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 Background: It is well known that long noncoding RNA (lncRNA) metastasis-associated lung adenocarcinoma transcript 1 
(MALAT1) is closely correlated with the tumorigenesis of multiple cancers, including renal cell carcinoma (RCC). 
However, the potential functional mechanism is still elusive.

 Material/Methods: In our present research, quantitative real-time polymerase chain reaction (qRT-PCR) was performed for the 
measurement of MALAT1 and miR-429. CCK-8 assay and Transwell assay were performed for the proliferation, 
migration, and invasion abilities of RCC cells. Dual-luciferase reporter assay was performed to validate the in-
teraction within MALAT1 and miR-429.

 Results: Data found that MALAT1 was overexpressed in RCC clinical samples and cell lines. Moreover, loss-of-functional 
experiments showed that MALAT1 knockdown suppress the proliferation, migration, and invasion abilities of 
RCC cells. RT-PCR showed that miR-429 expression was downregulated in RCC cell lines, which was negative-
ly correlated with that of MALAT1. Bioinformatics analysis suggested that miR-429 had complementary bind-
ing sequences with MALAT1, which was confirmed by dual-luciferase reporter assay.

 Conclusions: In summary, our results concluded that MALAT1 functioned as an oncogene in RCC by sponging miR-429, act-
ing as its competing endogenous RNA (ceRNA).
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Background

Malignant kidney tumor accounts for nearly 2% of adult ma-
lignancies, among which renal cell carcinoma (RCC) accounts 
for approximately 85% of cases [1]. In current therapy, surgi-
cal resection is the most effective treatment because RCC pa-
tients reveal high resistance towards conventional chemother-
apy and radiotherapy [2,3]. Therefore, the disease still exhibits 
substantial mortality due to regional or distant metastasis [4]. 
Previous study reported that patients with stage IV RCC have 
a significantly reduced 5-year survival rate (<30%) [5]. Thus, 
further research will be urgently required to detect the mo-
lecular mechanisms of RCC progression and to find more val-
id therapeutic targets of RCC.

More than 90% of the DNA sequence of the human genome 
is actively transcribed. However, only 2% of RNA sequence en-
codes proteins. The rest of the transcripts are referred to as non-
coding RNAs (ncRNA), which are considered to exhibit biologi-
cal functions without protein-coding capability [6]. Noncoding 
RNAs are classified into 2 groups according to length. Small 
noncoding RNAs, especially microRNAs (miRNAs), have been 
extensively studied for decades, and their function as onco-
genes or anti-tumor genes have been widely discovered and 
discussed in various cancers [7]. Long noncoding RNAs (ln-
cRNAs) have at least 200 bases and had been acknowledged 
as transcription noise without biological function for a long 
time. However, recently, increasing evidence indicates that 
lncRNAs take part in essential cell processes, physiological-
ly and pathologically, including nuclear import, cell cycle con-
trol, nuclear and RNA decay, transcription, and translation [8]. 
These findings make lncRNAs a promising therapeutic tar-
get for cancers [9]. Thus, lncRNAs have become an emerging 
hotspot in cancer research [10]. Previous studies have report-
ed on biological functions of lncRNAs in numerous cancers, in-
cluding RCC [11,12].

LncRNA metastasis-associated lung adenocarcinoma transcript 
1 (MALAT1) was originally located on chromosome 11q13. It 
was reported to be overexpressed in varied cancers, includ-
ing RCC [12,13], and it was also confirmed as an independent 
prognostic parameter for several cancers patients’ survival 
in previous studies [14,15]. In addition, studies revealed that 
lncRNA MALAT1 functioned as an oncogene in RCC develop-
ment, and the underlying mechanisms were explored. Shaoan 
Chen et al reported that lncRNA MALAT1 could suppress pro-
liferation and enhance apoptosis of RCC cells through upreg-
ulating linvin protein expression [16]. Research from Hiroshi 
Hirata’s team and Haibing Xiao’s team manifested that lncRNA 
MALAT1 achieved its tumor-promoting function by regulating 
downstream proteins expression via interfering with microR-
NA [17,18]. Inspired by previous studies, we designed our cur-
rent study based on results of preliminary experiments, which 

showed that miRNA-429 was significantly downregulated in 
RCC. Deregulation of miR-429 is involved in suppressing dif-
ferent kinds of cancers, such as non-small cell lung cancer, co-
lon cancer, and RCC [19–21].

