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Abstract. Renal cell carcinoma (RCC) is one of the most 
common types of cancer of the urinary tract in the world. Long 
non-coding RNA MALAT1 (lncR-MALAT1) is upregulated 
in RCC and is associated with the proliferation and migration 
of RCC. The present study aimed to investigate the regulating 
role of lncR-MALAT1 in RCC as well as the possible under-
lying mechanisms. The relative expression of MALAT1 and 
miR-22-3p in RCC tumor tissues and cell lines was detected 
by qRT-PCR. CCK-8 and wound healing assay were used to 
evaluate cell proliferation and migration ability. Western blot 
analysis was used to detect the expression of Ki-67, prolifer-
ating cell nuclear antigen (PCNA), matrix metalloproteinase-3 
(MMP-3), migration and invasion inhibitory protein (MIIP), 
p-PI3K and p-Akt. The relationship between MALAT1 and 
miR-22-3p was examined by bioinformatic prediction analysis 
and luciferase reporter assay. Immunofluorescence was 
used to detect the activation of Akt. MALAT1 was highly 
expressed and the expression of miR-22-3p was suppressed 
in RCC tissues and cell lines. ShRNA-mediated knockdown 
of MALAT1 significantly inhibited the viability and mobility 
of RCC cells in vitro and in vivo. Further experiments 
revealed that miR-22-3p was a target of MALAT1 and that 
miR-22-3p inhibitor abolished the effect of MALAT1 shRNA 

on cell proliferation, migration and inactivation of PI3K/AKT 
pathway. In conclusion, lncR-MALAT1 affected the prolif-
eration and migration of RCC cells by targeting miR-22-3p 
through the inactivation of the PI3K/Akt signaling pathway.

Introduction

Renal cell carcinoma (RCC) is one of the most common 
cancers of the urinary tract in the world, accounting for 2-3% 
of adult cancers (1). It is reported that there are ~209,000 new 
cases of RCC annually in the world and the mortality rate 
is as high as 50% (2). The treatment effects of conventional 
radiotherapy and chemotherapy are not satisfactory and the 
treatment of RCC is mainly based on surgery (3). Therefore, 
it is essential to obtain a better understanding of the RCC 
development mechanism and find new therapeutic targets to 
reduce RCC mortality rate.

Human gene sequencing results have revealed that >90% 
of human DNA sequences is involved in transcription, but only 
2% has protein encoding functions. RNA that does not have a 
protein coding function is categorized as non-coding RNA (4). 
Non-coding RNA is divided into long-chain non-coding RNA 
(lncRNA) and short-chain non-coding RNA according to the 
size of RNA (4,5). Among them, short-chain non-coding RNA, 
such as microRNA (miRNA), plays an important role in regu-
lating gene expression and cell function (6). Previous research 
has revealed that miRNA-22 (miR-22) is lowly expressed in 
breast cancer, esophageal squamous cell carcinoma, gastric 
and colorectal cancer. miR-22 inhibited cell growth, migration 
and epithelial-mesenchymal transition in the above-mentioned 
cancers (7-11). It was reported that miR-22 inhibited the inva-
sion and migration of gastric cancer cells by downregulating the 
expression of MMP-14 and Snail (12). In addition, it has been 
reported that miR-22 inhibited the proliferation and migration 
of clear RCC cells by regulating the expression of PTEN, indi-
cating that miRNA-22 has an inhibitory effect in RCC (13).

Recent research has revealed that lncRNA has a variety of 
biological functions in cancer progression (14,15). lncRNAs, 
such as HOTAIR, TUG1, SPRY4-IT and metastasis-associated 
lung adenocarcinoma transcript 1 lncRNA (lncR-MALAT1) 
act as important regulators in the proliferation and metastasis 
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of cancer cells (16-18). lncR-MALAT1 is an lncRNA which is 
located on the 11q13.1 chromosome (19). Previous research has 
demonstrated that MALAT1 is highly expressed in a variety 
of cancers, such as lung, breast, liver, pancreatic and colon 
cancer (20). Hirata et al (19) revealed that MALAT1 promoted 
the mobility of RCC cells by influencing the interaction between 
Ezh2 and miR-205. Furthermore, MALAT1 was reported 
to affect the growth of melanoma by targeting miR-22 (21). 
However, whether miR-22 is a target of MALAT1 in the prolif-
eration and migration of RCC cells has not been reported.

