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miR-199b-5p serves as a tumor suppressor in renal cell carcinoma
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Abstract. MicroRNA (miR)-199b-5p has been reported to
have a critical role in various types of malignancy. However,
the exact function miR-199b-5p in renal cancer remains to
be fully elucidated. The present study aimed to detect the
expression levels of miR-199b-5p in renal cell carcinoma
(RCC) tissues and RCC cell lines, and investigated the effect
of miR-199b-5p in vitro with Cell Counting Kit-8, MTT,
scratch wound, Transwell and flow cytometric assays. The
results demonstrated that the expression levels of miR-199b-5p
were significantly downregulated in RCC tissues and cell
lines compared with those in paired adjacent normal renal
tissues and a reference cell line, respectively. Downregulation
of miR-199b-5p by transfection with a synthetic inhibitor
promoted cellular proliferation and migration, while reducing
the apoptotic rate, indicating that miR-199b-5p may serve as a
tumor suppressor in RCC. Further study is required to identify
target genes of miR-199b-5p to elucidate the mechanisms
underlying the role of miR-199b-5p in the occurrence and
development of RCC.

Introduction

Renal cell carcinoma (RCC) accounts for 3% of all malignant
tumors; ~270,000 new cases are diagnosed and ~116,000
RCC-associated mortalities occur worldwide per annum (1,2).
Furthermore, 25-30% of patients have already developed
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metastatic disease at the time-point of diagnosis (3). The
5-year survival rate of RCC patients at stage I is ~95%, but
that of patients at stage IV is only 20% (4). Thus, early detec-
tion and treatment of RCC are important. However, RCC is
resistant to conventional chemotherapy and radiotherapy, and
there is a lack of effective biomarkers for screening (4,5).
Therefore, novel therapeutic methods and biomarkers should
be developed to improve RCC diagnosis and treatment.

MicroRNAs (miRNAs/miRs), a class of RNAs of
~20 nucleotides in length, regulate gene expression at the
post-transcriptional level and are involved not only in normal
biological processes, but also in tumorigenesis (6). Increasing
evidence has indicated that the expression of various miRNAs
is aberrantly regulated in different cancer types (7). Previous
studies have demonstrated that certain miRNAs are involved
in RCC. However, the role of miR199b-5p in RCC has
remained elusive. In the present study, a series of experiments
was performed to investigate the effect of miR-199b-5p on
RCC cell lines.

Materials and methods

Specimens and cell lines. RCC tissues and paired adjacent
normal tissues (located 2.0 cm outside of the visible RCC
lesions) were collected from 42 patients undergoing surgery
at Peking University Shenzhen Hospital (Shenzhen, China).
None of the patients had received any anti-cancer treatment
prior to the surgery. All selected cases have been pathologi-
cally diagnosed. All of above tissues were stored at -80°C until
the RNA was extracted. Patient characteristics are presented
in Table I.

The ACHN and 786-O RCC cell lines and the 293T refer-
ence cell line were obtained from the American Type Culture
Collection (Manassas, VA, USA) and the Type Culture
Collection of the Chinese Academy of (Shanghai, China),
respectively. The human RCC cell lines (786-O and ACHN)
were originally obtained from the American Type Culture
Collection (Manassas, VA, USA). The human embryo kidney
cell line 293T (293T) was purchased from the Type Culture
Collection of the Chinese Academy of Medical Sciences
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(Shanghai, China). All of them were cultured in Dulbecco's
modified Eagle's medium (DMEM; Invitrogen; Thermo
Fisher Scientific, Inc., Waltham, MA, USA), with 10% fetal
bovine serum (FBS; GE Healthcare, Little Chalfont, UK),
1% glutamine and 1% antibiotics (100 U/ml penicillin and
100 mg/ml streptomycin; Gibco; Thermo Fisher Scientific,
Inc.). All cells were cultured in an incubator at 37% in a
humidified atmosphere with 5% CO,.

