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Background: Long non-coding RNAs (lncRNAs) can affect tumorigenesis. Data from The 
Cancer Genome Atlas (TCAG) suggest that LINC02783 is highly expressed in renal cell 
carcinoma (RCC) and is expected to be a potential biological target. We conducted this study 
to verify this.
Patients and Methods: We conducted this study to verify the opinion that “LINC02783 is 
highly expressed in renal cell carcinoma (RCC) and is expected to be a potential biological 
target”. We employed quantitative real-time polymerase chain reaction (qRT-PCR) to test 
LINC02783 expression in RCC tissues, CKK-8 assay and transwell assay to assess the 
viability and invasion of RCC cells, Western blot to quantify Sox-4 expression, dual- 
luciferase reporter (DLR) assay and RNA immunoprecipitation (RIP) assay to analyze the 
interaction between LINC02783 and miR-20b, in vivo experiments to test tumor formation.
Results: We detected high LINC02783 expression in RCC patients. Patients with higher 
LINC02783 levels had a markedly poorer prognosis. In vitro and in vivo, the down- 
regulation of LINC02783 suppressed the viability and invasion of RCC cells. The DLR 
assay results revealed that LINC02783 enhanced Sox-4 expression by regulating miR-20b. 
LINC02783 can act as a sponge for miR-20b to inhibit Sox-4 expression.
Conclusion: LINC02783 is highly expressed in RCC patients and indicates a poor prog-
nosis. LINC02783 can affect the occurrence and progression of RCC through the miR-20b/ 
Sox-4 axis, making it a promising target for the treatment of RCC.
Keywords: LINC02783, miR-20b, Sox-4, renal cell carcinoma, The Cancer Genome Atlas, 
prognosis

Core Tip
In this study, LINC02783 was highly expressed in patients with RCC and caused 
a poor prognosis. LINC02783 can mediate the miR-20b/Sox-4 axis and regulate 
RCC cell growth, expected to become a potential target for RCC treatment.

Introduction
Renal cell carcinoma (RCC), occurring in the urinary system, is the second leading 
cause of deaths from malignant tumors in the urinary system.1 According to a global 
epidemiological survey,2 the number of kidney cancer patients in 2018 exceeded 
400,000 and the number of deaths reached 170,000, accompanied by a yearly increase 
in the morbidity. RCC is divided into kidney chromophobe (KICH), kidney renal 
papillary cell carcinoma (KIRP) and kidney renal clear cell carcinoma (KIRC) accord-
ing to the pathological type. KIRC is the most frequent RCC subtype (comprising 
80–90% of RCC), characterized by high metastasis and recurrence rates.3–5 
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Advancements in medical levels have improved the prognosis 
of RCC patients. Recurrence and metastasis of RCC occur in 
over 30% of patients, leading to a median survival of about 
13 months.6,7 Our exploration of the underlying mechanism 
of RCC will enlighten new strategies for RCC treatment.

A growing number of studies have realized the impor-
tance of non-coding RNAs (ncRNAs) in human tumors.8,9 

Long non-coding RNA (lncRNA)s are transcribed RNAs 
with over 200 nucleotides but with no potential for pro-
tein-coding.10,11 By competing with miRs for microRNA 
response elements (MREs), lncRNAs inhibit the synthesis 
of miRs and thereby affect the expression of their down-
stream target genes.12,13 LncRNAs can regulate various 
cellular processes.14 The study by Feng et al15 suggests 
that the up-regulation of lncRNA MEG3 results in inhib-
ited migration and invasion of bladder cancer cells and 
increased cisplatin-sensitivity. A former study indicates 
that16 lncRNA-SNHG16 stimulates tumor proliferation 
by epigenetically inhibiting p21 expression in bladder 
cancer and can predict the poor prognosis of patients. 
Many lncRNAs can regulate tumor progression and metas-
tasis, but the function of lncRNAs in RCC remains 
unknown.17 No studies have been done to investigate 
LINC02783, a lncRNA located on human chromosome 
11p15.3. We conducted a screening analysis of data from 
The Cancer Genome Atlas (TCGA) and noted high 
LINC02783 expression levels in KIRC, which suggests 
the potential of LINC02783 to become an indicator for 
the prognosis or diagnosis of KIRC.