In the present study, we identified that the expression of 
MALAT1 was elevated, and the expression of miR-22-3p 
was markedly decreased in RCC tumor tissues and cell 
lines. In addition, silencing MALAT1 obviously inhibited 
the proliferation and migration of tumor cells in vitro and 
in vivo. In addition, miR-22-3p was demonstrated to be a 
target of MALAT1. miR-22-3p inhibitor reversed the inhibi-
tory effect of shRNA-MALAT1 on the progression of RCC 
and the PI3K/Akt signaling pathway. Collectively, MALAT1 
affected the development of RCC by targeting miR-22-3p via 
the PI3K/Akt signaling pathway.

Materials and methods

Sample collection. Thirty pairs of RCC specimens and adjacent 
normal tissues were obtained from patients who underwent 
surgical treatment from October 2015 to August 2016 in Tai'an 
City Central Hospital. Written informed consent was obtained 
prior to resection from patients and the study was approved by 
the Ethics Committee of Tai'an City Central Hospital.

Cell lines. RCC cell lines 786-O, Caki-1, Ketr-3, RT112 and 
T24, as well as the normal renal epithelial cells Ect1/E6E7 
were purchased from the American Type Culture Collection 
(ATCC, Gaithersburg MD, USA). The 786-O, Ketr-3, RT-112 
and T24 cells were cultured in RPMI-1640 medium (Gibco, 
Rockville, MD, USA) containing 10% fetal bovine serum (FBS; 
Gibco). The Caki-1 cells were cultured in McCoy's 5A medium 
containing 10% FBS, and Ect1/E6E7 cells were cultured in 
EMEM medium (Gibco) containing 10% FBS. All cells were 
cultured in incubators at 37˚C in a 5% CO2 atmosphere.

Quantitative real‑time polymerase chain reaction (qRT‑PCR). 
Total RNA was extracted from cells and tissues using the 
TRIzol kit (Invitrogen; Thermo Fisher Scientific, Inc., 
Waltham, MA, USA) according to the manufacturer's instruc-
tions and cDNA was synthesized using Reverse Transcription 
kit (Thermo Fisher Scientific). Quantitative analysis of 
cDNA (Thermo Fisher Scientific) was performed using a 
Fluorescence Quantitative PCR kit (Sangon Biotech Co., Ltd., 
Shanghai, China). The amplification primers used were as 
follows: MALAT1 sense, 5'-CTC ACT AAA GGC ACC GAA 
GG‑3' and antisense, 5'‑GGC AGA GAA GTT GCT TGT GG‑3'; 
miR-22-3p sense, 5'-AAG CTG CCA GTT GAA GAA CTG TA-3' 
and antisense, 5'-CTC GCT TCG GCA GCA CA-3'.

Cell transfection. Caki-1 cells were seeded in 24-well plates 
at 1x105 cells/well and were transfected with specified frag-
ments for 24 h, when the cell aggregation rate was over 80%. 
Mimics/inhibitors specific for miR‑22‑3p and short hairpin 

RNA (shRNA)/scramble fragments targeting MALAT1 
were designed and purchased from Hanheng Biotechnology 
Co., Ltd. (Shanghai, China). Recombinant lentiviral vector 
for knocking out MALAT1 was constructed and named 
LV-MALAT1 shRNA and the control group was named 
LV-MALAT1 scramble group.

Cell viability. Caki-1 cells were transfected with shRNA- 
MALAT1 or MALAT1 scramble, and cell viability was 
evaluated according to the instructions of the CCK-8 assay kit 
(Sigma-Aldrich, St. Louis, MO, USA).

