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	 Background:	 Renal cell carcinoma (RCC) is one of the common malignant tumors in the urinary system, which endangers 
human health for a long time. The past decade, the molecular biology of renal cell carcinoma has made con-
siderable progress, so that we have a more profound understanding of renal cell carcinoma. Molecular biolog-
ical mechanism of renal cell carcinoma remains to be explored. Evidence indicates that long non-coding RNAs 
(lncRNAs) may be important players in human cancer progression, including RCC. In this study, we found that 
a newly discovered pseudogene-derived lncRNA named DUXAP8, a 2107-bp RNA, was remarkably upregulated 
in RCC.

	 Material/Methods:	 Expression of lncRNA DUXAP8 was determined by a qRT-PCR assay in RCC tissues. The proliferation and invasion 
of RCC cell were measured by a cell proliferation assay and a Transwell invasion assay. Expression of miR-126 
was detected by real-time PCR. Interactions between lncRNA DUXAP8 and miR-126 were measured by a lucif-
erase reporter assay and an RNA-pull down assay. In vivo experiments were used to detect tumor formation.

	 Results:	 Together, our study not only identifies lncRNA DUXAP8 as a negative regulator of renal cancer with potential 
clinical value, but also reveals a regulatory mechanism by long non-coding RNAs to control tumor development.

	 Conclusions:	 Results from this study provide evidence that lncRNA DUXAP8 enhances renal cell carcinoma progression via 
downregulating of miR-126, which offers a new approach for the treatment of RCC.
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Background

The development of renal cell carcinoma is a multi-stage 
and multi-step process including a series of genetic changes 
including oncogene activation and inactivation of tumor sup-
pressor genes (TSGs) [1]. The loss or inactivation of tumor 
suppressor gene is one of the important molecular events in 
tumorigenesis and development [2–4]. Tumors often have chro-
mosomal gene deletions at the tumor suppressor gene locus, 
showing loss of heterozygosity (LOH) [5]. By detecting and an-
alyzing the tumor LOH and its regulation, tumor suppressor 
genes can be found in a certain range of chromosome suscep-
tibility genes. In order to understand more about the key mo-
lecular events leading to the occurrence and development of 
renal cell carcinoma, more and more researchers start to ex-
plore the mechanism of RCC development.

Recently, numerous studies have revealed that lncRNAs have 
participate in the development of lots cancers [6–9]. Several re-
ports also found that lncRNAs can regulate gene expression by 
complementary binding with miRNAs. Lots of studies already 
highlighted the involvement of lncRNAs in the pathogenesis of 
diseases including cancers [10–12]. For example, a study dem-
onstrated that miR-335 suppressed RCC cell proliferation and 
invasion [13]. A newly study also demonstrated that lncRNA 
FILNC1 was involved in energy metabolism and significantly 
inhibits renal tumor development [14]. The influence of pseu-
dogene-derived lncRNAs in human cancer may be associated 
with their ability impacting on cellular functions through various 
mechanisms. For example, pseudogenes can act as sources of 
competing endogenous RNAs (ceRNAs) for microRNA sponges, 
RNA-binding proteins (RBPs), several studies had ascertained 
that the expression of the pseudogene-derived lncRNA DUXAP8 
was upregulated in GC tissues [15], while its function was re-
mained to be unearth on the RCC development and progression.

Material and Methods

Cell culture

Human RCC cell lines (A498, 786-0) were purchased from 
the Institute of ATCC (Beijing, China). Cells were cultured in 
Dulbecco’s Modified Eagle Medium (DMEM, Invitrogen, Grand 
Island, NY, USA)) supplemented with 10% fetal bovine serum 
(Gibco), 100 U/ml penicillin, and 100 mg/ml streptomycin in 
humidified air at 37°C with 5% CO2.

RNA extraction and qRT-PCR assay

Add 1 mL of RL lysate to a 3.5 cm diameter culture plate to 
lyse the cells. Gently use the pipette repeatedly blowing mixed 
transferred to 1 mL EP tube. RNA extraction was get as the 

manufacture kit instructions. After the reaction process is 
completed, the experimental results are exported to an Excel 
spreadsheet and analyzed using GraphPad Prism 5.0 software.