RNA extraction and reverse transcription-quantitative
polymerase chain reaction (RT-gPCR). Total RNA from
tissues and cells was isolated with TRIzol reagent (Invitrogen;
Thermo Fisher Scientific, Inc.) and purified with the RNeasy
Maxi kit (Qiagen, Hilden, Germany) according to the manufac-
turer's instructions. After determining the RNA concentration
with a NanoDrop 2000c (Thermo Fisher Scientific, Inc.), the
miScript II RT kit (Qiagen) was applied to reverse-transcribe
miRNA to complementary (c)DNA. The expression levels of
miR-199b-5p were measured with a miScript SYBR®™ Green
PCR Kit (Qiagen) by real-time qPCR on the Roche Lightcycler
480 Real-Time PCR System (Roche Diagnostics, Basel,
Switzerland). The 10-ul reaction mixture contained 5 ul 2X
QuantiTect SYBR Green PCR Master mix, 3.7 ul RNase-free
water, 1 ul cDNA template, 0.4 ul specific miRNA primer
and 10X miScript Universal Primer. The forward primer of
miR-199b-5p had the sequence 5'-CCCAGUGUUUAGACU
AUCUGUUC-3' and the reverse primer was a universal
primer, provided with the miScript SYBR® green PCR Kit.
U6 was used as an internal control. The forward primer of U6
was 5'-CTCGCTTCGGCAGCACA-3' and the reverse primer
was 5-ACGCTTCACGAATTTGCGT-3'. The reaction condi-
tions were as follows: 95°C for 2 min and 40 cycles of 95°C for
10 sec, 55°C for 30 sec and at 72°C for 30 sec. The expression
levels of miR-199b-5p in tissues and cell lines were analyzed
by the AACq method (8).

Cell transfection. According to the manufacturer's protocol,
the expression levels of miR-199b-5p in ACHN and 786-O cells
were transfected with 5 ml miR-199b-5p inhibitor (5'-GAACAG
AUAGUCUAAACACUGGG-3'; Shanghai GenePharma, Co.,
Ltd., Shanghai, China) or inhibitor negative control (5'-CAG
UACUUUUGUGUAGUACAA-3"; Shanghai GenePharma,
Co., Ltd.) by using Lipofectamine® 2000 (Invitrogen; Thermo
Fisher Scientific, Inc.) and Opti-MEM® I Reduced Serum
Medium (Gibco; Thermo Fisher Scientific, Inc.). The efficiency
of transfection was detected using RT-qPCR after 24 h.

Cell Counting Kit-8 (CCK-8) assay. The proliferation ability
of ACHN and 786-O cells was assessed using a CCK-8
assay (Beyotime Institute of Biotechnology, Haimen, China)
according to the manufacturer's protocol. ACHN or 786-O
cells were respectively seeded in each well of a 96-well plate
at 5x10° cells/well, cultured for 24 h and then transfected with
miR-199b-5p inhibitor or inhibitor negative control (NCin). At
0, 24, 48 and 72, 10 ul CCK-8 stain was added to each well,
followed by further culture for 30 min in the dark at 37°C in
a humidified atmosphere with 5% CO, prior to measurement
of the optical density (OD) value with an ELISA microplate
reader at a wavelength of 450 nm (with 620 nm as the reference
wave length).

437

MTT assay. The number of viable ACHN and 786-0O cells
was detected using an MTT assay. ACHN or 786-0O cells
were respectively seeded in each well of a 96-well plate at
5x10° cells/well, cultured for 24 h and then transfected with
miR-199b-5p inhibitor or NCin by using Lipofectamine® 2000.
After4 days of incubation,20 xl MTT (5 mg/ml; Sigma-Aldrich;
Merck KGaA, Darmstadt, Germany) was added to each
well of 96-well plate. After culture for 4 h, the medium was
discarded and 100 gl dimethylsulfoxide (Sigma-Aldrich;
Merck KGaA) was added to each well, followed by incubation
under exclusion of light with agitation at room temperature for
10 min. Subsequently, an ELISA microplate reader (Bio-Rad
Laboratories, Hercules, CA, USA) was used to measure the
OD value of each well at a wavelength of 595 nm (with 620 nm
as the reference wavelength).

Transwell migration and invasion assay. The migration and
invasion ability of the ACHN and 786-0O cells in vitro was
measured using a Transwell assay. The Transwell chambers
(pore size, 8 um; cat. no. 3422; BD Biosciences, Franklin
Lakes, NJ, USA) with Matrigel® were applied to evaluate the
invasion ability, while Transwell chambers without Matrigel®
were applied to evaluate the migration ability. After transfec-
tion for 24 h, ~2x10* ACHN or 786-0 cells were added into
each of the upper chambers with serum-free medium, while
DMEM with 10% FBS was added to the lower chamber. The
chambers were incubated for 48 h at 37°C, and subsequently,
the cells that had transgressed through the filter/membrane
on the lower side were fixed with 4% paraformaldehyde and
then stained with 0.1% crystal violet at room temperature for
25 min. The cells in the bottom of the chamber were then
counted using a microscope (magnification, x100).

