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Background: miR-26b-5p is reported to be involved in the progression of multiple cancers,
but its function and mechanism in human papillary thyroid cancer (PTC) remain unknown.
We aimed to uncover the function and mechanism of miR-26b-5p in PTC.

Methods: We performed qRT-PCR to detect the differences in miR-26b-5p expression
between normal tissue and PTC. In vitro, we established cell lines stably overexpressing
miR-26b-5p and investigated the function and underlying mechanism of miR-26b-5p in
PTC.

Results: miR-26b-5p was downregulated in PTC compared with normal tissue. miR-
26b-5p was correlated with the clinical stage. miR-26b-5p inhibited the proliferation,
invasion and migration of PTC cell lines. We next detected EMT and proliferation
markers. miR-26b-5p was shown to exert its function in a B-catenin-dependent
manner.

Conclusion: Taken together, our results showed that miR-26b-5p inhibits proliferation,
migration, invasion and EMT by degrading B-catenin.

Keywords: miR-26b-5p, PTC, migration and invasion, epithelial-mesenchymal transition,

B-catenin

Background

Papillary thyroid cancer (PTC) is the most common endocrine carcinoma.’
Through many advancements in therapy the overall survival of PTC patients is
satisfactory. The exact mechanism of tumourigenesis is still unknown, and
more biomarkers predicting prognosis and therapeutic targets are still
needed.

MicroRNAs are long noncoding RNAs that are involved in vital cellular processes,
such as cell division and differentiation.”®> MicroRNAs have also been reported to
participate in the tumourigenesis and progression of multiple cancers.* ® However, the
function of the same microRNA varies in different kinds of cancers. miR-26b-5p was
reported to be involved in the proliferation, migration and invasion of hepatology
cancers.” The potential function of miR-26b-5p in PTC is still unknown.

We performed qRT-PCR to detect the differences in expression between
normal tissue and PTC. After examining the function of miR-26b-5p in PTC
cell lines, we found that miR-26b-5p inhibited the proliferation, migration and
invasion of PTC through the B-catenin pathway.

submit your manuscript

Dove n

http:

in 3

OncoTargets and Therapy 2020:13 1593-1603 1593
© 2020 Thou et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php
BY _NC /

and incorporate the Creative Commons Attribution — Non Commercial (unported, v3.0) License (http://creati glli by-n/3.0/). By accessing the work
you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).



mailto:wangtiantianpaper@163.com; 
mailto:jinanlileping@hotmail.com
http://www.dovepress.com
http://www.dovepress.com
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress
http://www.dovepress.com/permissions.php

Zhou et al

Dove

Materials and Methods

Tissue Samples

All human tissues were obtained from the Department of
Thyroid and Breast Surgery, Shandong Provincial Hospital
affiliated with Shandong University after confirmation by
a pathologist. Tissues were obtained with the patients’ writ-
ten and informed consent approved by the Institutional
Review Board of Shandong Provincial Hospital of
Shandong University.

Cell Culture

The TPC-1 and K1 cell lines were gifts from Professor
Tian of Shandong Provincial Hospital of Shandong
University which was approved by the Institutional
Review Board of Shandong Provincial Hospital of
Shandong University and the cells were cultured in
DMEM (Sigma-Aldrich, St. Louis, MO, USA) with 10%
foetal bovine serum (FBS; Invitrogen, Carlsbad, CA,
USA) and penicillin—streptomycin.

Colony Formation Assay

To measure the proliferation of cells, we applied colony
formation, 200 cells per well were seeded and incubated
for 2 weeks. The colonies were fixed using methanol and
stained with 0.1% crystal violet for 10 mins.

Cell Counting Kit-8 (CCK-8) Assay

Certain cells of 500 cells were seeded into per well of 96-well
plates. The viability of cells was determined using a CCK-8
assay (Dojindo, Kumamoto, Japan) every 24 hrs and by
measuring absorbance at 450 nm (BioTek, Winooski, VT,
USA) following the manufacturer’s instructions.

Transfection

Cells were seeded into a 6-well plate after incubating for
24 h in the incubator. Plasmid or shRNA were transfected
into the cells according to the protocol for Lipofectamine
3000®. For the rescue assay, plasmids containing the
whole ORF of B-catenin or specific shRNA were trans-
fected into the cells.

Luciferase Activity Assays

Cells were transfected with different plasmid described
above and the luciferase activity was gained through the
ration of GFP/RFP. The relative level was normalize to the
negative control.

