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and metastasis by repressing the expression of
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Background: Thyroid cancer (TC) is considered as the fastest growing malignancy in the

human endocrine system, particularly papillary thyroid cancer (PTC). MicroRNAs (miRs)

serve as a role in promoting or suppressing tumors in various types of malignant tumor

including PTC. This study aims to explore whether microRNA-26a-5p (miR-26a-5p) could

affect the proliferation, invasion and metastasis ability of PTC cells by regulating Wnt5a.

Materials and methods: The expression of miR-26a-5p was examined by qRT-PCR in

PTC tissue samples (58 cases, mean age 53 years old) and PTC cell lines (K1 and BCPAP).

Cell proliferation, invasion and migration were tested with CCK8 assay, colony formation

assay, transwell invasion assay and wound healing assay, respectively. Luciferase reporting

experiment was used to verify that Wnt5a is a molecular target of miR-26a-5p. The relation-

ship between miR-26a-5p and Wnt5a was analyzed by qRT-PCR and Western blot and was

further proved by Pearson’s correlation analysis. Animal (24 nude mice) experiments were

used to demonstrate that miR-26a-5p inhibits tumor growth by targeting Wnt5a.

Results: The expression of miR-26a-5p declined in PTC tissues (P<0.01). The expression

of miR-26a-5 was also significantly down-regulated in PTC tissues with advanced TNM

stages (P<0.01) and lymph node metastasis (P<0.01) compared with normal thyroid

tissues. Compared with normal human thyroid cell line Nthy-ori 3-1, the expression of

miR-26a-5p in K1 cells and BCPAP cells were nearly 4.02-fold (P<0.01) and 2.51-fold

(P<0.01) reduced. Up regulation of miR-26a-5p inhibited proliferation, colony formation,

invasion and migration of PTC cells. MiR-26a-5p negatively regulated Wnt5a expression

(r=−0.887, P<0.01), yet Wnt5a overexpression reversed the tumor-suppressive effect of

miR-26a-5p in PTC. Animal experiments further verified that miR-26a-5p inhibited PTC

growth by targeting Wnt5a.

Conclusion: Overexpression of miR-26a-5p depresses proliferation, invasion, metastasis of

PTC via Wnt5a. Therefore, miR-26a-5p may represent a potentially effective target gene for

PTC.
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Introduction
Thyroid malignancy is one of the common tumors in the endocrinology department

with increasing incidence year by year in China, which is equivalent to almost 34%

of the morbidity of the global thyroid cancer (TC) and nearly 2% of all newly

diagnosed malignant tumors in the world.1–3 Papillary thyroid carcinoma (PTC), the

most ordinary pathological type of thyroid carcinoma, is more than 90% of all

thyroid malignancies.4 PTC, with a low-degree malignancy and a good prognosis,
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belongs to differentiated thyroid carcinoma. Surgical

resection is the most important treatment for thyroid car-

cinoma, followed by I131 therapy, thyroxine endocrine

therapy and radiotherapy.5,6 However, there are still a

small number of patients who have invasion of the sur-

rounding tissues, lymph node metastasis or even distant

metastasis in the early stage of thyroid cancer, or recur-

rence and metastasis after surgery. Therefore, recurrence

and metastasis are still the main causes of PTC treatment

failure and death.7,8 There is increasing evidence that

abnormal activation and dysfunction of key genes can

lead to the progression of PTC.9,10 Therefore, investigation

of molecular markers of PTC plays a crucial role in

improving its therapeutic strategy and prognosis.

