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Long noncoding RNA DLX6-AS1 promotes renal cell carcinoma progression
via miR-26a/PTEN axis
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ABSTRACT
Recently, long non-coding RNAs (lncRNAs) have emerged as new gene regulators and prognostic markers
in several types of cancer, including renal cell carcinoma (RCC). In this study, we identified an upregulated
lncRNA, DLX6-AS1, in RCC tumor tissues compared with normal kidney tissues. Our data suggested that
DLX6-AS1 promoted RCC cell growth and tumorigenesis via targeting miR-26a. In addition, we observed
that PTEN overexpression restored the renal cancer cell growth and also rescued the RCC tumorigenesis.
In summary, we conclude that DLX6-AS1 promotes renal cell carcinoma development via regulation of
miR-26a/PTEN axis.
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Introduction

Renal cell carcinoma (RCC) is one of the most common
urinary tract malignancies in adults. In renal cell carcinoma
(RCC), surgical resection, either via nephron-sparing or
radical nephrectomy, can be curative in patients with early
stage, localized disease. However, no adjuvant treatment has
been proven to be beneficial.1,2 A significant proportion of
patients eventually develop tumor recurrence, and subse-
quent therapeutic options in the advanced or metastatic set-
ting are limited. Renal cell carcinoma is the most common
subtype of RCC and is responsible for nearly 85% of all
RCC cases. In China, an estimated of 66.8 % new cases
and 23.4 % deaths from renal cancer occurred in 2015.3

Despite numerous studies that have shown that many onco-
genic factors are associated with the progression of RCC,
the molecular mechanism of renal cancer pathogenesis and
the prognosis still remains unclear.

Long noncoding RNAs (lncRNAs) are a newly discovered
class of noncoding RNAs (ncRNA) that are longer than 200
nucleotides and are not translated into proteins.4 Numerous
evidence has indicated that lncRNAs play important roles
in diverse biologic processes, such as cell growth, cell death,
tumor cell metastasis, tumorigenesis and development.5 It
has been wildly investigated that lncRNAs modulate many
types of tumor progression.6-8 For example, lncRNA
LOC100129148 and EWSAT1 have been reported to act as
oncogenic role in nasopharyngeal carcinoma,9,10 lncRNA
00858 functions as a competing endogenous RNA for miR-
422a to facilitate the cell growth in non-small cell lung can-
cer11 and Increased expression of long-noncoding RNA
ZFAS1 is associated with epithelial-mesenchymal transition
of gastric cancer.12 It also has been reported that high
DLX6-AS1 expression levels were significantly associated

with both histological differentiation and TNM stage of
lung cancer. Down-regulation of lncRNA DLX6-AS1 expres-
sion decreased the DLX6 mRNA and protein levels.13 How-
ever, the role of DLX6-AS1 in renal cell cancer is still
unclear.

Recently, accumulating articles revealed that one potential
function of lncRNAs was to directly interact with microRNAs
(miRNAs) as a sponge and regulate their expression and activ-
ity.14,15 MiRNAs, a class of short (18–24 nt), single stranded
and noncoding RNA molecules, are involved in regulating gene
transcription and expression via directly binding with the target
mRNAs.16 miR-26a and miR-26b inhibit esophageal squamous
cancer cell proliferation via suppression of MYC signaling.17 It
has also been reported miR-26 was significantly reduced in
colorectal cancer via targeting Rb1.18

In summary, our study revealed that lncRNA DLX6-AS1
was increased in renal cell cancer tissues compared with paired
adjacent normal kidney tissues via suppressing miR-26a
expression. Luciferase reporter assays and western blot assays
showed that PTEN was the direct target of miR-26a in renal
cancer cells. Taken together, we conclude that DLX6-AS1
mediates the progression of renal cell carcinoma via miR-26a/
PTEN axis.