Scratchwound assay. A scratch wound assay was used to assess
the migration ability of the 7860 and ACHN cells in vitro. The
cells were seeded in a 6-well plate at 1x10° cells/well. After
24 h, they were transfected with miR-199b-5p inhibitor and
NCin by using Lipofectamine® 2000 for 24 h, and a vertical
line was scratched with a sterile 1-ml pipette tip. Images of
the scratches were respectively captured under a microscope
(magnification, x100; Optical digital microscope; Olympus
Corporation, Tokyo, Japan) at 0 and 12 h.

Flow cytometric assay. The apoptotic rates of ACHN and
786-0 cells in vitro were measured by a flow cytometric assay.
Following the manufacturer's protocols, ACHN or 786-0 cells
were incubated in each well of a 6-well plate at a concentration
of 1x10° cells/well and transfected with miR-199b-5p inhibitor
or NCin. After 24 h of incubation, the ACHN or 786-0O cells
were collected, washed twice with cold PBS and then resus-
pended in a flow cytometry tube in 100 xl 1X binding buffer.
Next, 5 ul Annexin V-fluorescein isothiocyanate (Invitrogen;
Thermo Fisher Scientific, Inc.) and 5 ul propidium iodide
(Invitrogen; Thermo Fisher Scientific, Inc.) were added to
each sample, followed by incubation under the exclusion of
light at room temperature for 15 min. Finally, after addition
of 400 pl 1X binding buffer to each tube, the apoptotic rate
of the ACHN or 786-0 cells was analyzed by flow cytometry
(EPICS XI1-4; Beckman-Coulter, Brea, CA, USA). All assays
were repeated at least 3 times.
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Statistical analysis. Values are expressed as the mean + standard
error. Differences between pairs of groups were analyzed
by using Student's t-test, while the paired t-test was used to
compare the expression levels of miR-181a-5p in corresponding
tumor/normal tissues. Prior to the t-test, a normality test had
been performed to confirm the normal distribution of the data.
Comparisons between cell lines were performed using one way
analysis of variance followed by a Tukey's post-hoc test. The
SPSS 23.0 statistical software package (IBM Corp., Armonk,
NY, USA) was applied for statistical analysis. P<0.05 was
considered to indicate a statistically significant difference.

Results

miR-199b-5p is downregulated in RCC tissues and cell lines.
The ratios of the expression of miR-199b-5p in RCC tissues
vs. adjacent normal tissues are presented in Fig. 1A. As
displayed in Fig. 1B the expression levels of miR-199b-5p in
RCC tissues were significantly lower than those in adjacent
normal tissues (1.000+0.257 vs. 3.572+0.729; P<0.05). The
results on renal cell lines suggested that the relative expres-
sion levels of miR-199b-5p were higher in 293T (1.000+0.025)
than those in 786-0 (0.771x£0.064; P<0.05) and ACHN cells
(0.667+0.063; P<0.01; Fig. 2).

Cell transfection efficiency. RT-qPCR was used to measure
the knockdown efficiency of miR-199b-5p inhibitor compared
with NCin. The results indicated that after transfection with
miR-199b-5p inhibitor for 24 h, the expression levels of
miR-199b-5p in 786-O and ACHN cells were decreased to
60 and 21%, respectively, of those in the NCin-transfected
group (P<0.01; Fig. 3).

Inhibition of miR-199b-5p promotes ACHN- and 786-0-cell
proliferation. The proliferation ability of the ACHN and
786-0 cells was assessed with a CCK-8 assay. The results
suggested that the inhibition of miR-199b-5p enhanced the
proliferation of the ACHN and 786-0 cells. At 24,48 and 72 h
of incubation, respectively, the proliferation rate of the ACHN
cells transfected with miR-199b-5p inhibitor was increased by
15.42, 11.80 and 13.47% of that of the control (Fig. 4A), and
that of 786-0 cells was increased by 17.21, 54.95 and 69.49%
(Fig. 4B; P<0.05 or <0.01 for all).

