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Background: Clear cell renal cell carcinoma (ccRCC) is one of the main subtypes of renal 
cell carcinoma, with intense aggressiveness. The involvement of circular RNAs (circRNAs) 
in human cancers attracts much concern. The intention of this study was to investigate the 
expression of circ_101341 and explore its function in ccRCC.
Materials and Methods: The expression of circ_101341, miR-411 and Egl nine homolog 3 
(EGLN3) was measured using quantitative real-time polymerase chain reaction (qRT-PCR). 
Cell proliferation was assessed by cell counting kit-8 (CCK-8) assay and colony formation 
assay. Cell migration and invasion were monitored by transwell assay. Xenograft model was 
established to explore the role of circ_101341 in vivo. The protein levels of E-cadherin (E- 
cad), N-cadherin (N-cad), matrix metalloprotein-9 (MMP9) and EGLN3 were detected by 
Western blot. Bioinformatic analysis was conducted using Circinteractome and starBase. The 
targeted relationship was verified using dual-luciferase reporter assay, RNA-binding protein 
immunoprecipitation (RIP) assay and RNA pull-down assay.
Results: The expression of circ_101341 was elevated in ccRCC tissues and cells. 
Functionally, circ_101341 knockdown depleted proliferation, migration and invasion of 
ccRCC cells in vitro and restricted tumor growth in vivo. Circ_101341 directly targeted 
miR-411, and miR-411 inhibition revised the inhibitory effects of circ_101341 knockdown 
on proliferation, migration and invasion in ccRCC cells. Moreover, miR-411 directly bound 
to EGLN3, and EGLN3 overexpression also rescued the effects of circ_101341 knockdown.
Conclusion: Circ_101341 functioned as a tumor promoter to strengthen proliferation, 
migration and invasion by regulating EGLN3 via sponging miR-411, indicating that 
circ_101341 was a potential diagnostic and therapeutic biomarker of ccRCC.
Keywords: circ_101341, miR-411, EGN3, ccRCC

Introduction
Renal cell carcinoma (RCC) represents the most common primary malignant tumor 
in the kidney, accounting for around 2–3% of all cancers, and is one of the ten 
common cancers worldwide.1–3 Clear cell renal cell carcinoma (ccRCC) is the most 
aggressive subtype of this cancer, accounting for 70–80% of RCC.4 A clear 
morphological hallmark of ccRCC is the strong accumulation of lipids and glyco-
gen in the cytoplasm of tumor cells, hence terming as “clear cells”.5,6 Generally, 
early RCC is asymptomatic, and patients diagnosed at the early stage have better 
survival rates after surgical resection or nephrectomy.2,5 However, advanced tumors 
are associated with local or systemic spread, leading to high mortality.5,7 Therefore, 
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identifying potential biomarkers is of great value for the 
diagnosis and treatment of ccRCC.

Recently, the diverse role of circular RNAs (circRNAs) 
arouses much attention, particularly in cancers.8 CircRNA 
is a novel type of non-coding RNA without 5ʹ caps and 3ʹ 
tails different from linear RNAs, and its unique structure 
gives it high stability.9 Growing studies insist that 
circRNA dysregulation substantially affects the biological 
progression of human cancers.10 In ccRCC, numerous 
differently expressed circRNAs in ccRCC tissues com-
pared with normal samples were identified by RNA micro-
array assay.11 Besides, the functions of several circRNAs 
during the development of ccRCC have been investigated, 
such as circ-AKT3, circPCNXL2 and circHIAT1.12–14 

However, the research of circRNA in ccRCC is still lim-
ited, and several functionally unknown circRNAs need to 
be explored, such as circ_101341 (circ_0031594). The 
expression of circ_101341 was documented to be aber-
rantly upregulated in the RCC dataset (GSE100186). 
Unfortunately, its role is not explored until now.