Here we explored the clinical value and the underlying 
mechanism of LINC02783 in RCC, hoping to identify 
potential therapeutic targets for RCC treatment.

Materials and Methods
TCGA Data Download and Analysis
KIRC transcript data were downloaded from https://portal. 
gdc.cancer.gov/and then synthesized into a matrix file 
using the putFilesToOneDir.pl., followed by data analysis 
on Edger software package (logFC = 4, P = 0.05). Clinical 
data of KIRC patients were downloaded from http://gdac. 
broadinstitute.org/runs/stddata__2016_01_28/data/and 
synthesized using the Survival.pl. Then we subjected data 
to the Cox regression analysis and drew a survival curve.

Sample Collection
We enrolled 50 patients with RCC admitted to Shanghai 
Ninth People’s Hospital, Shanghai Jiaotong University 

School of Medicine from March 2012 to March 2014. 
We sampled cancerous tissues and adjacent tissues from 
patients and stored them in liquid-nitrogen at −80°C, fol-
lowed by RNA detection. Patients were diagnosed with 
KIRC by the pathological test, with no history of anti- 
tumor treatments before, in line with the Fuhrman tumor 
grade criteria. This study was carried out with informed 
consent of all patients and ethical approval of the ethics 
committee of Shanghai Ninth People’s Hospital, Shanghai 
Jiaotong University School of Medicine and was in accor-
dance with Helsinki Declaration (1536–08-65). Animal 
experiments were guided by the “Laboratory animal— 
Guideline for ethical review of animal welfare”.

Cell Culture
RCC cell lines (ACHN, 786-O, OSRC-2, and Caki-2) and 
immortalized normal human proximal tubular epithelial 
cell line (HK-2) were purchased from the American Type 
Culture Collection (ATCC, Manassas, Virginia, USA). 
RCC cells were cultured in a RPMI 1640 medium contain-
ing 10% fetal bovine serum (FBS) and HK-2 cells in 
keratinocyte-SFM (Gibco/Invitrogen, Vienna, Austria), 
together with 100 U/mL penicillin and 100 μg/mL strep-
tomycin in a sterilized environment, with 5% CO2 at 37°C.

Cell Transfection
ACHN and 786-O cells at logarithmic growth phase 
were harvested and plated in a 6-well plate (1×106 

cells/well). Transfection was done when cell confluency 
reached 90%. The pcDNA3.1 vector was used to con-
struct the LINC02783 inhibitor (si-LINC02783), Sox-4 
inhibitor (si-Sox-4), and Sox-4 overexpression vector 
(pcDNA-Sox-4). The design and synthesis of sequences 
of miR-20b-mimics and miR-20b-inhibit were com-
pleted by Sangon Biotech (Shanghai) Co., Ltd. The 
miR-NC worked as the control of miR, and si-NC as 
the control of other genes. Then we separately trans-
fected cells with expression vectors, miR-20b-mimics, 
and miR-20b-inhibit according to the instructions of the 
Lipofectamine 2000 kit (Invitrogen™, USA).

Cell Viability Assay
CKK-8 assay (TransGen, Beijing, China) was used to 
test cell viability. Transfected cells were plated in a 96- 
well plate (5×103 cells/well) and cultured for 24 hours. 
Then the plate was incubated for 24, 48, and 72 hours. 
After incubation, 10 µL of CCK-8 solution was added to 
each well and the plate was incubated at 37°C for 2 
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hours. An automatic microplate reader (Bio-Rad, 
Hercules, CA, USA) was used to measure the absor-
bance at 450 nm.

