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Objective: This study aimed to assessment the functions of IncRNA WT1-AS in papillary
thyroid carcinoma (PTC).

Methods: Expression levels of WT1-AS in PTC and non-tumor tissues from 66 PTC
patients were measured and compared by performing qPCR and paired ¢ test, respectively.
Cell proliferation (CCK-8) assay was performed to evaluate the effects of the overexpression
of WT1-AS, miR-203 and survivin on the proliferation of IHH-4 (a human PTC cell line)
cells.

Results: We found that WT1-AS was significantly downregulated in PTC and associated with
clinical stages. In PTC tissues, WT1-AS was negatively correlated with survivin but positively
correlated with miR-203. In PTC cells, WT1-AS overexpression led to significantly upregu-
lated miR-203 and downregulated survivin. MiR-203 overexpression failed to affect WT1-AS
but downregulated survivin. Cell proliferation assay showed that overexpression of WT1-AS
and miR-203 led to decreased, while survivin overexpression led to increased proliferation of
PTC cells. In addition, survivin overexpression attenuated the effects of WT1-AS and miR-203
overexpression.

Conclusion: Therefore, WT1-AS may downregulate survivin by upregulating miR-203 in
PTC to inhibit cancer cell proliferation.
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Introduction

According to the latest GLOBOCAN statistics, thyroid cancer in 2018 only affects
567,233, which accounts for about 3.1% of all cancer patients." During the same
time period, thyroid cancer only caused 41,071 deaths, which accounts for about
0.4% of all cancer mortality.! With the development of novel diagnostic techniques,
such as ultrasonography, early diagnosis of thyroid cancer has been significantly
improved in past several decades.> Combined with the slow development nature of
thyroid cancer, prognosis of patients with this disease is generally satisfactory.”
However, tumor metastasis is inevitable in some cases and survival of these patients
are still poor.” Therefore, novel therapeutic approaches are still needed to further
improve the survival of patients with PTC.

Papillary thyroid carcinoma (PTC) is the most common form of thyroid cancer.
Recent studies have identified altered signaling pathways involved in the develop-
ment and progression of PTC.%7 In effects, functional analysis of molecular players
involved in PTC provided novel insights to the development of targeted
therapies.®’ Survivin is a well-established oncogene in many types of cancers
including PTC.* Survivin inhibits apoptosis protein family to block cell death,
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thereby promoting cancer growth and progression.®
Therefore, inhibition of survivin is a potential approach
for cancer therapies.” It is well known that certain
miRNAs, such as miR-203, can directly target survivin
to inhibit cancer growth.'® WT1-AS is a recently identified
tumor suppressor in cervical and gastric cancers.'' ™" It is
known that WT1-AS can suppress cancer progression by
interacting with p53, which has crosstalk with miR-203."
Therefore, WT1-AS may also interact with miR-203. This
study aimed to explore the potential interactions between
WTI-AS and miR-203 in PTC and analyze their roles in

regulating survivin.

Materials and Methods

PTC Patients

The research subjects of this study were 66 PTC patients (37
males and 29 females, 39 to 66 years, 52.2+6.9 years)
selected form the 117 PTC cases diagnosed in Jiangxi pro-
vince cancer hospital between May 2017 and May 2019. This
study passed the review board of Ethics Committee of afore-
mentioned hospital. Inclusion criteria: 1) new PTC cases; 2)
willing to received biopsy (fine needle aspiration); 3) no
therapies were initiated. Exclusion criteria: 1) recurrent
PTC; 2) other clinical disorders, such as other malignancies,
heart diseases and diabetes, were observed. The patients were
staged based on clinical findings. According to AJCC sys-
tem, the 66 patients included 18, 21, 15 and 12 cases at
stages I-1V, respectively. According to pathological grade,
there were 18 and 48 at high (aggressive histologic variants)
and low grade, respectively. All patients were informed with
the principle of this study and the potential publication of this
paper. All the 66 PTC provided written informed consent.

PTC Tissues and Cell Line

Before the initiation of therapies, all patients were sub-
jected to biopsy, which was performed under the guidance
of MRI. During biopsy, PTC and non-tumor (thyroid tis-
sues within the area 3 cm around tumors) tissues were
collected from each patient. The weight of each tissue
sample ranged from 0.05 to 0.09g. Based on the results
of histopathological tests, all PTC tissues contained more
than 95% cancer cells, and all non-tumor tissues contained
less than 4% cancer cells.