MicroRNAs (miRNAs) are a kind of extensively regulated 
RNA molecules with ~22 nucleotides.15 With further study of 
miRNAs, the regulatory role of miRNAs in a variety of 
biological processes has been demonstrated, including the 
initiation and progression of cancer. A canonical regulatory 
mode of circRNA is to function as miRNAs “sponge” to 
mediate the activity of miRNAs.16,17 Herein, bioinformatic 
analysis displayed that miR-411 was a potential target of 
circ_101341. MiR-411 has been mentioned to be involved in 
several cancers.18–20 However, its function in ccRCC is limit-
edly investigated, and the interaction between circ_101341 
and miR-411 is not addressed. Generally, miRNAs exert 
their biological functions by interacting with the target sites 
at the 3ʹ untranslated regions (3ʹ UTR) of message RNAs 
(mRNAs), leading to the expression repression and function 
restriction of mRNAs.21 Egl nine homolog 3 (EGLN3), also 
known as PHD3, is a widely expressed enzyme that hydro-
xylates proline residues on target proteins, including HIF-1 
alpha,22 and it was predicted to be a target of miR-411 by 
bioinformatic analysis. The involvement of EGLN3 in the 
development of cancers introduced that EGLN3 was a vital 
regulator of cancer pathogenesis.23,24 However, the associa-
tion between EGLN3 and miR-411 needs further confirmed.

In the present study, we mainly determined the expres-
sion of circ_101341 in ccRCC tissues and cells and inves-
tigated its functions in ccRCC development. Besides, the 
relationship between miR-411 and circ_101341 or EGLN3 
was established to reveal a potential regulatory mechanism 

of circ_101341 in ccRCC. This study aimed to provide 
several useful biomarkers to improve the diagnosis and 
treatment of ccRCC.

Materials and Methods
Tissues
A total of 60 pairs of ccRCC tissues and matched normal 
tissues were obtained from ccRCC patients recruited from 
Heji Hospital, Changzhi Medical College. Before surgery, 
all patients had signed informed consent about this study. 
All excised tissues were embrittled using liquid nitrogen 
and then stored at −80°C freezer. All procedures in studies 
involving patient participants were conducted in accor-
dance with the Declaration of Helsinki. This research 
was performed in line with the Ethics Committee of Heji 
Hospital, Changzhi Medical College.

Data Collection
The expression profiles of circRNAs were screened from 
Gene Expression Omnibus (GEO) repository (https://www. 
ncbi.nlm.nih.gov/gds/). The dataset involving ccRCC was 
obtained from the GSE100186 dataset, containing 4 pairs of 
ccRCC tissues and paired normal tissues. The expression 
files were downloaded and processed using the R language 
package after filtering the unqualified data. Afterwards, the 
heat map was generated.

Cell Lines
Human RCC cell lines and ccRCC cell lines, including A498, 
Caki-1 and 786-O, were purchased from Bena Culture 
Collection (Suzhou, China). SW839 cells were purchased 
from HonSun Biological (Shanghai, China). The proximal 
convoluted tubule cells of human kidney (HK-2) were also 
purchased from Bena. HK-2 cells were cultured in 90% 
Dulbecco’s Modified Eagle Medium (DMEM; Gibco, 
Grand Island, NY, USA) containing 10% fetal bovine 
serum (FBS; Gibco). Caki-1 cells were maintained in 90% 
McCoy’s 5a medium (Sigma-Aldrich, St. Louis, MO, USA) 
containing 10% FBS (Gibco). A498, 786-O and SW839 cells 
were kept in 90% Roswell Park Memorial Institute 1640 
(RPMI 1640; Gibco) containing 10% FBS (Gibco). All 
cells were cultured at 37°C with 5% CO2 in a wet condition.

Quantitative Real-Time Polymerase Chain 
Reaction (qRT-PCR)
Tissues or cells were subjected to a TRIquick total RNA 
extract kit (Solarbio, Beijing, China). For circRNA and 
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mRNA, qRT-PCR was performed using the riboSCRIPT 
mRNA/lncRNA qRT-PCR Starter Kit (Ribobio, Guangzhou, 
China). For miRNA, qRT-PCR was performed using the 
Bulge-Loop miRNA qRT-PCR Starter Kit (Ribobio). All 
experiments were conducted three times. The relative expres-
sion was calculated using the 2−ΔΔCt method and normalized 
by Glyceraldehyde-3-phosphate dehydrogenase (GAPDH) or 
U6. The primers were listed as follows: circ_101341, forward: 
5ʹ-CTTACGCAACCAGGCAATGG-3ʹ and reverse: 5ʹ-CATC 
ACCGTTGGGGTTGTCC-3ʹ; EGLN3, forward: forward: 
5ʹ-TCAAGGAGAGGTCTAAGGCAA-3ʹ and reverse: 5ʹ-A 
TGCAGGTGATGCAGCGA-3ʹ; miR-411, forward: forward: 
5ʹ-CCATGUAUGUAACACGGUCCAC-3ʹ and reverse: 5ʹ-G 
GUUAGUGGACCGGTCACC-3ʹ; GAPDH, forward: 5ʹ-CC 
CCTTCATTGACCTCAACTACAT-3ʹ and reverse: 5ʹ-CGC 
TCCTGGAAGATGGTGA-3ʹ; U6, forward: 5ʹ-CTTCGGCA 
GCACATATACT-3ʹ and reverse: 5ʹ-AAAATATGGAAC 
GCTTCACG-3ʹ;

