
Received:  2017.09.06
Accepted:  2017.09.19

Published:  2017.10.12

  2801      —      5      29

MiR-150 Inhibits Cell Growth In Vitro and In Vivo 
by Restraining the RAB11A/WNT/b-Catenin 
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	 Background:	 Emerging evidence has shown that downregulation or upregulation of microRNAs (miRNAs) plays an important 
role in the development and progression of thyroid cancer (TC). However, the potential role of miR-150 and its 
biological function in TC remains largely unclear.

	 Material/Methods:	 Real-time polymerase chain reaction (RT-qPCR) was employed to detect the expression level of miR-150 and 
RAB11A in human TC tissue and human normal thyroid tissue. MTT assay, colony formation assay, flow cy-
tometry cell cycle, and apoptosis assay were used to investigate the role of miR-150 and RAB11A on the ma-
lignant phenotypes in vitro. Nude mouse xenograft assay and western blot assay was used to verify the func-
tion of miR-150 in vivo. Western blot assay and immunofluorescence assay were used to detect the activation 
of WNT/b-catenin pathway mediated by miR-150 and RAB11A. EGFP reporter assay, RT-qPCR assay, and west-
ern blot assay were used to validate the regulation relationship.

	 Results:	 This study demonstrated that miR-150 expression in human TC tissues was markedly downregulated. Moreover, 
overexpression of miR-150 markedly inhibited cell proliferation via inducing the cell cycle arrest and promot-
ing cell apoptosis by directly targeting RAB11A in vitro and suppressing tumor growth in vivo. However, over-
expression of RAB11A promoted cell malignant phenotypes. In addition, miR-150 restrained the RAB11A me-
diated WNT/b-catenin activation in TC cells.

	 Conclusions:	 miR-150 may function as a suppressor gene in TC cells by inhibiting the RAB11A/WNT/b-catenin pathway.
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Background

Thyroid cancer (TC) is one of the most common malignancies 
among the endocrine organs [1]; the thyroid is located at the 
base of the neck [2]. Diverse TCs have been identified and the 
variability of TCs is also affirmed in molecular, cellular, and clin-
ical characteristics. Some TCs have favorable prognosis, how-
ever, aggressive TCs, which were characterized by a less dif-
ferentiated cellular phenotype and a higher rate of metastasis 
and cancer-related mortality, have had no effective treatment 
approach [3]. While the development and progression of TCs 
are not completely clear, many genetic factors involved in their 
onset have been reported [4–8]. Increasing evidence has re-
vealed the involvement of microRNAs (miRNAs) in human ma-
lignancies, and a number of important direct miRNAs-mRNAs 
regulations have been described in TCs [9–12].

MiRNAs are a class of short, endogenous single-stranded 
RNAs that regulate gene expression by base-pairing with tar-
get mRNAs, leading to translational repression or mRNA cleav-
age [13]. During the past decades, many studies have reported 
that miR-150 is downregulated in juvenile myelomonocytic leu-
kemia [14], human glioma [15], esophageal squamous carcino-
ma [16], osteosarcoma [17], hepatocellular carcinoma [18], and 
cholangiocarcinoma [19], suggesting that miR-150 may func-
tion as a suppressor gene in cancers. Although miR-150 has 
been reported to be downregulated in TCs [2,20], its role and 
underlying functional mechanism is not well studied.

In the present study, we identified that miR-150 was downreg-
ulated in TC tissue, and overexpression of miR-150 suppressed 
cell proliferation in vitro and TC tumor growth in vivo by induc-
ing cell cycle arrest and promoting cell apoptosis. RAB11A was 
confirmed as a target gene of miR-150 and shown to medi-
ate its tumor suppressor role in TC cells. In addition, miR-150 
could inhibit RAB11A mediated WNT/b-catenin activation in 
TCs cells. Our results provide evidence supporting the tumor 
suppressor role of miR-150 and suggest a potential mecha-
nism underlying its suppressive function in TCs.

Material and Methods

Materials

Ten pairs of thyroid tissues, consisting of human thyroid can-
cer tissue and the matched normal thyroid tissue from the 
same patient were used in this study. The specimens were ob-
tained from patients from the Department of Oncology, Central 
Hospital of Tai’an City. Written informed consents were ob-
tained from all enrolled patients, and all relevant investigations 
were performed according to the principles of the declaration 
of Helsinki. Total RNAs were extracted from the tissue samples 

and purified using the mirVana miRNA Isolation Kit (Ambion, 
Austin, TX, USA) according to the manufacturer’s instructions.