The Wnts contain a variety of secretory glycoproteins

that control vital developmental processes including cell

differentiation, proliferation and migration.11 Previous stu-

dies have revealed that the progression of various malig-

nant tumors is affected by the abnormal activation of the

Wnt pathway.12,13 Wnt5a, an important signaling molecule

in the non-canonical Wnt family, has been involved in

nearly all parts of the non-canonical Wnt pathway.14,15

The latest experiments show that Wnt5a plays a key role

in the progression of various malignancies, but different

studies show that the biological significance of Wnt5a in a

variety of malignant tumors is not consistent.16

MicroRNAs (miRs) consist of 18–25 nucleotides and

belong to a kind of non-coding RNAs. They generally

regulate the target mRNAs by incompletely or completely

binding to the 3′-untranslated region (UTR) of the target

mRNA,17,18 resulting in degradation of mRNA or depres-

sing protein translation. Previous reports have shown that

mRNAs play important roles in multiple tumor-related

biological processes, comprising differentiation, prolifera-

tion, metastasis and apoptosis.19,20 In recent years,

researchers have found abnormal expression of various

miRs in PTC, which suggests that these miRs serve impor-

tant roles in carcinogenesis.21 MicroRNA-26a-5p (miR-

26a-5p), a tumor-associated miR, has been found to be

implicated in the development of various cancers by reg-

ulating tumor cell proliferation, invasion, migration and

apoptosis.22 Based on bioinformatic analysis of

RNA-sequencing data, Lu et al believed that miR-26 was

implicated in the molecular mechanism of thyroid cancer

occurrence and development,23 but the particular function

and regulatory mechanism of miR-26a-5p in PTC or other

subtypes remain unclear. In this experiment, we not only

compared the expression level of miR-26a-5p in PTC and

normal thyroid tissues but also demonstrated the specific

functions of miR-26a-5p in vitro and in vivo. MiR-26a-5p

has been shown to target Wnt5a directly. These findings

suggested that miR-26a-5p may become a novel target

for PTC.

Materials and methods
Tissue samples and cell lines
Fifty-eight paired PTC and their corresponding near nor-

mal tissues excised from patients (with 15 men and 43

women, mean age 53 years old) were gathered from

Department of Surgical Oncology, Cangzhou Central

Hospital (Cangzhou, China) between January 2014 and

June 2014. All samples were pathologically diagnosed by

an expert pathologist. Surgically removed tissue samples

were frozen rapidly, and then stored at −80°C until the

experiment started. The Institutional Ethics Committee of

Cangzhou Central Hospital approved the research proto-

col, which was conducted in accordance with the

Declaration of Helsinki. All patients provided written

informed consent. Human normal thyroid follicular epithe-

lial cell line Nthy-ori-3-1 and PTC cell lines K1 as well as

BCPAP were purchased from the American Type Culture

Collection (ATCC, USA) and we cultured these cell lines

in DMEM (Thermo Fisher Scientific, Waltham, MA,

USA) supplemented with 10% fetal calf serum in a 5%

carbon dioxide atmosphere at 37°C.

Quantitative real-time PCR (qRT-PCR)

assay
We used the Trizol reagent (Invitrogen) to extract total

RNA from tissues and cells in accordance with the instruc-

tions. We used a TaqMan MiRNA Reverse Transcript Kit

(Applied Biosystems, Foster City, CA, USA) with a

specific stem-loop primer for reverse transcription.

Applied Biosystems Prism7900 Fast Sequence Detection

System using TaqMan miRNA primers (Applied

Biosystems) was performed for PCR reactions. We

detected the expression levels of Wnt5a mRNA and

miR-26a-5p by Western blot and qRT-PCR, and GAPDH

and U6 were used as endogenous control, respectively.

The qRT-PCR was performed under the following condi-

tions: 95°C for 2 mins, then 95°C for 10 s, 55°C for 1 min,

72°C for 1 min. We used the 2−ΔΔCt method to test the

relative expression levels. The primers used were as

follows:
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miR-26a-5p-forward: 5ʹ-UCCAUAAAGUAGGAAAC

ACUACA-3ʹ,

backward: 5ʹ-CAGUACUUUUGUGUAGUACAA-3ʹ.

Wnt5a-forward: 5ʹ-ACCACATGCAGTACATCGGA

G-3ʹ,

backward: 5ʹ-GAGGTGTTATCCACAGTGCTG-3ʹ.

GAPDH-forward: 5ʹ-GAAGGTGAAGGTCGGAGTC-3ʹ,

backward: 5ʹ- GAAGATGGTGATGGGATTTC-3ʹ.

U6-forward: 5ʹ-CTCGCTTCGGCAGCACATATACT-3ʹ,

backward: 5ʹ-ACGCTTCACGAATTTGCGTGTC-3ʹ.

Cell transfection
We purchased miR-26a-5p mimics (miR-26a-5p) and their

corresponding negative control (miR-NCs) as well as

Wnt5a over expression plasmid vector (Wnt5a) which

were synthesized by Genechem Company (Shanghai,

China). DNA alignment analysis verified all of these.

