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MicroRNA-191-5p exerts a tumor suppressive
role in renal cell carcinoma
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Abstract. Renal cell carcinoma (RCC) is a common tumor of
the urinary system. Previously, miR-191-5p has been reported
to be associated with various types of cancer; however, its
specific functions in RCC have not been investigated to
date. In the present study, the expression of miR-191-5p in
the 786-O and ACHN cell lines was detected in vitro by
reverse transcription-quantitative polymerase chain reac-
tion (RT-qPCR). The results of RT-qPCR revealed that
miR-191-5p was significantly downregulated in the two cell
lines compared with the 293T cell line. miR-191-5p was also
significantly downregulated in RCC tissue compared with
paired normal tissue. In addition, the effects of miR-191-5p
on cell proliferation, migration, invasion and apoptosis
were examined by CCK-8, MTT, wound scratch, Transwell
and flow cytometry assays. Downregulation of miR-191-5p
was observed to promote cell proliferation, migration and
invasion, as well as to repress the cell apoptosis of 786-O
and ACHN cells. Therefore, the current study suggests that
miR-191-5p functions as a tumor suppressor in RCC. Further
studies are required to uncover the underlying signaling
pathway of miR-191-5p and its potential role as a biomarker
for early detection and prognosis prediction, and as a thera-
peutic target of RCC.
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Introduction

Renal cell carcinoma (RCC) accounts for ~2% of all cancer
diagnoses and cancer-associated mortalities, with ~295,000
new kidney cancer cases are diagnosed and ~134,000 mortali-
ties recorded worldwide annually (1). RCC is classified into
three major subtypes, including clear cell, papillary and chro-
mophobe RCC. Clear cell RCC is the most common subtype
accounting for approximately 75% of all RCC cases (2).
According to the American Joint Committee on Cancer
staging of RCC (3), the 5-year survival rate of patients with
stage I RCC is ~98%, while that of patients with stage III is
~5% (4). Thus, early detection and treatment is important.
However, ~33% of patients have metastatic disease at the time
of diagnosis, and 30-40% of patients relapse subsequent to the
initial nephrectomy (5,6). Therefore, there is also a pressing
need for effective diagnosis and treatment.

microRNAs (miRNAs or miRs) are short non-coding
single stranded RNAs of 20-22 nucleotides in length that
regulate the gene expression at the post-transcriptional
level (7). Emerging evidence revealed that miRNAs are
aberrantly expressed in numerous types of human cancer, as
well as serve important roles in the initiation, development
and metastasis of cancer (8-10). miRNAs also function as
oncogenes or tumor suppressors in various cancer types (11).
Previous studies have demonstrated that certain miRNAs
were associated with RCC carcinogenesis, upregulated
miRNAs act as tumor activator whereas downregulated
miRNAs act as tumor suppressors (12-14). miR-191-5p
is known to be dysregulated in several tumors, including
intrahepatic cholangiocarcinoma (15), breast cancer (16) and
colorectal cancer (17). However, the role of miR-191-5p in
RCC remains largely unknown.

Therefore, the aims of the current study were to detect
the expression of miR-191-5p in the ACHN and 786-0 cell
lines, as well as to reveal the function of miR-191-5p on
the cell proliferation, invasion, migration and apoptosis in
RCC.
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Materials and methods

Sample collection. A total of 24 pairs of RCC and adjacent
normal renal tissues were collected from Peking University
Shenzhen Hospital (Shenzhen, China). The characteristics of
the patients from whom tissues were collected are presented
in Table I. The only inclusion criterion was that the patient
had RCC, there were no exclusion criteria. Written informed
consent was obtained from each patient. The study protocol
conformed to the ethical guidelines of the 1975 Declaration of
Helsinki, and was approved by the Research Ethics Committee
of Peking University Shenzhen Hospital (Shenzhen, China).
Tissues were dissected, immersed in RNAlater (Qiagen
GmbH, Hilden, Germany) for 30 min and stored at -80°C until
use. Each pair of tissues consisted of RCC tissues along with
adjacent normal tissues at 2 cm distant from the visible RCC
lesions. Primary tumor stage and Fuhrman nuclear grading
system were used to classify the specimens (18,19).