Cell lines

Human TC cell lines including K1 and TPC-1 obtained from the 
American Type Culture Collection (Manassas, VA, USA). K1 and 
TPC-1 cells were maintained in RPMI 1640 supplemented with 
15% FBS, 100 U/mL penicillin, and 100 μg/mL streptomycin in 
a humidified 5% (v/v) CO2 atmosphere at 37°C.

Plasmid construction

The miR-150 expression vector (pri-miR-150) was amplified 
from genomic DNA and cloned into the pcDNA3 vector at KpnI 
and EcoRI sites. The 2’-O-methyl-modified miR-150 antisense 
oligo nucleotide (ASO-miR-150) was commercially synthesized 
as an inhibitor of miR-150. The 3’UTRs of RAB11A that con-
tain the miR-150 binding sites and mutant 3’UTR fragments 
with mutant miR-150 binding sites were obtained by anneal-
ing double-strand DNA and inserting it into the pcDNA3/EGFP 
vector. The pSilencer/shR-RAB11A (shR-RAB11A) plasmid ex-
pressing siRNA targeting RAB11A was constructed by anneal-
ing double-strand hairpin cDNA and inserting it into the pSi-
lencer 2.1-U6 neo vector (Ambion, Austin, TX, USA) at BamHI 
and EcoRI sites. The full-length sequence of human RAB11A 
cDNA (NM_004663.4) was obtained by RT-PCR and was cloned 
into pcDNA3 at KpnI and XhoI sites. The resulting plasmid was 
termed pRAB11A. All primers for PCR were followed by: Pri-miR-
150-Foward, 5’CGGGGTACCGGTATAAGGCAGGGACTGGG3’; Pri-
miR-150-Reverse, 5’ CCGGAATTCGGATATGTGGGACCCGAAGG3’; 
ASO-miR-150, 5’CACUGGUACAAGGGUUGGGAGA3’; ASO-
NC, 5’CAGUACUUUUGUGUAGUACAA3’; RAB11A-3UTR-top, 
5’GATCCATGGCTGGATCTTGGGAGAAAGCTTG3’; RAB11A-3UTR-
bot, 5’AATTCAAGCTTTCTCCCAAGATCCAGCCATG3’; RAB11A-
3UTR-mut-top, 5’GATCCATGGCTGGATCCCAGACAGAAGCTTG3’; 
RAB11A-3UTR-mut-bot, 5’AATTCAAGCTTCCAGACAGAAGCTTG3’; 
RAB11A-qPCR-Forward, 5’ CGGGGTACCGCCACCATGGGCA 
CCCGCGACGACGAG3’; RAB11A-qPCR-Reverse, 5’ CCGCT 
CGAGTTAGATGTTCTGACAGCACTGCACC3’; shR-RAB11A-S, 
5’GATCCGCCTTATTGGT TTATGACATTCTCGAGAA TGTCATAA 
ACCAATAAGTTTTTGA3’; shR-RAB11A-AS, 5’AGCTTCAAAAA 
GCCTTATTGGTTTATGACATTCTC GAGAATGTCATAAACCAATAAGG3’.

MTT assay

For cell proliferation, K1 and TPC-1 cells that were treated with 
pri-miR-150 or ASO-miR-150 and the respective controls were 
seeded into 96-well plates (4,500 cells per well). Cell viability 
at 0, 24, 48, and 72 hours post-transfection was determined 
by MTT assay. Absorbance was measured at a wave length of 
570 nm using Benchmark Plus™ microplate spectrometer (Bio-
Rad Laboratories Inc.).
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Colony formation assay

For the colony formation assay, the TC cells were counted at 24 
hour post-transfection and seeded into 12-well plates in trip-
licate at a density of 500 cells per well. Culture medium was 
replaced every 72 hour. These plates were incubated at 37°C 
for two weeks and the cells were stained with crystal violet. 
Colonies containing 50 cells or more were counted.

EGFP reporter assay

Cells were seeded in 48-well plates one day before transfec-
tion and then co-transfected with pri-miR-150 or ASO-miR-150 
and pEGFP-RAB11A 3’UTRor pEGFP-RAB11A3’UTR-mut. After 
transfection for 48 hours, the cells were lysed using radio-im-
munoprecipitation assay (RIPA) lysis buffer, and the EGFP in-
tensities were measured with a fluorescence spectrophotom-
eter (F4500, Hitachi, Tokyo, Japan).