Cell Transfection
Lentiviral particles containing short hairpin RNA targeting 
circ_101341 (sh-circ_101341) and negative control (sh- 
NC) were synthesized by Genomeditech (Shanghai, 
China). MiR-411 mimics (miR-411), miR-411 inhibitors 
(anti-miR-411) and controls (miR-NC and anti-miR-NC) 
were purchased from Ribobio. EGLN3 overexpression 
fusion vector pcDNA3.1-EGLN3 (EGLN3) and empty 
vector (vector) were assembled by Genomeditech. 
Lipofectamine 3000 (Invitrogen, Carlsbad, CA, USA) 
was utilized for transfection following the manufacturer’s 
instructions.

Cell Counting Kit-8 (CCK-8) Assay
CCK-8 (Solarbio) was used for cell proliferation analysis. 
In short, SW839 and A498 cells after corresponding trans-
fection were harvested and planted into 96-well plates 
(10,000 cells/well). Subsequently, 10 μL of CCK8 reagent 
was pipetted to each well at the specific time points (0, 24, 
48 and 72 h) and incubated for 2 h. Then, the absorption 
value at 450 nm was detected by a microplate reader 
(Thermo Fisher Scientific, Waltham, MA, USA).

Colony Formation Assay
SW839 and A498 cells after corresponding transfection 
were seeded into 6-well plates (1000 cells/well). Then, 
cells were incubated at 37°C containing 5% CO2 for 
12 d. Next, the systems were stained with 0.1% crystal 
violet until the colonies were visible and photographed.

Animal Experiment
The procedures of the animal experiments were approved 
by the Animal Care and Use Committee of Heji Hospital, 
Changzhi Medical College and followed by the Guide for 
the Care and Use of Laboratory Animals (GB/T 35,892– 
2018). A total of 8 nude mice (BALB/c, Male, 4-weeks- 
old) were purchased from Vital River Company (Beijing, 
China). A498 cells infected with sh-circ_101341 were 
subcutaneously implanted in the flanks of mice (n=4), 
and sh-NC acted as the control (n=4). The tumor volume 
(V) was calculated according to the formula: V = long axis 
×short axis2/2. After 35 days, all tumor was excised, and 
tumor weight was examined.

Transwell Assay
24-well transwell chambers (8 μm pore size; BD 
Biosciences, San Jose, CA, USA) were used for migration 
and invasion assay. Generally, SW839 and A498 cells after 
corresponding transfection were resuspended in serum- 
free medium and then added into the top of chambers 
coated with or without Matrigel (BD Biosciences) for 
invasion assay or migration assay. Fresh RPMI 1640 med-
ium containing 10% FBS was filled with the bottom of 
chambers. The reaction was lasting for 24 h, and next, the 
migrated or invaded cells into the low surface were fixed 
and stained with 0.1% crystal violet for morphological 
observation under a microscope (Olympus, Tokyo, Japan).

Western Blot
The expression of E-cadherin (E-cad), N-cadherin (N-cad), 
matrix metalloprotein-9 (MMP9) and EGLN3 was mea-
sured by Western blot. The procedures of Western blot 
were consistent with the previous description.25 The anti-
bodies used were listed as follows: anti-E-cad (ab40772; 
Abcam, Cambridge, MA. USA), anti-N-cad (ab76011, 
Abcam), anti-MMP9 (ab137867, Abcam), anti-EGLN3 
(anti-PHD3; ab30782, Abcam), anti-GAPDH (ab181602, 
Abcam) and Goat-anti-Rabbit horseradish peroxidase 
(HRP; ab205718, Abcam).

