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miR-216a-Sp acts as an oncogene in renal cell carcinoma
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Abstract. MiR-216a-5p has been acknowledged as an oncogene
and is known to be involved in the progression and metastasis
of numerous cancer subtypes. However, the potential role of
miR-216a-5p in renal cell carcinoma (RCC) remains to be eluci-
dated. In the present study, reverse transcription-quantitative
polymerase chain reaction was performed to detect the expres-
sion levels of miR-216a-5p in RCC tissues. Cell counting kit-8,
MTT, wound scratch, Transwell and flow cytometric assays were
performed to establish the biological functions of miR-216a-5p
in RCC. Functional experiments demonstrated that the expres-
sion of miR-216a-5p was upregulated in RCC (P<0.05) and
miR-216a-5p mimics promoted cellular proliferation, viability
and motility, and suppressed apoptosis. Conversely, miR-216a-5p
inhibitor suppressed cellular proliferation, viability, motility and
induced apoptosis. Based on these findings, it was concluded that
miR-216a-5p may function as an oncogene in RCC. MiR-216a-5p
target genes need to be explored and the potential of miR-216a-5p
to be used as a diagnostic or a prognostic biomarker for RCC
needs to be validated by future research.

Introduction

Renal cell carcinoma (RCC), the most common tumor of
the kidney, accounts for about 3% of adult malignancies (1).
Approximately 30% of patients are diagnosed with metastatic
RCC when the disease is discovered and the 5-year survival
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rate is estimated to be ~8% (2). Nearly 80% of RCC is clear
cell RCC (ccRCC), which is characterized by frequent genetic
mutations of the von Hippel Lindau (VHL) (3,4). Patients
with metastatic or recurrent RCC are frequently treated
by mTOR inhibitors or receptor tyrosine kinase (RTK),
which delays the progression of cancer rather than curing
cancer (5,6). Surgical therapy is the only definitive treatment
when RCC is resistant to chemotherapy (7), besides, approxi-
mately 20-40% patients still experience recurrence after the
resection (8).

microRNAs (miRNAs, miRs) belong to a group of short,
non-coding RNAs that are 19-22 bases long and mediate
translational repression and/or RNA degradation by binding to
the 3' untranslated region of the messenger RNA (mRNA) (9).
miRNAs are involved in cellular proliferation, differentiation
and apoptosis by regulating 60% of the protein-coding genes
in the human genome (10). miRNAs are aberrantly expressed
in multiple human cancers and stimulate inappropriate cellular
programs such as invasion and metastasis (11-13). As aberrantly
expressed miRNAs are closely related to tumor initiation and
progression (13-15), it is important to elucidate the function of
aberrantly expressed miRNAs.

Previous studies have demonstrated that miR-216a-5p is
dysregulated in a number of malignancies, such as colorectal
cancer, pancreatic cancer, prostate cancer and liver cancer (16-19).
However, the expression of miR-216a-5p requires quanti-
fication and the role of miR-216a-5p in RCC has not been
investigated to date. In the present study, we investigate the
expression of miR-216a-5p in RCC tissues and cells lines,
and explore the effects of miR-216a-5p on cellular prolifera-
tion, viability, motility and apoptosis by wound scratch assay,
Transwell assay, MTT assay, CCK-8 assay and flow cytometry
assay.

Materials and methods

Sample collection. A total of 24 RCC and matched normal
tissues, resected at Peking University Shenzhen Hospital
(Shenzhen, China) and reviewed by hematoxylin and eosin
staining, were collected for reverse transcription-quantitative
polymerase chain reaction (RT-qPCR). After resection, the
specimens were immersed in RNA later (Qiagen GmbH,
Hilden, Germany) for 30 min and stored at -80°C for further
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use. Additionally, ethics committees of Peking University
Shenzhen Hospital approved this study and written informed
consent for participation was provided by all patients. Clinical
and pathological characteristics of these twenty-four patients
are listed in Table I.

Cell culture. The present study used 293T, ACHN and 786-O
RCC cell lines, cultured in Dulbecco's modified Eagle's
medium (DMEM basic; Gibco; Thermo Fisher Scientific, Inc.,
Waltham, MA, USA) supplemented with 10% fetal bovine
serum (FBS; Gibco), 1% penicillin streptomycin (pen strep;
Gibco) and 1% glutamine (Gibco) in a humidified incubator
containing 5% CO, at 37°C.