Wound healing assay. Five parallel lines were evenly drawn 
on the back of the 6-well plate using marker pens and the 
Caki-1 cells were grown in 6-well plates at a concentration of 
2x105 cells/ml. After incubation for 24 h, the tip was scratched 
perpendicularly to the horizontal line on the back of the 6-well 
plate. Destroyed cells were rinsed off with phosphate-buffered 
saline (PBS) and cultured in serum-free medium for another 
24 h. Cell migration was observed and imaged at 0 and 24 h 
with a digital camera (Olympus Corp., Tokyo, Japan).

Western blot analysis. Protein samples were extracted from 
cells and tissues with protein lysate, and the protein concentra-
tion was assessed using a BCA kit (Pierce, Rockford, IL, USA). 
The protein was separated by SDS-PAGE and the isolated 
protein was transferred to the polyvinylidene fluoride (PVDF) 
membrane by semi-dry method and then was blocked in 5% 
skim milk at room temperature, for 2 h. The membrane was incu-
bated with the primary antibodies (anti‑Ki‑67, cat. no. ab16667; 
anti‑PCNA, cat. no. ab29; anti‑MMP3, cat. no. ab53015; 
anti‑MIIP, cat. no. ab167197; p‑PI3K, cat. no. ab182651; 
anti‑p‑AKT, cat. no. ab131443; anti‑AKT, cat. no. ab179463; all 
at the dilution 1:1,000) and the corresponding HRP‑conjugated 
secondary antibodies (cat. nos. ab6728 and ab6721 at the dilu-
tion 1:5,000; obtained from Abcam, Cambridge, UK) and was 
extensively washed several times with PBST. The proteins were 
detected using a ChemiDoc XRS imaging system and were 
analysed through Quantity One analysis software (Bio‑Rad 
Laboratories, San Francisco, CA, USA). GAPDH was used as 
the internal control.

Luciferase activity assays. The binding site of MALAT1 
on miR-22-3p was predicted through bioinformatic analysis 
(TargetScan, http: //www.targetscan.org/). PCR amplification 
of MALAT1 fragments contained a fragment of the miR-22-3p 
binding site, which was inserted into the pMIR-REPORT vector. 
The mutant plasmid was used as the control group. Caki-1 
cells were co-transfected with MALAT1 WT/MALAT1-MUT 
and/or miR-22-3p mimic for 24 h. Fluorescence intensity 
was evaluated according to the Dual-Luciferase Reporter kit 
(Promega Corporation, Madison, WI, USA).

Immunofluorescence. Caki-1 cells were treated with 4% para-
formaldehyde for 30 min and 0.5% Triton X-100 for 30 min 
and then were blocked with 5% goat serum for 2 h at room 
temperature. The cells were then incubated with the primary 
antibody (Akt, 1:200; cat. no. ab179463; Abcam) overnight 
at 4˚C. On the second day, the cells were incubated with 
the corresponding FITC‑conjugated secondary antibodies 
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(1:2,000; cat. no. ab6785; Abcam) in the dark for 50 min, and 
then were stained with DAPI. Cell fluorescence was observed 
under a fluorescence microscope (Olympus Corp.).

RCC xenografts. Sixteen male specific-pathogen-free 
(SPF) nude mice (~20 g) were purchased from the Beijing 
Experimental Animal Center (Beijing, China). The animal 
experiments were performed according to the guidelines of 
the National Institute of Health (NIH). All animal experi-
ments were approved by the Medical Ethics Committee of 
The Second Hospital Affiliated to Tianjin Medical University 
(Tianjin, China). An RCC xenograft mouse model was created 
by subcutaneous injection of 1x107 Caki-1 cells transfected 
with LV-MALAT1 shRNA or LV-MALAT1 scramble to SPF 
nude mice. When sacrificed, the weight of mice was ~25 g. 
The tumor volume was evaluated every 5 days until 30 days 
after the development of a palpable tumor according to the 
formula (a x b2)/2, where a and b are the largest diameter and 
the perpendicular diameter, respectively.

Statistical analysis. All data were analyzed using the 
SPSS 19.0 software (IBM Corp., Armonk, NY, USA) and the 
results were expressed as the mean ± standard deviation (SD). 
The Student's t-test was used to assess comparisons between 
two groups. Multiple-group comparisons were made using 
one-way analysis of variance (ANOVA). P<0.05 was consid-
ered to indicate a statistically significant difference.

