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Introduction

As of 2021, there were ~76,080 new cases and 13,780 new 
deaths in the United States annually for renal cell carcinoma 
(RCC).1 In most countries and regions, the incidence of RCC 
is continuously increasing.2 The clinical prognosis of meta-
static RCC (mRCC) is very poor, which has a median sur-
vival time of only 13 months. Approximately 50% of patients 
have a survival time of <12 months, and the 5-year survival 
rate is 10%.3 Treatment of advanced mRCC is a considerable 
clinical challenge.

In the last few decades, an ocean of research works 
have indicated that microRNAs are key regulatory factors 
related to modulation of the biological behaviors of RCC 
cells. Abnormally expressed microRNAs (miRNAs) partici-
pate in the initiation, development, metastasis, and drug 
resistance of RCC by targeting various tumor-related genes. 

miRNA-mediated tumor biology can provide important 
insights into the potential carcinogenic mechanisms of RCC, 
as well as novel therapeutic strategies for RCC. In fact, 
miRNA is a promising treatment for RCC, whether it is tar-
geting oncogenes or tumor suppressor genes.

Studies have shown that miR-613 expression is markedly 
lower in gastric carcinoma, ovarian cancer, esophageal squa-
mous cell carcinoma, osteosarcoma, liver cancer, small cell 
lung cancer, glioma, RCC and breast cancer, among others, 
relative to normal tissues, and that it can inhibit tumor pro-
liferation, invasion and migration by targeting oncogenes 
such as Kirsten rat sarcoma virus (KRAS), cyclin-dependent 
kinase (CDK)14, CDK4, SRY-Box Transcription Factor 9,  
leucine zipper and EF-Hand containing transmembrane 
protein 1, and frizzled class receptor 7 (FZD7).4–10 However, 
the functional role of miR-613 in RCC is unclear and needs 
to be further explored. In the study of this project, miR-613 
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Impact statement

Renal cell carcinoma (RCC) is one of the most common 
malignant urological tumors worldwide. Thus, further 
exploring its treatment methods is of great significance. 
In this study, we explored the miR-613 mechanisms 
associated with anexelekto (AXL) in RCC. First, we 
detected miR-613 expression in RCC and its effect on 
patient prognosis. Next, using bioinformatics analysis, 
we analyzed the potential target AXL of miR-613. We 
discovered that AXL was inhibited by overexpression 
of miR-613. Finally, through rescue experiments and in  
vivo experiments, we demonstrated that miR-613 
suppresses cell proliferation, invasion, and migration 
through the regulation of the AXL/AKT pathway in 
RCC. Our findings provide new evidence for the RCC 
regulatory mechanisms as well as the potential thera-
peutic targets.
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expression was considered to be memorably downregulated 
in RCC, no matter in tissues and cell lines. Gain-of-function 
analyses demonstrated that miR-613 could be inhibited 
cell proliferation, invasion, and migration through target-
ing anexelekto (AXL). Mechanistically, this AXL/phospho-
inositide 3-kinase (PI3K)/AKT signaling was supposed to 
be accountable to miR-613-mediated cancer suppression. 
This current research for these consequences provides fur-
ther understanding of the aberrant molecular biological state 
present in RCC and improves management of this disease.

Materials and methods

Bioinformatics prediction

miR-613 was entered into the StarBase database, and its 
potential target was screened. Venny 2.1 was used to draw 
the Venn diagram of the intersection of target genes that 
miR-613 may regulate in the PITA, microT, miRanda, and 
TargetScan databases. The expression data of target genes 
shared by miR-613 in TCGA database were extracted. The 
differentially expressed genes (DEGs) in RCC and normal tis-
sue samples screened using edgeR and DEGseq packages in 
R language software, and a heat map and volcano maps were 
drawn. Using the survival package in R, DEGs that were 
highly expressed in RCC and associated with poor overall 
survival (OS) were screened out. To detect gene expression in 
RCC, original gene datasets (GSE40435 and GSE53757) were 
downloaded from the Gene Expression Omnibus database 
(National Center for Biotechnology Information) and were 
used to analyze AXL expression. Meanwhile, the correlation 
between miR-613 or AXL expression and RCC survival was 
analyzed using the Kaplan–Meier plotter.

Study subjects

Tumor and adjacent normal tissues were obtained from 23 
patients who were pathologically diagnosed with RCC by 
an experienced pathologist at Shaanxi Provincial People’s 
hospital from May 2018 to May 2020. The patients regis-
tered included 17 men and 6 women aged 45–72 years. The 
adjacent normal tissues (5 cm from the carcinomas) were 
removed and used as controls. No patients had received anti-
cancer therapies.

