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Non-coding RNA 886 promotes renal cell carcinoma growth
and metastasis through the Janus kinase 2/signal transducer
and activator of transcription 3 signaling pathway
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Abstract. Non-coding RNA 886 (nc886) has been suggested to
serve tumor-suppressing roles in several cancer cells. However,
the expression pattern of nc886 and its function in renal cell
carcinoma (RCC) has not been reported until now. The present
study aimed to examine the expression of nc886 in human RCC
tissues and to investigate the role of nc886 in RCC cell prolifera-
tion, apoptosis and invasion in vitro. Furthermore, whether nc886
exerts its function on RCC via Janus kinase 2/signal transducer
and activator of transcription 3 (JAK2/STAT3) signaling was
investigated. It was demonstrated that nc886 is overexpressed in
human RCC tissues compared with normal tissues, as determined
by reverse transcription-quantitative polymerase chain reaction
analysis. The nc886 mimic and inhibitor were transfected into the
A-498 cells to overexpress or knock down nc886 expression. Cell
proliferation, cell apoptosis rate and cell invasion ability were
determined by MTT, flow cytometry and Transwell-Matrigel
invasion assays. The results demonstrated that nc886 overexpres-
sion promotes A-498 cell proliferation and invasion, and inhibits
cell apoptosis, while nc886 knockdown resulted in the opposite
effects. Furthermore, nc886 could activate the JAK2/STAT3
signaling pathway in A-498 cells. AG490, an inhibitor of JAK?2,
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could attenuate the effects of nc886 on cell proliferation, apop-
tosis and invasion. In conclusion, to the best of our knowledge,
the present study for the first time revealed the expression profile
and the tumor-promoting role of nc886 in RCC. nc886 affects
RCC cell proliferation, apoptosis and invasion at least partially
via the activation of JAK2/STATS3 signaling. This study may
provide a useful therapeutic target for RCC.

Introduction

Renal cell carcinoma (RCC) accounts for 2-3% of adult malig-
nancies, and is the second most common malignancy in the
urinary system (1,2). Surgical resection is the best treatment
for RCC, and the 5-year survival rate is 65-90% (3); however,
the 5-year survival rate is lowered considerably following the
development of metastatic cancer (4-6). Therefore, elucidating
the mechanisms involved in RCC metastasis is essential to
help in developing novel therapeutic targets.

Non-coding (nc)RNAs are RNA transcripts that are not
translated into proteins. Some ncRNAs serve diverse functions
in many cellular processes, and the regulatory ncRNAs have
attracted much attention in the past decades (7). n.cRNA886
(nc886, also termed pre-miR-886 or CBL3), a newly discovered
ncRNA (8), was originally known as a precursor microRNA (9)
or a vault RNA (vtRNA) in the vault complex (10,11). However,
numerous researches have demonstrated that nc886 is barely
processed into mature microRNAs, and is not in the vault
complex; therefore, it has been renamed as nc886 (8). The
expression of nc886 is silenced in many malignancies by CpG
DNA hypermethylation (12-15). nc886 controls protein kinase
R activity and has been suggested to serve tumor-suppressing
roles in several cancer cells, including cholangiocarcinoma,
esophageal squamous cell carcinoma (ESCC) and gastric
cancer (8,9,16). However, Kong er al (17) demonstrated that
nc886 VtRNA2-1-5p is overexpressed in human cervical
squamous cell carcinomas, and vtRNA2-1-5p has oncogenic
activity associated with the progression of cervical cancer.
Until now, the expression pattern of nc886 and its function in
renal cell carcinoma has not been reported.
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The Janus kinase 2/signal transducer and activator of
transcription 3 (JAK2/STAT?3) signaling pathway has received
much attention in recent years. JAK2/STAT?3 signaling acti-
vation occurs frequently in cancer cells, and the persistent
constitutive activation of JAK2/STATS3 is associated with cell
proliferation, migration and angiogenesis, thus contributing to
cancer development (18-21).

The present study examined the expression of nc886 in
human RCC tissues and investigated the role of nc886 in RCC
cell proliferation, apoptosis and invasion in vitro. Furthermore,
whether nc886 exerts its function on RCC via JAK2/STAT3
signaling was examined. This study may provide the first
evidence on the roles and mechanism of nc886 in RCC growth
and metastasis.