Materials and methods

Clinic samples

From 2014 to 2017, 52 RCC patients were recruited in tongji
Hospital, Tongji Medical College, Huazhong University of Sci-
ence and Technology. Inform content was obtained from every
patient before the surgery. Tumor tissues and paired normal
kidney tissues were collected immediately after resection and
was stored in liquid nitrogen before further use.
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Cell culture

The human renal cancer cell lines (A498, ACHN, Caki-1, Caki-
2, 786-O and G401) and normal kidney HK-2 cells were
obtained from ATCC. Cells were cultured in RPMI-1640
medium (Gibco, Carlsbad, CA, USA) supplemented with 10%
fetal bovine serum and 100 U/ml penicillin/streptomycin (Life
Technologies, USA) in a humidified incubator at 37�C with 5%
CO2.

MTT assays

Exponentially growing cells were seeded at 10,000 cells (100 ml
culture medium) per well in 96-well plates and incubated for
12 h. The cells were then transfected with DLX6-AS1 siRNAs
or miR-26a mimics, then 20 ml of MTT (Sigma Chemicals, St.
Louis, MO, USA; 5 mg/ml in PBS) was added to each well, and
the cells were cultured for an additional 4 h. Subsequently,
200 ml of DMSO was added to each well to dissolve the crystals.
The values of the optical density at 490 nm were then measured
using a micro-plate reader.

Flow cytometry

RCC cells were transfected with miR-26a mimics or DLX6-AS1
siRNAs or PTEN overexpression plasimids for flow cytometry
analysis using an Annexin V Apoptosis Detection Kit (Becton
Dickinson, NJ, USA), untreated group, miR-nc or siNC were
considered as control. Cells were stained with Annexin V-fluo-
rescein isothiocyanate (FITC), Propidium Iodide (PI) for
25 min, and then analyzed by flow cytometry (BD CantoII).
FACS data were analyzed using FlowJo (Tree Star, Inc.). A498
cells were transfected with DLX6-AS1 siRNAs or miR-26a
mimics for 48h and then the cells were analyzed by flow cytom-
etry as the following procedures: after trypsinization, 1 £ 106

cells were centrifuged for 5 min at 500 g. The cellular pellet was
fixed with ice-cold 70% ethanol and incubated for 16 h at
¡20�C. The cells were centrifuged at 500 g at 4�C for 5 min,
washed once with PBS and stained in the dark for 40 min at
37�C with a 500ml propidium iodide (PtdIns) solution (0.05%
Triton X-100, 5 U/ml RNaseA and 50mg/ml propidium iodide
in PBS). Afterward, cells were centrifuged for 5 min at 500 g,
resuspended in 1 ml PBS, filtered using a cell strainer snap-cap
tube (BD FalconTM) and immediately acquired in a Flow
Cytometer (Beckman Coulter, Inc.). These data were analyzed
by Modifit software.

Quantitative PCR

Total RNAs were extracted from cancer cells by using
RNAiso Plus reagent (Takara Biotechnology Co., Ltd,
DALIAN). To detect miR-26a expression, total RNAs were
reversed using MMLV reverse transcriptase. The resultant
cDNA was then used as template to perform real time PCR
using real time PCR kit (Qiagen). Transcripts were quanti-
fied by real time PCR and normalized to the amount of U6
mRNA expression. For DLX6-AS1 and PTEN mRNA expres-
sion analysis, first strand cDNA was synthesized by using
cDNA synthesis kit (Takara) according to the manufacturer’s

instructions. Their expression at mRNA level were detected
by using Syber Green PCR mastermix (Applied Biosystems).
The PCR primers for DLX6-AS1 or GAPDH were as follows:
DLX6-AS1 forward, 50-AGTTTCTCTCTAGATTGCCTT-30
and reverse, 50-ATTGACATGTTAGTGCCCTT-30; GAPDH
forward, 50-AGCCACATCGCTCAGACAC-30 and reverse,
50-GCCCAATACGACCAAATCC-30. Specific siRNAs target-
ing lncRNA DLX6-AS1 and the negative control siRNAs
were designed and synthesized by GenePharma (Shanghai,
China). Relative expression of genes was calculated using the
comparative cycle threshold (Ct) (2¡DCt, DCt D Ct median
lncRNA or mRNA-Ct median GAPDH) method with
GAPDH.

