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MiRNA-148a inhibits cell growth and drug resistance by regulating
WNT10a expression in renal cell carcinoma
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Background: We aimed to explore miR-148a exerts a tumor suppressor effect and arsenic trioxide (As,O;)
sensitivity on renal cell carcinoma (RCC).

Methods: We performed polymerase chain reaction (PCR) on 42 pairs of tumor and paracancerous
samples collected from RCC patients to investigate the miR-148a expression; meanwhile, we analyzed the
interplay between clinical indicators and miR-148a expression of RCC. Then, the influence of miR-148a
overexpression on the functions of RCC cells were analyze using transwell migration assay, Cell Counting
Kit-8 (CCK-8), and cell wound healing assay. Furthermore, the ability of miR-148a to sensitize Caki-1 cells
treated with As,O; were detected using flow cytometry. Finally, the relevant mechanism of miR-148a on the
downstream gene Wnt family member 10A (WNT10a) was explored by cell reverse method.

Results: The results from RCC patients indicated a significantly lower miR-148a level than adjacent
tissues. The low miR-148a expression increased prevalence of distant metastasis and decreased survival rate
compared to those with high expression in patients. In the RCC cell lines, the proliferation and metastasis
ability of the miR-148a mimic group was remarkably lower than the miR-NC group. At the same time, it
was verified that WINT10a was remarkably higher cell lines and RCC tissues; and negatively related to miR-
148a expression. In addition, miR-148a mimics were found to remarkably reduce the protein expression of
WNT1I0a. In the cell reverse experiment, overexpression of WNT10a was confirmed to offset the miR-148a
mimics effect on metastasis and proliferation of RCC cells. In addition, an increase in relative apoptosis
was detected in As,O; treated with/without miR-148a mimics for 48 hours, and apoptosis was significantly
reduced after transfection with WNT10a in the Caki-1 cell line and significantly reduced after combined
treatment.

Conclusions: The study revealed that miR-148a is associated with distant metastases and leads to poor
prognosis in RCC patients. Moreover, miR-148a inhibit the malignant progression and increase the
sensitivity of RCC cells to As,O; by regulating WNT10a.
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Introduction

Renal cell carcinoma (RCC) affects urinary system which
is a common malignant tumor, and it accounts for the
majority of urogenital tumors in China. More than 350,000
patients are newly diagnosed with RCC every year (1-3).
Although RCC can occur at any age, its incidence increases
with age, with a high incidence among those aged 50—
70 years (4,5). The cause of RCC is a pathological process
of complex, multi-step, and multi-factor, which is a result
of the interaction between intrinsic genetic factors and
external environmental factors (6,7). Clinically, RCC is
treated with radical nephrectomy. However, postoperative
recurrence and metastasis rates of RCC are high, and
S-year overall survival rates are about 20% (8). Currently,
RCC, which shows little response to chemoradiotherapy,
is undergoing rapid development with the application of
targeted therapy (9). Arsenic trioxide (As,O;) is a Food and
Drug Authority (FDA)-approved drug used to treat acute
promyelocytic leukemia (APL). Approximately 65.6-84.4%
of patients treated with As,O; achieve clinical remission,
and over 28.2% survive at least 10 years after treatment
with As,0;(10). It has been reported that As,O; induces
apoptosis in RCC cells, however only high concentrations
of As,O; can achieve this effect, which may be due to the
resistance of RCC cells to As,O; (11). The RCC mortality
rate is the highest among urinary tumors, which seriously
endangers the life and health of those affected. Therefore,
understanding the molecular genetic mechanism of RCC
and exploring the molecular mechanism of tumor resistance
to As,O; and treatment of RCC are a current research
hotspot (12,13).