According to our acknowledge, none of the existing articles 
have reported on the interaction of lncRNA MALAT1, and miR-
429 of RCC tumorigenesis. Here, we constructed and conducted 
a study to investigate the biological effects of lncRNA MALAT1 
and miR-429 on RCC tumorigenesis, as well as determine the 
therapeutic prospect for RCC clinic.

Material and Methods

Cell lines and clinical samples

Three cell lines were used in this research, including human 
RCC cell lines 786-O and ACHN, as well as human embryonic 
kidney (HEK) 239-E cells (Type Culture Collection of Chinese 
Academy of Sciences). RCC cell was cultured in Dulbecco’s 
modified Eagle’s medium (DMEM) (Gibco, Grand Island, NY, 
USA) with 10% FBS (fetal bovine serum, Gibco, Rockville, MD) 
and 1% penicillin-streptomycin (Sigma-Aldrich, St. Louis, MO, 
USA) at 37°C in humidified atmosphere with 5% CO2. HEK cell 
were cultured in DMEM with only 10% FBS at same thermal 
and gaseous conditions. All cells were used in research with-
in 5 months. For clinical samples, we applied and obtain ap-
proval from the Research Ethics Review Committees of the 
Central Hospital of Wuhan, Tongji Medical College, Huazhong 
University of Science and Technology. Approximately, 50 pa-
tients (38 male and 12 female) who was pathologically diag-
nosed as RCC were recruited in this research of Central Hospital 
of Wuhan, Tongji Medical College, Huazhong University of 
Science and Technology. They were staged according to the 
tumor-node-metastasis classification and classified by the 
World Health Organization (WHO) criteria. Patient samples 
were obtained and storing at –80°C after patients gave their 
confirmation in writing.

Real-time quantitative polymerase chain reaction (PCR)

The relative expression levels of lncRNA-MALAT1 and miR-429 
were determined by quantitative RT-PCR. Briefly, RNAs were 
obtained using the TRIzol reagent and then first-strand cDNA 
of RNAs were synthesized by reverse transcription using re-
verse transcription reagent kit (both from Invitrogen, Carlsbad, 
CA, USA). Real time qPCR was performed using SYBR Green 
PCR kit (TaKaRa, Dalian, China). Primers were all obtained 
from Applied Biosystems and all procedures were conducted 
as per the manufacturer’s instructions. Briefly, every proce-
dure was performed under certain conditions: initial denatur-
ation (95°C for 3.5 min), denaturation (95°C for 15 seconds), 
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annealing (60°C for 50 seconds), elongation (72°C for 55 sec-
onds) and the final elongation (72°C for 3 min). b-actin was 
tested as the internal standard. The relative gene expression 
levels were calculated by comparing to expression level inter-
nal standard using 2–DDCT method.

Cell transfection

Transfection mimics carrying lncRNA, miRNAs, and siRNAs were 
used in research for regulation of target genes expression lev-
els (Transheep, Shanghai, China), including miR-429 mimic, 
miR-429 siRNA mimic, MALAT1 mimic, MALAT1 siRNA mim-
ic, and corresponding negative control mimics. Transfection 
was conducted using the Lipofectamine 2000 transfection re-
agent following manufacturers’ instructions (GenePharma, 
Shanghai, China).

Luciferase assays

Luciferase assay was used to clarify if there were hypotheti-
cal a binding site in 3’-UTR of MALAT1 and miR-429. The wide 
type (WT) or mutant type (MUT) 3’-UTR sequences of MALAT1 
were cloned into pRL-CMV vectors, respectively (Promega 
Corporation, Madison, WI, USA) in front of the firefly luciferase 
gene, constructed and purified as reporter mimics. RCC 786-
O cells were planted into 12-well plate (~4000 cells per well) 
and co-transfected with reporter mimics, miR-429 mimics or 
NC by Lipofectamine 2000 following manufacturers’ protocols. 
Additionally, every sample was also transfected with 0.05 µg 
pRL-CMV plasmid containing Renilla luciferase gene (Promega 
Corporation, Madison, WI, USA), as an internal control to ob-
serve transfection efficiency. After 48 hours, luciferase activ-
ity of firefly luciferase was measured and rectified by Renilla 
luciferase activity using the Dual-Luciferase® Reporter Assay 
System (Promega Corporation, Madison, WI, USA), according 
to the manufacturer’s instructions.