Western blot

RCC cell lysates were prepared with RIPA Lysis buffer (Beyo-
time, China) containing protease inhibitor cocktail (Roche).
Protein samples were loaded for sodium dodecylsulfate-poly-
acrylamide gel electrophoresis (SDS-PAGE) and transferred to
a nitrocellulose membrane. After a blockage of 5% fat-free
milk, the membrane was probed with primary anti-PTEN
(dilution 1:1000, Cell Signaling Technology) and anti-GAPDH
(dilution 1:2000, Santa Cruz) antibody. After washing, the
membrane was incubated with horseradish peroxidase-conju-
gated (HRP) secondary antibody (1:2000, Santa Cruz Biotech-
nology) for 1 h. The signal was visualized using the ECL
detection system (Thermo Fisher, USA) and quantified by den-
sitometry using Quantity One software (Bio-Rad, Hercules,
CA, USA).

Xenograft tumor model

Six to 8-week-old BALB/c (nu/nu) mice were purchased from
Shanghai SLAC Laboratory Animal Co. All mice were main-
tained in a barrier facility at Animal Center of Chongqing Med-
ical University. 5.0�106 stably expressing miR-26a or DLX6-
AS1 siRNA overexpression RCC cells or scramble control cells
were implanted subcutaneously (s.c.) into the right flank of
mice. All groups of mice were killed and tumors were weighted
at the end point of this experiments.

Colony formation assays

One.0�103 cells, which were transduced with miR-26a or
DLX6-AS1 siRNAs or PTEN overexpression plasmids or con-
trol mimics were seeded into 6-well plates in 2 ml of complete
growth medium. The medium of each well was changed every
3 d. Two to 3 weeks later, cells were stained by 0.1% crystal vio-
let (Sigma-Aldrich, St. Louis, MO, USA) in methanol for
10 min. The colonies more than 50mm were counted directly
on the plate. Statistical significance was calculated from at least
3 independent experiments.

Luciferase reporter assays

The DNA oligonucleotide and the pMiR-Reporter Vector were
used to build the luciferase report vectors (pMiR-DLX6-AS1-
WT/pMiR-DLX6-AS1-Mutant and pMiR-PTEN-WT/pMiR-
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PTEN-Mutant). HEK293 cells were co-transfected with pMiR-
DLX6-AS1-WT or pMiR-DLX6-AS1-Mutant and miR-26a
mimics or negative control (NC). A Renilla luciferase-expressing
plasmid pRL-TK (Promega) used as control was also co-trans-
fected. Cells were harvested and luciferase activity was deter-
mined using the Dual Luciferase Reporter Assay Kit (Promega)
at 24 h after transfection. The results are expressed as relative
luciferase activity (firefly luciferase/Renilla luciferase).

RNA immunoprecipitation

RIP was performed using the EZ-Magna RIP kit (Millipore,
USA) following the manufacturer’s protocol. Renal cancer cells
were collected and lysed in complete RIPA buffer. The whole
cell protein extract was then incubated with RIP wash buffer
containing magnetic beads conjugated with anti-Ago2 antibody
(Millipore) or mouse immunoglobulin G (IgG) control. The
protein in the samples was digested with proteinase K, and the
immunoprecipitated RNA was isolated. Finally, purified RNA
was subjected to a qRT-PCR analysis to demonstrate the pres-
ence of the binding targets.

Statistical analysis

Data were presented as mean § SEM. Group comparison was
performed by Student’s t-test. P value <0.05 was considered as
significant difference.