MicroRNA (miRNA) is a class of endogenous non-coding
RNA consisting of 22 nucleotides that bind completely, or
in the instance of not reaching 3' untranslated region (3'-
UTR) of the target gene, the messenger RNA (mRNA) is
degraded or its protein expression is diminished, exerting
an oncogenic or tumor suppressor genes effect (14,15).
Among them, miR-148a is related to the occurrence
and development of the tumors, and exerts an anti-
cancer effect in gastric cancer and laryngeal squamous
cell carcinoma (16,17). Previous study has reported that
epigenetic regulation of miR-148a by As,O; is an important
mechanism of drug resistance (18). However, there are few
reports about the role in RCC. In our study, we explored
whether miR-148a could play a role of tumor resistance
to As,O; in RCC and investigated the specific mechanism
of its anti-cancer effect, thus providing new experimental
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clues for the treatment of R CC. Previous studies targeting
miRNAs in RCC have focused on diagnosis, prognosis and
drug sensitivity (19). The expression of miR-148a was found
to be closely related to RCC by TCGA database analysis
(20). However, the mechanism of As,O; resistance and its
relationship with miR-148a have not been reported. Further
study of the molecular biological role of miR-148a will help
to discover biomarkers of As,O; resistance in RCC patients.
Recently, many studies have shown that Wnt family
member 10A (WNT104) has oncogene properties (21). A
study showed that WNT10a was highly overexpressed in
human cholangiocarcinoma, and the Wnt pathway was
activated during the occurrence of bile duct carcinoma.
Previous study reported that WNT10a is high expression in
RCC tissues; tumorigenesis can be induced by WNT10a-
meditated activation of the wnt/p-catenin signaling
pathway (22). Overexpression of WNT10a induced
higher resistance of the renal cancer cell line 786-O to
chemotherapy, and WNT10a small interfering RNA
(siRNA) knockdown reduced the resistance to chemotherapy
in renal cancer cell line Caki-1 (23). However, whether
WNT10a participates in RCC cell proliferation, induction
of apoptosis, and drug resistance mechanism of As,O; in
RCC remains unclear. It has recently been discovered that
miR-148a is a novel therapeutic target for human tumors
and has been found to regulate WNTI10a signaling in a
variety of tumor cells. Based on the above series of results,
to explore whether miR-148a and WNT10a participate
in RCC, our study elucidated the roles of miR-148a and
WNT10a in the drug resistance of RCC, and thus may
bring new ideas to the treatment of RCC. We present the
following article in accordance with the MDAR reporting
checklist (available at https://tau.amegroups.com/article/
view/10.21037/tau-22-464/rc).

Methods
Patients and RCC samples

We collected 42 pairs of tumor and paracancerous samples
from patients undergoing radical surgery for RCC. Prior to
surgery, none of the RCC patients received chemotherapy
or radiotherapy. In accordance with the International
Cancer against Cancer (UICC) RCC staging standard,
pathological classification and staging criteria for RCC were
determined. The study was conducted in accordance with
the Declaration of Helsinki (as revised in 2013). The study
was approved by the Institutional Ethics Review Board of
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Harbin Medical University Cancer Hospital (No. 2019-
185) and informed consent was taken from all the patients.

Cell lines and reagents

We purchased 5 cell lines (769P, ACHN, Caki-2, 786-
O, and A-498) as well as human renal proximal tubule
epithelial cells (TH1) from the American Type Culture
Collection (ATCC; Manassas, VA, USA). Fetal bovine
serum (FBS) was obtained from Gibco (Rockville, MD,
USA). Dulbecco’s modified Eagle medium (DMEM) was
purchased from Thermo Fisher Scientific (Waltham, MA,
USA). An incubator with 5% CO, at 37 °C was used to
culture the cells in DMEM containing 10% FBS.

Transfection

Shanghai Jima Company provided the miR-NC and miR-
148a mimics for this study. Transfection was performed
using Lipofectamine 3000 (Invitrogen, Carlsbad, CA, USA).
Cell functional and real-time polymerase chain reaction
(RT-PCR) analysis was performed after cultured for
48 hours.