RT-qPCR assay

First-strand cDNA was generated through reverse transcrip-
tion of total cellular RNA using M-MLV reverse transcriptase 
(Promega, Madison, WI, USA). The SYBR Premix Ex Taq™ Kit 
(TaKaRa, Shiga, Japan) was used according to the manufacturer’s 
instructions, and qPCR was performed and analyzed using the 
iQ5 Detection System (Bio-Rad, CA, USA). All the primers were 
followed by: miR-150-RT, 5’GTCGTATCCAGTGCAGGGTCCGAG 
GTGCACTGGATACGACCACTGGT3’; miR-150-qPCR-Foward, 
5’TGCGGTCTCCCAACCCTTG3’; U6-RT: 5’GTCGTATCCAGT 
GCAGGGTCCGAGGTATTCGCACTGGATACGACAAAATATGGAAC3’; 
U6-Foward, 5’TGCGGGTGCTCGCTTCGGCAGC3’; Oligo 
dT, 5’TTTTTTTTTTTTTTTTTT3’; Universal reverse prim-
er, 5’CCAGTGCAGGGTCCGAGGT3’; b-actin-qPCR-Foward, 
5’CGTGACATTAAGGAGAAGCTG3’; b-actin-qPCR-Reverse, 
5’CTAGAAGCATTTGCGGTGGAC3’; RAB11A-qPCR-Forward, 
5’GGCTCTTGTGGTCATTTC3’; RAB11A-qPCR-Reverse, 
5’CCCATCAAGTGCTCCTCT3’.

Western blot analysis

Before protein extraction, TC cells were washed with 1*PBS 
to remove the culture media. Cells were collected and lysed 
with RIPA lysis buffer at 4°C, and lysates were centrifuged at 
12,000 rpm for five minutes at 4°C. Forty micrograms of cel-
lular proteins were separated by 12% SDS-PAGE, and were 
transferred to PVDF membrane (Millipore, Bedford, MA, USA). 
After blocking with 5% nonfat milk at room temperature for 
two hours, the membranes were probed with primary anti-
bodies at 4°C overnight. Then, the membranes were incubat-
ed with corresponding secondary antibodies at room temper-
ature for two hours. The primary antibodies used in this study 
included RAB11A (Abcam, Cambridge, UK) and GAPDH (Abcam, 

Cambridge, UK), and the secondary goat anti-rabbit antibody 
was obtained from Sigma-Aldrich (St. Louis, MO, USA).

Cell cycle and apoptosis flow cytometry analyses

These analyses were conducted according to the protocol 
provided by Tianjin Sanjian Biotech (http://www.sungenebio-
tech.com).

In vivo tumor xenograft studies

All animal experiments in this study were approved by the 
ethics committee of Shandong University, and the guidelines 
of National Animal Care and Use Committee were followed. 
TPC-1 cells (200 μL, 1×107 cells) transfected with pri-miR-150 
or pcDNA3 were injected into the left and right flank regions 
of six-week-old male nude mice (Institute of Zoology, Chinese 
Academy of Sciences, Shanghai, China). Mice were eutha-
nized four weeks after injection and tumor nodules were re-
moved and weighted.

Immunofluorescence

Immunochemical staining was carried out following the man-
ufacturer’s instructions. Briefly, cells on coverslips were fixed 
with 4% paraformaldehyde at 25°C for 30 minutes and then 
washed with PBS. Cells were incubated for 10 minutes with 
PBS containing 10% bovine serum albumin (BSA), washed once 
with PBS containing 0.2% Triton X-100, and incubated with a 
primary antibody specific to b-catenin at the proper dilution (1: 
2,000, Santa Cruz Biotechnology, Inc.) for 60 minutes at 37°C. 
Cells were then rinsed three times with PBS and incubated 
with the corresponding FITC conjugated secondary antibody 
(Santa Cruz Biotechnology, Inc.) for 60 minutes at 37°C. Cells 
were rinsed three times with PBS and incubated in 4, 6-diami-
no-2-phenylindole (DAPI) for 10 minutes to visualize nuclei. Cells 
were again rinsed three times with PBS before observation.

Statistical analysis

Data are presented as the means ± standard deviation (SD) 
from at least three independent experiments. Student’s t-test 
was used to compare differences between two groups; p<0.05 
was considered statistically significant: * p<0.05; ** p<0.01;*** 
p<0.001.