Results

MALAT1 is upregulated and miR‑22‑3p is downregulated in 
the RCC tissues and cell lines. The expression of MALAT1 and 
miR-22-3p in RCC tissues and cell lines was detected through 
qRT-PCR. As displayed in Fig. 1A, the expression level of 
MALAT1 in the RCC tumor tissue was significantly higher 
than that in adjacent normal tissues (P<0.01). Concurrently, 
the expression of MALAT1 in the RCC cell lines was signifi-
cantly increased compared with the normal renal epithelial 
cells Ect1/E6E7 (Fig. 1B; P<0.05 and P<0.01). In addition, 
the expression level of miR-22-3p in the RCC tumor tissues 
and cell lines was significantly decreased compared with 
the control tissues and cell line (Fig. 1C and D; P<0.05 and 
P<0.01). The aberrant expression of MALAT1 and miR-22-3p 
compared with normal renal epithelial cells indicated a 
systematic predictable link between MALAT1/miR-22-3p and 
the progression of RCC.

Effect of MALAT1 in RCC cell proliferation and metastasis. 
Previous research has demonstrated that MALAT1 regulates 
the proliferation and migration of a variety of cancer cells. 
In the present study, we selected the Caki-1 cell line for the 
following experiments as it has the relatively highest expression 
of MALAT1 and the lowest expression level of miR-22-3p in 
the related cell lines. The expression of MALAT1 was signifi-
cantly downregulated through transfection with MALAT1 

Figure 1. The expression of MALAT1 is increased in RCC tumor tissue and cell lines. (A) qRT-PCR was used to detect the expression of MALATI in RCC 
tissues and normal adjacent tissues (n=30). (B) qRT‑PCR was used to detect the expression of MALAT1 in RCC cell lines and normal renal epithelial cells. 
(C) qRT‑PCR was used to detect the expression of miR‑22‑3p in RCC tissues and normal adjacent tissues. (D) qRT‑PCR was used to detect the expression of 
miR‑22‑3p in RCC cell lines and normal renal epithelial cells. The adjacent tissues and normal renal epithelial cells were used as normal control. All experi-
ments were repeated at least three times. *P<0.05, **P<0.01 vs. the control group.
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shRNA in Caki-1 cells compared with the scramble group 
and the control group (Fig. 2A; P<0.01). Transfection with 

MALAT1 shRNA suppressed cell proliferation compared 
with MALTA1 scramble group (Fig. 2B; P<0.05 and P<0.01). 

Figure 2. MALAT1 promotes RCC cell proliferation and migration. The Caki-1 cells were transfected with MALAT1 shRNA or MALAT1 scramble or left 
untreated as the control. (A) qRT‑PCR was used to detect the expression of MALATI. (B) CCK‑8 was used to detect cell viability. (C) Wound healing assay 
was used to detect cell migration. (D and E) Western blot analysis was used to detect the expression of Ki-67, PCNA, MMP-3 and MIIP. GAPDH was used as 
internal reference, *P<0.05, **P<0.01 vs. control group.
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Furthermore, the wound healing assay exhibited that the 
migration ability of cells in the MALAT1 shRNA group was 
much lower than that of the control group (Fig. 2C; P<0.05). 
The results of the western blot analysis revealed that MALAT1 
shRNA significantly suppressed the expression of Ki-67 
and proliferating cell nuclear antigen (PCNA) compared 
with the scramble and the control group (P<0.05) (Fig. 2D). 
As expected, MALAT1 shRNA significantly inhibited the 
expression of matrix metalloproteinase-3 (MMP-3) and 
promoted the expression of migration and invasion inhibitory 
protein (MIIP) (Fig. 2E; P<0.05). The above‑mentioned results 
indicated that MALAT1 shRNA significantly inhibited the 
proliferation and migration of RCC cells.