Cell Counting Kit-§ assay

After transfection for 48 hours, 96-well plates were filled
with 2,000 cells per well. We added Cell Counting Kit-8
(CCK-8; Dojindo Laboratories, Kumamoto, Japan) reagent
to the cells which were cultured for 24 hours, 48 hours,
72 hours, and 96 hours. After incubation for 2 hours, the
optical density (OD) value was detected at 490 nm in a
microplate reader.

Transwell assay

After transfection for 48 hours, the cells were adjusted to
5x10’ cells/mL by resuspending them in medium without
FBS. The upper chamber was infused with 200 pL of a
medium containing 1x10° cells, and the lower chamber
with 700 uL of a medium containing 20% FBS. For each
cell line, a specific period of growth was determined based
on their migration abilities. Transwell chambers were
clipped, washed with phosphate-buffered saline (PBS) for
3 times. We used a cotton swab to clean the top surface of
the stained chamber with water after it had been stained for
20 minutes with 0.2% crystal violet. A random selection
of 5 fields of view were taken under a microscope and the
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perforated cells stained on the outer surface of the basement
membrane were observed.

Cell wound healing assay

After transfection for 48 hours, the cells were adjusted to
5x10° cells/mL by resuspending them in medium without
FBS. Cells were plated at varying densities based on the size
of the cells (50,000 cells per well was the majority), 90%
or more of the cells were confluent the following day. As
soon as the cells had been rinsed with PBS for 3 times, the
medium was added with 1% FBS. In the pre-experiment,
the healing ability of the cells is determined according
to migration area; the differences in healing ability were
evaluated based on migration area for the scratch test.

gRT-PCR

We used TRIzol (Invitrogen, USA) to lyse the cells.
Then total RNA was extracted after the cells were treated
accordingly. After initially removing genomic DNA from
RNA, the RNA was purified using DNase 1. The Prime
Script Reverse Transcription Kit (TaKaRa, Otsu, Shiga,
Japan) instructions were followed for reverse transcription
of RNA, and RT-PCR was performed according to SYBR®
Premix Ex Taq"™ (TaKaRa, Japan) kit using the StepOne
Plus Real-time PCR System [Applied Biosystems (AB),
Foster City, CA, USA]. For each sample, 3 replicate wells
were performed and repeated the assay twice. We analyzed
the data using a Bio-Rad PCR instrument and software iQ5
2.0 (Bio-Rad Laboratories, Hercules, CA, USA). As internal
parameters, we used the P-actin and U6 genes, and we

calculated gene expression using the 2™**“ method.

Dual-luciferase veporting assay

According to the instructions, the luciferase system was used
to prepare the logarithmic growth RCC cell line. By using
a luminometer, relative fluorescence values were measured
and compared. It was found that when a specific miRINA
could complementarily bind to a target gene sequence in
the system, it was detected. Luciferase was not expressed,
so the final relative fluorescence value measured was lower
than the sequence.

Flow cytometry

Apoptosis was determined using flow cytometry. Briefly,
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Figure 1 MiR-148a is under expressed in RCC. (A) The miR-148a expression in tumor and paracancerous tissues of RCC was detected
by RT-PCR. (B) Cell lines from RCCs were tested for miR-148a expression using RT-PCR. (C) The miR-148a expression was detected in

distant metastasis specimens from patients with RCC. (D) Kaplan-Meier survival curve of RCC patients. Data are expressed as mean = SD, *,

P<0.05, **, P<0.01, ***, P<0.001. RCC, renal cell carcinoma; RT-PCR, real-time polymerase chain reaction; SD, standard deviation.

apoptosis of cells was assessed by staining with AnnexinV
and PE/7-AAD using the Apoptosis Detection Kit (Cat.
No. C1062S, Beyotime Biotech., Shanghai, China). Then,
100 pL of the 1x10’ cells were stained with AnnexinV-PE
(5 pL) and 7-AAD (5 pL) for 20 minutes at room
temperature. Cells in each well were incubated with IX
binding buffer (400 pL). We analyzed the cell apoptosis using
a FACScan flow cytometer (BD, Mountain View, CA, USA).