Human PTC cell line IHH-4 (AJCC, USA) was used in
this study. Cell culture medium was a mixture of 90%
DMEM and 10% FBS. Cells were cultivated under the
following conditions: 95% humidity, 37°C and 5% CO,.

Transient Cell Transfection

Vector construction service was provided by Sangon
(Shanghai, China). Expression vectors of WT1-AS and survi-
vin were constructed using pcDNA3.1 vector. Negative con-
trol (NC) miRNA and miR-203 mimic were synthesized by
Invitrogen (Shanghai, China). To perform transient transfec-
tions, IHH-4 cells were harvested at 70-80% confluence. All
transfections were mediated by lipofectamine 2000 (Sangon).
Briefly, lipofectamine 2000 was first mixture with vectors
(empty vector as NC group) or miRNAs (NC miRNA as NC
group), followed by incubating with 10° cells for 6 hrs at 37°C.
After that, cells were washed with fresh cell culture medium to
terminate cell transfections. Control (C) cells for all transfec-
tions were untransfected cells. All subsequent experiments
were performed using cells harvested at 96 hrs.

Total RNA Extraction

Tissue samples from PTC patients were ground in fine powder.
IHH-4 cells were harvested at 24 hrs post-transfection and
cells were counted. Total RNAs in 0.03g tissue sample or 10°
cells were extracted using Tirzol reagent (Invitrogen, USA)
with all steps performed following manufacturer’s instruction.
It is worth noting that RNA samples were precipitated using
85% ethanol to retain miRNAs in the sample. All RNA
samples were digested with DNase I (Sigma-Aldrich) to
remove genomic DNA. Thermo Scientific NanoDrop 2000
spectrophotometer was used to measure RNA concentration.

qPCR

All RNA samples were digested with DNase I for 2 hrs at
37°C to remove genomic DNAs. Total RNA transcriptions
were performed using Tetro Reverse Transcriptase
(Bioline) and qPCR mixtures were prepared using
SYBR®™ Green Master Mix (Bio-Rad). The expression
levels of WT1-AS and survivin mRNA were measured
using GAPDH as endogenous control.

Addition of poly(A) to mature miRNAs, miRNA
reverse transcriptions and qPCR assays were performed
using All-in-One™ miRNA ¢RT-PCR Reagent Kit
(GeneCopoeia). With U6 as endogenous control, expres-
sion levels of miR-203 were measured.

All Ct values were normalized using 2”27, and all
PCR reactions were performed in 3 replicates.

Western Blot
To measure the expression levels of survivin at 24 hrs post-
transfection, total proteins in 10° cells of each transfection

submit your manuscript

444

Dove

Cancer Management and Research 2020:12


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

Dove

Le et al

group were extracted using RIPA solution (Sangon). Protein
concentrations were measured using a BCA kit (Sangon).
Protein samples were denatured in boiling water for 8 mins,
followed by electrophoresis performed using 12% SDS-
PAGE. Protein samples were transferred to PVDF mem-
branes, and blocking was performed in PBS containing 5%
non-fat milk for 2 hrs at 22°C. After that, rabbit primary
antibodies of survivin (1:2000, ab469, Abcam) and endogen-
ous control GAPDH (1:2000, ab37168, Abcam) were used to
incubate with the membranes for 12 hrs at 4°C. Following
that, HRP (IgG) (1:2000; ab6721; Abcam) goat secondary
antibody was used to further incubate with the membranes
for 2 hrs at 22°C. Finally, membranes were incubated with
ECL (Sigma-Aldrich) for 5 mins at 22°C to develop signals.
Image J v1.46 software was then used to normalize signals.

Cell Proliferation Assay

Cell counting kit-8 (CCK-8, Sigma-Aldrich) was used to
evaluate the effects of overexpression of WT1-AS, survi-
vin and miR-203 on the proliferation of THH-4 cells.

>

Relative WT1-AS level
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Relative WT1-AS level
in PTC tissues

Low (n=48) High (n=18)

Briefly, 3x10* cells were mixture with ImL medium.
Cells were cultivated in a cell culture plate (96-well,
0.1 mL per well) under aforementioned conditions. CCK-
8 solution (10 pL) was added into each well at 4h before
the termination of cell culture. After that 10 pL. DMSO
was added into each well and OD values were measured at
450 nm.