Cell culture. The 786-O and ACHN RCC cell lines, as well
as 293T human embryonic kidney cells, were obtained from
the American Type Culture Collection (Manassas, VA, USA).
786-0 cells were cultured in a 37°C humidified incubator
containing 5% CO, with RPMI 1640 medium (Gibco; Thermo
Fisher Scientific, Inc., Waltham, MA, USA), while ACHN
and 293T cells were cultured with Dulbecco's modified Eagle
medium (Gibco; Thermo Fisher Scientific, Inc.) at the same
temperature and humidity. Media were supplemented with
10% fetal bovine serum and 1% antibiotics (100 ul/ml peni-
cillin and 100 mg/ml streptomycin sulfates; Pen Strep) and 1%
glutamine (all from Gibco; Thermo Fisher Scientific, Inc.).

RNA extraction and reverse transcription-quantitative
polymerase chain reaction (RT-gPCR). Total RNA was
extracted from the tissues by TRIzol (Life Sciences; Thermo
Fisher Scientific, Inc.) and purified with the RNeasy Maxi kit
(Qiagen GmbH) according to the manufacturer's protocol.
Next, the RNA concentration in the sample was detected
with a NanoDrop 2000/2000c spectrophotometer (Thermo
Fisher Scientific, Inc.). cDNA synthesis was performed at
7°C for 60 min, 95°C for 5 min, the products were stored at
4°C. RT was conducted using 1 pg total RNA of each sample
according to the procedure described in the miScript Reverse
Transcription kit (Qiagen GmbH). Subsequently, qPCR was
performed to detect the expression of miR-191-5p with the
miScript SYBR Green PCR kit (Qiagen GmbH) on the Roche
Lightcycler 480 Real-Time PCR system (Roche Diagnostics,
Basel, Switzerland) according to the manufacturer's protocols.
The primers for miR-191-5p and U6 (serving as the internal
control) used in qPCR assay are listed in Table II, they were
produced by Invitrogen (Thermo Fisher Scientific, Inc.). The
gqPCR thermal cycling conditions were as follows: 95°C for
1 min, followed by 40 cycles of 95°C for 15 sec, 55°C for
30 sec and 72°C for 30 sec. The expression of miR-191-5p was
calculated according to the 2244 method (20).

Cell transfection. In order to upregulate the expression
level of miR-191-5p in 786-O and ACHN cells, transfec-
tion was performed with synthesized miR-191-5p mimics
(GenePharma, Inc., Shanghai, China). For downregulation
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Table I. Clinicopathological features of patients with renal cell
carcinoma.

Characteristic Value
Mean age (range), years 44 (25-62)

Males, n 9

Females, n 15
Histological type, n

Clear cell 21

Papillary 3
pT-stage, n

T1 19

T2 3

T3+T4 2
Fuhrmann grade, n

I 3

11 17

1T 2

v 2
AJCC clinical stage, n

I 8

11 14

I+ 1v 2

pT, primary tumor; AJCC, American joint committee on cancer.

of the expression, cells were transfected with a synthesized
miR-191-5p inhibitor (GenePharma, Inc.). Lipofectamine
2000 (Invitrogen; Thermo Fisher Scientific, Inc.) mixed in
the Opti-MEMR I Reduced Serum Medium (Gibco Thermo
Fisher Scientific, Inc.) was used for transfection, following
the manufacturer's instructions. The expression level of
miR-191-5p was monitored by RT-qPCR to determine
whether upregulation or downregulation was successful. The
sequences of the miRNAs and negative control (NC) mimics
and inhibitors used are listed in Table II.

Wound scratch assay. The effect of miR-191-5p the migra-
tion of 786-O and ACHN cells was investigated by a wound
scratch assay. Briefly, approximately 3x10° cells were seeded
into each well of a 12-well plate, and transfected with 40 pmol
miR-191-5p mimics, miR-191-5p inhibitor, NC mimics or NC
inhibitor after 24 h using Lipofectamine 2000. The cell mono-
layer was scraped in a straight line using a micropipette tip and
washed with phosphate-buffered saline (PBS; Gibco; Thermo
Fisher Scientific, Inc.) to remove any cell debris after 6 h of
transfection. Subsequently, the scraped monolayer was incu-
bated at 37°C in a humidified chamber containing 5% CO,. A
digital camera system (Olympus Corporation, Tokyo, Japan)
was used to capture images of the scratches at O and 12 h after
the scratch through a Leica DMIRB inverted fluorescence
microscope (Leica Microsystems GmbH, Wetzlar, Germany).