Results

DLX6-AS1 expression is upregulated in renal cell
carcinoma (RCC)

To investigate the relevance of lncRNA DLX6-AS1 in RCC pro-
gression, 15 RCC samples and paired normal adjacent tissues
were subject to q-PCR analysis. It shows that the expression of
DLX6-AS1 was significantly increased (Fig. 1A). In addition,
the expression of DLX6-AS1 in metastatic RCC was shown
higher level than that in non-metastatic RCC samples (Fig. 1B).
These results revealed that DLX6-AS1 might play an oncogenic

role in RCC development. We then performed q-PCR to ana-
lyze DLX6-AS1 expression in RCC cell lines and normal renal
cell line (HK-2). As compared with HK-2 cells, overexpressed
levels of DLX6-AS1 expression was seen in all RCC cell line
(Fig. 1C). These observations suggested that DLX6-AS1 might
be involved in the regulation of RCC development.

DLX6-AS1 binds to miR-26a and represses miR-26a
expression in RCC cells

To determine the mechanism of action for DLX6-AS1 in RCC
development, we first explored the expression of several micro-
RNAs in RCC and paired normal kidney tissues. Excitingly,
miR-26a showed the significant higher level in RCC (Fig. 2A).
We also identified that miR-26a as a potential target of DLX6-
AS1 with Starbase (http://starbase.sysu.edu.cn). There is a puta-
tive binding sites of DLX6-AS1 and miR-26a (Fig. 2J). To inves-
tigate whether DLX6-AS1 could regulate miR-26a expression in
RCC, the expression of miR-26a and DLX6-AS1 were exam-
ined. Q-PCR analysis revealed that DLX6-AS1 expression was
negatively correlated with miR-26a level in RCC samples
(Fig. 2B). These results suggest that DLX6-AS1 might directly
bound to miR-26a and repressed its expression level in RCC
cells. To test whether miR-26a was indeed a target of DLX6-
AS1, we first knockdown DLX6-AS1 expression in 2 indepen-
dent RCC cell lines, A498 and ACHN cells, by siRNA transfec-
tion. However, our results also revealed that the expression of
mir-26a in metastatic RCC tissues are not reduced compared
with the non-metastatic RCC tissues (Fig. 2C). These results
demonstrated that miR-26a might not regulate the metastasis
of RCC tumors. The efficacy of DLX6-AS1 knockdown was
confirmed by q-PCR analysis in these 2 RCC cell lines
(Fig. 2D). In both DLX6-AS1 knockdown cells, we observed
elevated expression levels of miR-26a (Fig. 2E), whereas DLX6-
AS1 overexpression significantly suppressed the expression of
miR-26b in these 2 RCC cell lines (Fig. 2F and H). Importantly,
overexpression or knockdown of miR-26a didn’t cause any
change in DLX6-AS1 expression (Fig. 2I), indicating that miR-
26a was downstream of DLX6-AS1. Furthermore, we also

Figure 1. DLX6-AS1 expression is elevated in RCC tissue. (A) q-PCR analysis was performed for testing the DLX6-AS1 expression level in RCC tissues and matched normal
kidney tissues. (B) The expression level of DLX6-AS1 in metastatic RCC tissues and non-metastatic RCC tissues was examined by q-PCR. (C) The expression of DLX6-AS1 in
several RCC cancer cell lines and normal kidney cell (HK-2 cells). All data was shown as mean § s.e.m. from 3 independent experiments. �p < 0.05, ��p < 0.01.
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performed flow cytometry analysis to explore whether miR-26a
overexpression or DLX6-AS1 knockdown could regulate RCC
cell cycle. To our surprise, both miR-26a overexpression and
DLX6-AS1 knockdown showed RCC cell S phase to G2/M
phase arrest (Fig. 2G). We also performed luciferase reporter
assays to explore whether DLX6-AS1 could directly bind to
miR-26a. As shown in Fig. 2J, miR-26a significantly repressed
the luciferase activity of which transfected with the reporter
plasmid, which containing DLX6-AS1 in the downstream of
luciferase gene. To extensively investigate whether DLX6-AS1
and miR-26a binding together, we performed pulldown assays.
The results showed that DLX6-AS1 was confirmed directly
binding with miR-26a in RCC cells (Fig. 2K and L). Taken
together, these results supported that miR-26a was an inhibi-
tory target of DLX6-AS1 in both RCC cells and RCC tissues.