Cell proliferation assay

Cells were seeded into 96-well plates with a volume of 200 ul 
per well. In the same culture conditions, cells were cultured 
3–5 days (according to the purpose and requirements of the 
test decided to cultivate time). After incubation for 3–5 days, 
add 20 ul of MTT solution (5 mg/ml in PBS, pH=7.4) to each 
well and continue incubation for 4 h, stop the culture and 
carefully discard the culture supernatant in the wells. For sus-
pension cells, centrifuge and then discard the culture super-
natant in the wells. Add 150ul DMSO to each well and shake 
for 10 min to fully dissolve the crystals.4: Colorimetric: Select 
490 nm wavelength, the optical absorption of each hole in 
the ELISA test instrument, establishing the cell growth curve.

Western blotting

Six-well plate were added 700 μL of protein lysis solution, 
homogenize with electric homogenizer and let stand on ice. 
1) Ultrasonic crushing, 3 s/time, interval 3 s, a total of 3 times. 
2) Place in a low temperature, high speed centrifuge (4°C), cen-
trifuge at 12,000 rpm for 10 min. 4) Transfer the supernatant 
to a new EP tube. Prepared SDS - PAGE plastic, the upper 5% 
concentrated plastic, the lower 10% separation gel. 3) The im-
printed membrane was blocked with 5% nonfat dry milk for 
1 h at room temperature, and the corresponding bands were 
cut according to the size of the target protein. The imprinted 
membranes were respectively placed in the primary antibody 
of CED-9 (1: 1000) overnight. Washing the membrane 3 times 
with 1×TBST solution for 10 minutes. The membrane with the 
PPARg protein band was placed in horseradish peroxidase 
(HRP)-labeled goat anti-rabbit IgG (1: 5000) and the membrane 
with the CED-9 protein band was placed on HRP-labeled rabbit 
anti-goat IgG (1: 5000) for 1 h at room temperature. 4) Wash 
the membrane with 1×TBST solution, 10 min/time, 3 times.

Transwell assay

We placed 100–200 μL of cell suspension into the Transwell 
chamber and added 500 μL FBS or chemokine-containing 
medium. Cells were routinely cultured for 12–48 h. The medium 
was discarded, cells were washed 3 times with PBS, and fixed 
with 4% paraformaldehyde for 10 min. DAP-stained nuclei were 
counted using fluorescence microscopy to assess cell migration.

MTT assay

Cells transfected with si-NKILA or si-Control were digested by 
trypsin, collected by centrifuging, and seeded into 96-well plates. 
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Cell suspension concentration was adjusted to 5–10×104/ml. 
Cells were incubated at 37° C for 16–48 h and we observed 
the effect of the drug. We added 10 μM of MTT solution 
(5 mg/ml, 0.5% MTT) to each well and continued incubation 
for 4 h. After the drug and MTT reacted, we centrifuged the 
96-well plates and discarded the culture medium. Then, we 
carefully performed washing with PBS 2–3 times, then added 
MTT-containing culture medium. Culturing was stopped, the 
crystals were dissolved, and the absorbance at 490 nm was 
measured using a microplate reader (Bio-Rad Laboratories, 
California, USA).

Luciferase reporter assay

Growth medium was removed from the cells to be assayed. 
After rinsing the cells twice in PBS buffer, being careful not 
to dislodge any of the cells, we added a minimal volume of 
1×CCLR to cover the cells (250 µl for a 60 mm dish) and incu-
bated them briefly at room temperature. Attached cells were 
scraped free from the culture dish and the cells and solution 
were transferred to a microcentrifuge tube for centrifuging 

for 5 s at 12 000 rpm to pelletize the cell debris. The superna-
tant (cell extract) was transferred to a new tube and we dis-
carded the pelleted cell debris. We mixed 20 µl of cell extract 
with 100 µl Luciferase Assay Reagent at room temperature.