Transwell assay. The effect of miR-191-5p on the migration
and invasion of 786-O and ACHN cells was measured by
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Table II. Sequences of primers and microRNAs.
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Primer or miRs

Sequence

miR-191-5p

U6

miR-191-5p mimics
NC mimics

miR-191-5p inhibitor
NC inhibitor

Forward: 5'-CAACGGAATCCCAAAAGCAGCTG-3'
Reverse: As provided by the miScript SYBR Green kit
Forward: 5'-CTCGCTTCGGCAGCACA-3'

Reverse: 5'-ACGCTTCACGAATTTGCGT-3'
Forward: 5'“CAACGGAAUCCCAAAAGCAGCUG-3'
Reverse: 5'-GCUGCUUUUGGGAUUCCGUUGUU-3'
Forward: 5'-UUCUCCGAACGUGUCACGUTT-3'
Reverse: 5~ ACGUGACACGUUCGGAGAATT-3'
5'-CAGCUGCUUUUGGGAUUCCGUUG-3'
5'-CAGUACUUUUGUGUAGUACAA-3'

miR, microRNA; NC, negative control.

conducting a transwell assay. Transwell chamber inserts (BD
Biosciences, Franklin Lakes, NJ, USA) with (for invasion)
or without Matrigel (for migration) were used in the assay
according to the manufacturer's protocol. Briefly, 200 ul
serum-free medium containing ~1x10* transfected cells was
plated in the upper compartment of the chamber. Complete
medium as the source of chemo-attractants was added into
the lower chamber. The migration time was 36 h in the two
cell lines, while the invasion time was 48 and 60 h in 786-O
and ACHN cells, respectively. Cells that had migrated to or
invaded the lower surface of the inserts were then stained with
0.1% crystal violet (Sigma-Aldrich; Merck KGaA, Darmstadt,
Germany) and were counted under the microscope at magnifi-
cation, x100 (Leica Microsystems GmbH).

MTT assay. The cell proliferation analysis was conducted by
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide
(MTT) assay. Briefly, ~5,000 cells were seeded into each
well of a 96-well plate, and then 5 pmol miR-191-5p mimics,
miR-191-5p inhibitor, NC mimics or NC inhibitor was used
for transfection. At 4 days after transfection, 20 yl MTT
(5 mg/ml; Sigma-Aldrich; Merck KGaA) was added into the
medium, which was replaced by 100 ul dimethyl sulfoxide
(Sigma-Aldrich; Merck KGaA) after 4 h. The experimental
wells were shaken by a reciprocating decolorization shaking
table (TSB-108; Qilinbeier, Jiangsu, China) for 10 min in the
dark, and then the absorbance was read at 595 nm on an ELISA
microplate reader (Bio-Rad Laboratories, Inc., Hercules, CA,
USA).

Cell counting kit-8 (CCK-8) assay. CCK-8 assay was
performed to detect the cell proliferation ability of 786-O
and ACHN cells in vitro. Approximately 5,000 cells were
seeded into each well of a 96-well plate. Following incubation
for 24 h, the cells were transfected with 5 pmol miR-191-5p
mimics, inhibitor, NC mimics or NC inhibitor. At 0, 24, 48
and 72 h after transfection, 10 ul CCK-8 (Beyotime Institute
of Biotechnology, Haimen, China) was added to each well and
incubated for 30 min. Subsequently, the absorbance values of
the experimental wells were detected at 490 nm on a ELISA
microplate reader (model 680; Bio-Rad Laboratories, Inc.).