Materials and methods

Tissue samples. The present study was approved by the Ethics
Committee of The Second Affiliated Hospital of Nanchang
University (Nanchang, China). Informed consent was obtained
from all patients prior to sample collection. A total of
20 patients with RCC were included in this study (male, 12;
female, 8; age, 35-72). At the time of diagnosis, 11 patients had
stage I and stage II, whereas the other 9 patients had stage III
and IV RCC. The tumor tissues and the adjacent normal tissues
were obtained from surgery and frozen in liquid nitrogen.

Cell culture and transfection. A-498 cells were purchased
from the American Type Culture Collection (Manassas, VA,
USA), and cultured in Dulbecco's modified Eagle's medium
(DMEM; Invitrogen; Thermo Fisher Scientific, Inc., Waltham,
MA, USA) supplemented with 10% (v/v) fetal bovine serum
(FBS; Gibco; Thermo Fisher Scientific, Inc.). Cells were
maintained at 37°C in a humidified atmosphere of 5% CO,.
AG490 was obtained from Sigma-Aldrich; Merck KGaA
(Darmstadt, Germany) and dissolved in dimethyl sulfoxide
(DMSO; Amresco, LLC, Solon, OH, USA). AG490 (10 uM)
was used to treat cells for 24 h, and the experiement was
repeated three times. The nc886 mimic and inhibitor were
purchased from Shanghai GenePharma Co., Ltd. (Shanghai,
China). The cells were transfected with the nc886 mimic
or nc886 inhibitor at a final concentration of 50 nM using
Lipofectamine 2000 reagent (Invitrogen; Thermo Fisher
Scientific, Inc.).

Reverse transcription-quantitative polymerase chain reac-
tion (RT-gPCR). Total RNA was extracted from the tissues
and cells using TRIzol reagent (Invitrogen; Thermo Fisher
Scientific, Inc.). Total RNA (1 #g) was reverse-transcribed into
cDNA using the Transcriptor First Strand cDNA Synthesis
kit (Roche Diagnostics, Basel, Switzerland). The following
primers were used: nc886, 5'-CGGGTCGGAGTTAGCTCA-3'
(forward) and 5-TGCGAATACCTCGGACCCTG-3' (reverse);
U6 snRNA, 5-ATTGGAACGATACAGAGAAGATT-3'
(forward) and 5-GGAACGCTTCACGAATTTG-3' (reverse).
The qPCR assay was performed on an ABI 7000 real-time
PCR system (Applied Biosystems; Thermo Fisher Scientific,
Inc.) using the SYBR Green PCR kit (Applied Biosystems;
Thermo Fisher Scientific, Inc.). The reaction was conducted
using the following conditions: 95°C for 10 min, followed by
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40 cycles of 95°C for 15 sec, 60°C for 1 min, and 72°C for
30 sec. The expression of nc886 was normalized to a control
gene (U6), and relative induction was calculated using the
2-44C method (22).

Western blotting. Cells were lysed by radioimmunopre-
cipitation assay buffer (Sangon Biotech, Co., Ltd., Shanghai,
China), and the protein concentrations were measured using
a Bicinchoninic Acid Protein Assay kit (Beyotime Institute
of Biotechnology, Shanghai, China). Total proteins (20 ug)
were resolved by 12% SDS-PAGE at 200 V for 90 min, and
transferred to polyvinylidene fluoride membranes (EMD
Millipore, Billerica, MA, USA). After blocking in 5% non-fat
milk at 4°C overnight, the membranes were incubated with
the following specific monoclonal antibodies at 4°C over-
night: Mouse anti-phosphorylated (p)-Stat3 (Tyr705; 1:500;
cat. no. 4113), mouse Anti-Stat3 (1:400; cat. no. 9139), rabbit
anti-p-JAK2 (Tyr1007; 1:400; cat. no. 4406) and rabbit
anti-JAK2 (1:800; cat. no. 3230). These antibodies were all
purchased from Cell Signaling Technology, Inc. (Cambridge,
MA, USA). After washing with Tris-buffered saline
containing 0.05% Tween-20, the membranes were incubated
with horseradish peroxidase (HRP)-conjugated Affinipure
goat anti-mouse IgG (H+L; 1:2,000; cat. no. SA00001-1;
Wuhan Sanying Biotechnology, Wuhan, China) and
HRP-conjugated Affinipure goat anti-rabbit IgG (H+L;
1:5,000; cat. no. SA00001-2; Wuhan Sanying Biotechnology)
secondary antibodies at 37°C for 1 h. The immunoreactive
proteins were detected using an enhanced chemilumines-
cence western blotting kit (Thermo Fisher Scientific, Inc.),
and the band intensity was quantified using Image J v1.52
software (imagej.nih.gov/ij/; National Institutes of Health,
Bethesda, MD, USA).