Statistical analyses

All experimental results are expressed as mean standard 
deviation (x±s). Comparisons between the 2 groups were per-
formed using the t test and P<0.05 was defined as statistically 
significant. GraphPad Prism 5.0 (GraphPad Software, Inc.) soft-
ware were used for analysis and mapping.

Result

LncRNA DUXAP8 expression is upregulated in RCC tissues

Recently, many studies have indicated that lncRNAs can regu-
late the development and gene expression by complementary 
functioning with miRNAs [16–18]. We hypothesized that some 
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Figure 1. �lncRNA DUXAP8 may have effects on the pathology development of RCC. (A) RT-PCR assay was performed to screen 10 
potential lncRNAs. lncRNA DUXAP8 was the most appropriate lncRNA to select. Each column is the ratio of cancer tissue/
normal tissue. (B) lncRNA DUXAP8 expression in RCC tissues vs. normal renal tissues. (C) Association of lncRNA DUXAP8 
expression of 6 RCC patients. P values are given in the figures.
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lncRNAs can regulate RCC cell progression by binding with 
miRNAs. Therefore, we used a human lncRNA target prediction 
tool (DIANA TOOLS) to predict potential lncRNAs that can regu-
late RCC cell progression and determined the top 14 potential 
lncRNAs that were under regulation. We found the lncRNA 
DUXAP8 was changed significantly (Figure 1A). Next, we de-
tected the expression level of lncRNA DUXAP8 in human RCC 
tissue. The qRT-PCR results showed that lncRNA DUXAP8 was 
significantly increased in RCC tissue compared with the nor-
mal kidney tissues from patients (Figure 1B). Furthermore, our 
data showed that the RCC patients with high expression level 
lncRNA DUXAP8 had significantly worse outcomes compared 

with those in the low lncRNA DUXAP8 group (Figure 1C). 
Collectively, these data indicate that lncRNA DUXAP8 may have 
effects on the pathology development of RCC.

lncRNA DUXAP8 promotes RCC cell proliferation and 
invasion

Next, we explore the functional effects of lncRNA DUXAP8 on 
RCC cells. The RRC cell lines A498 and 786-O cells were trans-
fected with 2 different lncRNAs: DUXAP8-shRNA and (siR-1 and 
siR-2) and relative control lncRNA DUXAP8-siCtrl (si-C). Next, 
lncRNA DUXAP8-shRNA and functional lncRNA DUXAP8-siCtrl 
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Figure 2. �lncRNA DUXAP8 promoted the invasion of lung adenocarcinoma. (A, B) Verification of lncRNA DUXAP8 knockdown by qRT-
PCR assay in A498 and 786-O cells. (C, D) Cell growth was measured by a Transwell assay. Each sample was run in triplicate 
and in multiple experiments for mean ±SEM. * P<0.05, ** P<0.01 compared to controls.
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were transfected into the A498 and 786-O cells for 48 h. 
The qRT-PCR data revealed that all of the lncRNA DUXAP8 
siRNAs effectively entered the cells (Figure 2A, 2B). In addi-
tion, the Transwell assays showed that knockdown of lncRNA 
DUXAP8 expression significantly inhibited the migration of 
A498 and 786-O cells compared with the scrambled control 
(Figure 2C, 2D). These results suggest that lncRNA DUXAP8 
promotes the invasion of RCC.

lncRNA DUXAP8 promotes RCC cell proliferation by 
downregulating miR-126 expression

Many recent studies have found that approximately 20% of 
lncRNAs can regulate downstream target genes by functioning 
with 1 or more micro-RNAs [19,20]. To determine the mechanism 
underlying the lncRNA DUXAP8 expression profile in RCC devel-
opment, we first assessed the expression of different miRNAs in 
RCC and paired normal tissues. Interestingly, the expression level 
of miR-126 was dramatically downregulated in RCC (Figure 3A). 