RNA extraction, cDNA synthesis and RT-gPCR. TRIzol
(Invitrogen; Thermo Fisher Scientific, Inc.) was used to
extract total RNA, which was then was purified with the
RNeasy Maxi kit (Qiagen GmbH). NanoDrop 2000/2000c
(Thermo Fisher Scientific, Inc.) was used to determine the
concentration of RNA. To obtain the cDNA templates, 1 ug
total RNA of each sample was used for reverse transcription
using miScript Reverse Transcription kit (Qiagen GmbH),
and the temperature for the reverse transcription reaction was
37°C for 60 min, 95°C for 5 min and storage at 4°C. To detect
the expression level of miR-216a-5p, qPCR was performed
with miScript SYBR®-Green PCR kit (Qiagen GmbH) on
the Roche Lightcycler 480 Real-Time PCR system (Roche
Diagnostics, Basel, Switzerland). The temperature for gPCR
was 95°C for 1 min, 40 cycles of 95°C for 15 sec, 55°C for
30 sec and 72°C for 30 sec. In addition, the sequences of the
primers of miR-216a-5p and internal control (U6), used in
PCR, are indicated in Table II. The expression of miR-216-5p
was analyzed with the 2244 method (20).

Cell transfection. The synthesized miR-216a-5p mimics
(GenePharma, Shanghai, China) were transfected into the
786-0 and ACHN cells to upregulate the expression levels of
miR-216a-5p. Similarly, synthesized miR-216a-5p inhibitor
(GenePharma) was transfected into the 786-O and ACHN
cells to decrease the cellular levels of active miR-216a-5p.
Lipofectamine 2000 (Invitrogen), mixed in the Opti-MEM®
I Reduced Serum Medium (Gibco), was used for transfec-
tion. RT-qPCR was performed to analyze the changes of
miR-216a-5p expression after transfection.

Wound scratch assay. The cell migration of 786-O and ACHN
cells was assessed by a wound scratch assay. Each well of the
12-well plate was seeded with ~300,000 cells and the cells
were incubated for 24 h. Then Lipofectamine® 2000 was used
for transfection of cells with 40 pmol of miR-216a-5p mimics,
negative control (NC), inhibitors or inhibitor NC. A scratch was
introduced in the cell monolayer with a 200 ul pipette tip 6 h
after transfection. The initial images of the scratch at 0 h and
the residual length of the scratch at 12 h were captured by a
digital camera system. At least three pictures were taken for
each experiment. Each experiment was performed in triplicates
and repeated at least three times.

Transwell assay. The migratory and invasive ability of 786-O
and ACHN cells were assessed by Transwell assay. Transwell
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Table I. Clinicopathological features of patients with renal cell
carcinoma.

Characteristic Number of patients
Mean age, range (years) 48 (24-63)
Males 8
Females 16
Histological type

Clear cell 21

Papillary 3
pT-stage

T1 15

T2 7

T3+ T4 2
Fuhrmann grade

I 5

II 16

m 2

v 1
AJCC clinical stage

I 7

II 15

m+1v 2

pT, primary tumor; AJCC, American Joint Committee on Cancer.

Table II. Sequences of primers and microRNAs.

Primer/microRNA Sequence (5'-3")
miR-216a-5p

F TAATCTCAGCTGGCAACTGTGA

R Provided by the miScript SYBR®-Green
[8[

F CTCGCTTCGGCAGCACA

R ACGCTTCACGAATTTGCGT
miR-216a-5p mimics

F UAAUCUCAGCUGGCAACUGUGA

R ACAGUUGCCAGCUGAGAUUAUU
NC

F UUCUCCGAACGUGUCACGUTT

R ACGUGACACGUUCGGAGAATT
miR-216a-5p UCACAGUUGCCAGCUGAGAUUA
inhibitor
NC inhibitor CAGUACUUUUGUGUAGUACAA

miR, microRNA; NC, negative control

chamber inserts (BD Biosciences, Franklin Lakes, NJ, USA)
with or without Matrigel (for invasion) were used to analyze
cell migration and invasive ability respectively. In total,
~1x10* transfected cells were seeded in the upper compart-
ment of the chamber with 200 ul serum-free medium, while
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Figure 1. Expression of miR-216a-5p in 24 paired RCC tissues, adjacent normal tissues and cell lines. (A) Log, ratios (T/N) of miR-216a-5p in 24 paired tissues.
(B) The relative expression of miR-216a-5p in RCC and normal tissues. (C) The relative expression of miR-216a-5p in 293T cell line, ACHN and 786-O RCC
cell lines. (D) The relative expression of miR-216a-5p in ACHN and 786-O cells following transfection with miR-216a-5p mimic or NC and miR-216a-5p
inhibitor or inhibitor NC. "P<0.05, “P<0.01, “"P<0.001. miR, microRNA; NC, negative control; T, RCC tissues; RCC, renal cell carcinoma; N, normal tissues.

medium with 10% FBS was added to the lower chamber.
Following migration for 36 h, enough cells migrated to
the bottom of chamber, and the invasion time was 48 h. A
microscope was used for counting the crystal violet stained
migrated cells.