MTT assay. An MTT assay was performed to determine cell
proliferation. The cells were seeded into 96-well plates at
the density of 1,500 cells/well. After culturing for the indi-
cated times, MTT solution (0.5 mg/ml; Beyotime Institute of
Biotechnology) was added to each well and incubated at 37°C
for 4 h. The formazan crystals were dissolved by DMSO. The
cell viability was detected by measurement of the absorbance
at 570 nm using a microplate reader (Multiskan FC; Thermo
Fisher Scientific, Inc., Waltham, MA, USA).

Flow cytometry (FCM) assay. FCM assay was performed to
determine cell apoptosis. The cells were harvested and washed
with PBS. Subsequently, the cells were dual-stained with
Annexin V-fluorescein isothiocyanate (FITC) and propidium
iodide (PI) using an Annexin V-FITC and PI apoptosis kit
(Nanjing KeyGen Biotech Co., Ltd., Nanjing, China) according
to the manufacturer's protocol. After incubation at room
temperature for 5 min in the dark, the cells were immediately
analyzed by flow cytometry (CytoFLEX; Beckman Coulter
Inc., Brea, CA, USA) using CytExpert 1.2 analysis software
(Beckman Coulter Inc.).

Transwell-Matrigel invasion assay. A Transwell-Matrigel
invasion assay was performed to determine cell invasion
ability. The Transwell chambers (Corning, Tewksbury,
MA, USA) with 8-ym pore polyethylene membranes were
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pre-coated with Matrigel (BD Biosciences, Franklin Lakes, NJ,
USA). The A-498 cells were suspended in serum-free medium,
and placed in the upper chamber of inserts at the density of
5x10* cells/ml. The lower chamber contained culture medium
with 10% FBS. The cells were incubated at 37°C for 12 h, and
they were then fixed and stained with hematoxylin (Beyotime
Institute of Biotechnology). The invaded cells were observed
and counted using an inverted microscope (37XC; Shanghai
Optical Instrument Co., Ltd., Shanghai, China).

Statistical analyses. Data are expressed as the mean + standard
deviation of at least three independent experiments. Statistical
analyses were performed on SPSS 19.0 software (IBM SPSS,
Armonk, NY, USA). The statistical significance was assessed
by Student's t-test or one-way analysis of variance followed by
the least significant difference test. P<0.05 was considered to
indicate a statistically significant difference.

Results

Expression of nc886 in human RCC tissues. The expression of
nc886 in human RCC tissues and the adjacent normal tissues
was assessed using RT-qPCR analysis. It was revealed that the
mRNA expression level of nc886 was significantly increased
in the RCC tissues compared with the adjacent normal tissues,
particularly in stage III-IV cancer, compared with RCC at
stage I-II (Fig. 1).

Effect of nc886 on RCC cell proliferation. The nc886 mimic
and the nc886 inhibitor were transfected into the A-498 RCC
cell line, and the results of RT-qPCR analysis indicated that
nc886 mRNA expression levels were significantly down-
regulated in A-498 cells following transfection with the nc886
inhibitor. A 3-4-fold increase of nc886 mRNA was detected in
nc886 mimic-transfected A-498 cells (Fig. 2).