A recent study provides important evidence that miR-126 can 
function as a tumor suppressor in RCC. To investigate whether 
lncRNA DUXAP8 can regulate miR-126 expression in RCC, the ex-
pression of miR-126 and lncRNA DUXAP8 were examined. Q-PCR 
analysis revealed that lncRNA DUXAP8 expression was negatively 
correlated with miR-26a level in RCC samples (Figure 3B). To 
verify whether miR-126 was indeed a target of lncRNA DUXAP8, 
we first knocked down lncRNA DUXAP8expression in 2 indepen-
dent RCC cell lines, A498 and 786-O, by siRNA transfection. In 
both lncRNA DUXAP8 knockdown cell lines, we observed ele-
vated expression levels of miR-126 (Figure 3C), whereas lncRNA 
DUXAP8 overexpression significantly suppressed the expression 
of miR-126 in these 2 RCC cell lines (Figure 3D), indicating that 
miR-126 was downstream of DUXAP8.

miR-126 targets CED-9 to inhibit RCC tumorigenesis

The above results reveal that lncRNA DUXAP8 inhibited the 
expression of miR-126 and decreased miR-126 expression in 
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Figure 3. �lncRNA DUXAP8 promotes RCC cell proliferation by downregulating miR-126 expression. (A) qRT-PCR assay was performed 
to detect the expression level of miR-126. (B) The correlation between miR-126 and DUXAP8 level in RCC tumor tissues 
was analyzed by q-PCR. (C) qRT-PCR assay was performed to detect the expression of miR-126 after knocking down lncRNA 
DUXAP8in A498 and 786-O cells. (D) qRT-PCR assay was performed to detect the expression of miR-126 after overexpression 
of lncRNA DUXAP8 in A498 and 786-O cells. Each sample was run in triplicate and in multiple experiments for mean ±SEM. 
* P<0.05, ** P<0.01 compared to controls.
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RCC cells. It is very exciting that after identifying the publicly 
available algorithms (microRNA.org), we found that the CED-9 
was one of the potential targets of miR-126a in RCC cells. Thus, 
we assessed whether lncRNA DUXAP8 influences the process 
of RCC though regulating CED-9. First, luciferase reporter as-
says were performed in 293T cells after co-transfecting CED-9 
wild type or mutant UTR with miR-126. This data revealed that 
CED-9 was the direct target of miR-126 (Figure 4A). Western 
blot assay revealed that knocking down miR-126 increased the 
expression of CED-9 compared to the control in 786-O cells 
(Figure 4B), whereas overexpression of miR-126 decreased 

CED-9 expression (Figure 4C). The Q-RT-PCR analysis also 
showed that CED-9 expression level was negatively correlated 
with miR-126 expression level in RCC samples (Figure 4D).

lncRNA DUXAP8 functions by altering miR-126/CED-9 
signals to promote RCC cell proliferation and invasion

Previous studies demonstrated that miR-126 inhibited RCC cell 
progression through the direct suppression of CED-9 [21,22]. 
Therefore, we examined whether lncRNA DUXAP8 could affect RCC 
cell proliferation and invasion by altering miR-126/CED-9 signals. 
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Figure 4. �miR-126 targets CED-9 to inhibit RCC tumorigenesis. (A) Luciferase reporter assays were performed in 293T cells after 
co-transfecting CED-9 wild-type or mutant UTR with miR-126. (B) The protein level of CED-9 after knocking down miR-126 
in 786-O cells. (C) The protein level of CED-9 after over expression of miR-126 in 786-O cells. (D) The correlation between 
miR-126 andCED-9 level in RCC tumor tissues were analyzed by q-PCR. Each sample was run in triplicate and in multiple 
experiments for mean ±SEM. * P<0.05, ** P<0.01 compared to controls.
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Western blot assay revealed that knocking down lncRNA 
DUXAP8 decreased the expression of CED-9 in A498 and 
786-O cells, and this si-lncRNA DUXAP8-suppressed CED-9 
expression was partially reversed by adding a miR-126 inhibitor 
(Figure 5A, 5B). On the other hand, miR-126 inhibitor partially 
reversed RCC cell proliferation induced by si-lncRNA DUXAP8 
in 786-O cells (Figure 5C). As expected, we obtained similar 
results in A498 cells (Figure 5D) using an MTT assay invasion 
assay. Together, the results from Figure 4A–4D illustrated that 
lncRNA DUXAP8 promotes RCC cell proliferation and invasion 
by altering miR-126/CED-9 signals.