Cell viability assay

Cells were harvested and planted into 96-well plate (~4000 cells 
per well) and transfected with corresponding mimics. Then we 
waited 48 hours before determining cell viability by a CCK-8 
kit ((Beyotime Institute of Biotechnology, Jiangsu, China) fol-
lowing the manufacturer’s protocols.

Cell migration and invasion assay

RCC 786-O cells were co-transfected with siMALAT1 combining 
to miR-429, miR-inhibitor or miR-NC mimics. All cells were col-
lected in log phase and planted into Transwell chambers (BD 
Biosciences, San Jose, CA, USA), which were separated as up-
per and lower levels both filled with RPMI-1640 medium and 
connected by one 8 mm pore. For invasion assay, Transwell 

chamber was previously coated by Matrigel membrane (BD 
Biosciences, San Jose, CA, USA). Afterwards, cells were incu-
bated for 15 hours or 24 hours before migration or invasion 
assay. Finally, cells in lower chambers were fixed, stained, and 
counted under microscopic inspection (200×).

Statistical analysis

All results were extracted from 3 independent experiments 
and presented by mean ± standard deviation. Statistical dif-
ferences were determined by the Student’s t-test, one-way 
ANOVA or two-way ANOVA. A P < 0.05 was considered as sta-
tistically significant.

Results

MALAT1 was upregulated in renal cell carcinoma tissues 
and cell lines

To detect expression level of MALAT1 in RCC patient tissues 
and cell lines, real time PCR (qRT-PCR) were used. Results re-
vealed that MALAT1 expressed significantly higher in RCC tis-
sues comparing to normal renal tissue (Figure 1A), and nev-
ertheless, MALAT1 expression significant enhanced in RCC 
cells compared to HEK cells (Figure 1B). These results indicat-
ed that RCC tissues and cell lines exerted high expression ln-
cRNA, which suggested that MALAT1 could be an oncogene.

Downregulation of MALAT1 inhibits growing of RCC cells

Given that qRT-PCR results revealed that MALAT1 is a poten-
tial oncogene. To figure out MALAT1 biological role in RCC, 
we transfected siRNA of MALAT1 into RCC cells lines 786-O 
and ACHN. After transfection, we detected that MALAT1 ex-
pression significantly decreased in 2 cell lines using qRT-PCR 
(Figure 2A). CCK-8 assay detected that knockdown of MALAT1 
significantly downregulation RCC cells proliferation in a time-
dependent manner (Figure 2B). Nevertheless, Transwell assay 
detected that migration and invasion abilities were significant-
ly suppressed after transfection (Figure 2C, 2D). These results 
indicated that downregulation of MALAT1 could inhibit prolif-
eration, migration and invasion of RCC cells.

MALAT1 targeted with miR-429 at 3’-UTR

We obtained miRNA expression profiles in RCC tissue compared 
to normal control tissue in our earlier research (Figure 3A), 
in which we noticed that the miR-429 expression level was 
markedly low in RCC tissue, whereas it had previously been 
reported as a potential tumor-suppressor. Therefore, we de-
tected the expression of miR-429 in RCC tissues and cells us-
ing qRT-PCR, which showed that miR-429 was significantly 
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decreased in tissue and cells (Figure 3B, 3C). We performed 
Pearson’s correlation analysis to verify if there were correla-
tion between expression of MALAT1 and miR-429. The results 
proved that MALAT1 expression was negatively correlated to 
miR-429 expression in RCC tissues (Figure 3D), which sug-
gested that MALAT1 might regulate expression level of miR-
429. We then determined a putative complementary region 

