNAs regulate genes expression by binding to 
complementary sites in their 3’-untranslated re-
gion (3’-UTR)6. Growing evidence7 indicates that 
miRNAs influence multiple biological events, 
especially the development and progression of 
malignancies. With the advancement of DNA mi-
croarray-based miRNA expression profiles, more 
and more abnormally expressed miRNAs were 
identified in various tumors8. A large number 
of functional researches revealed that miRNAs 
functioned as tumor suppressors or oncogenes 
according to the roles of their target genes9-11. 
Among these miRNAs, miR-381-3p was reported 
to serve as oncogenic or tumor-suppressive miR-
NAs based on the types of tumors12-14. However, 
the expression and function of miR-381-3p in 
PTC have not been reported. 
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The low-density lipoprotein receptor-relat-
ed protein 6 (LRP6), localized on chromosome 
12p13.2, is a member of the low-density lipopro-
tein receptor family15. It has been observed that 
LRP6 is highly expressed in many cancer tissues 
and serves as a positive regulator in the pro-
gression of tumors16,17. Growing evidence18,19 has 
shown that LRP6 is essential for the activation of 
Wnt/β-catenin pathway, which is involved in the 
development and progression of various tumors. 
Previous research20 revealed that LRP6 exerted 
a highly tumor-promoting function in PTC and 
might serve as an ideal therapeutic target. How-
ever, the association between miR-381-3p and 
LRP6 in PTC has not been investigated. 

In the present study, we firstly determined the 
expression levels of miR-381-3p in PTC tissues 
and cell lines. The biological function of miR-
381-3p was explored by in vitro assay. Moreover, 
whether LRP6 was a direct target of miR-381-3p 
was also determined. Our results suggested miR-
381-3p as an important biomarker and therapeutic 
target for PTC patients.

Patients and Methods

Patients and Tissue Samples
Fresh frozen tissues from PTC patients were 

obtained from Affiliated Hospital of Taishan 
Medical University. No patients had received 
any adjuvant treatment before the surgery. These 
samples were immediately frozen and stored in 
liquid nitrogen. The study was approved by the 
Research Ethics Committee of Affiliated Hospital 
of Taishan Medical University (Taishan, China), 
and written informed consents were obtained 
from these patients.

Cell Culture and Transfection
Human PTC cell lines (TPC-1, BCPAP, K1) 

and the human thyroid epithelial cell line Nthy-
ori3-1 were purchased from Shanghai Institute 

of Cell Biology, Chinese Academy of Sci-
ences (Shanghai, China). All above cell lines 
were cultured in Roswell Park Memorial Insti-
tute-1640 (RPMI-1640) (Invitrogen, Carlsbad, 
CA, USA) with 0.023 IU/ml insulin and 10 
% fetal bovine serum (FBS, Sigma-Aldrich, 
St. Louis, MO, USA) in 5% CO2 cell culture 
incubator.

The miR-381-3p mimic (miR-381-3p) and mim-
ic negative control (NC) were purchased from 
GenePharma (Huangpu, Shanghai, China). The 
coding sequences LRP6 were amplified by PCR 
and inserted into pcDNA3.1 vector to gener-
ate LRP6 overexpression vectors. Lipofectamine 
2000 (Invitrogen, Carlsbad, CA, USA) was used 
for the transfection.

RNA Extraction and RT-PCR
Total RNA from the cultured cells and tissues 

samples were extracted by TRIzol® reagent (In-
vitrogen Life Technologies, Carlsbad, CA, USA). 
The RNA was then purified using a RNeasy Mini 
Kit (Qiagen, Haidian, Beijing, China) follow-
ing the manufacturer’s instructions. Real-time 
quantitative PCR (RT-qPCR) was performed in 
duplicates with QuantiTect SYBR Green PCR 
Kit (Qiagen, Hilden, Germany). The primer of 
miR-381-3p and LRP6 were shown in Table I. 
GAPDH was used as internal control. Relative 
gene expression levels were calculated using the 
2-ΔΔCt method.