3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide
assay (MTT assay). The viability of 786-O and ACHN
cells were assessed by MTT assay. Each well of the 96-well
plate was seeded with ~5,000 cells. The cells were trans-
fected with 5 pmol miR-216a-5p mimics, NC, inhibitors and
inhibitor NC. A total of 4 days after transfection, 20 yl MTT
(5 mg/ml; Sigma-Aldrich, St. Louis, MO, USA) was added to
each well and incubated for 4 h. The medium with MTT was
replaced by 100 ul dimethyl sulfoxide (Sigma-Aldrich; Merck
Millipore). Subsequently, the 96-well plate was shaken using
a by reciprocating decolorization shaking table (TSB-108;
Qilinbeier, Jiangsu, China) for 10 min in a dark room and the
optical density (OD) was determined by an ELISA microplate
reader (Bio-Rad Laboratories, Inc., Hercules, CA, USA) at
595 nm. MTT assay was performed in triplicates and repeated
at least three times.

Cell counting kit-8 assay (CCK-8 assay). The proliferative ability
of 786-0O and ACHN cells were assessed by CCK-8 (Beyotime
Institute of Biotechnology, Haimen, China). The 96-well plate
with ~5,000 cells/well was transfected with 5 pmol miR-216a-5p
mimics, NC, inhibitors and inhibitor NC after 24 h. At t 0, 24,
48 and 72 h after transfection, 10 ul of CCK-8 was added to
each well for 30 min and the OD at a wavelength of 490 nm was
recorded using an ELISA microplate reader. CCK-8 assay was
performed in triplicates and repeated at least three times.

Flow cytometry assay. The apoptotic rates of 786-O and ACHN
cells were assessed by flow cytometry assay. Approximately
3x10° cells transfected with 200 pmol miR-216a-5p mimics, NC,
inhibitors or inhibitor NC were harvested from a 6-well plate and
the rates of apoptosis were detected by Annexin V-FITC apop-
tosis detection kit (Invitrogen). The cells were mixed with 100 pl
1X binding buffer and stained with 5 ul Annexin V-fluorescein
isothiocyanate and 5 ul propidium iodide in a dark at room
temperature. After 15 min, 400 ul 1X binding buffer was added
to each cell suspension. The apoptotic rate of each cell suspen-
sion was analyzed by flow cytometry (EPICS, XI-4; Beckman
Coulter, Inc., Brea, CA, USA). Flow cytometry assay was
performed in triplicates and repeated at least three times.

Statistical analysis. All data for expression levels of
miR-216a-5p in matched tumor/normal tissues and different
cells were analyzed by paired t-tests. However, relative expres-
sion of miR-216a-5p in cells was analyzed by one-way analysis
of variance followed by Dunnett's test. All data characterizing
the phenotypes of cells were analyzed by Student's t-test using
SPSS 19.0 (IBM SPSS, Armonk, NY, USA). P<0.05 was
considered as statistically significant difference.

Results

MiR-216a-5p is upregulated in RCC tissues and cell lines.
The expression levels of miR-216a-5p in 24 paired RCC
tissues and cell lines were explored by RT-qPCR. As shown
in Fig. 1A, miR-216a-5p was upregulated in the RCC tissues.
Relative expression of miR-216a-5p is shown in Fig. 1B. The
mean relative expression of RCC tissues was 2.07 (P<0.05). As
demonstrated in Fig. 1C, the expression levels of miR-216a-5p
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Figure 2. Proliferative ability of (A and B) ACHN and (C and D) 786-0 cells transfected with (A and C) miR-216a-5p mimic or NC and (B and D) miR-216a-5p
inhibitor or inhibitor NC were assessed by CCK-8. "P<0.05, “P<0.01, ““P<0.001. NC, negative control; OD, optical density; CCK-8, Cell Counting kit 8.

in 293T cell line was significantly lower when compared with
RCC cell lines ACHN (P<0.05) and 786-0O (P<0.05).