Detection of Cell Invasion
Cell invasion was measured by the transwell assay. 
Cells transfected with plasmids were plated in a 6-well 
plate and incubated for 72 hours. Cells were resus-
pended in the serum-free medium to obtain the cell 
suspension (1×105 cells/mL) and inoculated into the 
apical chamber pre-coated with Matrigel (1:20, BD 
Corning). Then, 750μL of 10% FBS was added to the 
basolateral chamber and the whole transwell system was 

inoculated at 37°C for 12 hours, with 5% CO2. Cells 
were infiltrated with methanol for 20 minutes and 
stained with 0.1% crystal violet in a dark room. 
Finally, cells invading through the membrane were 
counted under a microscope.

Apoptosis Detection
Annexin V Apoptosis Detection Kit was used to test cell 
apoptosis (Becton Dickinson, NJ, USA). Transfected cells 
were stained with Annexin V-fluorescein isothiocyanate 
(FITC) and propidium iodide (PI) for 25 minutes. Then 
cell apoptosis was assessed by flow cytometry (BD 
CantoII).

Table 1 Primer Sequences

Gene Forward Primer (5ʹ-3ʹ) Reverse Primer (5ʹ-3ʹ)

LINC00858 CCCAGCTCCTTACACACGTT TTCAGAGGCCTGCATCACTG
miR-20b TGTCGACAAGCTTACACGA GCTAGTCATGGTGCAAGA

Sox4 GCAAACCAACAATGCCGAGAA GCTTGATGTGCCCACTCGG

U6 CTCGCTTCGGCAGCACATATACT ACGCTTCACGAATTTGCGTGTC
GAPDH CTCTGCTCCTCCTGTTCGAC ACCAAATCCGTTGACTCCGA

Figure 1 Analysis of TCGA data. (A) Heat map of differential lncRNAs expression in the TCGA database, with the red color indicating high relative expression whereas the 
green color indicating low relative expression. (B) Volcano plot of differential lncRNAs expression in the TCGA database, with the red color indicating high relative 
expression whereas the green color indicating low relative expression.
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Western Blot Analysis
Proteins were lysed by the RIPA buffer (Cell Signal 
Technology, Inc., MA, USA) and quantified by the BCA 
kit (Beyotime Biotechnology, Shanghai, China). After 
electrophoresis, proteins were transferred to a PVDF mem-
brane (Millipore, Billerica, MA). Blocked with skim milk, 
the membrane was incubated with the primary antibody at 
4°C for a whole night and then with the secondary anti-
body for 1 hour at room temperature. Color development 
was performed on the ECL chemiluminescence detection 
system (Thermo Fisher Scientific, Rochester, NY).

RNA Extraction and Real-Time qPCR
The total RNA was separated with a TRIzol kit (Invitrogen, 
USA) and then subjected to ultraviolet spectrophotometry 
analysis and agarose gel electrophoresis to test its purity, 
concentration, and integrity. Reverse transcription was con-
ducted using theTaqManTM Reverse Transcription Kit 
(Invitrogen, USA) according to the kit manual to obtain the 
cDNA for subsequent experiments. PCR amplification was 
finished with PrimeScript RT Master Mix kit (Takara Bio, 
Japan). The amplification system was 20 μL in total, includ-
ing 10 μL of SYBR qPCR Mix, 0.8 μL of upstream primer, 
0.8 μL of downstream primer, 2 μL of cDNA product, 0.4 μL 
of 50×ROX reference dye, and RNase-free water to adjust 
the volume. PCR conditions: pre-denaturation at 95°C for 
60s and then 40 cycles of denaturation at 95°C for 30s, 
annealing and extension at 60°C for 40s. We designed 3 
parallel replicate wells and all specimens were tested three 
times. U6 and GADPH were used as internal references, and 
the data were analyzed using 2−ΔΔct.18 The PCR reaction was 
performed using the 7500 PCR instrument from ABI. Primer 
sequences are shown in Table 1.