The reagent of Lipofectamine 2000 (Invitrogen,

Carlsbad, USA) was used to transfect cells following the

instructions. We analyzed gene expression after 24 hrs of

transfection, then carried out cell proliferation, cloning,

migration and invasion experiments.

Western blot analysis
We used ice-cold RIPA lysis buffer supplemented with

protease inhibitor cocktail and phenylmethanesulfonyl

fluoride (PMSF) to extract the total protein.

Furthermore, we mixed cell lysates with loading buffer

which subjected in 10% sodium dodecyl sulfate-poly-

acrylamide gel electrophoresis, followed by being

transferred onto polyvinylidene difluoride (PVDF)

membranes. We used 5% skimmed milk to block the

membranes for 2 hrs, and then used antibodies against

Wnt5a (Abcam, Cambridge, UK) to incubate at 4°C

overnight. We used TBST to wash the membranes for

3 times and then used the corresponding horseradish

peroxidase-conjugated secondary antibodies (Cell

Signaling Technology, Boston, USA) to incubate for

another 1 hr at 37°C. We used an enhanced ECL

Chemiluminescence kit (UltraSignal, Beijing, China)

according to the instructions to visualize the proteins.

We exposed the signals to X-ray films and set up

GAPDH as the loading control.

Cell proliferation assay
We used a Cell Counting Kit-8 (CCK-8, Dojindo, Japan)

according to the manufacturer’s protocol to measure cell

proliferation. In brief, we inoculated transfected cells of

logarithmically growing (5×103cells/well) into 96-well

culture plates, and then cultured these cells for 24–96

hrs. We added the CCK-8 assay solution (10 μL) to

every well within the prescribed time. We used an enzyme

immunoassay analyzer (Thermo Fisher Scientific, Inc.,

USA) to measure the absorbance at 450 nm.

Colony formation assay
We did plate colony formation assay to assess cell colony

formation ability. We added K1 cells with stable expres-

sion of miR-26a-5p or miR-NC to every well (100 cells/

well) of a 6-well plate and incubated these cells for

approximately 2 weeks depending on instructions. Then,

we gently washed the plate and stained it with 0.2%

crystal violet. We calculated the number of colonies by

observing the growth of the single cell.

Transwell invasion assay
We performed transwell invasion assay to determine cell

invasion. Briefly, we seeded cells in 24-well plates without

serum medium but containing matrigel-coated insert

filters. We used culture medium with 30% FBS to filled

the lower chamber. We fixed cells and stained them with

0.1% crystal violet (Sigma-Aldrich) after incubation for 48

hrs at 37°C. We quantitatively analyzed the cells invading

the matrigel membrane.

Wound healing assay
For wound healing assay, we seeded transfected cells in

60 mm dishes and cultured them in DMEM for 24 hrs.

We wounded cell layers using a 10 μL tip to make a

gap, and then cultured them without serum DMEM for

additional 24 hrs. We used an optical microscope with

200×magnification to photograph the wounded gaps at 0

and 24 hrs. We measured and analyzed the gap distances

of migrating cells from 5 different areas for every

wound.

Luciferase reporter assays
We constructed the Wnt5a 3ʹUTR luciferase reporter gene

plasmid by using luciferase reporter gene plasmid pMIR.

We subcloned wild-type Wnt5a3ʹUTR or its corresponding

binding site-deleted miR-26a-5p into the pMIR plasmid.

Luciferase reporter gene was detected by pmirGlo

Luciferase Detection System (Promega, Madison, USA) in

96-well plates. We used Lipofectamine 2000 (Invitrogen,

Carlsbad, USA) to co-transfected cells with 10 μg of

Wnt5a-wt and its corresponding binding site-deleted
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miR-26a-5p or miR-26a-5p mimics. We used a Dual-

Luciferase Reporter Assay kit (Promega) to measure luci-

ferase activity according to the manufacturer’s instructions

after 48 hrs. We made use of SpectraMax M5 instrument

software (Molecular devices, San Francisco, USA) to ana-

lyze the results. We repeated each test 3 times.