Materials

786-O and ACHN human RCC lines, and an HK2 normal 
renal tubular epithelial cell line were purchased from the 
Nation Collection of Authenticated Cell Cultures (Shanghai, 
China). Dulbecco’s Modified Eagle Medium/Nutrient 
Mixture F-12 (DMEM/F12) medium, fetal bovine serum 
(FBS), penicillin, and streptomycin were purchased from 
Biological Industries (Israel). The lentiviral vector PLent-
CMV-GFP was purchased from Jiangsu Zhenjiang Applied 
Biological Materials Inc. (China). Small interfering RNAs 
(siRNAs) against AXL were obtained from Guangzhou 
RiboBio Co., Ltd. (China). pcDNA3.1 plasmid containing 
AXL coding cDNA fragments were purchased from LMAI-
Bio (Shanghai, China). SPF BALB/C4 male nude mice 
were purchased from Experimental Animal Center, Health 
Science Center, Xi’an Jiaotong University (Shaanxi, China). 

TRIzol® reagent was purchased from Invitrogen (Thermo 
Fisher Scientific, Waltham, Massachusetts, United States). 
A FastKing RT Kit (with gDNase) was purchased from 
TIANGEN Company (cat. no. KR116; Beijing, China). A 
ChamQ Universal SYBR qPCR Master Mix (cat. no. Q711-
02) was purchased from Vazyme Biotech (China). Cell 
counting kit-8 (CCK-8. cat. no. C0039) apoptosis and pro-
liferation kits were purchased from Shanghai Beyotime 
Biotechnology Co., Ltd. (China). A transwell chamber was 
purchased from Corning Inc. (cat. no. 3495; Somerville, MA, 
USA) and Matrigel® (cat. no. 354230) was purchased from 
Becton, Dickinson and Company (Franklin Lakes, NJ, USA). 
Radioimmunoprecipitation assay buffer (RIPA) buffer (high) 
(cat. no. R0010) and a bicinchoninic acid assay (BCA) kit (cat. 
no. PC0020) were purchased from Beijing Solarbio Science 
& Technology (China). AXL (WB:1:1000, IHC:1:200, cat. no. 
ab130218), AKT(WB:1:1000, cat. no. ab8805), Phospho-AKT 
(WB:1:1000, cat. no. ab38449), and β-actin (WB:1:5000, cat. 
no. ab8227) antibodies, as well as reverse transcription and 
polymerase chain reaction (PCR) kits, were purchased from 
Abcam (Cambridge, UK). Horseradish peroxidase (HRP)–
labeled goat antimouse IgG (1:5000 cat. no. BA1050) and goat 
antirabbit IgG (1:5000 cat. no. BA1054) antibodies were pur-
chased from Wuhan Boster Biological Technology (China).

Cell grouping and transfection

The HK-2 cells, 786-O and ACHN cells were cultured in 
DMEM/F12 medium at 37°C and 5% CO2. A lentiviral vec-
tor containing miR-613-specific overexpression fragment 
(pLen-CMV-GFP) and negative control empty virus vector 
were transfected into two RCC cells, comprising the Lenti-
miR-613 and Lenti-miR-NC groups, respectively. For AXL 
overexpression and knockdown, AXL pcDNA or small-
interfering RNAs (siRNAs) were transfected into cells using 
Lipofectamine 3000.

Reverse transcription-quantitative polymerase 
chain reaction for miR-613, AXL quantification

Total RNA was extracted from tumor tissues and cells using 
TRIzol reagent (Thermo Fisher Scientific) and reverse-tran-
scribed into cDNA (TIANGEN, Beijing, China). ChamQ 
Universal SYBR qPCR Master Mix (Vazyme Biotech) were pre-
pared in accordance with the manufacturer’s instructions for 
a reverse transcription-polymerase chain reaction (RT-PCR) 
reaction. The relative expression was calculated using the 
2−∆∆CT method. The primers used are shown as follows:  
miR-613 (forward 5’-CTTCGTCGGCTCTTCCATACATACT-3’;  
reverse 5’-TTCACTTAGATACAGCTACGT-3’); U6 (forward  
5’-CTCGCTTCGGCAGCACATAT-3’; reverse 5’-TTGCGTG 
TCATCCTTGCG-3’); AXL (forward 5’-AGCACACGCGTA 
AACAACAC; reverse GTTATGGGCTTCGCAGGAGA-3’); 
β-actin (forward 5’-CATGTACGTTGCTAT CCAGGC-3’; 
and reverse 5’-CTCCTTAATGTCACGCACGAT-3’).