Statistical analysis

The statistical analysis was conducted using the software
SPSS 22.0 IBM Corp., Armonk, NY, USA). A univariate
analysis was performed using the y’-test and Fisher’s test
was used to determine the exact probability. We used Cox
regression analysis for multivariate analysis and Kaplan-
Meier for analyzing patient survival. Comparison of the
intergroup curves was performed using the log-rank test.
Statistical significance was determined by P<0.05 when data
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were expressed as mean = standard deviation.

Results
Low-expression of miR-148a in RCC tissues and cell lines

Figure 14 showed the PCR results showed that the level
of miR-148a was noticeably lower in RCC patients’
tumors than in adjacent tissues. Moreover, miR-148a was
remarkably downregulated, and there was a significant
difference, especially in the Caki-1 and 786-O cell lines,
which were selected for the following (Figure 1B). luble 1
showed that low miR-148a expression was positively
associated with distant metastasis in RCC (Figure 1C),
but not with age, gender, stage of the disease, or lymph
node metastasis. Furthermore, Figure 1D showed that
the Kaplan—Meier survival curve results revealed that low
miR-148a expression was remarkably associated with poor
prognosis for RCC patients (P<0.05). Our results found that
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Table 1 Relationship between miRNA-148a expression and
clinicopathological features of renal cell carcinoma

Number of MiRNA-148a expression
Parameters P value
cases High Low
Age (years) 0.850
<60 16 10 6
>60 26 17 9
Gender 0.461
Female 22 13 9
Male 20 14 6
T stage 0.628
T1-T2 26 15 11
T3-T4 16 10 6
Lymph node metastasis 0.172
Yes 14 7 7
No 28 20 8
Distance metastasis 0.024
Yes 11 4 7
No 31 23 8

miR-148a serve as a new biological indicator of malignant
progression of RCC.

Over-expression of miR-148a inhibited cell proliferation
and metastasis

The miR-148a mimics model was performed and verified
by RT-PCR for transfection efficiency (Figure 24). CCK-
8, cell scratch assays, and transwell migration were
conducted in 786-O and Caki-1cell lines. Figure 2B showed
that the miR-148a mimics group had significantly lower
proliferation compared to the miR-NC group. Subsequently,
the transwell migration suggested that the number of
perforated RCC tumor cells in the miR-148a mimics group
was significantly reduced compared to the miR-NC group
(Figure 2C). In addition, according to the scratch assays
performed on RCC cells using miR-148a mimics, the ability
of these cells to crawl was also considerably decreased
compared to miR-NC cells (Figure 2D). These results
indicated that the miR-148a over-expression inhibited cell
proliferation and metastasis.
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WNT10a was bighly expressed in RCC tissues and cell

lines

By bioinformatics prediction, we found that WNT10a
might be a possible target of miR-148a. We further verify
the targeting of miR-148a to WNT10a, miR-148a, and
WNT10a were co-transfected into 786-O and Caki-1cell
lines for luciferase reporter gene experiments. Our results
showed that miR-148a is targeted by WNT10a via this
binding site (Figure 34). Furthermore, Figure 3B showed
that WNT10a expression levels were remarkably reduced
after overexpression of miR-148a in the 786-O and Caki-
1. The above series of experiments showed that miR-148a
can affect the malignant progression of RCC by regulating
WNT10a. Subsequently, we performed RT-PCR to detect
the WNT10a expression in cell lines and tissues, and the
results showed that the WNT10a expression levels were
significantly increased compared to these of the adjacent
tissues (Figure 3C). In addition, WNT10a was remarkably
highly expressed in RCC cells compared to SV-HUC-1, and
the difference was also statistically significant (Figure 3D).
Therefore, the miR-148a and WNT10a expressions were
remarkably negatively correlated (Figure 3E).