between MALAT1 and miR-429 (Figure 3E). After that, we con-
firmed this binding alignment between MALAT1 and miR-429 
using dual-luciferase reporter assay (Figure 3F). In all, these 
results indicated that MALAT1 could downregulate expression 
of miR-429 in RCC, which may suggest a cooperating relation 
of their biological functions in RCC. These results suggested 
that the expression of MALAT1 and miR-429 was negatively 
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Figure 1.  MALAT1 was upregulated in renal cell carcinoma (RCC) patient tissues and cell lines. (A) Expression of MALAT1 was 
significantly higher in RCC tissues than normal tissues. (B) Expression level of MALAT1 was significantly higher in RCC cell 
lines, 786-O and ACHN, than HEK 293-T cells. Data was presented as mean ±SD, ** P<0.01, *** P<0.001 calculated with 
Student’s t-test.
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Figure 2.  Downregulation of MALAT1 inhibited proliferation, migration, and invasion of renal cell carcinoma (RCC) cells. (A) Expression 
level of MALAT1 is significantly decreased after MALAT1 siRNA transfection. (B) Proliferation of RCC cells was determined at 
indicated time point after transfection using CCK-8 assay. (C) Migration ability of RCC cells was determined after transfection 
using Transwell assay. Random fields are shown below. (D) Invasion ability of RCC cells was determined after transfection 
using Transwell assay. Random fields are shown below. Data was presented as mean ±SD, * P<0.05, ** P<0.01, calculated 
with Student’s t-test.
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Figure 3.  MiR-429 is a direct target of MALAT1. (A) MiRNA expression profiles in renal cell carcinoma (RCC) tissue was detected by 
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related, which is highly likely presented by direct binding be-
tween MALAT1 and miR-429.

Functions of MALAT1 and miR-429 on RCC cells

Considering all the results we had obtained, we decided to 
further explore the biological functions of MALAT1 and miR-
429 at a cell level. In these experiments, we co-transfected si-
MALAT1 mimics combined with miR-429, miR-inhibitor or miR-
NC mimics to RCC 786-O cells. This approach provided us with 
3 experimental groups. For every group, CCK-8 assay, migration 
assay, and invasion assay were performed (Figure 4). Previous 
results suggested that MALAT1 exerted oncogene characteristics 
in RCC, while miR-429 was downregulated in RCC. Therefore, 
downregulation of MALAT1 could suppress renal cell carcino-
ma growth, co-transfection of miR-429 or miR-inhibitor might 
enhance or reverse siMALAT1 effects in RCC. Overall results 

verified this hypothesis that co-transfection of miR-inhibitor 
and siMALAT1 could increase cell viability and decrease mi-
gration and invasion abilities, comparing to siMALAT1+miR-
NC group. However, co-transfection of miR-429 and siMALAT1 
achieved the opposite results. In conclusion, these results in-
dicated that, unlike potential oncogene MALAT1, miR-429 pos-
sesses tumor-suppressing function in RCC.

Discussion

Looking back at previous research in recent decades, all ex-
perimental evidence points to the same theory that noncoding 
RNAs play an important role in tumorigenesis [8,22–24]. In the 
meanwhile, aberrant expression of lnRNA MALAT1 and miR-429 
has been reported to be related to various kinds of malignan-
cy tumors, including RCC [13,16,21]. In most articles, lncRNA 

Figure 4.  Functions of MALAT1 and miR-429 on RCC 786-O cells. (A) Expression of miR-429 in RCC 786-O cells after transfections. 
(B) Cell viability of RCC 786-O cells determined by CCK-8 assay. (C, D) Cell migration and invasion abilities of RCC 786-O cells 
were determined by Transwell assays. Data was presented as mean ±SD, ** P<0.01, calculated with Student’s t-test.
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MALAT1 has been shown to be an oncogene, while miR-429 
has been regarded as a tumor suppressor. Underlying mecha-
nisms of both MALAT1 and miR-429 biological functions have 
been explored in previous studies [17,18,25,26]. However, few 
studies have connected their functions in RCC.