DLX6-AS1 knockdown and miR-26a overexpression
suppresses the growth of RCC cells

To investigate the functional role of DLX6-AS1 on RCC cell
growth, we first knocked down the expression of DLX6-AS1 in
2 RCC cell lines. We then performed MTT assays on these cells

after DLX6-AS1 knockdown. Importantly, DLX6-AS1 knock-
down remarkably suppressed the growth of these 2 RCC cells
(Fig. 3A). In addition, to explore the suppressor role of miR-
26a on RCC cells, MTT assays were also performed for testing
RCC cell growth after miR-26a knockdown or overexpression.
As expected, miR-26a overexpression suppressed the growth of
RCC cells, whereas miR-26a knockdown showed the opposite
effects (Fig. 3B). We also performed additional assays to con-
firm the regulatory role of DLX6-AS1 and miR-26a on RCC
cell growth. In crystal violet staining assays, colony formation
of RCC cells was inhibited by DLX6-AS1 knockdown and miR-
26a overexpression, whereas miR-26a knockdown promoted
RCC cell colony formation (Fig. 3C and D). Flow cytometry
also observed that DLX6-AS1 knockdown and miR-26a overex-
pression induced more apoptotic RCC cells, whereas miR-26a
knockdown showed lower cell apoptosis (Fig. 3E and F). Fur-
thermore, we also confirmed our observations in vivo by xeno-
graft tumor animal models. Consistently, DLX6-AS1
knockdown and miR-26a overexpression suppressed the xeno-
graft tumor growth, whereas miR-26a knockdown repressed
RCC cell xenograft tumor growth (Fig. 3G and H). Taken
together, these results indicated that DLX6-AS1 played an

Figure 2. DLX6-AS1 binds to miR-26a and represses its expression. (A) RCC tumor tissues and paired kidney tissues were subjected to q-PCR analysis for miR-26a expres-
sion level detection. (B) The correlation between miR-26a and DLX6-AS1 level in RCC tumor tissues were analyzed by q-PCR. (C) The expression of miR-26a in non-meta-
static and metastatic RCC tissues were examined by q-PCR. (D and E) The expression of DLX6-AS1 and miR-26a were detected by q-PCR analysis in A498 and ACHN cells
after transfecting with siRNAs and control siRNA (siR-control). (F and H) The expression of DLX6-AS1 and miR-26a were detected by q-PCR analysis in RCC cells after
DLX6-AS1 overexpression. (G) Flow cytometry analysis were performed in miR-26a overexpression or DLX6-AS1 knockdwon A498 cells. (I) The expression level of DLX6-
AS1 in RCC cells was detected after miR-26a overexpression. (J) Schematic illustration of the predicted binding sites between DLX6-AS1 and miR-26a, and luciferase
reporter assays in 293T cells transfected DLX6-AS1 wild type or mutant with miR-26a. (K and L) Cellular lysates from A498 and ACHN cells were used for RIP with an Ago2
antibody and IgG antibody and the levels of DLX6-AS1 and miR-26a were detected by qRT-PCR. All data was shown as mean § s.e.m. from 3 independent experiments.
�p < 0.05.
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oncogenic role, while miR-26a played a tumor suppressor role
in RCC tumorigenesis.

MiR-26a targets PTEN to modulate RCC tumorigenesis

We next used publicly available algorithms (microRNA.org) to
identify potential targets of miR-26a in RCC cells. We notified
that PTEN was a potent target of miR-26a (Fig. 4A), and also
this molecule has been shown to regulate the development of
many types of cancer. To investigate whether PETN was the
direct target of miR-26a, luciferase reporter assays were per-
formed. As shown in Fig. 4B, miR-26a significantly suppressed
the luciferase activity, which containing the wild type UTR of
PTEN (Fig. 4B). This data revealed that PTEN was the direct
target of miR-26a. Additionally, the protein levels of PTEN in