Dual-Luciferase Reporter (DLR) Assay
DNA oligonucleotides and pMiR-Reporter Vector were cho-
sen for constructing LINC02783 wild/mutant type 
(LINC02783-WT/MUT) and Sox-4 wild/mutant type (Sox- 
4-WT/MUT). They were transfected into HEK293 cells, 
together with miR-150-5-mimics and miR-NC. Cells were 
collected after 24 hours of incubation and the fluorescence 
activity was tested using a DLR kit (Promega).

RNA Immunoprecipitation (RIP) Assay
RIP assay was conducted using the EZ-Magna RIP kit 
(Millipore, USA). RCC cells were lysed using RIPA. The 
whole-cell protein extract was incubated together with RIP 
wash buffer containing mouse immunoglobulin G (IgG) 

Table 2 Top 10 Lowly or Highly Expressed lncRNAs in KIRC

Gene logFC logCPM P

Lowly expressed

AC016526.1 −5.330 0.826 2.174E-252

LINC01983 −6.099 1.130 1.300E-228
AC090709.1 −5.315 0.857 2.585E-217

LINC02437 −7.571 1.424 3.360E-217
AC073172.1 −5.945 1.214 1.169E-203

AC009035.1 −4.123 0.634 1.896E-194

AC007993.2 −5.309 1.188 1.038E-193
LINC01976 −4.655 0.981 1.374E-180

AC092078.2 −5.271 0.987 2.997E-175

LINC01571 −5.886 1.301 5.695E-173

Highly expressed

PVT1 4.617 9.113 1.044E-167

AL391845.2 4.546 5.040 5.905E-110

AC010655.2 4.502 5.562 8.258E-90
LINC02048 4.924 5.603 3.469E-82

SFTA1P 4.366 5.072 2.065E-80

LINC00887 5.832 9.815 1.355E-79
TTC21B-AS1 7.163 8.634 8.857E-77

AC114803.1 4.379 4.201 1.812E-70

LINC00462 6.289 7.600 6.459E-65
AC079760.2 4.773 6.789 8.608E-64

Table 3 Cox Regression Analysis

Factors Univariate Cox Regression Multivariate Cox Regression

P HR 95% CI P HR 95% CI

Age 1.128E-05 1.029 1.016–1.042 0.001 1.027 1.012–1.043

AL357507.1 6.966E-10 1.579 1.366–1.826 0.005 1.330 1.091–1.622
AC103925.1 1.047E-10 1.794 1.502–2.141 0.008 1.374 1.086–1.737

AC093281.2 5.931E-05 1.438 1.204–1.716 0.016 0.672 0.487–0.929

LUCAT1 1.697E-07 2.684 1.854–3.885 0.022 2.463 1.140–5.323
LINC02783 4.053E-05 1.139 1.070–1.212 0.038 1.114 1.006–1.233

AC093001.1 7.720E-06 1.365 1.191–1.565 0.049 1.192 1.001–1.420
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control or magnetic beads bound to the anti-AgO2 anti-
body (Millipool). Proteins were digested with proteinase 
K to isolate the immunoprecipitated RNA. The purified 
RNA was subjected to qRT-PCR to identify the presence 
of binding targets.

Models of Xenograft Tumor
Six-week-old BALB/c (nu/nu) nude mice purchased from 
Bena Culture Collection (Beijing) were housed in the 
barrier facility of the animal center of our hospital. 
Totally 5.0×106 RCC cells (786-O) with stably expressed 
sh-LINC02783 and sh-NC were transplanted to the right 
ribs of nude mice and measured the tumor volume in nude 
mice weekly. Tumor volume = 0.5 × width2 × length. 
After 28 days, nude mice were sacrificed to collect tumor 
tissues for testing. The animal experiment was conducted 
with approval of the Animal Ethics Committee of 
Shanghai Ninth People’s Hospital, Shanghai Jiaotong 
University School of Medicine (1695–12-86).