Subcellular Distribution
Nuclear RNAs and cytoplasmic RNAs were isolated using 
the PARIS kit (Life Technologies, Danvers, MA, USA). 
Then, qRT-PCR was performed to detect the expression of 
circ_101341 in the nucleus or cytoplasm. GAPDH or U6 
acted as cytoplasm or nucleus internal reference, 
respectively.
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Bioinformatic Analysis
The online databases or tools, including Circinteractome 
(https://circinteractome.nia.nih.gov/) and starBase (http:// 
starbase.sysu.edu.cn/), were utilized to predict the poten-
tial targets of circRNA or miRNA.

Dual-Luciferase Reporter Assay
The pGL4-based luciferase reporter plasmids containing 
wild-type circ_101341 (circ_101341-WT) or mutant-type 
circ_101341 (circ_101341-MUT, mutated at the putative 
miR-411 binding site) were designed and assembled by 
Ribobio. Similarly, EGLN3-WT and EGLN3-MUT were 
also constructed. A498 and SW839 cells were cotrans-
fected with miR-411 and circ_101341-WT, circ_101341- 
MUT, EGLN3-WT or EGLN3-MUT, and miR-NC trans-
fection acted as the control. After 48 h of transfection, the 
cells were collected for firefly and renilla luciferase activ-
ity detection using the Dual-Luciferase Reporter Assay 
System (Promega, Madison, WI, USA).

RNA-Binding Protein 
Immunoprecipitation (RIP) Assay
A498 and SW839 cells were subjected to RIP lysis buffer 
(Thermo Fisher Scientific), and the lysate was collected 
and incubated with the RIP buffer containing magnetic 
beads coated with Ago2 antibody (Thermo Fisher 
Scientific) or IgG antibody (negative control; Thermo 
Fisher Scientific) at 4°C for 4 h. Subsequently, the immu-
noprecipitated RNAs were isolated and used for qRT-PCR.

RNA Pull-Down Assay
We used biotin-labeled miRNA to detect the expression 
level of circRNA. In brief, biotinylated miR-411 (Bio- 
miR-411) and negative control (Bio-NC) were constructed 
by Ribobio. Afterwards, A498 and SW839 cells were 
transfected with Bio-miR-411 or Bio-NC and used for 
pull-down assay using the Pierce™ Magnetic RNA- 
Protein Pull-Down Kit (Thermo Fisher Scientific) in line 
with the manual. The RNAs were extracted and eluted for 
qRT-PCR analysis.

Statistical Analysis
GraphPad Prism 7.0 (Graphpad Software Inc., La Jolla, CA, 
USA) was used to process data from 3 parallel experiments. 
All data were exhibited as mean ± standard deviation (S.D.). 
The survival curve was generated by Kaplan–Meier plot and 
analyzed by Log rank test. To determine the significance of 

difference between the two groups, Student’s t-test was used. 
Analysis of variance (ANOVA) test was used to assess the 
differences between more than two groups. P value < 0.05 
was considered statistically significant.

Result
Circ_101341 Was Significantly Upregulated 
in ccRCC Tissues and Cell Lines
Analysis of the ccRCC dataset GSE100186, downloaded 
from the Gene Expression Omnibus (GEO) repository 
(https://www.ncbi.nlm.nih.gov/gds/), presented dozens of 
differentially expressed circRNAs. Heat map analysis 
screened the leading top 10 upregulated or downregulated 
circRNAs (Figure 1A). The schematic diagram showed that 
circ_101341 was derived from precursor EGLN3 mRNA 
exon2 and exon3 (Figure 1B). In the data from GSE100186 
dataset, circ_101341 was significantly upregulated in 
ccRCC tissues (n=4) compared with normal tissues (n=4) 
(Figure 1C). Next, the expression of circ_101341 was ver-
ified in clinical ccRCC tissues, and the data showed that the 
expression of circ_101341 was notably enhanced in ccRCC 
tissues (n=60) relative to normal tissues (n=60) (Figure 1D). 
Moreover, Kaplan–Meier survival curve revealed that the 
overall survival of ccRCC patients with high circ_101341 
expression was always lower than with low circ_101341 
expression (Figure 1E). Not surprisingly, the expression of 
circ_101341 in ccRCC cell lines, including SW839, A498, 
Caki-1 and 786-O, was strikingly elevated compared with 
that in HK-2 cells (Figure 1F). Obviously, the expression of 
circ_101341 in SW839 and A498 cells was relatively 
higher than that in Caki-1 and 786-O cells. Hence, we 
chose SW839 and A498 cells for the following experi-
ments. Moreover, we noticed that RNase R treatment hardly 
affected the expression of circ_101341 but significantly 
diminished the RNA expression of its linear mRNA 
(EGLN3) (Figure 1G), suggesting that circ_101341 har-
bored a circular structure and stably expressed in A498 
and SW839 cells. These data suggested that circ_101341 
was highly expressed in ccRCC.