MALAT1 regulates cell viability and mobility by targeting 
miR‑22‑3p in RCC. To investigate the related mechanism by 
which MALAT1 regulates the progression of RCC cells, we 

found a binding site for MALAT1 on miR-22-3p through 
bioinformatic analysis (TargetScan, http: //www.targetscan.
org/) (Fig. 3A). Concurrently, there were marked negative 
relevant relations between the expression of MALAT1 and 
miR‑22‑3p in RCC tissues (Fig. 3B). As displayed in Fig. 3C, 
MALAT1 shRNA significantly elevated the expression of 
miR-22-3p in RCC cells (P<0.05), but then this effect was 
reversed through the co-transfection with miR-22-3p inhib-
itor (P<0.05). Furthermore, the inhibiting effect of MALAT1 
shRNA on the expression of MALAT1 was partially reversed 
by the co-transfection of miR-22-3p inhibitor, identifying 
that miR-22-3p inhibitor elevated the level of MALAT1 in 
turn (Fig. 3D; P<0.05 and P<0.05, respectively). Subsequently, 
we used the luciferase reporter assay to further examine the 
targeting relationship between MALAT1 and miR-22-3p. 
The results demonstrated that the luciferase signal in the 
lncR-MALAT1 MUT and the lncR-MALAT1 WT group 

Figure 3. MALAT1 promotes the proliferation and migration of RCC cells by targeting miR‑22‑3p. (A) Bioinformatic analysis was used to predict the targeting 
relationship between MALATI and miR‑22‑3p. (B) Analysis of the correlation between MALAT1 and the expression of miR‑22‑3p in RCC tissues. (C) The 
cells were transfected with MALAT1 shRNA or co-transfected with miR-22-3p inhibitor. qRT-PCR was used to detect the effect of MALAT1 shRNA on 
miR-22-3p expression. (D) qRT-PCR was used to detect the effect of MALAT1 shRNA and miR-22-3p inhibitor on the expression of MALAT1. (E) Luciferase 
reporter assay further identified the targeting relationship between MALATI and miR‑22‑3p. (F) Analysis results of the CCK‑8 assay which was used to detect 
cell proliferation. (G) Analysis results of the wound healing assay which was used to evaluate cell migration ability. All experiments were repeated at least 
three times. *P<0.05, **P<0.01 vs. the control group, #P<0.05 vs. MALAT1 shRNA group.
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remained at the same level, but the addition of miR-22-3p mimic 
significantly inhibited the luciferase activity by binding to 
MALAT1 WT fragments. However, the regulatory relationship 
disappeared when binding to the MALAT1 MUT fragments, 
indicating that there existed a targeting relationship between 
MALAT1 and miR‑22‑3p (Fig. 3E; P<0.01). Furthermore, 
miR‑22‑3p inhibitor significantly reversed the inhibitory effect 
of MALAT1 shRNA on the proliferation and migration of 
Caki‑1 cells (Fig. 3F and G; P<0.05, P<0.01 and P<0.05). These 
results indicated that MALAT1 may promote the proliferation 
and migration of RCC cells by targeting miR-22-3p.

MALAT1 shRNA restrains the activation of the PI3K/AKT 
pathway. Recent research has indicated that PI3K/Akt signaling 
pathway is closely related to the proliferation and migra-
tion of cancer cells (24,25). We have also demonstrated that 
MALAT1 shRNA inhibited the proliferation and migration of 
Caki-1 cells in the above-mentioned experiments. Therefore, 
we further investigated the effect of MALAT1 shRNA on the 
PI3K/Akt pathway. As displayed in Fig. 4A, MALAT1 shRNA 
significantly inhibited the expression of p‑PI3K and p‑Akt, 
but the addition of miR-22-3p inhibitor into the MALAT1 

shRNA‑treated Caki‑1 cells significantly reversed the inhibi-
tory effect of MALAT1 shRNA on the expression of p-PI3K 
and p-Akt (P<0.01, P<0.05). In addition, the expression of Akt 
in the MALAT1 shRNA group was much lower than that in 
the control group, indicating that MALAT1 shRNA inhibited 
the activation of Akt (Fig. 4B). Concurrently, miR‑22‑3p 
inhibitor reversed the inhibitory effect of MALAT1 shRNA 
on Akt accumulation on the cell membrane (Fig. 4B). All these 
results revealed that MALAT1 shRNA inhibited the activation 
of PI3K/Akt signaling pathway through the upregulation of the 
expression of miR-22-3p.