Flow cytometry assay for apoptosis detection. In order to
detect the apoptotic rates of 786-O and ACHN cells in vitro,
flow cytometry assay was performed. Briefly, ~3x10° cells were
seeded into each well of a 6-well plate and then transfected
with 200 pmol miR-191-5p mimics, inhibitor, NC mimics or
NC inhibitor. After 48 h, the cells were collected and washed
with cold PBS, and then resuspended with 100 pl 1X binding
buffer. Next, 5 ul Annexin V-fluorescein isothiocyanate and
5 ul propidium iodide (Invitrogen; Thermo Fisher Scientific,
Inc.) were added to each cell suspension. After 15 min of
staining in the dark at room temperature, 400 ul binding buffer
was added to each tube. The data were collected and analyzed
on an EPICS XL-4 flow cytometer (Beckman Coulter, Inc.,
Brea, CA, USA).

Statistical analysis. Paired t-tests were used to compare the
expression levels of miR-191-5p in the matched tumor and
normal tissues, or in the different cells. Student's t-test was
used to analyze assays for characterizing phenotypes of cells.
All the statistical analyses were conducted using SPSS version
19.0 (IBM SPSS, Armonk, NY, USA). P<0.05 was considered
to indicate a statistically significant difference.

Results

miR-191-5p is downregulated in RCC clinical specimens and
cell lines. The ratio of miR-191-5p expression in 24 paired
clinical specimens was presented in Fig. 1A as the log,ratio
of tumor over adjacent normal tissues. The expression of
miR-191-5p in RCC tissues was significantly downregulated
compared with that in adjacent normal tissues (P<0.01; Fig. 1B).
In addition, the expression of miR-191-5p in the 293T normal
human embryonic kidney cell line was significantly upregulated
compared with that in ACHN (P<0.05) and 786-O (P<0.001)
RCC cell lines, which was in accordance with the expression
pattern of miR-191-5p in the clinical specimens (Fig. 1C).

Transfection efficiency validation. miR-191-5p or NC mimics,
and miR-191-5p or NC inhibitors were transfected into 786-O
and ACHN cells and the transfection efficiency was evaluated
by RT-qPCR. As observed in Fig. 1D, the expression levels
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Figure 1. (A) Log, T/N ratio of miR-191-5p, and (B) relative expression of miR-191-5p in 24 paired clinical specimens of RCC and adjacent normal tissues.
(C) Relative expression levels of miR-191-5p in the normal 293T cells and two RCC cell lines (ACHN and 786-0). (D) Relative expression levels of miR-191-5p
in ACHN and 786-0 cell lines after transfection with mimics or inhibitors. "P<0.05, “P<0.01 and ““P<0.001. RCC, renal cell carcinoma; miR, microRNA; NC,

negative control; T, RCC tissues; N, normal tissues.

of miR-191-5p were downregulated by 84.57% in ACHN
cells (P<0.05) and 98.75% in 786-0 cells (P<0.01) following
transfection with the miR-191-5p inhibitor as compared with
NC inhibitor, while the expression levels of miR-191-5p were
1,062.56 times higher in ACHN cells (P<0.01) and 283.39
times higher in 786-0 cells (P<0.01) following transfection
with miR-191-5p mimics compared with the corresponding
NC group.

Upregulation of miR-191-5p suppresses RCC cell prolifera-
tion, while downregulation promotes RCC cell proliferation.
A CCK-8 assay was used to observe whether differential
expression of miR-191-5p affected the proliferative ability
of the RCC cells. The proliferative ability of the miR-191-5p
mimic group in the ACHN cells was significantly decreased
by 11.16% (P<0.05), 14.83% (P<0.05) and 20.83% (P<0.001)
at 24,48 and 72 h after transfection, respectively, compared
with the NC group (Fig. 2A). By contrast, cell proliferation
in the miR-191-5p inhibitor group was increased by 5.55%
(P>0.05), 19.92% (P<0.01) and 25.24% (P<0.05) at 24,
48 and 72 h after transfection, respectively (Fig. 2B).
Similarly, in the 786-O cells, the proliferation rates of the
miR-191-5p mimic group were significantly decreased by
11.13, 24.34 and 24.49% at 24, 48 and 72 h after transfec-
tion, respectively (P<0.05, P<0.01 and P<0.01; Fig. 2C),
while the rates of proliferation increase in the miR-191-5p

inhibitor-transfected cells were 8.26, 9.91 and 19.70% at 24,
48 and 72 h, respectively (P<0.05; Fig. 2D).