Statistical Analysis

Mean values of 3 independent biological replicates were
calculated and were used for all data analysis, which was
performed using GraphPad Prism 6 software. Exploration
of differences between tissue types (PTC vs non-tumor)
and among multiple cell transfection and patient groups
(clinical stages) was performed by paired ¢ test and
ANOVA (one-way) in combination with Tukey’s test,
respectively. Comparison between two groups of patients
(high and low grade) was performed by unpaired ¢ test.
Correlations were analyzed by linear regression. p<0.05
was statistically significant.
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Figure | Downregulation of WT1-AS in PTC was associated with clinical stages and pathological grades. Expression levels of WTI-AS in PTC and non-tumor tissues from
PTC patients were measured and compared by performing qPCR and paired t test, respectively (A). Expression levels of WTI-AS in PTC tissues were compared among 4
AJCC clinical stages by performing ANOVA (one-way) in combination with Tukey’s test (B). Expression levels of WTI-AS in PTC tissues were compared between 2
pathological grades (high and low) by performing unpaired t test (C). Mean values of 3 biological replicates were presented, *p<0.05.
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Results

Downregulation of WTI-AS in PTC Was
Associated with Clinical Stages and
Pathological Grades

Expression levels of WT1-AS in PTC and non-tumor tissues
from PTC patients were measured and compared by perform-
ing qPCR and paired ¢ test, respectively. It was observed that,
compared to non-tumor tissue group, significantly higher
expression levels of WT1-AS were detected in PTC tissue
group (Figure 1A, p<0.05). Expression levels of WT1-AS in
PTC tissues were compared among 4 clinical stages by
performing ANOVA (one-way) in combination with
Tukey’s test. Significantly decreased expression levels of
WTI1-AS were observed with the increase in clinical stages
(Figure 1B, p<0.05). Expression levels of WT1-AS in PTC
tissues were compared between 2 pathological grades by
performing unpaired ¢ test. It can be observed that expression
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levels of WT1-AS in PTC were significantly lower in high-
grade group than in low-grade group (Figure 1C, p<0.05).

Levels of WTI-AS Expression Were
Significantly Correlated with Expression

Levels of miR-203 and Survivin Across

PTC Tissues

Expression levels of miR-203 and survivin mRNA in PTC
and non-tumor tissues from PTC patients were also measured
and compared by performing qPCR and paired ¢ test, respec-
tively. It was observed that, compared to non-tumor tissue
group, significantly higher expression levels of miR-203
(Figure 2A) and significantly lower expression levels of
survivin mRNA (Figure 2B) were detected in PTC tissue
group (p<0.05). Correlations between WT1-AS and miR-
203/survivin mRNA were analyzed by linear regression. It
was observed that expression levels of WTI1-AS were
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Figure 2 Levels of WTI-AS expression were significantly correlated with expression levels of miR-203 and survivin across PTC tissues. Expression levels of miR-203 (A)
and survivin mRNA (B) in PTC and non-tumor tissues from PTC patients were also measured and compared by performing qPCR and paired t-test, respectively.
Correlations between WTI-AS and miR-203 (C) survivin mRNA (D) in PTC tissues were analyzed by linear regression. Mean values of 3 biological replicates were

presented, *p<0.05.
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significantly and positively correlated with expression levels
of miR-203 (Figure 2C). In addition, expression levels of
WT1-AS were significantly and negatively correlated with
expression levels of survivin mRNA (Figure 2D).

WT-AS Overexpression Downregulate
Survivin in IHH-4 Cells by Upregulating
miR-203

To further analyze the interactions among WT1-AS, miR-
203 and survivin, WT1-AS and survivin vectors as well as

into IHH-4 cells.
Overexpression of WT1-AS, miR-203 and survivin was

miR-203 mimic were transfected

confirmed by qPCR at 24 hrs after transfections.
Compared to NC (cells transfected with NC miRNA or
empty vector) and C (untransfected cell) groups, signifi-
cantly upregulated expression levels of WT1-AS, miR-203
and survivin were observed after transfections (Figure 3A,
p<0.05). Compared to NC and C groups, WT1-AS over-
expression led to downregulated miR-203, while miR-203
overexpression failed to affect WTI1-AS (Figure 3B,
p<0.05). Moreover, WT1-AS overexpression led to down-
regulated survivin but miR-203 overexpression led to
downregulated surviving (Figure 3C, p<0.05).