Western blotting

Equal amounts of protein were separated by sodium dode-
cyl-sulfate polyacrylamide gel electrophoresis (SDS-PAGE) 
and transferred onto a polyvinylidene difluoride (PVDF) 
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membrane, confined with 5% bovine serum albumin, and 
incubated with AXL, p-AKT, AKT (Abcam), or β-actin pri-
mary antibodies at 4°C overnight. The second day, HRP-
labeled secondary antibodies were added for incubation at 
room temperature for 1 h. Finally, luminescent liquid was 
added, followed by exposure and photographing using a gel 
imager. The gray scale value was recorded, and the relative 
expression level was calculated.

Dual-luciferase reporter assay

The predicted binding site in AXL was subcloned into the 
pmirGLO vector (Promega, Madison, WI, United States). 
Using Lipofectamine 3000 (Invitrogen), pmirGLO vectors 
containing AXL wild-type (WT) or mutant-type (MT) 3’-UTR 
cells were co-transfected into 786-O cells with miR-613 mim-
ics or miR-NCs. Dual-luciferase activity was measured 48 h 
after transfection using the dual-luciferase reporter system 
method.

Cell proliferation analysis

A CCK-8 (TransGen Biotech Co., Ltd., Beijing, China) was 
adopted to examine cell proliferation. Cells were cultured 
in 96-well plates (n = 6 per group). Cells were cultured for 
24 h, and 10 μL CCK-8 solution was then added to each well 
and mixed with 40 μL DMEM/F12 medium to set six blank 
control wells. Both were incubated in a cell incubator for 
2 h. At 450 nm, the absorbance of each secondary well was 
measured.

Transwell assay

The basement membrane apical compartment was coated 
with Matrigel (1:8 dilution) and dried at room temperature. 
Following conventional digestion, cells were suspended 
in DMEM/F12 medium, and cell density was adjusted to 
1 × 105 cells/mL. Next, 150 μL cell suspension was added 
to the top chamber of the transwell chamber covered with 
Matrigel, and 500 μL of DMEM/F12 medium rich in 20% 
FBS would be poured into the basolateral room. After 24 h 
of regular culture, cells were first fixed with 4% paraformal-
dehyde, and then stained with 0.5% crystal violet solution. 
Cells that transmembrane were counted. Also, in the experi-
ment, three subholes were provided for each experimental 
group, respectively.

Colony formation assay

Aliquots of 1 × 103 cells would be cultured into six-well 
plate. Each clone was stained with crystal violet dye after 
seven days of culture. The experiment was carried out three 
times. Cells would be fixed with methanol and stained with 
0.5% crystal violet. In the end, taking picture by camera, the 
colonies were counted.

Immunohistochemistry

After obtaining the tumor body of nude mice, part of the  
tissue was fixed with 40% (volume fraction) formalin. The 
appropriate size of tissue (about 2 mm thick) was cut for embed-
ding. The ethanol and xylene solution were dehydrated.  

The xylene solution dewaxed the paraffin embedded sample, 
and the gradient ethanol and distilled water were hydrated 
layer by layer. After being treated with citrate buffer solution 
(pH 6.0), the antigen was repaired in microwave oven (high 
temperature for 2 min, medium temperature for 8 min). The 
normal goat serum was blocked for 20 min, incubated with 
the primary antibody at 4°C overnight. Next, the counter-
part of secondary antibody and 3,3’-diaminobenzidin (DAB) 
were color treated. Hematoxylin was re-stained, dehydrated, 
and sealed. The specimens were confirmed by two patholo-
gists. Under the light microscope, the cells with brown yel-
low granules in the cytoplasm or nucleus are positive cells. 
Then, using Image-Pro Plus 6.0 software, image optical den-
sity was conducted quantitative analysis.

Xenograft studies

Nude mice (n = 12) were separated into two groups (n = 6 
per group). 786-O cells transfected with Lenti-miR-NC and 
Lenti-miR-613 were injected into the underarm of the mice 
in each group at ~1 × 106 cells/200 μL/per mouse. At the end 
of the third week, 12 nude mice were anesthetized by inhala-
tion of 3% isoflurane and sacrificed by cervical dislocation. 
Death was verified by the absence of a heartbeat and respi-
ration. All mice were euthanized. Finally, the transplanted 
tumor was dissected and weighed.

Statistical analysis

The Wilcox test was used to screen the DEGs in TCGA 
database, and FoldChange (FC) was processed by log2. 
Univariate Cox regression analysis was performed to screen 
genes with different prognosis. Other data were processed 
using SPSS 25.0 statistical software (IBM, Armonk, NY, USA) 
and presented as the mean value ± standard deviation. A 
t-test was used to evaluate the two groups, and one-way 
analysis of variance was used for multiple-group compari-
sons. Pairwise comparisons between multiple groups were 
performed using a Tukey’s post hoc test, and data at different 
time points were compared by repeated measures analysis of 
variance (ANOVA). P < 0.05 was considered as a statistically 
significant difference.