Subsequently, effect of nc886 on RCC cell proliferation
was investigated using MTT assay. As presented in Fig. 3, the
nc886 mimic-transfected cells displayed a significantly higher
growth rate compared with the control; nc886 knockdown
significantly suppressed cell growth.

Effect of nc886 on RCC cell apoptosis. The results from
RT-gPCR analysis revealed that there was no significant differ-
ence in the cell apoptosis rate between the blank group and the
control group. Compared with the control, the cell apoptosis
rate was significantly decreased in A-498 cells transfected
with the nc886 mimic. Conversely, the cell apoptosis rate was
significantly increased in A-498 cells transfected with the
nc886 inhibitor (Fig. 4).

Effect of nc886 on RCC cell invasion. A Transwell-Matrigel
invasion assay was performed to examine the effect of nc886
on RCC cell invasion. As presented in Fig. 5, the nc886
mimic-transfected cells demonstrated an enhanced cell inva-
sion ability compared with the control cells. By contrast, the
nc886 inhibitor significantly reduced the invasive ability of
A-498 cells (Fig. 5).

Effect of nc886 on JAK2/STAT3 signaling in RCC cells.
Whether nc886 affects JAK2/STAT?3 signaling in RCC cells
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Figure 1. Expression of nc886 in human renal cell carcinoma tissues. Data
are expressed as the mean + standard deviation. "P<0.05 and “P<0.01 vs.
normal; ®P<0.05 vs. stage I-II. nc886, non-coding RNA 886.
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Figure 2. Expression of nc886 in A-498 cells following transfection with the
nc886 mimic and the nc886 inhibitor. Data are expressed as the mean + stan-
dard deviation. “P<0.01 vs. control. nc886, non-coding RNA 886.

was subsequently investigated. The results of western blot
analysis demonstrated that the nc886 mimic induced phos-
phorylation of JAK?2 at Tyrl007 in A-498 cells. Meanwhile,
the phosphorylation level of STAT3 at Tyr705 was elevated in
A-498 cells transfected with the nc886 mimic. Furthermore,
the phosphorylation levels of JAK2 and STAT3 were signifi-
cantly decreased in A-498 cells transfected with the nc886
inhibitor (Fig. 6).

JAK2/STAT3 signaling is involved in mediating the effect of
nc886 on RCC cell proliferation, apoptosis and invasion.
Subsequently, effect of nc886 on RCC cell proliferation,
apoptosis and invasion was investigated following inhibition
of JAK2/STATS3 signaling. As demonstrated in Fig. 7A, the
increased phosphorylation levels of JAK2 and STAT3 by
nc886 mimic treatment was abolished by the JAK2 inhibitor
AG490. Furthermore, the enhanced cell proliferation and
invasion abilities caused by nc886 mimic was attenuated by
AG490. The decreased cell apoptosis rate by nc886 mimic
treatment was also reversed by AG490 (Fig. 7B-D).
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Figure 3. Effect of non-coding RNA 886 on renal cell carcinoma cell prolif-
eration. Data are expressed as the mean + standard deviation. "P<0.05 vs.
matched time-point control.
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Figure 4. Effect of non-coding RNA 886 on renal cell carcinoma cell apop-
tosis. Data are expressed as the mean + standard deviation. "P<0.05 and
"P<0.01 vs. control.

Discussion

nc886 is encoded on human chromosome 5q31 and is
composed of ~102 nucleotides. Numerous studies have demon-
strated that nc886 is ubiquitously expressed in non-malignant
tissues, but is suppressed in many cancer cells of various
tissue origins (12-16). The present study observed that nc886
is overexpressed in human RCC tissues compared with normal
tissues, and its expression level is positively associated with
the stage of RCC. This finding suggested that nc886 has a
specific biological role in RCC.