WT |-AS Suppressed IHH-4 Cell

Proliferation Through miR-203 and Survivin
Cell proliferation assay was performed to assessment the
effects of the overexpression of WT1-AS, miR-203 and
survivin on the proliferation of IHH-4 cells. Compared to
C and NC groups, cell proliferation assay showed that over-
expression of WT1-AS and miR-203 overexpression led to
decreased rates of cell proliferation, while survivin over-
expression led to increased proliferation of PTC cells. In
addition, survivin overexpression attenuated the effects of
WT1-AS and miR-203 overexpression (Figure 4, p<0.05).

Discussion

This paper is the first to investigate the roles of WT1-AS
in PTC. We found that WT1-AS was downregulated in
PTC and played a tumor-suppressive role by downregulat-
ing survivin through the upregulation of miR-203.

The functions of WT1-AS have only been investigated in
gastric and cervical cancer.'' ' In gastric cancer, WT1-AS is
downregulated and its downregulation accelerated cell pro-
liferation and migration.'" In cervical cancer, WT1-AS is
also downregulated and can regulate p53 and miR-203a-5p/
FOXN2 to inhibit the aggressiveness of cancer cells.'*'> All
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Figure 3 WTI-AS overexpression downregulate survivin in IHH-4 cells by upregulating miR-203. To further analyze the interactions among WT I-AS, miR-203 and survivin,
WT -AS and survivin vectors as well as miR-203 mimic were transfected into IHH-4 cells. Overexpression of WT1-AS, miR-203 and survivin was confirmed by qPCR at 24
hrs after transfections (A). Interactions between WTI-AS and miR-203 were analyzed by qPCR (B). The effects of WTI-AS and miR-203 overexpression on the expression
of survivin mRNA and protein were analyzed by qPCR and Western blot, respectively (C). Mean values of 3 biological replicates were presented. NC, cells transfected with

NC miRNA or empty vector; C, untransfected cell. ¥p<0.05.
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Figure 4 WTI-AS suppressed IHH-4 cell proliferation through miR-203 and survi-
vin. Cell proliferation assay was performed to assessment the effects of the over-

expression of WTI-AS, miR-203 and survivin on the proliferation of IHH-4 cells.
Mean values of 3 biological replicates were presented, *p<0.05.

these previous studies revealed the tumor-suppressive roles
of WT1-AS in cancer biology. Our study is the first to report
the downregulation of WT1-AS in PTC and the decreased
PTC proliferation rate after WTI1-AS overexpression.
Therefore, our data suggested that WT1-AS was also
a tumor-suppressive IncRNA in PTC.

Cancer stages and pathological grades are closely
correlated with the survival of PTC patients.'* Clinical
studies have shown that patients at advanced clinical
stages and with high pathological grade usually will
experience high mortality rate.'® This study failed to
perform survival analysis. However, our study showed
that expression levels of WT1-AS were negatively cor-
related with clinical stages and pathological grades.
Therefore, low WT1-AS expression levels may be corre-
lated with the poor survival of PTC patients. Our future
studies will perform more explorations. Dai et al
reported that low levels of WT1-AS were closely corre-
lated with the poor survival of cervical cancer patients.'?
Interestingly, in another study, Cao et al showed that the
loss of WTI1-AS is associated with good survival of
cervical cancer patients at early stage.15 Therefore,
more studies are needed to further explore the prognostic
applications of WT1-AS for cancer patients.

It is known that IncRNAs may sponge miRNAs to
attenuate their effects on their downstream genes.'®
However, this study showed that WT1-AS can upregulate
miR-203 to downregulate survivin. Therefore, WT1-AS is
unlikely a sponge of miR-203. It is known that both miR-
203 and WT1-AS have crosstalk with p53,'*'* and p53 is

dysregulated in PTC. Therefore, the altered p53 may med-
iate the interaction between them.

In conclusion, WT1-AS is downregulated in PTC, and
WT1-AS may downregulate survivin by upregulating
miR-203, thereby suppressing cancer cell proliferation.
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