Results

miR-613 expression in renal clear cell carcinoma 
and its effect on patient prognosis

Using reverse transcription-quantitative polymerase chain 
reaction (RT-qPCR), the expression of endogenous miR-
613 for human RCC tissues and contiguous non-cancerous 
tissues was compared. The results (Figure 1(A); P < 0.01) 
showed that the expression level about miR-613 inside the 
human RCC tissue was noticeably lower than which for sur-
rounding and adjacent non-tumor tissues. miR-613 expres-
sion would be then examined in 786-O, ACHN, and HK2. 
miR-613 was expressed at lower level in two RCC cells 
(Figure 1(B); P < 0.05). miR-613 overexpression was found 
to be positively correlated with OS for almost all of RCC 
patients in the Kaplan–Meier plotter database (Figure 1(C); 
P < 0.001).
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Effect of miR-613 on proliferation, invasion, and 
migration in RCC

For the sake of clarity, the potential influence of miR-613 in 
RCC, miR-613 overexpression on RCC cellular processes was 
detected following transfection with lentivirus with miR-
613 mimics into 786-O and ACHN cells, which displayed 
that the miR-613 was overexpression (Figure 2(A); P < 0.001). 
This assay of CCK-8 outcomes illustrated that Lenti-miR-613 
mimics markedly disturbed the proliferation of RCC cell 
lines, in which it was compared with control and Lenti-
miR-NC cells (Figure 2(B) and (C); P < 0.001). The colony 
formation assay demonstrated that miR-613 overexpres-
sion significantly inhibited RCC cell colony–forming ability 
(Figure 2(D) and (E); P < 0.01). As shown by the migration 
and invasion assays, a clear decline in terms of cell number 
was observed following transfection with Lenti-miR-613 
mimics (Figure 2(F) to (I); all P < 0.01).

Screening of targets and pathways of miR-613 in 
RCC using bioinformatics

The above experiments have confirmed that miR-613 
restrains the proliferation, invasion, and migration for the 
human RCC cell lines, but the underlying molecular mecha-
nism remains unclear. For the reason to select genes targeted 
by miR-613 in RCC, 2753 target genes which might be sub-
jected by miR-613 were downloaded from several databases, 
including the PITA, microT, miRanda, and TargetScan in 
StarBase website. The genes regulated by miR-613 in four 
gene data sets were compared to one another, and a Venn 
diagram was generated (Figure 3(A)). The Venn diagram 
revealed 239 intersecting genes. A total of 539 RCC tissue 
samples and another 72 normal tissue samples were down-
loaded from the TCGA database, and the clinical information 
of 537 patients with RCC was downloaded. Out of these 
239 intersecting genes in TCGA database, 37 DEGs were 
screened out (the screening criteria were: ∣log2FC∣ > 1 and 
P < 0.05), 20 of which were upregulated and 17 downregu-
lated (Figure 3(B) and (C)). Using the survival package of 
the R software, 10 DEGs that had the potential to affect the 
OS time of patients were screened out from the 20 upreg-
ulated DEGs (P < 0.05), of which 8 were highly expressed 

(AC008878.3, brain-derived neurotrophic factor, engulfment 
and cell motility 1, ETS proto-oncogene 1, transcription fac-
tor, neuropilin 1, annexin A4, gap junction protein α 1, and 
endothelin 1) and associated with a better survival time, and 2  
(AXL and SH3 domain-binding glutamate rich protein-like 3  
[SH3BGRL3]) were associated with a worse OS (Figure 3(E); 
P < 0.05). The gene functions of AXL and SH3BGRL3 were 
explored in the GeneCard database (https://www.gen-
ecards.org/), and it was found that SH3BGRL3 could act as 
a modulator of glutaredoxin biological activity. AXL could 
regulate numerous physiological processes, for instance, 
cell survival, cell proliferation, migration, and differentia-
tion. Subsequently activation by ligand, AXL combines and 
leads to the tyrosine phosphorylation of PI3-kinase subunits 
PIK3R1, PIK3R2, and PIK3R3. Previous studies have found 
that AXL receptor tyrosine kinase is a potential therapeutic 
target for RCC.11,12 We hypothesized that miR-613 suppresses 
RCC proliferation, invasion, and migration through target-
ing AXL to the PI3K/AKT signaling pathway.