Cell Proliferation Assay
The cell proliferation assay was evaluat-

ed using 3-(4,5-dimethylthiazol-2-yl)-2,5-di-
phenyltetrazolium bromide (MTT) assay (Do-
jindo, Gaithersburg, MD, USA) according to 
the manufacturer’s protocol. Brief ly, 1000 
cells from different groups were seeded in 
96-well culture plates and were cultured for 
indicated days. At the indicated time point, 5 
μL MTT solution (5 mg/ml) were added into 
each well and incubated 2 h at room tempera-

Table I. Sequence of the primers used in this study.

	 Genes	 Primer sequences (5’-3’)

MiR-381-3p	 (Sense) TAATCTGACTATACAAGGGCAAGCT
	 (Antisense) TATGGTTGTTCTGCTCTCTGTCTC
LRP6	 (Sense) GCTCAGAGTCCCAGTTCCAG
	 (Antisense) TCCCTTCATACGTGGACACA
GAPDH	 (Sense) ATTCCATGGCACCGTCAAGGCTGA
	 (Antisense) TTCTCCATGGTGGTGAAGACGCCA
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ture. Absorbance was assessed at 490 nm by 
a spectrophotometer (BioTek, Chaoyang, Bei-
jing, China).

Cell Migration and Invasion Assay
Cell migration and invasion were detected 

using transwell chambers (Corning Incorpo-
rated, Corning, NY, USA) with or without 50 
μL Matrigel (8.0 μm, Millipore, Billerica, MA, 
USA). 40,000 indicated PTC cells suspended in 
serum-free medium were seeded in the upper 
chambers of a 24-well transwell insert (Millipore, 
Billerica, MA, USA). The chambers were then 
incubated for 24 h in culture medium with 10% 
fetal bovine serum (FBS) as chemoattractant in 
the bottom chambers before examination. Af-
ter incubating for 24 h at 37°C under 5% CO2, 
non-invading cells were removed from the upper 
chamber by cotton-tipped swabs. Cells that had 
migrated or invaded through the membrane were 
stained with methanol. Finally, cells were count-
ed under a microscope and the relative number 
was calculated.

Dual Luciferase Assay
The interaction between miR-381-3p and 

LRP6 was determined by dual luciferase as-
say. Brief ly, PTC cells (6 × 104) were seeded in 
triplicate in 24-well plates 24 h before trans-
fection. Plasmids containing LRP6‑3’UTR 
and LRP6-3’UTR mutations were constructed 
via technical support from Dajin Co. (Pudong, 
Shanghai, China). Then, cells were co-trans-
fected with miR-381-3p mimics and either 
pcDNA3.1-LRP6 or control miR. About 48 h 

after transfection, the luciferase activity was 
determined using the Dual-Luciferase system 
(Promega, Madison, WI, USA). The activity 
of Renilla luciferase was normalized to Fire-
f ly luciferase.

Western Blot Analysis
Proteins were extracted by radio-immunopre-

cipitation assay (RIPA) lysis buffer (Beyotime, 
Shanghai, China). The total protein concentration 
was quantified with a bicinchoninic acid (BCA) 
assay kit. Lysates were separated by 10% dodecyl 
sulfate, sodium salt-polyacrylamide gel electro-
phoresis (SDS-PAGE) and then electrophoreti-
cally transferred onto nitrocellulose membranes. 
Membranes were blocked at room temperature 
for 2 h with blocking solution incubated over-
night at 4°C. Membranes were blocked in 5% 
milk-TBST, then incubated with primary anti-
bodies followed by incubation with horseradish 
peroxidase (HRP)-conjugated secondary anti-
bodies. The relative protein expression was ana-
lyzed using Image-Pro plus software 6.0. β-actin 
was used as the internal reference.