Xenograft tumor model studies
Twenty-four healthy nude mice of similar weight were

obtained from the Laboratory Center of Cangzhou

Central Hospital. We randomly divided them into 2 groups

(n=12 in each group) which were subcutaneously injected

K1 cells stably expressing miR-26a-5p or miR-NC,

respectively. We measured the width (W) and length (L)

of the tumors to observe the proliferation of the tumors,

and then calculated the volume (V) of the tumors accord-

ing to the formula: V = (L×W2)/2. After 6 weeks, all these

animals which were injected were subject to death. All

these animals were sacrificed after 42-days’ injection. The

tumors were excised, weighed, and then quickly stored at

−80°C for further assay. These experiments were approved

by the Animal Care and Utilization Committee of

Cangzhou Central Hospital and the protocols complied

with the guidelines for the welfare and use of animals in

cancer research.

Statistical analysis
SPSS 24.0 software (IBM, Chicago, IL, USA) was applied

to statistical analysis. Student’s t-test was performed to

analyze two groups and one-way analysis of variance

(ANOVA) with Tukey’s post-hoc test was performed to

analyze multiple groups. The Mann–Whitney U test was

performed to determine the differences between thyroid

carcinoma and paired adjacent noncancerous tissues in the

expression of miR-26a-5p and Wnt5a. Pearson’s correlation

analysis was used to assess the relationship between the

expression of miR-26a-5p and Wnt5a. P-value <0.05 was

considered to show a statistically significant difference.

Results
The expression level of miR-26a-5p in

PTC tissues and cells was decreased
In order to clarify the biological role of miR-26a-5p, we

first explored the expression level of miR-26a-5p in PTC

tissues and adjacent normal tissues in 58 patients suffering

from PTC by qRT-PCR assay and analyzed by Mann–

Whitney U test. The results of qRT-PCR assay

demonstrated that the expression of miR-26a-5p in PTC

was less than that in normal thyroid tissues (P<0.01)

(Figure 1A). To further discuss the clinical significance

of miR-26a-5p in PTC, the relationship between expres-

sion levels of miR-26a-5p and clinicopathological feature

was analyzed by Student’s t-test. The median expression

level of miR-26 (0.565) was used as the cutoff value.

These 58 PTC patients were divided into lower expression

group (n=25) and higher expression group (n=33) accord-

ing to the cutoff value of miR-26a-5p. It was noted that the

expression of miR-26a-5p was down regulated in

advanced TNM stages (P<0.01) and PTC tissues with

lymph node metastasis (P<0.01) (Table 1, Figure 1B and

C). In addition, the expression of miR-26a-5p was detected

in various different thyroid carcinoma cell lines and was

analyzed by Student’s t-test. The results showed that the

expression of miR-26a-5p in K1 cells and in BCPAP cells

was about 4.02-fold (P<0.01) and 2.51-fold (P<0.01)

reduction compared with normal human thyroid cell line

Nthy-ori-3-1, respectively (Figure 1D). The data above

suggested that miR-26a-5p may be a suppressor to inhibit

the tumorigenesis of PTC.

MiR-26a-5p suppressed cell proliferation,

colony formation, invasion and metastasis

in PTC
To further speculate the probable biological function of

miR-26a-5p in PTC, we used miR-26a-5p mimics to per-

form the gain function analysis and carried out Student’s t-

test to calculate relevant data. As shown in Figure 2A,

compared with miR-NC group, transfection of miR-26a-5p

mimics resulted in about 3.98-fold increase of miR-26a-5p

expression in miR-26a-5p mimic group (P<0.01). Over-

expression of miR-26a-5p down-regulated proliferation of

PTC cells which was confirmed by CCK8 assay (P<0.01)

(Figure 2B). Meanwhile, the increase of miR-26a-5p sig-

nificantly declined the number of colonies of K1 cells,

suggesting that miR-26a-5p depressed the colony-forming

ability in PTC (Figure 2C).