Upregulation of miR-191-5p suppresses RCC cell viability,
while downregulation promotes RCC cell viability. The
viability of miR-191-5p was also assessed using MTT assay.
As shown in Fig. 2E, the viability of the miR-191-5p mimic
group was decreased by 17.97% in the ACHN cells compared
with the corresponding NC group (P<0.05), while the viability
of the miR-191-5p inhibitor group was promoted by 29.41%
(P<0.05). Similarly, in 786-0O cells, the viability of the
miR-191-5p mimic group was decreased by 19.12% (P<0.05),
while that of the miR-191-5p inhibitor group was promoted by
10.18% (P<0.05; Fig. 2F).

Upregulation of miR-191-5p suppresses RCC cellmobility, while
downregulation of miR-191-5p promotes RCC cell mobility.
Cell mobility was examined by a wound scratch and transwell
assays. The results of the wound scratch assay suggested that the
migratory distance of 786-0 cells transfected with miR-191-5p
mimic was decreased by 37.55% (P<0.01; Fig. 3A and B) and by
34.28% (P<0.05; Fig. 3A and C) in ACHN cells, as compared
with the corresponding NC group. By contrast, the increase
in the migration rate following transfection with miR-191-5p
inhibitor were 31.00% for 786-0 cells (P<0.05; Fig. 3A and B)
and 46.15% for ACHN cells (P<0.01; Fig. 3A and C).
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The results of the transwell assay (Fig. 4A) indicated  were significantly inhibited by 32.35% compared with the
that the migration rates in the miR-191-5p mimic group  normal control (P<0.05; Fig. 4B) and the invasion rates were
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significantly reduced by 50.93% in 786-0 cells compared with
the normal controls (P<0.05; Fig. 4C). The migration rates in
the miR-191-5p mimic group were significantly inhibited by
35.36% compared with the normal control (P<0.01; Fig.4D) and
the invasion rates were significantly inhibited by 49.77% in the
ACHN cells compared with the normal control group (P<0.05;
Fig. 4E). The migratory ability of the miR-191-5p inhibitor
group was significantly increased by 19.02% compared with
the normal control inhibitor group (P<0.05; Fig. 4B) and the
invasive ability of the miR-191-5p inhibitor group was signifi-
cantly increased by 81.83% in 786-0O cells compared with the
normal control inhibitor group (P<0.05; Fig. 4C). Additionally,
the migratory ability of the miR-191-5p inhibitor group was
significantly increased by 73.16% compared with the normal
control inhibitor group (P<0.01; Fig. 4D) and the invasive
ability of the miR-191-5p inhibitor group was significantly

promoted by 39.74% in ACHN cells compared with the normal
control inhibitor group (P<0.01; Fig. 4E).

Upregulation of miR-191-5p induces cell apoptosis, whereas
downregulation reduces cell apoptosis. The results of flow
cytometry (Fig. 5SA) revealed that the early apoptotic rate was
significantly increased in the miR-191-5p mimic-transfected
786-0 cells in comparison with the NC-transfected cells
(43.86+2.97 and 26.03+1.36%; P<0.05; Fig. 5B). Similarly,
the apoptotic rate was also markedly enhanced in the
miR-191-5p mimic-transfected ACHN cells compared with
the NC-transfected cells (23.33%1.13 vs. 14.26+0.89%; P<0.05,
Fig. 5C). Thus, miR-191-5p upregulation resulted in enhanced
apoptosis in the two cell lines examined. In addition, the early
apoptosis rate of 786-0 cells transfected with NC inhibitor or
miR-191-5p inhibitor was 26.66+1.41 vs. 16.33+2.14% (P<0.05;



Fig. 5B), while the ACHN cells transfected with NC inhibitor
or miR-191-5p inhibitor was 14.03+£1.20 vs. 7.66+0.68%
(P<0.05; Fig. 5C), indicating that downregulation of this miR
reduced the cell apoptosis.