Circ_101341 Knockdown Inhibited 
Proliferation of ccRCC Cells in vitro and 
Suppressed Tumor Growth in vivo
The endogenous level of circ_101341 was sequestered to 
explore the role of circ_101341 in ccRCC. The data from 
qRT-PCR displayed that the expression of circ_101341 
dwindled most in A498 and SW839 cells transfected 
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with sh-circ#2 relative to #1 and #3 (Figure 2A and B). 
Hence, A498 and SW839 cells with the transfection of sh- 
circ#2 were used for functional experiments. The analysis 
of CCK-8 exhibited that circ_101341 knockdown promi-
nently inhibited the proliferation of A498 and SW839 cells 
(Figure 2C and D). Likewise, colony formation assay 
presented that circ_101341 knockdown pronouncedly 
diminished the number of colonies of A498 and SW839 
cells (Figure 2E). Xenograft models were established to 
determine the role of circ_101341 in vivo. As shown in 
Figure 2F and G, the stable knockdown of circ_101341 
weakened both tumor volume and tumor weight, leading 

to decreased tumor size. These data manifested that 
circ_101341 knockdown limited the development of 
ccRCC in vitro and in vivo.

Circ_101341 Knockdown Suppressed 
Migration, Invasion and EMT of A498 and 
SW839 Cells
To explore the effect of circ_101341 knockdown on cell 
moveability, transwell assay was performed. Noticeably, 
the number of migrated and invaded cells was substan-
tially declined in A498 and SW839 cells with the transfec-
tion of sh-circ_101341#2 compared with sh-NC 

Figure 1 Circ_101341 was highly expressed in ccRCC tissues and cells. (A) The differential expression of several circRNAs in ccRCC tissues identified from the GSE100186 
dataset was shown in the heat map. (B) Schematic diagram illustrated that circ_101341 was generated from EGLN3 pre-mRNA. (C) Circ_101341 was highly expressed in 
ccRCC from the GSE100186 dataset. (D) The expression of circ_101341 in ccRCC tissues (n=60) and normal tissues (n=60) was measured by qRT-PCR. (E) The overall 
survival curve was generated by Kaplan–Meier plot and analyzed by Log rank test. (F) The expression of circ_101341 in ccRCC cell lines (SW839, A498, Caki-1 and 786-O) 
was detected by qRT-PCR. (G) The circularity and stability of circ_101341 were detected using RNase R by qRT-PCR. *P < 0.05.
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(Figure 3A and B). The expression levels of EMT indica-
tors were examined by Western blot, and the result showed 
that the expression of E-cad was significantly reinforced 
with the knockdown of circ_101341, while the expression 
of N-cad and MMP9 was reduced with the knockdown of 
circ_101341 in A498 and SW839 cells (Figure 3C and D). 
These observations illustrated that circ_101341 knock-
down sequestered cell migration, invasion and EMT.

Circ_101341 Targeted miR-411 to 
Suppress miR-411 Expression
Subcellular fraction localization presented that circ_101341 
was mainly distributed in cytoplasmic fraction but not 
nuclear fraction in A498 and SW839 cells (Figure 4A). 