miR-613 directly targets AXL mRNA and suppresses 
the activity of the PI3K/AKT signaling pathway

The association between AXL and miR-613 in 786-O cell lines 
was discussed. The putative sites were bound between miR-
613 and AXL (Figure 4(A)). In 23 cases of RCC, correlation 
analysis showed that there was a significant negative corre-
lation between AXL and miR-613 (Figure 4(B)). To verify the 
hypothesis, 786-O-Lent-miR-613 and 786-O-Lent-miR-NC 
cells were transfected with the constructs of wild-type pro-
moter (pGL3-AXL-WT) or the promoter with mutations in 
the binding site (pGL3-AXL-MT) for 48 h. miR-613 overex-
pression was found to decrease the expression of pGL3-AXL-
WT. Meanwhile, when the putative miR-613 binding site of 
pGL3-AXL-WT was destroyed, its role was restrained (Figure 
4(C)). Furthermore, no matter the cellular mRNA (Figure 
4(D)) or protein levels (Figure 4(E) to (H)), miR-613 overex-
pression markedly decreased the expression of AXL. This 
finding indicated that AXL should be considered the target 
of miR-613. AXL could lead to the tyrosine phosphorylation 
of PI3-kinase subunits PIK3R1, PIK3R2, and PIK3R3. PI3K/
AKT signaling pathway activation is very essential to be cor-
related with the aggressive development for RCC and poor 

Figure 1.  miR-613 expression in renal clear cell carcinoma and its effect on patient prognosis. (A) RT-qPCR detected lower miR-613 expression level in RCC tissues 
than in the adjacent non-neoplastic tissues. **P < 0.01 versus adjacent non-neoplastic tissues. (B) RT-qPCR detected the miR-613 expression in 786-O and ACHN 
cells. HK-2 cells were used as the control cell line. **P < 0.05 versus HK-2. (C) OS survival curves of RCC (n = 516).
OS: overall survival.

https://www.genecards.org/
https://www.genecards.org/
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survival.13 A previous study examined how PI3K inhibitors 
affected the proliferation, invasion, and migration of RCC. 
LY294002 is a widely used PI3K inhibitor that could be used 

to bind to the PI3K active site which could be competed with 
adenosine triphosphate (ATP).14 Using CCK-8 assays, it was 
confirmed that inhibiting PI3K with LY294002 significantly 

Figure 2.  miR-613 negatively regulates RCC cells. (A) RT-qPCR checked miR-613 expression in 786-O and ACHN cells following transfection with lentivirus with miR-
613 mimics or negative control empty virus vector. ***P < 0.001 versus control or Lenti-miR-NC. (B and C) A CCK-8 assay was performed to examine cell proliferation 
in 786-O and ACHN cells treated with Lenti-miR-613 mimics or Lenti-miR-NC for 24, 48, and 72 h. ***P < 0.001 versus control or Lenti-miR-NC. (D and E) After 
14 days of incubation, the colony formation assay was used to detect cell proliferation in 786-O and ACHN cells treated with Lenti-miR-613 mimics or Lenti-miR-NC. 
***P < 0.01 versus Lenti-miR-NC or control. (F to I) A transwell invasion assay was performed to evaluate the invasion and migration abilities of 786-O and ACHN cells 
treated with miR-613 mimics or miR-NC. *P < 0.01 versus control or Lenti-miR-NC. Ruler scale = 50 μm.
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reduced cell proliferation (Figure 4(I) and (J)). Furthermore, 
through using the transwell assay, LY294002 revealed that it 
could inhibit cell invasion and migration in RCC cell lines 
(Figure 4(K) to (N)). These consequences proved that the inhi-
bition of the PI3K/AKT signaling pathway is a good way to 
inhibit the proliferation, invasion, and migration in RCC cell 
lines. For the sake of ensuring the potential mechanism, the 
influence of miR-613/AXL upon activation of PI3K/AKT 
signaling was investigated. So, the rate of p-AKT/AKT was 
markedly decreased (Figure 4(E) to (H)), when miR-613 was 
overexpressed in 786-O or ACHN cells, which indicated that 
miR-613 could have the potential mechanism to induce and 
disturb the stimulation of PI3K/AKT pathway.