Prior to our current research, we found that there were poten-
tial complementary sequences between MALAT1 and miR-429 
in starBase (http://starbase.sysu.edu.cn) [27]. Therefore, we de-
termined MALAT1 expression level in RCC tissues and cell lines 
by qRT-PCR. MALAT1 was overexpressed in tissue samples and 
cell lines, which was consistent with previous results. Next, we 
confirmed the oncogenic function of MALAT1 in RCC by knock-
down MALAT1 in RCC cell lines. Our overall results showed that 
downregulation of MALAT1 significantly suppressed cell viabil-
ity, migration, and invasion ability. Research from Tripathi et al 
suggested that MALAT1 enhance tumorigenesis by upregulat-
ing oncogenic transcription factor BMYB [28]. Hirata et al re-
ported that MALAT1 facilitates oncogenesis of RCC by binding 
Ezh2 and interference with miR-205 [17]. Chen et al found in 
their study that MALAT1 promoted RCC cells proliferation and 
metastasis by increasing livin expression [12].

We have obtained miRNA expression profiles of RCC tissue com-
pared to normal tissue in previous research. From these pro-
files, we noticed that miR-429 expression was remarkable low. 
In this study, we confirmed that expression of miR-429 in RCC 
tissues and cell lines was significant lower than normal con-
trols. This finding coincided with previous results. Machackova 
and Wu both reported that miR-429 was downregulated in RCC 
cell lines, acting as a tumor suppressor [21,26]. We found that 
miR-429 expression level was negatively related to MALAT1 
expression level using Pearson’s correlation, which predicted 
that potential binding sites existing within miR-429 and 3’-UTR 
of MALAT1. We further clarified the presumptive connection 
between MALAT1 and miR-429 using dual-luciferase reporter 
assay, from which we learned that luciferase activity was sig-
nificantly decreased when RCC cells were co-transfected with 
MALAT1-WT and miR-429 mimics. By verifying this connection, 
we learned that there was a structural foundation for coop-
erative biological functions of MALAT1 and miR-429 in RCC.

To support our theory, we further investigated miR-429 tumor 
suppressor functions on the basis of downregulation of MALAT1 
by introducing siMALAT1 mimics to 786-O cells. Our overall 
results indicated that transfection of miR-429 could enhance 

tumor-suppressive effects of siMALAT1, while transfection of 
miR-inhibitor could reverse siMALAT1 tumor-suppressive im-
pacts on RCC cells proliferation, migration, and invasion abili-
ty. All those findings indicate that MALAT1 and miR-429 have 
a synergistic relationship in regulating tumorigenesis of RCC. 
Similar conclusions have been supported by previous research 
in RCC and other kinds of malignancies. For instance, Haibing 
et al reported that MALAT1 stimulated proliferation and me-
tastasis of clear cell kidney carcinoma by sponging miR-200s 
in order to regulate expression of ZEB2 [18]. In the Tan study, 
they found that MALAT1 achieved its oncogenic function in 
human hilar cholangiocarcinoma via interacting with miR-204 
to modulate CXCR4 expression [29]. To our acknowledge, this 
is the first study to illustrate the synergistic relationship be-
tween MALAT1 and miR-429 in proliferation and metastasis 
of RCC. Although, we could not provide details regarding un-
derlying mechanism of this regulation pathway in this study, 
we did connect 2 significant factors to presents a novel en-
try point for future research to explore pathogenesis and clin-
ical therapy of RCC.

The competing endogenous RNA (ceRNA) theory is the most 
canonic theory for the lncRNA on pathological physiology, in-
cluding RCC [30]. For instance, lncRNA DLX6-AS1 is upregulat-
ed in RCC tumor tissues compared with normal kidney tissues, 
which promotes RCC progression via acting as ceRNA of miR-
26a to regulates PTEN protein [31]. LncRNA NEAT1 is upregu-
lated in RCC tissue and the high NEAT1 expression is associ-
ated with tumor progression and poor survival in RCC patients 
by acting as a competitive sponge for miR-34a, which prevents 
inhibition of c-Met [32]. In this study, we found that MALAT1 
acted as a ceRNA for miR-429, providing a new insight for RCC.

Conclusions

Overall, both lncRNA MALAT1 and miR-429 play important 
parts in tumorigenesis of RCC. Our current study reveals that 
MALAT1 is an oncogene, functioning by sponging miR-429 or 
acting as its ceRNA. Therefore, MALAT1 is a pivotal factor in 
RCC and may have potential to be a promising therapeutic 
target in the future.
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