Results

MiR-150 is downregulated in TC tissues

To evaluate the role of miR-150 in TC, we first detected the ex-
pression level of miR-150 in 10 pairs of human TC tissues and 
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the matched normal tissues by RT-qPCR assays. As shown in 
Figure 1A, miR-150 expression levels were significantly down-
regulated in human TC tissues compared with matched nor-
mal tissues (Figure 1A).

MiR-150 inhibits TC cell proliferation in vitro

To investigate the role of miR-150 in TC, we first modulated 
miR-150 expression level by transient transfection with pri-
miR-150 and ASO-miR-150. The upregulation and downregu-
lation of miR-150 in K1 and TPC-1 cells were identified by RT-
qPCR assays (Figure 1B). Then, we measured cellular viability 
using MTT assays after cells were transfected with pri-miR-150 
or ASO-miR-150 for 0, 24, 48, and 72 hours. MTT assays demon-
strated that miR-150 overexpression significantly inhibited cell 
viability in K1 and TPC-1 cells and miR-150 knockdown promot-
ed cell proliferation in K1 and TPC-1 cells compared with nega-
tive control cells (Figure 1C). The effect of miR-150 on the col-
ony formation abilities of K1 and TPC-1 cells was characterized 
by a colony formation assay, which showed that overexpres-
sion of miR-150 could significantly decrease the relative colony 
formation rates and knockdown of miR-150 could promote the 
relative colony formation rates (Figure 1D). The cell cycle was 
analyzed using flow cytometry cell cycle assay, and the results 
showed that overexpression of miR-150 induced G1/S arrest 
and knockdown of miR-150 accelerated the cell cycle process of 
K1 and TPC-1 cells (Figure 1E). As shown in Figure 1F, cell apop-
tosis determined by flow cytometry cell apoptosis analysis in 
pri-miR-150 transfected cells was significantly promoted when 
compared with the control groups, and knockdown of miR-150 
had the opposite effect (Figure 1F). Together, these data indicate 
that miR-150 was associated with suppressor gene on TC cells.

RAB11A is a novel directly target gene of miR-150 in TC 
cells

To find the underlying mechanisms of miR-150 in TC, we in-
vestigated potential targets of miR-150 via the prediction 
software of TargetScan human 7.1, miRbase and miRanda. 
Bioinformatic analyses predicted that RAB11A was a hypothet-
ic target gene of miR-150 (Figure 2A). To identify the function-
al significance of the hypothesis, the 3’UTR of RAB11A mRNA 
sequences containing putative binding sites of the wild type 
or mutational type for the seed matching sites were intro-
duced into a EGFP reporter assay and the results showed that 
pri-miR-150 remarkably reduced and ASO-miR-150 increased 
the EGFP activity of the RAB11A 3’UTR (Figure 2B), while the 
EGFP activity of RAB11A 3’UTR-mut in K1 and TPC-1 cells was 
unchanged (Figure 2C). To further investigate the relation-
ship between miR-150 and RAB11A, we detected the effects 
of miR-150 on RAB11A mRNA by RT-qPCR assays and protein 
levels by western blot assays. RT-qPCR assays showed that 
RAB11A mRNA levels were decreased in K1 and TPC-1 cells 

transfected with pri-miR-150 (Figure 2D). Furthermore, west-
ern blot assays showed a similar relationship: overexpression 
of miR-150 reduced the protein expression levels of RAB11A 
(Figure 2E). All the above results demonstrated that RAB11A 
was a directly target gene of miR-150, and was negative reg-
ulated by miR-150 in TC cells.