Statistical Analysis
All statistical analyses were performed using 

the SPSS 16.0 software package (SPSS Inc., Chi-
cago, IL, USA). Independent and paired t-test 
was used to compare the data. The multi-group 
comparison was performed using one-way 
analysis of variance. The paired comparison 
was performed by the Student-Newman-Keuls 
(SNK) approach. p < 0.05 was considered statis-
tically significant.

Figure 1. MiR-381-3p is significantly downregulated in PTC tissues and cell lines. (A) qRT-PCR analysis of miR-381-3p 
expression in human PTC cell lines (TPC-1, BCPAP and K1) and normal thyroid epithelial cell line (Nthy-ori3-1). (B) The 
qPCR analysis of miR-381-3p for 24 normal thyroid tissues and 53 PTC tissues. (C) The qPCR analysis of miR-381-3p for 8 
paired PTC tissues. Each experiment was performed three times in triplicate. *p < 0.05 and **p < 0.01.
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Results

miR-381-3p was Decreased in 
PTC Tissues and Cell Lines

To investigate the role of miR-381-3p in PTC, 
we first examined miR-381-3p expression in 
three PTC cell lines (TPC-1, BCPAP and K1) 
and Nthy-ori3-1 using RT-PCR. As shown in 
Figure 1A, the results indicated that miR-381-
3p was significantly decreased in PTC cells 
compared with Nthy-ori3-1 cells. Next, we ex-
plored whether miR-381-3p was downregulated 
in clinical PTC tissues. As shown in Figure 2B, 
we observed that miR-381-3p expression levels 
were decreased in PTC tissue, compared with 
normal thyroid tissues (p < 0.01). Then, in order 
to further demonstrate the inhibition of miR-
381-3p in PTC patients, we detected the levels 
of miR-381-3p in 8 PTC tissues and correspond-
ing nontumor tissues. As shown in Figure 1C, 
down-regulation of miR-381-3p was observed in 
6 of 8 PTC samples compared with correspond-
ing nontumor tissues. Taken together, our results 
suggested that miR-381-3p expression was fre-
quently down-regulated in PTC patients. 

miR-381-3p Inhibited Proliferation, 
Migration and Invasion in PTC Cells

To study the role of miR-381-3p in the growth 
of PTC, K1 and TPC-1 cells were transfected 
with miR-381-3p mimic or miR-NC. As shown 
in Figure 2A, the increased levels of miR-381-3p 
can be detected in the K1 and TPC-1 cells after 
transfection. The MTT assay was used to mea-
sure the PTC proliferation ability. We observed 
that overexpression of miR-381-3p significantly 
suppressed the proliferation of both K1 and TPC-
1 cells (Figure 2B and 2C). Then, we investigated 
the effect of miR-381-3p on their migration and 
invasion ability. As shown in Figure 3D and 3E, 
we found that miR-381-3p overexpression result-
ed in reduced migration rate and invasion rate of 
K1 and TPC-1 cells compared with the control. 
Taken together, these data suggested that miR-
381-3p was involved in regulating the prolifera-
tion, migration and invasion of PTC cells.

LRP6 was a Direct Target of 
miR-381-3p in PTC Cells

Emerging data imply that miR-381-3p serves 
as a tumor suppressor or oncogene by binding 
the 3’ UTR tumor-related genes. In order to 
explore the molecular mechanism of miR-381-
3p function in PTC cells, our attention focused 

on the target gene of miR-381-3p. We predicted 
the target of miR-381-3p by publicly available 
algorithms (Target Scan) and found that LRP6 
mRNA harbored a putative miR-381-3p binding 
site in its 3’-UTR (Figure 3A). Subsequently, 
luciferase reporter assay was used to deter-
mine whether LRP6 was directly regulated by 
miR-381-3p. As shown in Figure 3B, the results 
indicated that the luciferase activity decreased 
in K1 and TPC-1 cells with miR-381-3p mimics 
and pGL3-LRP6 vectors. However, there was 
no significant difference on luciferase activity 
when K1 and TPC-1 cells were transfected with 
pGL3- LRP6-MUT vector. To further identify 
the targeting of LRP6 by miR-381-3p, RT-PCR 
and Western blot were performed to determine 
the LRP6 mRNA and proteins levels after 
the up-regulation of miR-381-3p. As shown in 
Figure 3C and 3D, we found that mRNA and 
protein expression levels of LRP6 were signifi-
cantly suppressed in miR-381-3p transfectants 
as compared with control groups. On the other 
hand, we detected the expression levels of 
LRP6 mRNA in clinical tissues. The results 
indicated that LRP6 mRNA was significantly 
higher in PTC tissues compared to normal thy-
roid tissues, indicating that LRP6 served as a 
tumor promoter in PTC. Taken together, these 
data indicated that LRP6 was a direct target of 
miR-381-3p in PTC.