Real-Time (RT) qPCR

Total RNA from cells or tissues was extracted using TRIzol
reagent (Thermo Fisher Scientific, Waltham, MA, USA)
according to the manufacturer’s protocol. Quantitative RT
(qRT)-PCR was conducted using SYBR Green PCR Master
Mix (Takara Bio) according to the protocol. The quantification
was performed on a CFX96 Real-Time PCR Detection System
(Bio-Rad, Hercules, CA, USA). Relative expression was nor-
malized to that of actin. The 27" method was used to

calculate relative RNA expression.

Western Blot Assay

Equal amounts of protein extracts were run on a 12%
SDS-PAGE gel, and after transfer onto a membrane and
blocking, the membrane was incubated with a primary
antibody such as PCNA (Abcam ab92552 1:1000),
N-cadherin (Abcam ab182031:1000),E-cadherin(Abcam
ab760551:1000),Vimentin(Abcam ab1935551:1000),Snail
(Abcam ab1807141:1000) and B-actin(Abcam
ab82261:1000) overnight at 4°C. Finally, the membrane
was incubated with secondary antibodies for 1 h at room
temperature. The protein bands of interest were visualized
using enhanced chemiluminescence reagents. (Millipore,
Burlington, MA, USA)

Transwell Assay and Invasion Chamber

A transwell assay was performed to measure the migration
and invasion ability. A total of 4x10* cells/well were
resuspended in 250 puL of plain medium without any
FBS in the upper chamber (8-um pore size, Costar,
Corning, NY, USA), and the lower chamber was filled
with 0.75 mL of medium supplemented with 10% FBS.
The cells were incubated for 24 h at 37°C. For the invasion
assay, the upper chamber was coated with Matrix gel. The
invasive and migrated cells were fixed with 100% metha-
nol and stained with 0.5% crystal violet for 20 mins before
counting under an inverted microscope.

Wound Healing Assay

We performed a wound healing assay to detect the migration
ability of cells. We seeded 2x10° cells per well into a 6-well
plate. Cells were incubated with complete medium (10% FBS
and 1% PS with the corresponding medium mentioned above).
After the cells reached 100% confluence, equal wounds were
made with a 1 mL pipette, and the cells were incubated for
24 h. The relative width was measured by the ratio of area and
length. The area was calculated by Imagel.
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Statistical Analysis

Statistical analyses were performed using SPSS version
18.0 (SPSS Inc., Chicago, IL, USA). Data are presented
as the mean + SD. The chi-squared test was used to
analyse clinicopathological characteristics. Comparisons
between two groups were evaluated using Student’s
t-test. Differences among groups were tested using a one-
way ANOVA followed by a Tukey post-hoc test. All
experiments were repeated at least three times. A P value
< 0.05 was considered statistically significant.

Results
miR-26b-5p Is Downregulated in Papillary
Thyroid Cancer

We collected 214 samples and analysed the level of miR-
26b-5p. The results are shown in Figure 1A. miR-26b-5p
was downregulated in cancer tissues compared with nor-
mal tissue. We next analysed the correlation of miR-26b-
5p and the clinical stage, and the level of miR-26b-5p
decreased with the clinical stage. A total of 214 fresh
PTCs and paired normal tissues Patients with higher
stage (III, IV) harboured lower miR-26b-5p levels com-
pared with those with lower stage (I, II) (Figure 1B,
P<0.001). The subtype and the TNM classification of the
whole cohort was shown in Tables 1 and 2.

miR-26b-5p Inhibits the Proliferation of
PTC Cells

We demonstrated that miR-26b-5p was downregulated in PTC.
However, the potential function was still unknown. To uncover
the biological function of miR-26b-5p on PTC cells, we next
established a miR-26b-5p stably overexpressing cell line
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(Figure 2A). We next performed the CCK-8 assay and colony
formation assay. Cells with stable overexpression of miR-26b-
5p (TPC-1-OV and K1-OV) showed a limited proliferation rate
in the short term compared with the control (Figure 2B, P<0.01).
We next used a colony formation assay to examine the function
of miR-26b-5p on long-term proliferation. The results are shown
in Figure 2C and D. The colony index decreased with the over-
expression of miR-26b-5p (P<0.01). Overall, miR-26b-5p inhi-
bits both the short-term and the long-term proliferation of PTC.