RAB11A promotes TC malignant phenotype in vitro

To confirm the aforementioned findings, the expression lev-
els of RAB11A in human TC tissues were detected by RT-qPCR 
assay. RT-qPCR analysis showed that the mRNA expression 
levels of RAB11A were increased in TC tissues compared with 
the tumor adjacent tissues (Figure 3A). To investigate the ef-
fect of RAB11A on TC cell proliferation, we used the pRAB11A 
or shR-RAB11A and the control plasmids to transfect K1 and 
TPC-1 cells. The results showed that the expression levels of 
RAB11A were remarkably upregulated after pRAB11A trans-
fection and the expression levels of RAB11A were marked-
ly downregulated after shR-RAB11A transfection in K1 and 
TPC-1 cells (Figure 3B). MTT assays demonstrated that over-
expression of RAB11A significantly increased cell viability of 
K1 and TPC-1 cells and knockdown of RAB11A decreased cell 
viability of K1 and TPC-1 cells compared with negative con-
trol groups (Figure 3C). Colony formation assays showed that 
overexpression of RAB11A could significantly elevate the rel-
ative colony formation rate and knockdown of RAB11A could 
reduce the relative colony formation rate in K1 and TPC-1 cells 
(Figure 3D). The cell cycle analysis used flow cytometry assay 
showed that pRAB11A-transfected accelerated the cell cycle 
process and shR-RAB11A transfected induced G1/S arrest in K1 
and TPC-1 cells (Figure 3E). As shown in Figure 3F, cell apop-
tosis rate used flow cytometry analysis in pRAB11A transfect-
ed cells was significantly decreased when compared with the 
control groups, and shR-RAB11A transfected cells had the op-
posite effect (Figure 3F). In short, high expression of RAB11A 
promoted TC malignant phenotype in K1 and TPC-1 cells.

Overexpression of miR-150 inhibits the growth of K1-
engrafted tumors in vivo

To further explore the role of miR-150 on tumor growth in vivo, 
we injected K1 cells of pcDNA3 transfected and pri-miR-150 
transfected into nude mice. As shown in Figure 4A, tumors 
grew slower in the pri-miR-150 transfected group than in the 
control groups (Figure 4A). In addition, we detected the ex-
pression levels of miR-150 and RAB11A by RT-qPCR assays in 
K1-engrafted tumors. The results showed that the expression 
levels of miR-150 in the pri-miR-150 transfected groups were 
higher than in the pcDNA3 transfected groups (Figure 4B), and 
the expression levels of RAB11A in the pri-miR-150 transfect-
ed groups were markedly downregulated compared with the 
negative control groups (Figure 4C). Finally, we examined the 
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RAB11A protein levels by western blot assay in K1-engrafted 
tumors and the results showed that the expression level of 
RAB11A protein was lower in the pri-miR-150-transfected 
groups (Figure 4D). In general, overexpression of miR-150 in-
hibited the tumors growth in vivo.

Upregulation of RAB11A partially attenuates the effect of 
miR-150 on WNT/b-catenin pathway in TC cells

To address the mechanism of miR-150 inhibiting tumor growth, 
the expression of WNT gene and the activity of b-catenin were 
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Figure 1. �MiR-150 was downregulated in thyroid cancer (TC) tissues and inhibited TC cell proliferation. (A) The expression level of 
miR-150 in thyroid tissues was determined by RT-qPCR assays. (B) The efficiency of pri-miR-150 expression plasmid or 
ASO-miR-150 was confirmed by RT-qPCR assays in TC cells. (C) The impacts of miR-150 on K1 and TPC-1 cellular viabilities 
were determined by MTT assays. (D) The relative colony formation rate of K1 and TPC-1 cells with indicated treatment was 
determined by colony formation assays. (E) The impacts of miR-150 on cell cycle of K1 and TPC-1 cells were evaluated by 
flow cytometry cell cycle assays. (F) The impacts of miR-150 on cell apoptosis of K1 and TPC-1 cells were evaluated by flow 
cytometry cell apoptosis assays; * p<0.05; ** p<0.01; *** p<0.001.
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analyzed in the context of miR-150 overexpression or miR-
150 overexpression in conjunction with pRAB11A in TC cells. 
Western blot assays showed that the expression of the nuclear 
b-catenin, p-GSK3b, C-myc, and cyclin D, which are the effectors 
of the WNT/b-catenin pathway, were reduced by pri-miR-150 
treatment and significantly increased by RAB11A restoration 
(Figure 5A). The localization of b-catenin in K1 cells was ex-
amined by immunofluorescence after transfection with pri-
miR-150 or pRAB11A or co-transfection with pri-miR-150 and 
pRAB11A. The nuclear distribution of b-catenin was reduced 
in the pri-miR-150-transfected cells and increased in the pRA-
B11A-restored cells (Figure 5B).