RCC cells were reduced by miR-26a overexpression (Fig. 4C),
and were increased by miR-26a knockdown (Fig. 4C). Q-PCR
analysis also showed that PTEN expression level was negatively
correlated with miR-26a expression level in RCC samples,
whereas was positively correlated with DLX6-AS1 expression
level (Fig. 4H and 4I). To extensively investigate whether PTEN
was the functional target of miR-26a, RCC cells were co-trans-
fected with miR-26a and PTEN. MTT assays suggested that
PTEN overexpression rescued the RCC cell growth in vitro
(Fig. 4D) and also reversed the RCC cell colony formation
(Fig. 4E). Furthermore, the apoptotic RCC cell rate was analyzed
by flow cytometry. The results showed that PTEN overexpres-
sion significantly reduced the RCC cell apoptosis (Fig. 4F).
Moreover, to extensively investigate whether PTEN could restore
RCC tumorigenesis, miR-26a and PTEN overexpressing-RCC

Figure 3. DLX6-AS1 knockdown and miR-26a overexpression suppress the growth and development of RCC. (A) MTT assays were performed for detecting the RCC cell
growth after DLX6-AS1 knockdown. (B) MTT assays were performed for testing RCC cell growth after miR-26a overexpression and knockdown. (C and D) Colony formation
assays were performed after DLX6-AS1 knockdown (C) or miR-26a overexpression and knockdown (D). (E and F) The apoptotic rate of RCC cells after DLX6-AS1 knockdown
(E) and miR-26a overexpression or knockdown (F) were examined by flow cytometry analysis. (G and H) Xenograft tumor models were generated for testing the role of
DLX6-AS1 and miR-26a in RCC tumorigenesis. DLX6-AS1 overexpressing (G) and miR-26a overexpressing/knockdown (H) RCC cells were inoculated into nude mice. At the
end point of the experiments, the tumor bearing mice were killed and the tumor weight was examined. All data was shown as mean § s.e.m. from 3 independent experi-
ments. �p < 0.05.
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cells were inoculated into nude mice. As expected, PTEN overex-
pression rescued tumor suppression, induced by miR-26a over-
expression (Fig. 4G). Collectively, these data strongly supported
that DLX6-AS1 promoted RCC cell growth and tumorigenesis
via miR-26a mediated regulation of PTEN.

Discussion

Studies have revealed that lncRNAs play vital roles in RCC path-
ogenesis.18-21 However, the role and mechanism of lncRNA
DLX6-AS1 in RCC has not been fully understood. In this study,
we identified that lncRNA DLX6-AS1 expression was signifi-
cantly increased in RCC tumor tissues compared with their cor-
responding non-tumor kidney tissues. In addition, we also
found that DLX6-AS1 expression was also increased in meta-
static RCCs. Also, DLX6-AS1 expression was higher in RCC cell
lines compared with normal renal cell line. As expected, DLX6-
AS1 knockdown significantly suppressed the A498 and ACHN
cell growth and promoted the RCC cell colony formation. Fur-
thermore, xenograft tumor model revealed that DLX6-AS1
knockdown repressed the RCC tumor growth in vivo. These
results suggested that DLX6-AS1 might act as an oncogenic role
in RCC tumorigenesis and development.

Numerous studies have shown that lncRNAs acts as a
ceRNA to sponge microRNAs to modulate the expression level

of microRNA targets in many biologic process.6,22-25 As we
have mentioned that LOC100129148 promotes nasopharyngeal
carcinoma progression by targeting miR-539–5p,9 lncRNA
EWSAT1 promotes nasopharyngeal cancer development by
targeting miR-326/-330–5p10 and LncRNA 00858 acts as an
ceRNA of miR-422a in non-samll cell lung cancer.11 In this
study, we notified that the expression level of microRNA-26a
was negatively correlated with the expression level of DLX6-
AS1 in RCC tissue samples. This result suggested that DLX6-
AS1 may work as a ceRNA to sponge miR-26a in RCC cells.
MicroRNA-26a has been reported to regulate several types of
tumor progression. For example, miR-26a and miR-26b inhibit
esophageal squamous cancer cell proliferation through sup-
pression of c-MYC pathway.17 MiR-26a enhances invasive
capacity by suppressing GSK3b in human lung cancer cells.26