MALATI shRNA suppresses tumor growth and metastasis 
in vivo. To further validate the above results in vivo, we repli-
cated the xenograft animal model of RCC and explored the 
effect of MALAT1 shRNA on tumor growth and metastasis. 
The results demonstrated that MALAT1 shRNA inhibited the 
growth of RCC tumor and elevated the expression of miR-22-3p 
in vivo (Fig. 5A and B; P<0.05, P<0.01). Concurrently, the 
expression of PCNA and MMP-3 in the shRNA-MALAT1 
group was significantly lower compared with the control 
group. The ratio of p-Akt/Akt was also significantly lower than 

Figure 4. MALAT1 shRNA inhibits the PI3K/Akt pathway activation. The cells were divided into the control group, the MALAT1 scramble group, the 
MALAT1 shRNA group and the shRNA + miR-22-3p inhibitor group. (A) Western blot analysis was used to detect the expression of p-PI3K and p-Akt in RCC 
cells. (B) Immunofluorescence was used to detect the distribution of Akt expression. GAPDH was used as an internal control. **P<0.01 vs. the control group, 
#P<0.05 vs. MALAT1 shRNA group.
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that of the control group (Fig. 5C and D, P<0.01). These results 
further indicated that MALAT1 shRNA can also inhibit 
the growth and metastasis of RCC tumors by inhibiting the 
PI3K/Akt signaling pathway activation in vivo.

Discussion

lncRNA is a class of transcripts with more than 200 nucleo-
tides which do not have protein-coding abilities (4). Recent 
research has shown that lncRNA plays a pivotal role in the 
development of many tumors, but the related mechanism 

remains to be investigated (22). In the present study, we first 
investigated the interaction of MALAT1 and miR-22-3p in the 
development of RCC.

Lu et al (23) identified that the overexpression of lncRNA 
BC032469 promoted the proliferation of gastric cancer cells 
through the downregulation of miR-1207-5p. A previous 
study reported that the overexpression of lncRNA ATB in 
hepatocellular carcinoma competed with miR-200, leading to 
an upregulation of the expression of ZEB1 and ZEB2, which 
promoted the metastasis of hepatocellular carcinoma (24). 
MALAT1 was firstly discovered in small cell lung cancer and 

Figure 5. MALAT1 shRNA inhibits RCC tumor growth and metastasis. Caki-1 cells were pre-treated with LV-MALAT1 shRNA or LV-MALAT1 scramble 
or left untreated. RCC xenograft mouse model was created by subcutaneous injection of recombinant cell lines to SPF nude mice. (A) Tumor volume growth 
curve. (B) qRT‑PCR was used to detect the expression of miR‑22‑3p in tumor tissue. (C) Western blot analysis was used to detect the expression of PCNA and 
MMP-3 in tumor tissues. (D) Western blot analysis was used to detect the expression of p-Akt and Akt in tumor tissues. PCNA, MMP-3 and p-Akt/Akt were 
quantitatively analyzed. GAPDH was used as an internal control. **P<0.01, ***P<0.001 vs. the control group.
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is often used as a prognostic indicator of lung cancer metas-
tasis (25). Numerous studies have revealed that MALAT1 is 
closely related to multiple cancers by regulating cell viability 
and mobility (26). Consistent with previous studies, in the 
present study, we revealed that MALAT1 was highly expressed 
in RCC tissues and cell lines. The CCK-8 and wound healing 
assay further revealed that the knockdown of MALAT1 
successfully inhibited cell proliferation and migration. The 
result of western blot analysis also demonstrated the inhibiting 
effect of MALAT1 shRNA on cell proliferation and migration 
in RCC cell lines by regulating the expression of cell prolifera-
tion and migration marker proteins. These results revealed that 
MALAT1 shRNA suppressed the progression of RCC.