Discussion

Renal cancer accounts for about 2–3% of adult malignant tu-
mors, accounting for 80–90% of adult renal malignancies [23]. 
In general, the incidence rate in developed countries is higher 
than that in developing countries. Many lncRNAs play vital 
roles in cancer pathogenesis [24–27]. However, the role and 
mechanism of lncRNA DUXAP8 [28] in RCC remains unclear.

In the present study, we found that lncRNA DUXAP8 expression 
was obviously increased in RCC tumor tissues compared with 
their normal kidney tissues. We also identified that lncRNA 

DUXAP8 expression was also increased in metastatic RCCs. 
As expected, lncRNA DUXAP8 knockdown significantly sup-
pressed the A498 and 789-O cell growth. Furthermore, the 
Transwell assay revealed that lncRNA DUXAP8 knockdown re-
pressed the RCC tumor growth in vivo. These results suggest 
that lncRNA DUXAP8 acts as an oncogene in RCC tumorigenesis 
and development.

Numerous studies have shown that lncRNAs acts as a ceRNA 
to sponge microRNAs to modulate the expression level of mi-
croRNA targets in many biological processes. Recently, a new 
mechanism was discovered in which some lncRNAs and mRNAs 
interact with each other. In this study, we found that the ex-
pression level of microRNA-126 was negatively correlated with 
the expression level of lncRNA DUXAP8 in RCC tissue samples. 
MicroRNA-126 has been reported to regulate several types of 
tumor progression. miR-126 performs converse roles in prolif-
eration and metastasis of different gastric cancer cells. For ex-
ample, 126miRNA-126 inhibited the growth of lung cancer cells. 
This prompted us to explore whether miR-126 has an effect on 
RCC tumor progression and whether lncRNA DUXAP8 inhibits 
miR-126 to modulate RCC development. To address these ques-
tions, we first examined the expression of miR-126 in RCC cells 
after lncRNA DUXAP8 knockdown. Q-PCR analysis showed that 
DLX6-AS1 knockdown increased the expression level of miR-126 

Figure 5. �lncRNA DUXAP8 functions by altering miR-126/CED-9 signals to promote RCC cell proliferation and invasion. (A, B) Protein 
level of CED-9 was determined after cotransfection with lncRNA DUXAP8-shRNA and miR-126 inhibitor in A498 and 786-O. 
(C, D) Adding miR-126 inhibitor partially rescued the growth of A498 and 786-O cells transfected with lncRNA DUXAP8-
shRNA by a cell proliferation assay. Each sample was run in triplicate and in multiple experiments for mean ±SEM. * P<0.05, 
** P<0.01 compared to controls.
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in 2 RCC cells. Furthermore, we hypothesized that miR-126 
overexpression significantly suppressed the growth of RCC cells 
in vitro. As expected, miR-126 overexpression suppressed the 
growth of RCC cells. These results suggest that miR-126 acts 
as a tumor suppressor in RCC tumors. Bioinformatics analysis 
revealed that CED-9 is the potent predicted target of miR-126. 
We discovered that miR-126 performs converse roles in pro-
liferation and metastasis of different gastric cancer cells via 
regulating CED-9 expression. Some studies have found that 
miRNA-126 inhibits cell cycle progression from G1/G0 to S and 
that miRNA-126 is frequently lost in colon cancers.

In this study, luciferase reporter assays and Western blot 
analysis showed that miR-126 directly targets CED-9 and 
suppresses the protein level of CED-9 in RCC cells. To determine 
whether CED-9 can restore RCC cell growth, we next co-trans-
fected RCC cells with miR-126 and CED-9. MTT assays revealed 
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