MiR-148a exactly inhibited WNT10a gene expression in
RCC

We further explore whether miR-148a inhibit malignant
progression by WNT10a, WNT10a was overexpressed
in Caki-1 cell lines transfected with miR-148a and miR-
NC mimics to investigate their role in RCC by RT-PCR.
We examined the transfection efficiency of WNTI10a
(Figure 44). Subsequently, the CCK-8 assay, transwell
migration assay, and cell scratch assay demonstrated that
WNT10a overexpression could offset the miR-148a mimics
on RCC cells proliferation and metastasis (Figure 45-4D).
In sum, these results demonstrated that miR-148a regulated
the RCC cells’ proliferation and metastasis via inhibition of
WNT10a gene expression.

WNT10a reversed the apoptosis of MiR-148a after As,0;
treatment of Caki-1 cells

To investigate the effect of miR-148a on RCC cell
proliferation, we assessed the ability of miR-148a to
sensitize Caki-1 cells treated with As,O; using flow
cytometry. We detected relative apoptosis after As,O; was
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treated with or without miR-148a mimics for 48 hours.
The Caki-1 cells were treated with As,O; at a concentration
of 0.5 pM for 48 hours. After transfection of miR-148a
mimics into the Caki-1 cell line, apoptosis was significantly
enhanced after combined treatment compared with As,O;
treatment alone. In contrast, apoptosis was significantly
reduced after transfection of WNTI10a in the Caki-1 cell
line, and significantly reduced after combined treatment

(Figure 5).
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Discussion

Around 90% of kidney cancers are classifies as RCC, which
is a very invasive and chemoresistant disease and responds
poorly to radiotherapy. The incidence of RCC has increased
worldwide at an annual rate of 1.5-5.9% and accounts for
about 3% of all human cancers. Almost 25-30% patients
with RCC have metastatic disease at the time of diagnosis

and survival outcomes for these patients are suboptimal, and
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the 5-year progression-free survival rate of only 30% (1-4).
Therefore, finding new effective treatment methods for
RCC provides new theoretical basis for treatment of tumors,
and has important clinical significance for improving the
survival rate and cure rate of cancer patients (9-12).

The miRNA is a class of endogenous single-stranded
small RNA that regulate life activities. Although miRNAs do
not encode proteins themselves, they can regulate the target
gene expression by binding completely or incompletely to
the 3'-UTR, resulting in a target gene mRINA degradation
or inhibition of its protein expression (14,15). A number
of studies have found that the dysregulation of miRNA
expression is an important factor in tumorigenesis and
progression, suggesting that the mechanisms by which
miRNAs work are important for developing new strategies
for cancer prevention and treatment. Numerous studies
have investigated the regulatory mechanisms of miRNAs
expression in tumorigenesis and development (24,25). Since
2007, people began to characterize the transcriptome of
renal cell carcinoma, and often followed up, using more
centralized technology, focusing on using the characteristics

© Translational Andrology and Urology. All rights reserved.

of renal cell carcinoma as a diagnostic and prognostic
tool. Several studies have paired maladjusted miRNAs
with complementary specific genes based on the 3'-UTR
sequence of RCC sample genes with mRNA targets that
predict seeds (26). These bioinformatics analyses have led to
a large number of hypothetical miRNA mRNA networks.
Each target gene may be affected by multiple miRNAs and
miRNA families. Many miRINAs that predict the interaction
with tumor pathway related genes are significantly up-
regulated or down regulated in other tumor types, so they
can be regarded as oncogenes or tumor suppressors in
RCC, respectively (27).