A previous study has demonstrated that MALAT1 is a class 
of ceRNAs which promotes cancer development by binding to 
miRNAs (27). As previously reported, MALAT1 binds to miR-1 
and inhibits its binding to messenger RNA, thus promoting the 
invasion and metastasis of breast cancer cells (28). MALAT1 
regulates the development of RCC by binding to miR-200 and 
miR-205 (19,29). Recent research has also revealed that miR-22 
functions as a ‘double-edged sword’ in human cancer (30). The 
overexpression of miR-22 can promote cancer cell proliferation 
and inhibit cancer cell apoptosis in prostate cancer and chronic 
lymphocytic leukemia (31,32). However, the expression of 
miR-22 is suppressed in gastric cancer, melanoma, glioma, RCC 
and other types of cancer. Zhang et al (33) found that miR-22 
expression in RCC was reduced and it played an inhibiting 
role in RCC progression. In addition, it has been demonstrated 
that MALAT1 competed with miR-22-3p for endogenous 
RNA to protect endothelium from ox-LDL-induced endo-
thelial dysfunction (34). Similarly, suppressed expression of 
miR-22-3p in RCC tumor tissues and cell lines was detected in 
the present study. In addition, bioinformatic analysis was used 
to predict the targeting relationship between MALAT1 and 
miR‑22‑3p. The luciferase assay further confirmed the targeting 
relationship between MALAT1 and miR-22-3p. Concurrently, 
miR‑22‑3p inhibitor significantly reversed the inhibitory effect 
of MALAT1 shRNA on the proliferation and migration of 
Caki-1 cells. In summary, MALAT1 regulated the proliferation 
and migration of RCC cells by targeting miR-22-3p.

The PI3K/Akt signaling pathway is an important pathway for 
regulating cell cycle, proliferation and apoptosis (35). Previous 
research has shown that miR-22 regulates the activation of 
PI3K/Akt pathway (32). MALAT1 can promote the proliferation 
and epithelial-mesenchymal transition of cholangiocarcinoma 
and breast cancer cells by activating the PI3K/Akt signaling 
pathway (36,37). Therefore, we considered whether MALAT1 
promoted the proliferation of RCC cells via the PI3K/Akt 
pathway. We found that MALAT1 shRNA (the experiments 
were conducted using the most effective among three pairs of 
shRNAs targeting MALAT1) inhibited the phosphorylation of 
PI3K and p-Akt and membrane metastasis of Akt in RCC cells, 
thus inhibiting the PI3K/Akt pathway activation. The co-trans-
fection of miR‑22‑3p significantly reversed the inhibiting effect 
of MALAT1 shRNA on the PI3K/Akt pathway. These results 
indicated that MALAT1 shRNA suppressed the activation of 
the PI3K/Akt signaling pathway by targeting miR-22-3p.

Following the observation that MALAT1 shRNA regulated 
cell proliferation and migration in RCC cell lines, the effect 
of MALAT1 shRNA in RCC tumor was further investigated. 

As previously described, MALAT1 promoted tumor growth 
and metastasis by inducing epithelial-mesenchymal transition 
in oral squamous cell carcinoma (38). A previous study has 
also demonstrated that MALAT1 promoted tumor growth and 
metastasis in colorectal cancer through binding to SFPQ (39). 
Similarly, in the present study, MALAT1 shRNA was found 
to suppress tumor growth in an RCC xenograft animal model. 
Furthermore, MALAT1 shRNA elevated the expression of 
miR-22-3p and inactivated the PI3K/Akt signaling pathway 
in vivo. The present study revealed that MALAT1 shRNA 
suppressed RCC progression in vivo.

In summary, the present study demonstrated that the 
expression of lncR-MALAT1 was upregulated in RCC tissues 
and cell lines. Cell proliferation and motility was suppressed 
by knocking out the expression of MALAT1 by MALAT1 
shRNA in RCC cell lines. Further research revealed that 
miR-22-3p was a direct target of MALAT1 and miR-22-3p 
inhibitor counteracted the effect of MALAT1 shRNA on cell 
viability and motility. Furthermore, we found that MALAT1 
exerted its regulatory role by inactivating the PI3K/Akt 
signaling pathway. The in vivo experiments further demon-
strated that MALAT1 shRNA suppressed the progression of 
RCC. This investigation further revealed the mechanism of 
RCC development and provided a new potential target for the 
clinical treatment of RCC.
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