This result supported that circ_101341 served as competing 
endogenous RNA (ceRNA) to mediate gene expression of its 
target miRNAs.17 Hence, the putative target miRNAs 
of circ_101341 were analyzed by the online tool 
Circinteractome. Pull-down assay showed that miR-411 
could be abundantly enriched by circ_101341 probe com-
pared to oligo probe (Figure S1). Circinteractome presented 
that there was a specific binding site between circ_101341 
and miR-411 (Figure 4B). Next, the fusion plasmids 
circ_101341-WT and circ_101341-MUT were constructed 
to perform dual-luciferase reporter assay, and the result 
showed that the reintroduction of miR-411 markedly reduced 
the luciferase activity in A498 and SW839 cells transfected 
with circ_101341-WT but not circ_101341-MUT 
(Figure 4C). Besides, RIP assay showed that both 

Figure 2 Circ_101341 knockdown inhibited proliferation and colony formation in vitro and repressed tumor growth in vivo. A498 and SW839 cells were transfected with 
sh-circ to observe the role of circ_101341. (A and B) The transfection efficiency was checked using qRT-PCR. (C and D) Cell proliferation was assessed by CCK-8 assay. (E) 
The ability of cell proliferation was monitored by colony formation assay. (F and G) The animal experiment was conducted to assess the role of circ_101341 knockdown in 
tumor growth (tumor volume and weight). *P < 0.05.
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circ_101341 and miR-411 were remarkably enriched in the 
anti-Ago2 group compared with that in the anti-IgG group 
(Figure 4D). In addition, RNA pull-down assay was con-
ducted using Bio-miR-411 in A498 and SW839 cell lysates, 
and the result demonstrated that circ_101341 was signifi-
cantly enriched in Bio-miR-411 relative to Bio-NC 
(Figure 4E). Moreover, the expression of miR-411 was mark-
edly strengthened by circ_101341 knockdown in A498 and 
SW839 cells (Figure 4F). All data maintained that 
circ_101341 directly targeted miR-411.

MiR-411 Deficiency Overturned the 
Effects of Circ_101341 Knockdown on 
Proliferation, Colony Formation, 
Migration, Invasion and EMT
Subsequently, the effects of the interaction between 
circ_101341 and miR-411 were observed in A498 and 
SW839 cells. The qRT-PCR data displayed that the expres-
sion of miR-411 was significantly declined in A498 and 
SW839 cells transfected with anti-miR-411 compared with 
anti-NC, indicating the desired transfection efficiency 
(Figure 5A). The abilities of cell proliferation and colony 
formation were recovered in sh-circ#2 transfected A498 and 
SW839 cells with the transfection of anti-miR-411 compared 
with anti-NC (Figure 5B and C). The number of migrated and 
invaded cells was promoted in A498 and SW839 cells with 
the transfection of sh-circ#2+anti-miR-411 relative to sh- 
circ#2+anti-NC (Figure 5D and E). Furthermore, the levels 

of E-cad were depleted in A498 and SW839 cells with the 
transfection of sh-circ#2+anti-miR-411 relative to sh-circ#2 
+anti-NC, while the levels of N-cad and MMP9 were oppo-
site to that of E-cad (Figure 5F and G). These results con-
cluded that the anti-tumor role of circ_101341 knockdown 
was abolished by miR-411 absence.

EGLN3 Was a Target of miR-411, and Its 
Expression Was Regulated by 
Circ_101341 Through miR-411
In view of the acknowledged action mode of miRNA that 
miRNA interacts with the 3ʹUTR of downstream mRNAs 
to mediate mRNAs expression, we screened and identified 
the target mRNAs of miR-411. It was obtained that 
EGLN3 was one of the targets of miR-411 with a specific 
binding site between its 3ʹUTR and miR-411 (Figure 6A). 
The result from dual-luciferase reporter assay confirmed 
their interaction and presented that miR-411 enrichment in 
A498 and SW839 cells significantly diminished the luci-
ferase activity with the transfection of EGLN3-WT rather 
than EGLN3-MUT (Figure 6B and C). Expression analysis 
introduced that the expression of EGLN3 was prominently 
depleted in A498 and SW839 cells with miR-411 over-
expression at both mRNA and protein levels (Figure 6D 
and E), while the expression of EGLN3 was markedly 
enhanced in A498 and SW839 cells with miR-411 inhibi-
tion (Figure 6F and G). Moreover, the expression of 
EGLN3 at both mRNA and protein levels was markedly 