miR-26b-5p Inhibits the Migration and
Invasion of PTC

We have shown that miR-26b-5p inhibits the proliferation
of PTC. We next examined the function of miR-26b-5p on
migration and invasion. We performed a wound healing
assay and a transwell invasion assay as previously
described. Cells with higher levels of miR-26b-5p had
decreased migration ability in both wound healing assays
(Figure 3A and B, P<0.01) and transwell invasion assays
(Figure 3C and D, P<0.01). These data suggest that miR-
26b-5p inhibits the migration and invasion of PTC.

miR-26b-5p Inhibits the EMT Pathway

The EMT pathway is a common pathway reflecting the cell
mesenchymal and epithelial status. We next detected the RNA
and protein levels of EMT markers. Consistent with the pre-
vious results, the mesenchymal markers N-cadherin and vimen-
tin decreased at both the RNA and protein levels, while the
epithelial markers increased, indicating that the cells with miR-
26b-5p stable overexpression transition to an epithelial pheno-
type from a mesenchymal phenotype (Figure 4A and B,
P<0.01). The proliferation marker PCNA also decreased with
the overexpression of miR-26b-5p.
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Figure | miR-26b-5p was downregulated in PTC tissues. (A) The relative level of miR-26b-5p of PTC and paired normal tissue, n=214, ***P<0.001. (B) The relative level of

miR-26b-5p in different stages of PTC, ***P<0.001.
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Table | Subtype Classification of the Whole Cohort

Subtype Number

Follicular subtype 157

Solid subtype 32

Tall cell subtype 21

Diffuse sclerosing subtype 4

Total 214
Table 2 TNM Classification of the Whole Cohort

TNM Stage Number

I 164

nnv 50

Total 214

miR-26b-5p Leads to the Degradation of
B-Catenin by Binding to the UTR

miRNAs mostly bind to the UTR of the target genes to exert
their post-transcriptional regulation. We searched TargetScan
to identify the potential target genes of miR-26b-5p. We
selected B-catenin for its vital role in the tumourigenesis of
cancers. We next detected the RNA level and protein level of
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B-catenin. The RNA level and protein level of B-catenin
decreased in the TPC-1-OV and KI1-OV cell lines
(Figure 5A and B, P<0.01). We next characterized the inter-
action between [-catenin and miR-26b-5p as shown in
Figure 5C. We next generated f-catenin-WT and B-catenin-
Mut luciferase reporters. The luciferase activity decreased in
B-catenin-WT-transfected
transfected cells, indicating that $-catenin could be degraded
by miR-26b-5p (Figure 5D, P<0.01). Then, we detected the
levels of B-catenin and miR-26b-5p in papillary thyroid

cells compared with Mut-

cancer tissues. The regression analysis is shown in Figure SE.

miR-26b-5p Inhibits the Proliferation of
PTC Cells in a B-Catenin-Dependent

Manner

We previously demonstrated that miR-26b-5p exerts its func-
tion through the B-catenin pathway. We next re-expressed -
catenin in miR-26b-5p stable overexpressing cells (named
Rescue) (Figure 6A and B). We next applied the CCK-8
assay and colony formation assay. The results show that the
proliferation ability was completely restored in the Rescue
cell line compared with the OV and NC (Figure 6C-E,
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Figure 2 miR-26b-5p inhibits the proliferation of PTC. (A) The relative RNA level of miR-26b-5p in stable cell line. **P<0.01. (B) The abs at 450nm of different cell lines.

**P<0.01. (C) The representative image of colony formation assay. (D) The statistical
Abbreviations: NC, negative control; OV, overexpression.

analysis of colony index. **P<0.01.
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Figure 3 miR-26b-5p inhibits the migration and invasion of PTC. (A) The representative image of wound healing, 200x magnification. (B) The statistical analysis of wound
healing. **P<0.01. (C) The representative image of trans-well and invasion chamber, 200x magnification. (D) The statistical analysis of trans-well and invasion chamber.
*#P<0.01.

OncoTargets and Therapy 2020:13 submit your manuscript 1597

Dove


http://www.dovepress.com
http://www.dovepress.com

Zhou et al

Dove

A 5 - TPC-1

*%

Il NC
oV

Relative mRNA level

B TPCA1 K1
NC OV NC OV
E-cad == = :-
PCNA e -~ == -

o

Vimentin S S5 -
Snail

—y - —

-~

ey TR e —

Slug -

B-actin

K1
6 -
Il NC

oV

Relative mRNA level

Figure 4 miR-26b-5p inhibits EMT of PTC. (A) The relative mRNA level of EMT markers and PCNA, **P<0.01. (B) The WB of EMT markers and PCNA.