We further investigated the impact of miR-26a-5p on

invasion and metastasis of PTC cells. It was shown that

transfection of miR-26a-5p mimics brought about 2.19-

fold reduction in the number of cells passing through the

basement membrane compared with miR-NC group,

which suggested that ectogenic miR-26a-5p repressed the

invasive ability of PTC cells (P<0.01) (Figure 2D). Similar

to the result earlier, wound healing assay demonstrated
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that transfection of miR-26a-5p mimics caused nearly

2.03-fold reduction in the number of cells migration com-

pared with miR-NC group, which revealed ectogenic miR-

26a-5p abrogated the migration of PTC cells (P<0.01)

(Figure 2E). These experiments in vitro suggest that

miR-26a-5p may effectively depress the growth, invasion

and migration of PTC cells.

Wnt5a is a target gene of miR-26a-5p

that is predicted in PTC
We used TargetScan (http://www.targetscan.org/vert_71/),

mi -Randa (h t tp : / /www.microrna .o rg /microrna /

getGeneForm.do) and PicTar (https://pictar.mdc-berlin.de)

databases to predict potential targets for regulating PTC

cell proliferation, invasion and metastasis. Wnt5a seems to

be the most suitable candidate target gene for miR-26a-5p

for it was found that Wnt5a is associated with poor prog-

nosis in PTC in our previous study.24 To further examine

whether miR-26a-5p could target Wnt5a and the underlying

molecular mechanism, 3′-untranslated regions reporter vec-

tors (WT, Wnt5a 3′-UTR) comprising the forecasted align-

ments were constructed. MiR-26a-5p mimics significantly

decreased the relative firefly luciferase activity by nearly

3.90-fold that was demonstrated by luciferase activity assay,

which did not occur when the predicted corresponding

binding sites were deleted (Figure 3A and B). Both the

mRNA and the protein expression level of Wnt5a were

remarkably declined in TPC cell lines K1 after transfected

with miR-26a-5p mimics those were revealed by qRT-PCR

and Western blot results, and Student’s t-test was used for

statistical analysis (Figure 3C and D). Wnt5a mRNA

expression was also detected by qRT-PCR in 58 pairs of

PTC tissues and the corresponding normal tissues, respec-

tively, and data were analyzed by Mann–Whitney U test. As

Figure 3E showed, comparing to normal thyroid tissues,

Wnt5a mRNA expression was found to be obviously up
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Figure 1 The expression level of miR-26a-5p in PTC tissues and cells was decreased. (A) The relative expression of miR-26a-5p in PTC tissues and corresponding adjacent normal

tissues was measured using qRT-PCR. (B-C) The relative expression of miR-26a-5p in PTC tissues with different TNM stages and with or without lymph node metastasis. (D) The

relative expression of miR-26a-5p in two thyroid cancer cell lines K1, BCPAP and thyroid gland epithelial cell line Nthy-ori-3-1 was detected by qRT-PCR. **P<0.01.
Abbreviation: PTC, papillary thyroid carcinoma.

Dovepress Shi et al

OncoTargets and Therapy 2019:12 submit your manuscript | www.dovepress.com

DovePress
6609

Powered by TCPDF (www.tcpdf.org)

http://www.targetscan.org/vert_71/
http://www.microrna.org/microrna/getGeneForm.do
http://www.microrna.org/microrna/getGeneForm.do
https://pictar.mdc-berlin.de
http://www.dovepress.com
http://www.dovepress.com


regulated in the PTC tissues. The expression levels of miR-

26a-5p were negatively correlated with the expression

levels of Wnt5a mRNA in PTC tissues that was revealed

by Pearson’s correlation analysis (n=58, r=−0.887, P<0.01)
(Figure 3F). The hypothesis that miR-26a-5p may directly

target Wnt5a in PTC was proved by these data.

The tumor-suppressive effect of

miR-26a-5p in PTC was reversed by up

regulation of Wnt5a
To investigate the functional correlation between

Wnt5a and miR-26a-5p, we further co-transfected the

miR-26a-5p plasmid and Wnt5a up regulated plasmid

(without 3′-UTR) into TPC cell lines K1, and the data

were analyzed by ANOVA test. We observed that the

expression of Wnt5a which was decreased by the over

expression of miR-26a-5p was restored in TPC cell

lines K1 transfected with the Wnt5a over expression

plasmid (Figure 4A and B). Furthermore, the miR-26a-

5p-mediated suppressive effect concerning cell prolif-

eration, colony formation, invasion and migration in

TPC cell lines K1 was partially rescued by up regula-

tion of Wnt5a (Figure 4C–F). These data revealed that

miR-26a-5p suppressed PTC cell growth, invasion and

migration by up regulating Wnt5a expression.