miR-381-3p Attenuated the 
Promotion of LRP6 Mediated 
Cell Development in Vitro

To explore the effect of miR-381-3p and LRP6 
in PTC cells behavior, Western blot was used to 
determine the expression levels of miR-381-3p 
and LRP6 in K1 cells transfected with pcD-
NA3.1-LRP6 and/or miR-381-3p. As shown in 
Figure 4A, we found that the expression of LRP6 
was increased in pcDNA3.1-LRP6 transfected 
cells compared to control cells, but forced ex-
pression of miR-381-3p suppressed the levels of 
LRP6. Then, MTT and transwell assays were 
used to study the association between miR-381-
3p and LRP6 in cells proliferation and metas-
tasis. The results indicated that up-regulation 
of LRP6 promoted PTC proliferation, invasion 
and migration, while miR-381-3p could largely 
reverse the promotive effect of LRP6 on PTC 
cell proliferation, migration and invasion (Figure 
4B, 4C and 4D). Overall, our results suggested 
that miR-381-3p served as a tumor suppressor by 
downregulating LRP6.
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Figure 2. Overexpression of miR-381-3p suppressed PTC cell proliferation, migration and invasion. (A) The expression level 
of miR-381-3p was measured by real-time PCR after K1 and TPC-1 cells were transfected with miR-381-3p mimic or their 
relevant controls. (B, C) MTT assays were conducted to determine the proliferation of K1 and TPC-1 cells. (D, E) Inhibitory 
effect of miR-381-3p toward the migration and invasion of K1 and TPC-1 cells. *p < 0.05 and **p < 0.01.

Figure 3. LRP6 was identified as a functional target of miR-381-3p in PTC. (A) Schematic representation of LRP6 3’UTR was 
showing the putative miR-381-3p target site. (B) Luciferase activity was measured in K1 and TPC-1 cells after co-transfected 
with miR-381-3p or miR-NC and Wt or Mut LRP6 3’UTR report plasmid. (C, D) miR-381-3p down-regulated LRP6 mRNA 
and proteins in K1 and TPC-1 cells. Cells were transfected with miR-381-3p or its control for 48 h, and then collected for RT-
PCR and Western blot. (E) Relative expression levels of LRP6 mRNA in PTC tissues and adjacent normal tissues. *p < 0.05 
and **p < 0.01.
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Discussion

Identify specific miRNAs and their targets 
involved in tumorigenesis is important for pre-
vention and treatment of PTC. In this study, we 
found that the miR-381-3p expression is greatly 
downregulated in PTC tissues and cell lines. 
A series of experiments confirmed overexpres-
sion of miR-381-3p suppressed proliferation, mi-
gration and invasion in PTC cells. Luciferase 
assays confirmed that miR-381-3p exerted its 
tumor-suppressive role by directly binds the 3’-
UTR of LRP6 mRNA. Therefore, we speculated 
that miR-381-3p was involved in LRP6-mediated 
metastasis in PTC cells. 