P<0.001). These data suggest that miR-26b-5p inhibits the
proliferation of PTC cells in a B-catenin-dependent manner.

miR-26b-5p Inhibits the Migration,
Invasion and EMT of PTC Cells in a -

Catenin-Dependent Manner

We used a wound healing assay and a transwell invasion
assay. The re-expression of B-catenin restored the migra-
tion and invasion ability as shown in both wound healing
(Figure 7A and B, P<0.001) and transwell invasion assays

(Figure 7C, P<0.001). We next analysed the EMT markers
and proliferation markers. The mesenchymal marker and
PCNA were restored while the epithelial marker decreased
at both the RNA and protein levels (Figure 8A and B).
Overall, miR-26b-5p inhibits the migration, invasion and
EMT of PTC cells in a B-catenin-dependent manner.

Discussion

Human papillary thyroid cancer is the most common
endocrine malignancy worldwide. Despite advance-
ments in radiotherapy and immunotherapy, patients
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Figure 5 miR-26b-5p directly targets B-catenin. (A) The relative mRNA level of B-catenin of the different cell lines, **P<0.01. (B) The protein level of B-catenin of the
different cell lines. (C) The interaction of miR-26b-5p and B-catenin scanned by TargetScan. (D) The luciferase activity of B-catenin in 293T transfected with different

plasmid, **P<0.01. (E) The regression analysis of B-catenin and miR-26b-5p in PTC.

with late-stage cervical cancer still suffer from recur-
rence and metastasis. Therefore, more biomarkers and
therapeutic targets are needed.

miRNAs are reported to be involved in the prolif-
eration and migration of normal cells and the tumour-
igenesis of multiple cancers.®” miRNAs exert their
function mostly through post-transcriptional regulation.
miRNA-708 was reported to target ZEB1 and thus
regulate the mTOR pathway.' miRNA 217 was
shown to inhibit proliferation in hepatology cancers
by degrading KLH5."" However, the role of miR-26b-
5p in thyroid cancers has rarely been studied. Studies
have shown that miR-26b-5p is downregulated in mul-
tiple cancers.'>'* The potential function and mechan-
ism of miR-26b-5p in PTC is still unknown and some
papers did not classified miR-26b-5p as one of the
dysregulated miRNAs."”

Hence, we examined the

level of miR-26b-5p in papillary thyroid cancer and
its correlation with clinical stage. To uncover the bio-
logical function of miR-26b-5p, we established stably
overexpressing cell lines. Cells with higher levels of
miR-26b-5p had decreased proliferation ability and
migration ability. We next detected the mesenchymal
markers and epithelial markers in the cells above. miR-
26b-5p was demonstrated to promote the transition
from a mesenchymal phenotype to an epithelial pheno-
type. We next performed luciferase reporter assays and
found that miR-26b-5p targets B-catenin. The rescue
cell line re-expressing B-catenin restored the prolifera-
tion, migration and invasion ability.

Taken together, our results show that miR-26b-5p inhi-
bits proliferation, migration and invasion of human papil-
lary thyroid cancer in a B-catenin pathway-dependent

manner.
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Figure 6 miR-26b-5p inhibits the proliferation in B-catenin dependent manner. (A) The relative mRNA level of B-catenin of the different cell lines, ***P<0.001. (B) The
protein level of B-catenin of the different cell lines. (C) The abs at 450nm of different cell lines. ***P<0.001. (D) The representative image of colony formation assay. (E) The
statistical analysis of colony index. ***P<0.001.
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The statistical analysis of wound healing. ***P<0.001. (C) Left: The representative image of trans-well and invasion chamber, 200% magnification. Right: The statistical analysis
of trans-well and invasion chamber. **P<0.001.

OncoTargets and Therapy 2020:13 submit your manuscript 1601

Dove


http://www.dovepress.com
http://www.dovepress.com

Zhou et al Dove
A 5+ TPC-1 41 ... K1
*kk -NC ,[ - NC
1
2 I Rescue 2 I Rescue
< <
23 g
€ e
0 92 |
52 g
[0} [0}
Y 0'd

TPC-1 K1
B
NC OV Rescue NC OV
E-cad — — —

Rescue

PCNA —— — — — OIS |, e e

N-cad — — N — —
VIMENtin o wow - - —— -
SNAl  — e G S —
Slug e e R et
B-aCn e — — —— — —
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Conclusion

The findings of this study demonstrate that miR-26b-5p is
downregulated in PTC tissues. miR-26b-5p inhibits prolif-
eration, migration and invasion through the p-catenin
pathway.
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