Tumor growth was suppressed by miR-

26a-5p in vivo
To verify the function of miR-26a-5p in vivo, the animal

experiment was performed. We created tumor xenograft

mouse models by subcutaneously injecting K1 cells stea-

dily expressing miR-NC or miR-26a-5p. Tumor sizes were

measured every week until the mice were put to death. We

used Student’s t-test to make statistical analysis. The

results showed that tumor growth was faster in the miR-

NC group compared with that in the miR-26a-5p group

(Figure 5A). The mice were executed and the tumors were

taken out and weighed after 6 weeks’ injection.

Comparing with the miR-26a-5p group, these neoplasms

size and weight (Figure 5B and C) in the miR-NC group

were obviously increased. The expression of miR-26a-5p

was increased in the group of miR-26a-5p (Figure 5D),

while the expression of Wnt5a was reduced (Figure 5E

and F). These data showed that PTC tumor growth was

inhibited by miR-26a-5p in vivo via suppressing Wnt5a

expression.

Discussion
Thyroid malignancy, a common endocrine neoplasm, is

rapidly increasing around the world.4 PTC, as the most

common type of TC, is characterized by a low degree-

malignancy, well clinical prognosis, but early lymph node

metastasis. The oncogenesis of PTC is closely relevant to

the genetic changes in thyroid cells, and the deletion or

activation of one or more genes may cause the malignant

proliferation of cells.25,26 Therefore, it is an urgent clin-

ical problem to seek potentially effective target gene

locus for patients with metastasis and postoperative

recurrence.

Previous studies have confirmed that microRNAs

(miRs) are implicated in the malignant evolution of

PTC.27 MiRs can modulate a wide variety of targets,

which make it possible to assume that a solitary miR via

targeting many genes adjust tumor evolution in various

steps.28 MiRs, consisting of short-chain non-coding RNAs,

are a kind of post-transcriptional regulators and can lead to

the silencing of target genes by combining the comple-

mentary alignment in the 3′-untranslated region (3′-UTR)

of a variety of mRNA transcripts.20,29 Current studies have

proved that miRs play a role as oncogene or tumor

Table 1 Correlation between clinicopathological features and

miR-26a-5p expression in 58 patients with PTC

Variables Cases miR-26 expression P value

High Low

Age(years) 0.147

<45 20 11 9

≥45 38 14 24

Gender 0.489

Male 15 7 8

Female 43 18 25

TNM stage 0.001

I-II 40 23 17

III-IV 18 2 16

Size(cm) 0.542

<1 41 18 23

≥1 17 7 10

Lymph node metastasis 0.004

Yes 24 5 19

No 34 20 14

Multifocality 0.311

Yes 20 10 10

No 38 15 23
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suppressor in malignant tumors.30,31 It has been confirmed

that miR-221, miR-155 and miR-222 can promote the

formation and evolution of thyroid carcinoma,32–34 while

miR-141 and miR-7 repress the neoplasia and

development of thyroid malignancy.35,36 MiR-26 was

first cloned from Hela cells and its expression had no

tissue specificity. Current reports have found that miR-26

serves as a critical role in bone injury repair, osteogenic
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differentiation, diabetic wound healing and lipid metabo-

lism. Recent studies have further confirmed that miR-26 is

involved in the formation and evolution of neoplasm.

Moreover, miR-26 plays opposite roles in the pathogenesis

of different tumors. MiR-26 presents tumor-suppressive

effect in some tumors, such as esophageal squamous can-

cer, gastric cancer and bladder cancer,37–39 while in other

tumors miR-26 exhibits carcinogenic effect, for example,

glioma,40 cholangiocarcinoma.41 Lv et al pointed out that

miR-26 inhibits PTC tumorigenesis and progression by

targeting the expression of CKS2.42 Gong et al thought

that down regulated expression of miR-26 can promote

growth of PTC cells and increase the sensitivity of PTC

cells to TMX by depressing the expression of ARPP-19.43

However, the role of miR-26 in PTC and the detailed

regulatory mechanisms modulating the malignant progres-

sion of PTC cells are not fully elucidated.