Discussion

The implication of miRNAs in tumorigenesis was first recog-
nized when miRNA genes were observed to be specifically
deleted in patients with leukemia (21). Subsequently, numerous
studies demonstrated that miRNAs serve important roles in
various carcinomas (22-26). In addition, Polioudakis et al (27)
reported that miRNAs are located at 50% of all fragile regions
or sites presenting copy number alterations in cancer.

The function of miR-191-5p differs among different
tumors. According to the study of Tian et al (28), miR-191-5p
inhibits tumor necrosis factor-a-induced apoptosis in
endometrial carcinoma cells by targeting death-associated
protein kinase 1 (DAPK1). Additionally, Zhang et al (17)
demonstrated that miR-191-5p promotes the tumorigenesis
of colorectal cancer by targeting CCA AT-enhancer-binding
protein . Di Leva er al (29) also reported that expression
of the miR-191/425 cluster reduced the proliferation and
impaired tumorigenesis in breast cancer cells. However,
Nagpal et al (30) reported that miR-191-5p functions as an
estrogen inducible promoter in breast cancer by targeting
SATB homeobox 1. Another study by Nagpal er al (31)
confirmed that miR-191-5p promotes migration in breast
cancer through complex regulation of transforming
growth factor-pB-signaling in a hypoxic microenvironment.
miR-191-5p was further demonstrated to promote osteo-
sarcoma cell proliferation by targeting checkpoint kinase
2, according to the study by Huang er al (32). It was also
observed that miR-191-5p functions as a tumor promoter
by modulating the tet methylcytosine dioxygenase 1-p53
pathway in intrahepatic cholangiocarcinoma (15). Recently,
miR-191-5p has been revealed to promote pancreatic cancer
progression by targeting ubiquitin specific peptidase 10 (33).
Shi et al (34) reported that miR-191-5p exhibits a promotive
effect by targeting N-deacetylase and N-sulfotransferase 1
in MGC803 human gastric cancer cells. In a lung cancer
research, Xu et al (35) demonstrated that miR-191-5p positively
modulated the epithelial-mesenchymal transition and cancer
stem cell-like properties and functioned as an onco-miR in
transfected cells. In addition, miR-191-5p overexpression has
been observed in oral squamous cell carcinoma, although
it remains unclear how it contributes to the development of
this tumor. Furthermore, miR-191-5p is associated with poor
prognosis in pancreatic cancer (36), chromophobe RCC (37),
acute myeloid leukemia (38), glioblastoma (39) and malig-
nant melanoma (40). In contrast to these previous studies, the
present study observed that miR-191-5p was downregulated in
RCC tissues and cells. In addition, miR-191-5p was observed
to promote the proliferation, migration and invasion, as well
as to inhibit the apoptosis, of 786-O and ACHN cells.

miR-191-5p is also known to serve an important role in
non-neoplastic diseases. Previous studies have demonstrated
that miR-191-5p may modulate the malignant transformation
of endometriosis by targeting DAPK1 and TIMP metallopep-
tidase inhibitor 3 (28.,41).
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According to a large number of studies, miR-191-5p has
great potential for clinical use as a novel biomarker and as a
therapeutic agent in cancer. Elyakim et al (42) reported that
miR-191-5p inhibition has great potential in the treatment of
hepatocellular carcinoma patients. In addition, miR-191-5p is
a potential target in treating radiation-resistant lung cancer
according to the study by Liu and Huang (43). Several studies
also reported that miR-191-5p may be of value as a prognostic
and predictive biomarker in certain tumors, including breast
cancer (44), osteosarcoma (45), and head and neck squamous
cell carcinoma (46). Furthermore, miR-191-5p was suggested
to be a potentially non-neoplastic biomarker to diagnose trau-
matic brain injury and predict the patient prognosis (47).

In conclusion, in the present study, it was demonstrated
that miR-191-5p was downregulated in 786-O and ACHN cells
compared with the adjacent normal RCC cells. Downregulation
of miR-191-5p promoted the proliferation, migration and inva-
sion, as well as suppressed the apoptosis, of 786-O and ACHN
cells. Further studies are required to uncover the underlying
signaling pathway of miR-191-5p and to examine the potential
role of miR-191-5p as a biomarker for early detection and
prognosis prediction, and as a therapeutic target in RCC.
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