Discussion

MiR-150 is located in the genomic region of chromosome 
19q13. MiRNA expression profiles have highlighted that miR-
150 downregulation was a common appearance in human 
malignancies. For example, Qin et al. reported that overex-
pression of miR-150 enhanced apoptosis via targeting ELK1 
in endothelial cells, whereas knockdown of miR-150 could 
partly alleviate apoptotic cell death mediated by ox-LDL via 
targeting ELK1 [21]; in addition, Li et al. reported that exog-
enous miR-150 inhibited cell proliferation, invasion, and me-
tastasis and stimulated cell apoptosis by regulating the ex-
pression of Sp1 in human osteoblast cells [22]. Moreover, Li 
et al. reported that the expression levels of miR-150 were 
also decreased in metastatic cancer tissues compared with 
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Figure 2. �MiR-150 negative regulated the expression of RAB11A in thyroid cells. (A) Targeting sites of miR-150 shown in human 
RAB11A mRNA 3’ UTRs used TargetScan Human 7.1 and the mutational 3’ UTRs of RAB11A. (B, C) EGFP intensity of K1 and 
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pair primary tissues, indicating that miR-150-5p may be in-
volved in HCC metastasis [23]. Although miR-150 has been 
identified to function as a suppressor gene in many cancers, 
it has also been shown to act as an onco-miRNA in human 
non-small cell lung cancer [24]. Thus, to investigate the exact 

functions of miR-150 in TCs development and progression is 
of significant importance.

Some researchers have demonstrated that miR-150 may be 
downregulated in TCs [2,20], however, the role and function 
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Figure 3. �RAB11A promoted TC malignant phenotype in vitro. (A) The expression level of RAB11A in thyroid tissues was determined 
by RT-qPCR assays. (B) The efficiency of RAB11A overexpression plasmid or knockdown plasmid was confirmed by RT-qPCR 
assays. (C) The impacts of RAB11A on K1 and TPC-1 cellular viabilities were determined by MTT assays. (D) The relative 
colony formation rate of K1 and TPC-1 cells with indicated treatment were determined by colony formation assays. (E) The 
impacts of RAB11A on cell cycle of K1 and TPC-1 cells were evaluated by flow cytometry cell cycle assays. (F) The impacts of 
RAB11A on cell apoptosis of K1 and TPC-1 cells were evaluated by flow cytometry cell apoptosis assays; * p<0.05; ** p<0.01; 
*** p<0.001.
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Figure 4. �MiR-150 inhibited the growth of K1-engrafted tumors by downregulating the expression of RAB11A in vivo. (A) The pri-
miR-150 treatment markedly repressed the growth of xenograft thyroid cancers derived from K-1 cells. (B) The expression 
level of miR-150 in xenograft was detected by RT-qPCR assays. (C) The mRNA level of RAB11A in xenograft was detected by 
RT-qPCR assays. (D) The protein level of RAB11A in xenograft was detected by western blot assays; * p<0.05; ** p<0.01;*** 
p<0.001.

of miR-150 in TCs remains unclear. In this study, we found 
that miR-150 was downregulated in TC tissues, and miR-150 
suppressed cell proliferation in vitro and tumor growth in vivo 
by inducing cell cycle arrest and promoting cell apoptosis in 
K1 and TPC-1 cells. Based on the results of online predictions 

and experimental analyses, we predicted and identified that 
RAB11A was a functional target of miR-150 in human TC cells, 
which was targeted and downregulated by miR-150.
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Figure 5. �MiR-150 negatively regulated the WNT/b-catenin pathway. (A, B) K1 cells were transfected with the indicated combinations 
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RAB11A belongs to the Rab family of the small GTPase super-
family, which plays a role in the process of protein transport, 
and is involved in many cellular processes including phagocy-
tosis and cell migration [25]. Previously, RAB11A was shown 
to be overexpressed in breast cancer [26], pancreatic can-
cer [27], and bladder cancer [28], suggesting that RAB11A is 
important in human cancer development. However, the expres-
sion level and role of RAB11A in TCs has not been investigat-
ed. Our results showed that the expression level of RAB11A 
in TC tissues was markedly upregulated, and overexpression 
of RAB11A promoted TCs malignant phenotype. In addition, 
Yu et al. demonstrated that RAB11A promotes aggressiveness 
of pancreatic cancer by activing GSK3b/WNT/b-catenin sig-
naling pathway [29]. Our present results also indicated that 
miR-150 inhibited the WNT/b-catenin pathway activation and 

upregulation of RAB11A partially attenuates the effect of miR-
150 on WNT/b-catenin pathway in TC cells.

Conclusions

In brief, all our findings demonstrated that the miR-150/
RAB11A/WNT/b-catenin axis may be involved in the devel-
opment and progression of TCs. Collectively these findings 
may provide insight into tumorigenesis and a potential bio-
marker for TC.
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