Previous studies have confirmed that Wnt5a usually

activates the following two signal transduction pathways:

Wnt/β-catenin passageway and Wnt/Ca2+ passageway. At
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present, the research on Wnt/β-catenin is relatively dis-

tinct, while the Wnt/Ca2+ pathway is not very clear.44,45

Abnormal Wnt signal transduction has become a critical

mechanism in the etiopathogenesis of some cancers.46,47

Wnt5a activates classical or non-classical Wnt signaling

pathways through different receptors and inhibits Wnt/β-

catenin pathways through non-classical signaling pathways.

Wnt5a can both inhibit and activate the Wnt/β-catenin sig-

naling pathway, which seems to indicate that Wnt5a has a

paradoxical role in cancer.15 Related studies have shown that

Wnt5a has the role of tumor initiation and tumor inhibition in

different malignant tumors. For example, over-expression of

Wnt5a has been found in prostate, pancreas, stomach and

lung carcinoma,48 whileWnt5a showed the opposite effect in

some other cancers. The expression of Wnt5a is down-regu-

lated in leukemia and neuroblastoma.49,50 Therefore, Wnt5a

acts as a tumor inhibitor. In addition, Wnt5a can be regulated

by a variety of miRs and plays different roles in multiple
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Figure 4 The tumor-suppressive effect of miR-26a-5p in PTC was reversed by Wnt5a up regulated. (A-B) Wnt5a expression on mRNA and protein levels was determined
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Abbreviation: PTC, papillary thyroid carcinoma.
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tumor tissues. For example, miR-1253 inhibits proliferation

and invasion of non-small cell lung cancer by regulating

Wnt5a,51 miR-154 inhibits the occurrence and progression

of osteosarcoma by targeting Wnt5a.52 As an important

component of the Wnt family, the function of Wnt5a is not

completely clear in thyroid carcinoma. Kremenevskaja et al

thought that Wnt5a in the anaplastic tumor cell is lost but in

differentiated thyroid cancers up regulated.53 However,

McCall et al pointed out that the higher expression of

Wnt5a RNA in PTC cells lines (BHP 8–21, BHP 7–13,

BHP 2–7 and BHP 10–3) was also examined but in anaplas-

tic or follicular thyroid cancer cells was not observed.54 Dong

et al found that the expression of Wnt5a was significantly

increased in PTC and that the expression of Wnt5a in PTC

patients was related to tumor lymph node metastasis as well

as TNM stage.55

Although Wnt5a and miR-26a-5p are both associated

with the occurrence and development of TC, the inter-

relationship between Wnt5a and miR-26a-5p in PTC is

still indistinct. In our study, the expression of miR-26a-5p

in PTC tissues and cells was initially examined. It was

proved that the expression level of miR-26a-5p in PTC

tissues and cells was significantly less than that in normal

thyroid tissues and cells. Then, miR-26a-5p could

restrain growth, invasion and metastasis of PTC cells

that have been demonstrated. Furthermore, the invasion

and metastasis of PTC cells were inhibited by miR-26a-

5p via Wnt5a as proved. Finally, it was verified that

Tu
m

or
 v

ol
um

e 
(m

m
3 ) miR-NC

miR-26a-5p

miR-NC miR-26a-5pmiR-NC miR-26a-5p

miR-NC

Wnt5a

GAPDH

miR-26a-5p

miR-NC miR-26a-5p

*

****

0
0 1 2 3

Week
4 5 6

500

1000

1500

*

A

C

E F

D

B

miR-NC

miR-26a-5p

R
el

at
iv

e 
ex

pr
es

si
on

 o
f m

iR
-2

6a
-5

p
0.0

0.5

1.0

1.5

Tu
m

or
 w

ei
gh

t(g
)

0.0

0.5

1.0

1.5

R
el

at
iv

e 
W

nt
5a

 m
R

N
A 

ex
pr

es
si

on

0.0

0.5

1.0

1.5
**
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Wnt5a was a direct backward position target of

microRNA-26a-5p.

In conclusion, our results predicted that miR-26a-5p

can target Wnt5a to depress the proliferation, invasion and

metastasis of PTC cells. Therefore, accurate treatment of

PTC is expected to be achieved.
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