Validation of cell transfection efficiency. The transfection
efficiency of miR-216a-5p mimic group and inhibitor group
was explored by RT-qPCR. As shown in Fig. 1D, the expres-
sion levels of miR-216a-5p were 538.68-fold higher in ACHN
cells (P<0.01) after transfection with miR-216a-5p mimic and
75.93-fold higher in 786-0O cells (P<0.01) when compared
with NC group. The expression levels of miR-216a-5p
was 0.09 times in ACHN cells (P<0.001) transfected with
miR-216a-5p inhibitor and 0.35 times in 786-0O cells (P<0.01)
when compared with the inhibitor NC group.

MiR-216-5p promotes RCC cell proliferation. The prolif-
erative ability of miR-216a-5p was validated by CCK-8 assay
in vitro. The results revealed that the proliferative ability of
mimic group was increased by 19.99% (24 h; P<0.01), 9.72%
(48 h; P<0.05) and 26.50% (72 h; P<0.001) in the ACHN cells
(Fig. 2A), while the proliferative ability was reduced in the
inhibitor group by 12.99% (24 h; P<0.05),7.13% (48 h; P<0.05)
and 15.68% (72 h; P<0.001) (Fig. 2B). Similarly, proliferative
ability of mimic group was significantly increased by 9.50%
(24 h; P<0.05), 15.20% (48 h; P<0.05) and 29.48% (72 h;
P<0.01) in the 786-0 cells (Fig. 2C), while the inhibitor group
was reduced by 20.19% (24 h; P<0.01), 16.85% (48 h; P<0.01)
and 27.42% (72 h; P<0.001) (Fig. 2D).

miR-216-5p increases the RCC cell viability. The viability
of miR-216a-5p on RCC cell was validated by MTT assay
in vitro. As shown in Fig. 3, cell viability after transfection
with the miR-216a-5p mimic increased by 35.08% (P<0.01) in
ACHN cells and by 20.56% (P<0.01) in 786-0O cells. Inversely,
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Figure 3. Viability of ACHN and 786-0O cells transfected with miR-216a-5p
mimic or NC and miR-216a-5p inhibitor or inhibitor NC were measured using
MTT assay. “P<0.01, ""P<0.001. miR, microRNA; NC, negative control.

viability of cells transfected with the miR-216a-5p inhibitor
was reduced by 39.82% (P<0.001) in ACHN cells and by
26.19% (P<0.01) in 786-0 cells.

MiR-216-5p promotes RCC cell motility. The effect of
miR-216a-5p on cell motility of RCC cells was validated by a
wound scratch assay and the Transwell assay (Figs. 4 and 5).
The results of the wound scratch assay demonstrated that the
distance migrated by the cells transfected with miR-216a-5p
mimic was increased by 53.49% (P<0.01; Fig. 4B) in ACHN
cells and by 36.84% (P<0.05; Fig. 5B) in 786-0 cells at 12 h
post-transfection. In contrast, the distance migrated by cells
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transfected with miR-216a-5p inhibitor was reduced by 23.93%
(P<0.05; Fig. 4C) in ACHN cells and by 38.42% (P<0.05;
Fig. 5C) in 786-0 cells at 12 h post-transfection.

As demonstrated in Fig. 6, the results of the Transwell
assay indicated that the cell migration for the mimic group
was increased significantly by 48.57% (P<0.05) in the 786-O
cells (Fig. 6B) and by 75.81% (P<0.05) in ACHN cells
(Fig. 6C), while the cell migration in the inhibitor group was

reduced by 44.75% (P<0.05) in 786-0 cells (Fig. 6B) and
by 64.45% (P<0.01) in ACHN cells (Fig. 6C). Similarly, the
invasive ability of mimic group was increased significantly by
154.14% (P<0.01) in the 786-0 cells (Fig. 6B) and by 92.8%
(P<0.05) in ACHN cells (Fig. 6C), while the invasiveness in
the inhibitor group was reduced by 45.61% (P<0.05) in the
786-0 cells (Fig. 6B) and by 49.24% (P<0.01) in ACHN
cells (Fig. 6C).
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MiR-216-5p suppresses apoptosis. The results of the flow
cytometry (Figs. 7 and 8), showed that the early apoptotic rate
of the mimic group was 4.14%+0.44 vs. 11.8%+0.40 (P<0.01)
in ACHN cells (Fig. 7B) and 4.15%=+0.26 vs. 16.46%+0.78
(P<0.01) in 786-0 cells (Fig. 8B), while the apoptotic rate in
the inhibitor group was 21.46%=0.75 vs. 11.76%=+0.31 (P<0.05)
in ACHN cells (Fig. 7C) and was 27.66%=0.93 vs. 13.7%+0.58
(P<0.05) in 786-0 cells (Fig. 8C).