Previous studies have demonstrated that the low expres-
sion of nc886 is significantly associated with poor survival
of patients (12,13). In the study by Lee er al, ectopically
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sion. Data are expressed as the mean + standard deviation. "P<0.05 and
"P<0.01 vs. control. RCC, renal cell carcinoma.
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Figure 6. Effect of non-coding RNA 886 on JAK2/STAT3 signaling in renal
cell carcinoma cells. Data are expressed as the mean + standard deviation.
“P<0.05 and "P<0.01 vs. control of the same protein. JAK2/STAT3, Janus
kinase 2/signal transducer and activator of transcription 3; p, phosphorylated;
Tyr, tyrosine.

expressed nc886 inhibits gastric cancer cell proliferation (13).
Knockdown of nc886 correlates with the induction of onco-
genes such as c-Fos, nuclear factor (NF)-xB, and c-Myc (9).
nc886 is also suggested to be a potential diagnostic marker in
ESCC. It has been demonstrated that nc886 is epigenetically
silenced in human ESCC tissues, and regulates the expression
of oncogenes in ESCC (8). In the present study, gain- and
loss-of function experiments were performed to determine
the role of nc886 in A-498 cell proliferation, apoptosis and
invasion. nc886 overexpression was identified to promote
A-498 cell proliferation and invasion, and inhibit cell apop-
tosis. nc886 knockdown demonstrated the opposite effects on
A-498 cell proliferation, apoptosis and invasion. These find-
ings confirmed that nc886 functions as an oncogene in RCC,
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Figure 7. JAK2/STATS3 signaling is involved in mediating the effect of non-coding RNA 886 on renal cell carcinoma cell proliferation, apoptosis and inva-
sion. (A) The relative protein expression levels of p-JAK2 (Tyrl007) and p-STAT3 (Tyr705). Lane 1, Control; lane 2, Mimic; lane 3, Mimic+AG490. (B) Cell
proliferation, (C) cell apoptosis rate and (D) cell invasion ability of A-498 cells following transfection with the nc886 mimic and AG490 treatment. Data are
expressed as the mean + standard deviation. ‘P<0.05 and “P<0.01 vs. control; “P<0.05 and ®P<0.01 vs. mimic. JAK2/STAT3, Janus kinase 2/signal transducer

and activator of transcription 3; p, phosphorylated; Tyr, tyrosine.

and it was indicated that the function of nc886 appears to be
cell-type specific.

The JAK2/STAT3 signaling serves important roles in
oncogenesis and tumor growth. JAK2 binds to the membrane
receptors, and STAT3 is recruited to receptor-JAK2
complexes and is phosphorylated by JAK2. The phosphory-
lated STAT?3 translocates into the cell nucleus, and acts as
a transcription factor, serving key roles in many cellular
processes such as cell growth, apoptosis, angiogenesis and
immune escape (23-26). Previous studies have reported that
nc886 depletion could activate NF-kB in cholangiocarci-
noma, ESCC and gastric cancer (12,13,16). In addition, p53
expression is regulated by nc886 in cervical cancer (17).
STATS3 is the upstream regulator of NF-xB and p53; STAT3
and NF-«B functionally interact with each other at many
different levels (27,28). The present study further investigated
whether nc886 affects RCC cell proliferation, apoptosis
and invasion via the JAK2/STAT3 signaling. The results
demonstrated that nc886 could activate the JAK2/STAT3
signaling pathway in A-498 cells, indicating that the effect
of nc886 on JAK2/STATS3 signaling activation in RCC is

different from its effect in cholangiocarcinoma, ESCC and
gastric cancer. This inconsistency suggested that the effect
of nc886 on JAK2/STAT3 pathway may be cell-type specific.
It was hypothesized that nc886 may serve different roles in
STAT3 and NF-kB activation in different cancer cells. The
direct effect of nc886 on NF-«xB activation in RCC, and
the molecular mechanism behind such difference, requires
further investigation. Furthermore, in the present study,
AG490, an inhibitor of JAK?2, attenuated the effects of nc886
on cell proliferation, apoptosis and invasion. Overall, these
results demonstrated that JAK2/STAT?3 signaling mediates
the effects of nc886 on RCC cell proliferation, apoptosis and
invasion.

In conclusion, to the best of our knowledge, the present
study was the first to reveal the expression profile and
tumor-promoting role of nc886 in RCC. Furthermore, the
molecular mechanism that nc886 affects RCC cell prolif-
eration, apoptosis and invasion at least partially via the
activation of JAK2/STATS3 signaling was demonstrated. The
present study may provide a useful therapeutic target for
RCC.
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