The number of viable cells was also determined with an
MTT assay. The results suggested that after 4 days of incu-
bation, the viability of ACHN and 786-O cells transfected
with miR-199b-5p inhibitor were 1.3 and 1.2 times increased
compared with that in the NCin-transfected group (P<0.001
and P<0.05; Fig. 4C and D, respectively).

Inhibition of miR-199b-5p promotes ACHN and 786-0
cell motility. In order to assess the effect of miR-199b-5p in
the motility of ACHN and 786-O cells, a Transwell assay
and a scratch wound assay were performed. As presented
in Fig. 5A and B, the results of the Transwell migration
assay indicated that the migratory ability of ACHN cells
transfected with miR-199b-5p inhibitor was increased by
101.39% compared with that in the NCin-transfected group
(P<0.001). Furthermore, the migratory ability of 786-O cells
transfected with miR-199b-5p inhibitor was increased by

EXPERIMENTAL AND THERAPEUTIC MEDICINE 16: 436-444, 2018

Table I. Clinicopathological characteristics of patients with
RCC.

Characteristic Number of cases
Mean age, range (year) 53 (27-72)
Sex (male/female) 33/9
Histological type (clear cell/papillary) 35/7
Fuhrman grade (I/II/ITII/IV) 29/10/2/1
AJCC clinical stage (/II/ITII+IV) 32/9/1

RCC, renal cell carcinoma; AJCC, American Joint Committee on
Cancer.

73.60% compared with that in the NCin-transfected group
(P<0.01; Fig. 5C and D). The Transwell invasion assay indi-
cated that the invasive ability of 786-O cells was increased
by 78.45% following transfection with miR-199b-5p inhibitor
(P<0.01; Fig. 5C and D); however, the effect of miR-199b-5p
inhibitor on the invasion of ACHN cells was not significant
(Fig. 5A and B).

The results of the scratch wound assay demonstrated
that the migratory ability of ACHN cells transfected with
miR-199b-5p inhibitor was increased by 65.00% compared with
that in the NCin-transfected group (P<0.001; Fig. 6A and B).
Furthermore, 786-0 cells exhibited a 213.30% increase in
cell migration after transfection with the inhibitor (P<0.001;
Fig. 6C and D).

Inhibition of miR-199b-5p reduces the apoptotic rate of
ACHN and 786-0 cells. A flow cytometric assay was applied
to analyze the effect of miR-199b-5p inhibitor on the apoptotic
rate of RCC cells. The results indicated that the apoptotic rate
of ACHN cells transfected with miR-199b-5p inhibitor or NC
in was 13.267+0.433 vs. 19.133+1.161% (P<0.01), while that
of 786-0 cells was 13.167+0.353 vs. 17.367+0.536% in the
miR-199b-5p inhibitor and NCin group, respectively (P<0.01;
Fig. 7). Propidium iodide was used to distinguish between
viable early cells and necrotic or late apoptotic cells. Therefore,
the cells in the upper right quadrant contains necrotic cells
and the population in the lower right quadrant of the flow
cytometry dot plots represents the early apoptotic cells. The
aforementioned data were the average result of three replicates
of experimental data. The graph that was selected was typi-
cally represented. The above results indicated that inhibition
of miR-199b-5p reduced the apoptotic rate of ACHN and
786-0 cells in vitro.

Discussion

The molecular mechanisms of tumorigenesis and tumor
development have remained to be fully elucidated. However,
numerous tumor suppressor genes and oncogenes are known to
be involved in biological processes of tumorigenesis and tumor
development, including the dysregulation of cell proliferation
and apoptosis. According to a growing number of studies,
certain miRNAs have important functions in numerous types
of malignant tumor by regulating the expression of their target
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Figure 2. Expression of miR-199b-5p in the ACHN and 786-O renal cell
carcinoma cell lines and a reference cell line. "P<0.05, “P<0.01. miR,
microRNA.

genes (9). In malignant tumor cells, the expression levels of
certain miRNAs are altered (10). miRNAs are a class of small
non-coding and evolutionarily conserved RNAs of 19-25
nucleotides in length, which regulate mRNA expression at
the post-transcriptional level (11). According to statistics,
~1,500 miRNA sequences have been identified, and >50% of
the genes in the human genome were revealed to be targets
of miRNAs (12). This provides a theoretical basis for the
potential of miRNAs for use in tumor diagnosis, treatment and
prognosis.