MiR-26a performs converse roles in proliferation and metasta-
sis of different gastric cancer cells via regulating of PTEN
expression.27 MiRNA-26a contributes to the acquisition of
malignant behaviors of doctaxel-resistant lung adenocarcinoma
cells through targeting EZH2.28 There were also many studies
showed that miR-26a regulated the progression in many types
of cancers.29-33 This promoted us to ask whether miR-26a may
also make any contributions to RCC tumor progression and
whether DLX6-AS1 could sponge miR-26a to modulate RCC
development. To address these questions, we first examined the

Figure 4. PTEN is the direct target of miR-26a in RCC cells. (A) Schematic illustration of the predicted binding sites between miR-26a and PTEN. (B) Luciferase reporter
assays were performed in 293T cells after co-transfecting PTEN wild type or mutant UTR with miR-26a. (C) The PTEN protein level was examined by western blot in RCC
cells after miR-26a overexpression. (D–F) Cell growth, colony formation and cell apoptosis a were examined in RCC cells after miR-26a/PTEN overexpression. (G) The tumor
growth was examined after inoculating with miR-26a/PTEN overexpression RCC cells. (H and I) The correlations between miR-26a level with PTEN level (H) or DLX6-AS1
level (I) was examined by q-PCR analysis. All data was shown as mean § s.e.m. from 3 independent experiments. � represents p < 0.05.
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expression of miR-26a in RCC cells after DLX6-AS1 knock-
down. Q-PCR analysis showed that DLX6-AS1 knockdown
increased the expression level of miR-26a in 2 RCC cells. How-
ever, miR-26a overexpression didn’t suppressed the expression
level of DLX6-AS1 in RCC cells. These data suggested that
DLX6-AS1 acts as the ceRNA to sponge the miR-26a. Further-
more, we also notified that miR-26a overexpression signifi-
cantly suppressed the growth of RCC cells in vitro and RCC
tumorigenesis in vivo. As expected, miR-26a overexpression
suppressed the growth of RCC cells and RCC tumors. These
results suggested that miR-26a acts as a tumor suppressor in
RCC tumors.

Bioinformatics analysis revealed that PTEN was the potent
predicted target of miR-26a. We have mentioned above that
miR-26a performs converse roles in proliferation and metasta-
sis of different gastric cancer cells via regulating of PTEN
expression.27 MiR-26a mediates adipogenesis of amniotic fluid
mesenchymal stem/stromal cells via PTEN, Cyclin E1, and
CDK6.34 MiR-26a also showed that miR-26a inhibits prolifera-
tion and migration of HaCaT keratinocytes through regulating
PTEN expression.35 miR-26a and miR-214 down-regulate
expression of the PTEN gene in chronic lymphocytic leuke-
mia.36 In this study, luciferase reporter assays and western blot
showed that miR-26a directly targeted to the 30-UTR of PTEN
and therefore suppressed the protein level of PTEN in RCC
cells. To extensively investigate whether PTEN could restore
RCC cell growth, we next co-transfected RCC cells with miR-
26a and PTEN. MTT assays and xenograft tumor models
revealed that PTEN could rescued repression of the RCC cell
growth and RCC tumorigenesis, induced by miR-26a
overexpression.

In conclusion, our study revealed that DLX6-AS1 is an
oncogene in RCC. Elevated level of DLX6-AS1 is positively cor-
related with tumor progression and development. DLX6-AS1
functions as a ceRNA to sponge miR-26a to facilitate RCC pro-
gression partly via miR-26a/PTEN axis. Thus, our study pro-
vides further insight into the molecular mechanism of
lncRNAs in RCC tumorigenesis, which may promote the devel-
opment of lncRNA-directed diagnosis and therapy for RCC.
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