AXL expression and its influence on patient 
prognosis in RCC

In addition to TCGA gene data set, AXL was also overex-
pressed in tumor tissues in the GSE40435 and GSE53757 

gene data sets (Figure 5(A)). To further study the expres-
sion of AXL in RCC cells, the human RCC tissue and the 
adjacent normal tissue were tested the expression of AXL 
using RT-qPCR and western blotting. It turned out that the 
AXL mRNA and protein relative expressions were markedly 
higher (P < 0.01) in RCC (Figure 5(B) to (D)). For the sake of 
deep research, the correlation and potential mechanisms of 
AXL expression in RCC, the association in the Kaplan–Meier 
plotter databases between AXL expression and prognosis 
was investigated in patients with RCC. RCC overexpression 
was positively correlated to a poor OS and progression-free 
survival (PFS) in RCC patients (Figure 5(E) and (F); P < 0.05).

AXL downregulation inhibits RCC cell proliferation, 
migration, and invasion via PI3K/AKT signaling

The role of AXL was identified, and the expression of AXL 
was found to be inhibited by siRNA. In siRNA-transfected 
cells, the AXL mRNA (Figure 6(A)) and protein expressions 

Figure 3.  Screening of targets and pathways of miR-613 in RCC using bioinformatics. (A) The potential target genes of miR-613 were screened in the PITA, microT, 
miRanda, and TargetScan databases, and 239 intersecting genes were found. (B) Analysis of a volcano map of DEGs. The red dots represent 20 upregulated DEGs, 
the green dots represent 17 downregulated DEGs, and the black dots represent genes that are not differentially expressed in RCC tissues. (C) Heat map analysis of 
the differential expression of the 239 intersecting genes in kidney cancer and normal tissues. (D) Univariate Cox regression analysis of the risk characteristics of 20 
upregulated DEGs associated with renal cancer prognosis.
DEG: differentially expressed gene.
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(Figure 6(B) to (D)) were markedly inhibited following AXL 
gene knockdown. The CCK-8 assay (Figure 6(F)) revealed 
that AXL knockdown instantly repressed cell growth. The 
transwell assay demonstrated a significant cell invasion 
(Figure 6(G) and (I)) and migration (Figure 6(H) and (J)) 
inhibition in the siRNA-transfected cells compared with con-
trol- and siRNA-NC-transfected cells. Thus, it seems that AXL  
knockdown increased cell proliferation, invasion, and migra-
tion. The rate of p-AKT/AKT was markedly decreased fol-
lowing the downregulation of AXL (Figure 6(B), (C), and (E)).  

These results indicated, in RCC, AXL regulates certain physi-
ological processes by activating PI3K/AKT signaling.

The inhibitory effect of miR-613 proliferation, 
invasion, and migration, as weak as PI3K/AKT 
signaling activity in RCC cells, was reversed by 
AXL overexpression

A rescue assay with AXL overexpression was performed 
whether miR-613 inhibits various characteristics of RCC 

Figure 4.  Directing the interaction between miR-613 and AXL. (A) Sequences of putative miR-613 binding sites in the 3’-UTR of AXL. (B) Statistical relationship 
between the expression of miR-613 and AXL in tumor tissues of 23 patients (R = −0.614, P < 0.001). (C) To confirm the direct association between miR-613 and 
the 3’-UTR of AXL, a dual-luciferase activity assay was used. (D) The AXL mRNA expression level was detected in 786-O and ACHN cells following transfection 
with lentivirus containing miR-613 mimics or negative control empty virus vector. (E to H) Western blotting was performed to detect the protein level of AXL, AKT, 
and p-AKT in 786-O and ACHN cells following transfection with lentivirus containing miR-613 mimics or negative control empty virus vector. (I and J) The effect of 
LY294002 on 786-O and ACHN cell proliferation was assessed using a CCK-8 assay at 24 h. (K and M) The effect of LY294002 on the invasive ability of 786-O and 
ACHN cells was measured using a transwell invasion assay after 24 h of incubation. (L and N) The effect of LY294002 on the migration ability of 786-O and ACHN 
cells was assessed using a transwell migration assay after 24 h of incubation. Ruler scale = 50 μm.
**P < 0.01; ***P < 0.001.
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Figure 5.  AXL is upregulated in RCC tissues. (A) AXL expression in the gene data sets GSE40435 and GSE53757. (B) RT-qPCR detected the AXL mRNA expression 
level in RCC and adjacent normal tissues in 23 patients with RCCC. (C and D) Western blotting was performed to assess the protein level of AXL in 23 patients with 
RCC. (E and F) Overall survival and disease-free survival curves of RCC (n = 530, n = 117).
*P < 0.05; **P < 0.01; ***P < 0.001 versus adjacent normal tissue.