Many studies have indicated that miR-148a is a tumor
suppressor (16-18). A study concluded that miR-148a
inhibits the malignant progression of colorectal cancer
by mediating programmed death ligand-1 (PD-L1)
expression (28). Another study (29) showed that miR-
148a inhibits cell invasion and proliferation of esophageal
cancer by targeting Dnmtl. Therefore, we decided to
explore whether miR-148a also exhibits this imbalance
in RCC. In this experiment, the miR-148a expression in
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RCC tissues and the corresponding adjacent tissues was
detected using RT-PCR. Our results showed that miR-
148a level in RCC was remarkably lower than that of the
corresponding cancers, suggesting that miR-148a also had
this dysregulated expression in RCC, and that miR-148a
may play an important inhibitory role in the development
of RCC. Subsequently, in order to further explore the
effect of miR-148a on the biological function of RCC, the
miR-148a mimics model was constructed. The results of
CCK-8, transwell migration assay, and cell scratch assay
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showed that miR-148a can inhibit the cell proliferation and
metastasis of RCC.

A traditional remedy in Chinese medicine, As,O; (ATO)
inhibits growth and promotes apoptosis in many different
cancer cell types. There have been some reports on the
effects of As,O; on RCC. For instance, a study showed that
As,0O; inhibited the A498 renal cancer cells growth through
inducing apoptosis or cell cycle arrest, As,Oj; also decreased
CDK2, CDKG6, and cyclin D1 levels after treatment on
A498 cells. It increases the sensitivity of 786-O cells to
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Figure 5 MiR-148a combined with As,O; promoted Caki-1 cell apoptosis but WINT10x reversed this trend at tolerated concentration. After
Caki-1 cells were treated with miR-148a or As,O;, cells were transfected with WINT10a, and apoptosis was detected by flow cytometry. Data

are expressed as mean = SD, *, P<0.05. As,O;, arsenic trioxide; SD, standard deviation.

radiotherapy (30). It has been found that galectin-3 (Gal-3)
inhibition sensitized human RCC cells to As,O; treatment,
suggesting the potential synergetic use of As,O; and Gal-3
inhibition for RCC treatment (31). These studies indicate
that As,O; may indeed inhibit the RCC cells proliferation
and promote apoptosis. Previous study reported that
epigenetic regulation of miR-148a by As,O; is an important
mechanism of drug resistance (18). Therefore, we speculate
that miR-148a has the same function in RCC.

Numerous studies have shown that miRNAs affect the
development of tumors by regulating their downstream
target genes (32). Therefore, in this experiment, we
used bioinformatics software to predict the downstream
target genes of miR-148a, and found that miR-148a had
a complementary binding site at the 3'-UTR of WNT10a
mRNA, suggesting that miR-148a may target the regulation
of WNT10a expression. To further confirm that WNT10a
was a target gene for miR-148a, we used a dual-luciferase
gene reporter system for further study. This study found
that miR-148a can inhibit the WNT10a expression in RCC
cells. The WNT10a expression decreased with the miR-
148a expression in a dose-dependent manner. In addition,
WNT10a promotes the proliferation and metastasis, and
miR-148a affects the WNT10a expression in RCC cells.
MiR-148a negatively regulated WNT10a, suggesting
that WINT10a may be a target gene for miR-148a. To
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further explore the effect and interaction of miR-148a and
WNTI10a on the progression and development of RCC,
recovery experiments were conducted and verified that the
overexpression of WNT10a can offset the effect of miR-
148a mimics on the proliferation and metastasis of RCC
cells. To investigate the effect of miR-148a on RCC cell
proliferation, we found that As,O; could be treated with or
without miR-148a mimics to promote apoptosis in renal
cancer cells, but WNT10a reversed this trend. Our findings
suggested that there may be a feedback regulation loop,
in which WNT10a can reverse the biological role of miR-
148a in RCC cells, thereby jointly regulating the malignant
progression and drug resistance of RCC.

Conclusions

In summary, the study revealed that miR-148a is associated
with distant metastases and leads to poor prognosis in
RCC patients. Moreover, miR-148a inhibits the malignant
progression and increase the sensitivity of RCC cells to
As,O; by regulating WNT10a.
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