A number of studies have suggested that miRNAs
have a crucial role in the occurrence and development of
malignances (13). For instance, Won et al (14) suggested
that miR-199b-5p is involved in Notch signaling pathway
in osteosarcoma. Joshi et al (15) reported that low expres-
sion levels of miR-199b were associated with imatinib
drug resistance in 9q34.1-deleted breakpoint cluster region
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Figure 3. Relative expression of miR-199b-5p after transfection into ACHN
and 786-0 cells. “P<0.01. miR, microRNA; NCin, negative control of
inhibitor.

protein/Abelson murine leukemia viral oncogene homolog
1-positive chronic myeloid leukemia patients. In addition, a
study by Fang et al (16) demonstrated that downregulation
of miR-199b-5p is correlated with aggressive clinical char-
acteristics of breast cancer. Furthermore, growing evidence
has indicated that miR-199b-5p acts as a biomarker in various
cancer types, including acute myeloid leukemia (AML) and
hepatocellular carcinoma (17,18). Furthermore, a study by
Favreau et al (17) indicated that downregulation of miR-199b
is correlated with a worse overall survival of AML patients
and appears to be a promising prognostic marker for the
French-American-British M5 subtype. Apart from the above
studies, abnormal expression levels of miR-199b has been
reported in other tumor types, including ovarian cancer (19),
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prostate cancer (20), human osteosarcoma (21) and medul-
loblastoma (22), while it has largely remained to be elucidated
in RCC.

In the present study, the expression levels of miR-199b-5p
in RCC tissues and cell lines were quantified by RT-qPCR,
revealing that miR-199b-5p was downregulated in RCC. As
presented in Fig. 1A, the expression of miR-199b was still
upregulated in certain patients; however, this may be due to
instrumental measurement errors and the small quantity of
specimens used. The present study assessed the function of
miR-199b-5p in RCC in vitro by performing a CCK-8, MTT
assay, scratch wound, Transwell and flow cytometric assays,
which indicated that after transfection with miR-199b-5p
inhibitor, RCC cells present with increased cellular prolif-
eration, migration and invasion, but less cellular apoptosis
compared with that in the negative control group. The present
results demonstrate that miR-199b-5p may serve as a tumor
suppressor in RCC by regulating various biological processes,
including cell proliferation, migration, invasion and cell

apoptosis. It is undeniable that more in-depth experiments,
including those aiming to identify cell migration markers as
well as specific analysis of cellular key proteins, are lacking
in the present study. For example, the relationship between
tumor stage and the down-regulation of miRNA-199b-5p
may be better assessed by increasing the sample size and
analyzing the samples in greater detail. The specific molecular
mechanisms of the regulatory effects of miR-199b-5p still
require further study. For instance, a subcutaneous tumori-
genesis test (23,24) in animals may further verify the tumor
biological function of miRNA in vivo in the future. However,
Brodaczewska et al (25) demonstrated that in vitro RCC cell
lines may be unable to represent the full pathological features
of RCC, which is a limitation that requires further study. In
addition, 293T cells are only used as a representation of kidney
physiology, and whilst they may be used as controls in RCC
in vitro studies, caution is required for interpretation (26,27).
In summary, the results of the present study revealed that
miR-199b-5p was downregulated in RCC and functioned
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as a tumor suppressor. Inhibition of miR-199b-5p in RCC
promoted cellular proliferation, migration and invasion,
while inhibiting cellular apoptosis; however, the specific
molecular mechanism remains elusive. In the present study,
the expression levels of miR-199b-5p were downregulated
in RCC lines, as well as in RCC vs. paired adjacent normal

tissues. RCC is not sensitive to traditional radiotherapy and
chemotherapy, and the prognosis remains poor; therefore,
easily detectable and specific biomarkers for early detection
and treatment guidance are required. To further reveal the
mechanisms associated with RCC and to facilitate early
diagnosis, treatment and prognostication of RCC patients,
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the search of new biomarkers for renal cell carcinoma
is imminent. However, the focus of further research will
be on the roles of miR-199b-5p in RCC with regard to its
diagnostic and prognostic value for RCC. In addition, further
study is essential to identify the molecular mechanisms of
miR-199b-5p in the genesis of RCC and its potential in early
detection, prognosis prediction and targeted therapy for
RCC. Perhaps in the future, circulating miR-199b-5p may be
able to reflect the disease status of RCC patients and be of
great early diagnostic and prognostic value.
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