Figure 6.  AXL regulates RCC cell growth, invasion, and migration. (A) RT-qPCR detected AXL mRNA expression in 786-O and ACHN cells transfected with AXL 
siRNA for 48 h. (B to E) Western blotting detected the protein level of AXL, AKT, and p-AKT in RCC cells transfected with AXL siRNA for 48 h. (F) The effect of 
AXL siRNA transfection on 786-O and ACHN cell proliferation was assessed using a CCK-8 assay at 48 h. (G and I) Using a transwell invasion assay after 24 h of 
incubation, the effect of AXL siRNA transfection on the invasive ability of 786-O and ACHN cells was measured. (H and I) The effect of AXL siRNA transfection on 
the migration ability of 786-O and ACHN cells was assessed using a transwell migration assay after 24 h of incubation. *P < 0.05 versus NC siRNA or NC shRNA. 
*P < 0.01 versus siRNA-NC or control. Ruler scale = 50 μm.
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through direct regulation of AXL. Two RCC cells were co-
transfected both the Lenti-miR-613 mimic and AXL. So 
detected by RT-qPCR (Figure 7(A)) and western blotting 
(Figure 7(B) and (C)), miR-613-induced AXL overexpression 
was reversed by transfection with AXL-expressing vector in 
786-O and ACHN cells. As expected, AXL overexpression 

markedly rescued the inhibited effect on miR-613 prolifera-
tion (Figure 7(E) and (F)), invasion (Figure 7(G) and (H)), and 
migration (Figure 7(I) and (J)) in RCC cells. In addition, in 
two RCC cell lines, the decline in PI3K/AKT signaling path-
way activity following AXL overexpression partially reversed 
during miR-613 overexpression (Figure 7(B) and (D)).

Figure 7.  In RCC cells, the restoration of AXL expression reversed the antitumor effect of miR-613. Lenti-miR-613 mimics and either the pcDNA3.1/AXL expression 
vector or the pcDNA3.1 empty vector was co-transfected into 786-O and ACHN cells. Null vectors were empty vectors. (A) AXL mRNA expression was measured 
using RT-qPCR after 48 h of transfection with pcDNA3.1/AXL expression vector or pcDNA3.1 empty vector. (B and D) The protein expression of AXL, AKT, and p-AKT 
after 48 h of transfection with pcDNA3.1/AXL expression vector or pcDNA3.1 empty vector. (E and F) Cell proliferation was measured using a CCK-8 assay after 24, 
48, and 72 h of transfection with the pcDNA3.1/AXL expression vector or the pcDNA3.1 empty vector. (G and H) After 24 h of transfection with the pcDNA3.1/AXL 
expression vector or the pcDNA3.1 empty vector, cell invasion was measured using the transwell invasion assay. (I and J) After 24 h of transfection with the pcDNA3.1/
AXL expression or the pcDNA3.1 empty vector, cell migration was assessed using a transwell migration assay. Lent-miR-613 mimic + AXL versus Lent-miR-613 
mimic + null, **P < 0.01; ***P < 0.001. Ruler scale = 50 μm.
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miR-613 overexpression attenuates tumor growth 
in vivo

For the reason to decide whether miR-613 could regulate 
AXL expression and suppress RCC cell proliferation, it was 
examined whether this antineoplastic miRNA had a simi-
lar effect in vivo. A nude mouse xenograft model was used. 
786-O cell lines that stably transfected with Lent-miR-613 
NC and Lent-miR-613 mimic, both of them were injected into 
the underarm of the nude mice. Three weeks after inocula-
tion, the largest tumor observed was ~14 mm. This finding 
showed that miR-613 can inhibit RCC growth (Figure 8(A) 
and (B)). Through immunohistochemistry experiment on 
tumor tissue of nude mice, it was further proved that the 
production of AXL was dramatically disturbed due to the 
overexpression of miR-613 in vivo (Figure 8(C) and (D)).

Discussion

AXL, also known as Ufo, Ark, JTK11 and Tyro-7, origi-
nated from the ancient Greek word “anexelekto,” meaning 
“excessive and uncontrollable.” The AXL gene is located at 
q13.2 of chromosome 19 and belongs to the TAM (TYRO3-
AXL-MER) family of receptor tyrosine kinases. From solid 
to liquid tumors, AXL is involved in variously malignant 
tumors, such as cell growth, proliferation, survival, apopto-
sis, and adhesion. A previous study found that AXL is over-
expression in numerous human neoplasia,15 and is closely 
connected with their occurrence, development, and even 
drug resistance. Reducing the expression of AXL kinase or 