Discussion

miRNAs play a significant role in tumorigenesis and have
been associated with proliferation, differentiation and apop-
tosis by activating cancer-promoting genes or dysfunction
of tumor suppressor genes (21). Available research literature
suggests that higher or lower expression of miR-216a-5p
occurs in a variety of cancers. Some studies have shown that
the expression levels of miR-216a-5p is downregulated in
colorectal cancer (16) and pancreatic cancer (17), while others
have reported upregulated levels of miR-216a-5p in prostate
cancer (18) and liver cancer (19). Intracellular environments
of different cells were diversiform, so the signaling pathways
of miR-216-5p were described in certain types of tumor. In
the present study, miR-216a-5p was implicated in RCC, which
was observed to be highly expressed when compared to the
expression levels in the normal tissues.

In colorectal cancer, miR-216a-5p is known to decrease
migration, invasion and inhibit metastasis by targeting
KIAA1199. MiR-216a-5p in colorectal cancer has been
shown to be upregulated and is responsible for maintaining
the aggressive phenotype of tumor cells (16). Hou er al (22)
have demonstrated that miR-216a-5p significantly inhibits cell
growth and promotes cell apoptosis by targeting the Janus
kinase 2 (JAK2) and transcription 3 (STAT3) in pancreatic
cancer (22). In another previous study about pancreatic cancer,

miR-216a-5p has been shown to decrease cell viability and
induce cell apoptosis by silencing MALAT1 expression (23).
In addition, miR-216a-5p is also reported to be upregulated
in prostate cancer and could inhibit bicalutamide-mediated
growth suppression (18). In hepatocellular carcinoma (HCC),
overexpression of miR-216a/217 promotes cell population,
migration, and metastatic ability by targeting PTEN and
SMAD7 (19). Chen et al (24) also demonstrated that the three
target sites at its 3' untranslated region of TSLC1 were targeted
by miR-216a-5p, and miR-216a-5p was observed to be signifi-
cantly upregulated in cancerous liver tissues (24).

The functional role of miR-216a-5p in RCC has not
been reported in previous studies and this is the first study
to show that the functional significance of the upregulated
miR-216a-5p, which promotes proliferation, viability,
mobility and suppresses apoptosis in 786-O and ACHN
cells. Conversely, downregulated miR-216a-5p suppressed
proliferation, viability, motility and induced apoptosis in
786-0 and ACHN cells. Based on these results, we postulate
that tumorigenesis was promoted by miR-216a-5p, which acts
as an oncogene in RCC.

In addition to being associated with RCC, miR-216a-5p
was found to be a potential biomarker for the early identifica-
tion of severe acute pancreatitis (25). Li et al (26) have also
reported that that miR-216a-5p is involved in diabetes and
targeted genes including ANGPTL4, ANXA9, CFH, CHI3L2
and INPP4B (26). Mansego et al (27) found that miR-216a-5p
might be involved in miRNA mediated epigenetic regulation
in childhood obesity and the coding regions of miR-216a-5p
were methylated (27). Furthermore, it was suggested that
miR-216a-5p had an impact on chronic kidney diseases (28),
nephrotic syndrome (29) and end-stage failing hearts (30).

In summary, in the present study, we report for the first time
that miR-216a-5p is upregulated in RCC tissues. Also, our data
shows that miR-216a-5p is involved in cellular proliferation,
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isothiocyanate; NC, negative control.
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Figure 8. (A) Flow cytometry results of apoptosis in 786-0 cells. Q3 was used to calculate the apoptotic rates. Cell apoptosis rate (%) of cells following
transfection with (B) miR-216a-5p mimic or NC and (C) miR-216a-5p inhibitor or inhibitor NC. "P<0.05, “P<0.01. miR, microRNA; FITC, fluorescein
isothiocyanate; NC, negative control.

viability, cell motility and apoptosis. Furthermore, regulating
the expression of miR-216a-5p and further research on the

targets of miR-216a-5p may pave the way for development
of novel therapeutics against renal cancer in the future. It
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is important to test the expression of miR-216a-5p in more
patients to get more accurate information about the relationship
between clinicopathological features and the expression of
miR-216a-5p. So, we will explore the clinicopathological
features in further study.
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