Figure 3 Circ_101341 knockdown inhibited cell migration, invasion and EMT. (A and B) Cell migration and invasion were investigated by the transwell assay. (C and D) The 
expression of E-cad, N-cad and MMP9 was quantified by Western blot. *P < 0.05 and **P < 0.01.
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decreased in A498 and SW839 cells transfected with sh- 
circ#2 alone but recovered with the reintroduction of anti- 
miR-411 (Figure 6H and I). These analyses deemed that 
EGLN3 was a target of miR-411, and circ_101341 regu-
lated the expression of EGLN3 via sponging miR-411.

EGLN3 Overexpression Rescued the 
Inhibitory Effects of Circ_101341 
Knockdown on Proliferation, Colony 
Formation, Migration, Invasion and EMT
The endogenous level of EGLN3 was enhanced to monitor 
whether EGLN3 overexpression could reverse the effects of 
circ_101341 knockdown. The examination of transfection 

efficiency suggested that the expression of EGLN3 was 
significantly reinforced in A498 and SW839 cells trans-
fected with EGLN3 relative to vector (Figure 7A). The 
capacities of cell proliferation and colony formation were 
partly regained in A498 and SW839 cells with the transfec-
tion of sh-circ#2+EGLN3 compared with the transfection of 
sh-circ#2+vector (Figure 7B and C). The activities of cell 
migration and invasion were higher in A498 and SW839 
cells introduced with sh-circ#2+EGLN3 compared with sh- 
circ#2+vector (Figure 7D and E). The transfection of sh- 
circ#2+EGLN3 dwindled the protein level of E-cad relative 
to the transfection of sh-circ#2+vector in A498 and SW839 
cells, while the expression tendency of N-cad and MMP9 
was opposite to E-cad expression (Figure 7F and G). The 

Figure 4 Circ_101341 directly targeted miR-411. (A) Subcellular localization was performed to examine the distribution of circ_101341, GAPDH or U6 acting as the 
cytoplasmic control or nuclear control. (B) The interaction between circ_101341 and miR-411 was predicted by the online tool Circinteractome. (C–E) The interaction 
between circ_101341 and miR-411 was further verified by dual-luciferase reporter assay, RIP assay and RNA pull-down assay. (F) The effect of circ_101341 knockdown on 
the expression of miR-411 was detected by qRT-PCR. *P < 0.05 and **P < 0.01.
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above data indicated that circ_101341 knockdown blocked 
the progression of ccRCC by decreasing the expression of 
EGLN3.

Discussion
The pathogenesis of ccRCC is complex and involves the 
alteration of a variety of intracellular gene expression. The 
research for novel diagnostic and prognostic markers is still 
largely necessary to antagonize the metastatic ccRCC.26 

Recently, the function and clinical significance of 
circRNAs have been widely identified, and circRNAs are 
regarded as new frontiers for cancer diagnosis and therapy.-
27,28 In ccRCC, circAKT3 was proved to be a tumor inhibitor 
to defend cell metastasis.14 CircPCNXL2 was summarized to 
function as an oncogene to accelerate the proliferation and 
migration of renal cancer cells.13 Current studies suggested 
that the dysregulation of circRNAs is closely associated with 
tumorigenesis and progression. Interestingly, the dataset 
GSE100186 presented that circ_101341 was a significantly 
upregulated circRNA in ccRCC tissues compared with 

normal tissues. Hence, we speculated that circ_101341 
might implicate in ccRCC progression. Molecular experi-
ments discovered that the expression of circ_101341 was 
aberrantly enhanced in ccRCC tissues and cells, and 
circ_101341 knockdown functionally suppressed cell prolif-
eration, migration and invasion in vitro and limited tumor 
growth in vivo. These findings manifested that circ_101341 
served as a tumor promoter in ccRCC progression.