Recently, miRNAs become hotspots for their 
multiple biological functions. The expression and 
function of miR-381-3p in various tumors were 
reported. For instance, Cao et al21 found that 
up-regulation of miR-381 suggested a favorable 
prognosis of gastric cancer and suppressed cell 

proliferation and invasion via targeting TME-
M16A. Zhang et al22 reported that miR-381-3p 
was lowly expressed in hepatocellular carcinoma 
and its forced expression inhibited cell growth 
and invasion by targeting the liver receptor homo-
log-1. Yang et al23 also suggested miR-381-3p as 
a tumor suppressor by directly targeting FGFR2 
inhibiting the proliferation of oral squamous cell 
carcinoma cells. On the contrary, miR-381-3p was 
reported to be up-regulated and act as a tumor 
promoter in osteosarcoma and glioma24,25. Those 
findings indicated that the functional role of miR-
381-3p in cancer was still controversial. To our 
best knowledge, the expression and function of 
miR-381-3p in PTC have not yet been reported. A 
series of experiments in our study showed miR-
381-3p as a tumor suppressor in PTC. 

As an essential Wnt co-receptor to activate 
Wnt/β-catenin signaling, LRP6 has been recog-
nized as a key tumor promoter in the regulation 
of tumorgenesis26. For instance, LRP6 was high-

Figure 4. LRP6 involved in miR-381-3p mediated suppression of PTC cells proliferation, migration and invasion. (A) Western 
blot assay of K1 transfected with pcDNA3.1 + NC miRNA, pcDNA3.1-LRP6 + NC miRNA or pcDNA3.1-LRP6 + miR-381-
3p. MTT assay (B), migration assay (C) and invasion assay (D) were performed on mentioned cells. *p < 0.05 and **p < 0.01.
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ly expressed in hepatocellular carcinoma, and 
its up-regulation enhanced cell invasion27. LRP6 
silencing suppressed breast cancer cells prolif-
eration28. Several studies have shown that LRP6 
was regulated by several miRNAs. For example, 
Zhang et al29 reported that miR-202 suppressed 
hepatocellular carcinoma growth by targeting 
LRP6. Wang et al30 observed that forced miR-183 
expression inhibited retinoblastoma cell growth 
and metastasis by targeting LRP6. Importantly, 
Wen et al31 found that upregulation of miR-126 in-
hibited cell proliferation, migration and invasion 
in PTC by targeting LRP6. In order to explore the 
potential mechanism by which miR-381-3p sup-
pressed PTC cell proliferation and metastasis, we 
used TargetScan to search possible target genes of 
miR-381-3p and found that LRP6 may be a target 
gene of miR-381-3p. Then, we performed lucif-
erase assays and Western blot and confirmed the 
results of TargetScan. Furthermore, in vitro assay 
showed that miR-381-3p overexpression rescued 
the promoting effects, which induced by LRP6. 
Overall, our findings suggest a potential mecha-
nism for the tumor suppressor role of miR-381-3p 
mediated by the downregulation of LRP6.

Conclusions

We found that miR-381-3p was downex-
pressed in PTC cells and tissues, while the 
opposite trend was observed in the protein level 
of LRP6. Furthermore, miR-381-3p inhibited 
the proliferation and metastasis of PTC cells by 
targeting LRP6. In the future, miR-381-3p/LRP6 
signaling has great potential to serve as a thera-
peutic target for PTC.

Conflict of Interest
The Authors declare that they have no conflict of interests.

References

  1)	 Sipos JA, Mazzaferri EL. Thyroid cancer epidemi-
ology and prognostic variables. Clinical oncology 
2010; 22: 395-404.

  2)	 Brown RL, de Souza JA, Cohen EE. Thyroid cancer: 
burden of illness and management of disease. J 
Cancer 2011; 2: 193-199.

  3)	 Pellegriti G, Scollo C, Lumera G, Regalbuto C, Vign-
eri R, Belfiore A. Clinical behavior and outcome of 

papillary thyroid cancers smaller than 1.5 cm in 
diameter: study of 299 cases. J Clin Endocrinol 
Metab 2004; 89: 3713-3720.

  4)	 Bircan HY, Koc B, Akarsu C, Demiralay E, Demirag A, 
Adas M, Alis H, Kemik O. Is Hashimoto’s thyroiditis 
a prognostic factor for thyroid papillary microcar-
cinoma? Eur Rev Med Pharmacol Sci 2014; 18: 
1910-1915.