blocking its kinase activity can inhibit the growth, invasion, 
and metastasis for these cancer cells.16–20 The detection that 
the expression of AXL is in the cytoplasm can be used to 
identify subsets of conventional RCC with a high risk of pro-
gression.21 Kyohei Hakozaki et al.22 reported that different 
models of AXL and GAS6 expression were kept an eye out 
for original RCC and metastases, and the AXL/GAS6 scor-
ing system could predict the prognostic outcome and serve 
as a powerful biomarker of RCC immunogenomic state. 
Andrew W Hahn et al.21 revealed that a high AXL expression 
was associated with adverse reactions to anti-programmed 
death (PD)-1 therapy and increased tumor PD-L1 expres-
sion, and patients with a high AXL and PD-L1 expression 
have a particularly poor prognosis. For these reasons, as the 
potential biomarker and therapeutic target, AXL has become 
a research hotspot. In this study, AXL overexpression was 
detected in RCC cells, and the downregulation of AXL by 
siRNA was found to inhibit RCC cell proliferation, migra-
tion, and invasion. These research works were consistent 
with the consequence of the study by Yu.11 They also further 
proved that AXL regulates certain physiological processes of 
RCC by activating PI3K/AKT signaling.

PI3K/AKT pathway is one of the most frequently activated 
intracellular pathways. PI3K/AKT is commonly considered 
as a balancer for human cancer.23 This has been connected 
in promoting the regulation of various cellular physiologi-
cal processes, particularly the proliferation, invasion, and 
apoptosis of carcinoma.24 PI3K/AKT signaling is considered 
to be a key player in renal carcinogenesis, particularly in 

Figure 8.  miR-613 overexpression attenuates tumor growth in vivo. (A) Effect of miR-613 overexpression on tumor volume in nude mice. (B) Effect of overexpression 
of miR-613 on tumor weight in nude mice. (C) Immunohistochemical test was used to detect the expression of AXL in tumor tissues of nude mice under miR-613 
overexpression. (D) Effect of miR-613 overexpression on the relative expression of AXL in tumor tissues of nude mice. *P < 0.05; ***P < 0.001. Lent-miR-613 versus 
Lent-miR-NC. Ruler scale = 50 μm.



Duan et al.    miR-613 suppresses renal cell carcinoma growth    291

the histology of renal carcinoma. AKT, a serine/threonine 
kinase, is the pathway’s most binding downstream compo-
nent and is involved in signal transduction throughout the 
signaling cascade.25 In RCC patients, the PI3K/AKT signal-
ing remains the major focus in clinical research.26

MicroRNAs are a kind of non-coding RNA, which mole
cule has been measured 22 nucleotides in length.27 miRNAs 
function as multiple tumor suppressors or carcinogens dur-
ing tumor development. After extensive studies, miRNAs 
will be possible to effectively control and treat cancer.28–33

miR-613 is a newly discovered miRNA. There is increasing 
evidence that miR-613 is implicated in all sorts of physiologi-
cal and pathological courses. Recent research works have 
illustrated that miR-613 is irregularly produced in different 
types of cancer. Meanwhile, miR-613 is great effective in the 
process of growth for carcinomas.10,34–36 Concretely, miR-613 
is considered to act as a cancer inhibitor in several types of 
tumors, including RCC.37 Considering the heterogeneity of 
tumors and the ability of specific miRNA molecules to target 
different mRNAs, the same miRNA may exhibit differen-
tial effectors in the occurrence and development of different 
tumors. miR-613 acts as an oncogene in colon38 and cervical39 
cancer and has been shown to promote cell proliferation, 
invasion and migration.

miR-613 has been shown to have an effect on RCC. Haitao 
Song et  al.8 demonstrated that by targeting and inhibit-
ing FZD7, miR-613 acts as a tumor suppressor, inhibiting 

RCC cell proliferation and invasion.8 Guanghui Hu et al.40 
revealed that miR-613 mimics should downregulate CXCR4 
mRNA and suppress the Jagged1/Notch pathway in RCC. 
Nevertheless, given that each miRNA has multiple potential 
targets, one big issue in known functional miRNA impres-
sions in cancerous cell behaviors ties to discern veritable 
molecular targets.41 Therefore, the effect of the biological 
function of miR-613 on the cellular mechanism of RCC 
was elucidated herein. Last but not least, based on the bio
informatics results, it was found herein that AXL may be the 
target gene of miR-613, through inhibiting AXL, and miR-613 
blocks PI3K/AKT signaling.

In a nutshell, these current findings indicated the expres-
sion of miR-613, in RCC, was dramatically reduced. In 
addition, in RCC cells, the current research confirmed the 
upregulation of miR-613 can control cell proliferation, metas-
tasis, and invasion by reducing AXL levels and controlling 
the PI3K/AKT signaling pathway (Figure 9). Therefore, out-
comes in this current research indicated miR-613 might be a 
potential therapeutic target for RCC, which may be available 
in the therapy of advanced RCC in future.
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