Relative to linear mRNAs and long non-coding RNAs, 
it is more toilless for circRNAs to sponge miRNAs 
because of high stability.25 Following this regulatory man-
ner, the potential action mechanism of several circRNAs 
was revealed. For example, circ_0039569 contributed to 
the formation and metastasis of RCC by adsorbing miR- 
34a-5p.29 Circ_001895 promoted ccRCC progression in 
vitro and in vivo via targeting miR-296-5p.30 In this 
study, miR-411 was identified as a target of circ_101341 
using the bioinformatic tool, dual-luciferase reporter assay, 
RIP assay and RNA pull-down assay. Besides, we found 
that the inhibition of miR-411 overturned the effects of 

Figure 5 The inhibition of miR-411 reversed the effects of circ_101341 knockdown. A498 and SW839 cells with circ_101341 knockdown were transfected with anti-miR- 
411, anti-NC acting as the control. (A) The efficiency of miR-411 inhibition was checked by qRT-PCR. (B and C) The capacity of cell proliferation was assessed by CCK-8 
assay and colony formation assay. (D and E) Cell migration and cell invasion were determined by transwell assay. (F and G) The expression of E-cad, N-cad and MMP9 was 
detected by Western blot. *P < 0.05.
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circ_101341 knockdown, aggravating the malignant beha-
viors in ccRCC cells. The potential role of miR-411 has 
been partly reported in previous studies. Zhang et al con-
cluded that miR-411 was targeted by circ_000926, and 
miR-411 depletion abolished the anti-tumor role of 
circ_000926 downregulation in RCC progression.31 

Another report declared that the expression of miR-411 
was declined in RCC tissues and cells, and miR-411 
enrichment significantly weakened the proliferation and 

migration of RCC cells.32 All evidence mentioned above 
indicated that miR-411 was a tumor suppressor at least in 
RCC. Therefore, it could be concluded that circ_101341 
triggered ccRCC progression by inhibiting the expression 
of miR-411.

Further, the online tool starBase predicted a special 
binding site between miR-411 and EGLN3 3ʹUTR, and 
their interaction was verified by dual-luciferase reporter 
assay, suggesting that EGLN3 was a target of miR-411. 

Figure 6 EGLN3 was a target of miR-411, and its expression was regulated by circ_101341 through miR-411. (A) The targeted relationship between miR-411 and EGLN3 
was predicted by the online tool starBase. (B and C) Their relationship was further confirmed by dual-luciferase reporter assay. (D and E) The expression of EGLN3 in A498 
and SW839 cells with miR-411 recruitment was detected by qRT-PCR and Western blot. (F and G) The expression of EGLN3 in A498 and SW839 cells with miR-411 
inhibition was detected by qRT-PCR and Western blot. (H and I) The expression of EGLN3 in A498 and SW839 cells with transfection of sh-circ#2 or sh-circ#2+anti-miR- 
411 was detected by qRT-PCR and Western blot, sh-NC or sh-circ#2+anti-NC acting as the control. *P < 0.05.
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EGLN3, also named PHD3, is closely linked to cancer 
development. The previous study reported that PHD3 
was highly expressed in serum from RCC patients and 
could be a novel biomarker with the valuable diagnostic 
performance,33 and its high level might reinforce ccRCC 
aggressiveness.34 Moreover, a tissue-wide expression pro-
filing was generated using cDNA subtraction and micro-
arrays, and EGLN3 was discovered to be highly regulated 
in RCC samples.35 These observations suggested that RCC 
was associated with a high level of EGLN3. In our study, 
functional analyses monitored that EGLN3 overexpression 
rescued cell proliferation, migration and invasion sup-
pressed by circ_101341 knockdown, hinting that EGLN3 
was an oncogene in RCC. On the contrary, EGLN3 was 
recorded to be deficient in breast cancer, pancreatic cancer 
and gastric cancer, and EGLN3 overexpression suppressed 
the tumorigenesis of these cancers,36–38 which exhibited 
the opposite expression pattern and functional role of 
EGLN3 in ccRCC, suggesting that the function of 
EGLN3 is various in different cancers.

Conclusion
Circ_101341 was strikingly upregulated in ccRCC tissues 
and cells. Circ_101341 knockdown inhibited proliferation, 
migration and invasion of ccRCC cells, and inhibited 
tumor growth in vivo. Mechanically, circ_101341 aggra-
vated the progression of ccRCC via the miR-411/EGLN3 
pathway, hinting that circ_101341 might be a promising 
biomarker for diagnosis and therapy of ccRCC.
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