  5)	 Sun K, Lai EC. Adult-specific functions of animal 
microRNAs. Nat Rev Genet 2013; 14: 535-548.

  6)	 Bartel DP. MicroRNAs: genomics, biogenesis, 
mechanism, and function. Cell 2004; 116: 281-
297.

  7)	 Brennecke J, Hipfner DR, StarkA, Russell RB, Cohen 
SM. Bantam encodes a developmentally regulat-
ed microRNA that controls cell proliferation and 
regulates the proapoptotic gene hid in Drosophi-
la. Cell 2003; 113: 25-36.

  8)	 Nelson PT, Baldwin DA, Scearce LM, Oberholtzer 
JC, Tobias JW, Mourelatos Z. Microarray-based, 
high-throughput gene expression profiling of mi-
croRNAs. Nat Methods 2004; 1: 155-161.

  9)	 Romero-Cordoba SL, Salido-Guadarrama I, Rodri-
guez-Dorantes M, Hidalgo-Miranda A. miRNA bio-
genesis: biological impact in the development of 
cancer. Cancer Biol Ther 2014; 15: 1444-1455.

10)	 Yang H, Wei YN, Zhou J, Hao TT, Liu XL. MiR-
455-3p acts as a prognostic marker and inhib-
its the proliferation and invasion of esophageal 
squamous cell carcinoma by targeting FAM83F. 
Eur Rev Med Pharmacol Sci 2017; 21: 3200-
3206.

11)	 Zhu H, Fang J, Zhang J, Zhao Z, Liu L, Wang J, Xi 
Q, Gu M. miR-182 targets CHL1 and controls tu-
mor growth and invasion in papillary thyroid carci-
noma. Biochem Biophys Res Commun 2014; 450: 
857-862.

12)	 Chen B, Duan L, Yin G, Tan J, Jiang X. miR-381, 
a novel intrinsic WEE1 inhibitor, sensitizes renal 
cancer cells to 5-FU by up-regulation of Cdc2 ac-
tivities in 786-O. J Chemother 2013; 25: 229-238.

13)	 Rothschild SI, Tschan MP, Jaggi R, Fey MF, Gugger 
M, Gautschi O. MicroRNA-381 represses ID1 and 
is deregulated in lung adenocarcinoma. J Thorac 
Oncol 2012; 7: 1069-1077.

14)	 Tzeng HE, Chang AC, Tsai CH, Wang SW, Tang 
CH. Basic fibroblast growth factor promotes 
VEGF-C-dependent lymphangiogenesis via in-
hibition of miR-381 in human chondrosarcoma 
cells. Oncotarget 2016; 7: 38566-38578.

15)	 Go GW. Low-Density Lipoprotein Receptor-Relat-
ed Protein 6 (LRP6) Is a Novel Nutritional Ther-
apeutic Target for Hyperlipidemia, Non-Alcoholic 
Fatty Liver Disease, and Atherosclerosis. Nutri-
ents 2015; 7: 4453-4464.

16)	 Li Y, Lu W, He X, Schwartz AL, Bu G. LRP6 expres-
sion promotes cancer cell proliferation and tumor-
igenesis by altering beta-catenin subcellular dis-
tribution. Oncogene 2004; 23: 9129-9135.

17)	 Rismani E, Fazeli MS, Mahmoodzadeh H, Movassagh 
A, Azami S, Karimipoor M, Teimoori-Toolabi L. Pat-



MiR-381-3p in papillary thyroid carcinoma

3811

tern of LRP6 gene expression in tumoral tissues 
of colorectal cancer. Cancer Biomark 2017; 19: 
151-159.

18)	 Orian-Rousseau V, Schmitt M. CD44 regulates Wnt 
signaling at the level of LRP6. Mol Cell Oncol 
2015; 2: e995046.

19)	 Nagaoka T, Karasawa H, Turbyville T, Rangel MC, 
Castro NP, Gonzales M, Baker A, Seno M, Lockett S, 
Greer YE, Rubin JS, Salomon DS, Bianco C. Cripto-1 
enhances the canonical Wnt/β-catenin signaling 
pathway by binding to LRP5 and LRP6 co-recep-
tors. Cell Signal 2013; 25: 178-189.

20)	 Deng X, Wu B, Xiao K, Kang J, Xie J, Zhang X, Fan 
Y. MiR-146b-5p promotes metastasis and induces 
epithelial-mesenchymal transition in thyroid can-
cer by targeting ZNRF3. Cell Physiol Biochem 
2015; 35: 71-82.

21)	 Cao Q, Liu F, Ji K, Liu N, He Y, Zhang W, Wang L. 
MicroRNA-381 inhibits the metastasis of gastric 
cancer by targeting TMEM16A expression. J Exp 
Clin Cancer Res 2017; 36: 29.

22)	 Zhang Q, Zhao S, Pang X, Chi B. MicroRNA-381 
suppresses cell growth and invasion by tar-
geting the liver receptor homolog-1 in hepato-
cellular carcinoma. Oncol Rep 2016; 35: 1831-
1840.

23)	 Yang X, Ruan H, Hu X, Cao A, Song L. miR-381-3p 
suppresses the proliferation of oral squamous cell 
carcinoma cells by directly targeting FGFR2. Am 
J Cancer Res 2017; 7: 913-922.

24)	 Li Y, Zhao C, Yu Z, Chen J, She X, Li P, Liu C, Zhang 
Y, Feng J, Fu H, Wang B, Kuang L, Li L, Lv G, Wu 
M. Low expression of miR-381 is a favorite prog-
nosis factor and enhances the chemosensitivi-

ty of osteosarcoma. Oncotarget 2016; 7: 68585-
68596.

25)	 Tang H, Liu X, Wang Z, She X, Zeng X, Deng M, Li-
ao Q, Guo X, Wang R, Li X, Zeng F, Wu M, Li G. In-
teraction of hsa-miR-381 and glioma suppressor 
LRRC4 is involved in glioma growth. Brain Res 
2011; 1390: 21-32.

26)	 Arensman MD, Nguyen P, Kershaw KM, Lay AR, Os-
tertag-Hill CA, Sherman MH, Downes M, Liddle C, 
Evans RM, Dawson DW. Calcipotriol Targets LRP6 
to Inhibit Wnt Signaling in Pancreatic Cancer. Mol 
Cancer Res 2015; 13: 1509-1519.

27)	 Tung EK, Wong BY, Yau TO, Ng IO. Upregulation of 
the Wnt co-receptor LRP6 promotes hepatocar-
cinogenesis and enhances cell invasion. PLoS 
One 2012; 7: e36565.

28)	 Liu CC, Prior J, Piwnica-Worms D, Bu G. LRP6 over-
expression defines a class of breast cancer sub-
type and is a target for therapy. Proc Natl Acad 
Sci U S A. 2010; 107: 5136-5141.

29)	 Zhang Y, Zheng D, Xiong Y, Xue C, Chen G, Yan B, 
Ye Q. miR-202 suppresses cell proliferation in hu-
man hepatocellular carcinoma by downregulating 
LRP6 post-transcriptionally. FEBS Lett 2014; 588: 
1913-1920.

30)	 Wang J, Wang X, Li Z, Liu H, Teng Y. MicroRNA-183 
suppresses retinoblastoma cell growth, invasion 
and migration by targeting LRP6. FEBS J 2014; 
281: 1355-1365.

31)	 Du C, Lv Z, Cao L, Ding C, Gyabaah OA, Xie H, 
Zhou L, Wu J, Zheng S. MiR-126-3p suppresses 
tumor metastasis and angiogenesis of hepatocel-
lular carcinoma by targeting LRP6 and PIK3R2. J 
Transl Med 2014; 12: 259.