Statistical Analysis
The data visualization and analysis were performed on the 
GraphPad 7 software package. The analysis of independent 
prognostic factors was conducted on the SPSS20.0 soft-
ware. The distribution of the measurement data was ana-
lyzed by the K–S test. Data with normal distribution were 
expressed by the mean ± standard deviation (Mean ± SD) 

and its intergroup comparison was analyzed by the inde-
pendent sample t-test. The count data were expressed by the 
percentage (%) and its intergroup comparison was analyzed 
by the chi-square test, denoted by X2. The comparison 
between multiple groups was performed by one-way 
ANOVA and denoted by F. The LSD t-test was used for 
post hoc pairwise comparison. The comparison between 
multiple time points was performed by repeated measure 
ANOVA and denoted by F. The Bonferroni test was used 
for post hoc test. Pearson correlation coefficient was used to 
analyze the correlation between genes. Kaplan-Meier 
(K-M) survival curve was plotted to display the overall 
survival which was analyzed by the Log rank test. The 
difference was statistically significant when P<0.05.

Results
TCGA Data Analysis
Data of 72 normal samples and 539 cancer samples from 
KIRC patients were downloaded from the TCGA database 
and subjected to a differential analysis. We found 112 
differentially expressed lncRNAs, including 22 highly 
expressed ones and 90 lowly expressed ones (Figure 1A 
and B, Table 2). Cox regression analysis of clinical data 
found that age, AL357507.1, AC103925.1, AC093281.2, 
LUCAT1, and LINC02783 were independent prognostic 
factors affecting KIRC (Table 3).

Figure 2 Relationship between LINC02783 expression and the survival in KIRC samples. (A) LINC02783 relative expression in KIRC in the TCGA database and the overall 
survival of patients with high or low LINC02783 expression. (B) LINC02783 relative expression in cancer tissues of RCC patients and the 5-year survival of patients with high 
or low LINC02783 expression. (C) LINC02783 relative expression in RCC cells. *P<0.05, ***P<0.001.
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Expression and Value of LINC02783 in 
KIRC Patients
Patients were divided into the high expression group and 
the low expression group by the median value of 
LINC02783 levels in the database. The results of overall 
survival favored patients with low LINC02783 expression 
over patients with high LINC02783 expression (Figure 
2A). To further verify the expression of LINC02783 in 
KIRC, we tested the expression of LINC02783 in patient 
tissues. High LINC02783 expression was detected in can-
cer tissues and RCC cells (Figure 2B and C). Patients with 
high LINC02783 expression had larger tumor size (over 
7 cm), advanced TNM stage (stage III + IV), and higher 
risks of tumor metastasis (Table 4). The 5-year survival 
greatly decreased in patients with high LINC00858 levels. 
Cox regression identified LINC00858 as an independent 
factor affecting the prognosis of patients (Table 5).

Knock-Down of LINC02783 Inhibited 
RCC Cell Viability and Invasion
Three LINC02783 interference sequences (si-LINC02783 
# 1, # 2, # 3) were designed to further explore the role 
of LINC02783 in the biological function of RCC cells 
(Figure 3A). Si-LINC02783#3 (hereafter referred to as 
si-LINC02783) with the most differential expression was 
transfected into 786-O and ACHN cells, respectively 
(Figure 3B). The results of CCK-8 assay revealed that 
cells with si-LINC02783 had remarkably weaker viabi-
lity compared with cells si-NC (Figure 3C). Transwell 
assay results found that the number of cells migrating 
through the membrane was lower in cells with si- 
LINC02783 than in cells with si- NC (Figure 3D). 
Flow cytometry results demonstrated that cells with si- 
LINC02783 had markedly higher apoptosis compared 
with cell with si-NC (Figure 3E). The tumor volume 
and weight were markedly lower in nude mice injected 

Table 5 Cox Regression Analysis

Factors Univariate Analysis Multivariate Analysis

P HR 95CI% P HR 95CI%

Age 0.063 0.484 0.226–1.039
Sex 0.258 0.645 0.302–1.379

Tumor size 0.024 0.463 0.238–0.904 0.516 0.770 0.350–1.694

TNM stage 0.016 2.282 1.167–4.463 0.044 2.019 1.018–4.004
Metastasis 0.024 0.450 0.225–0.899 0.114 0.555 0.267–1.152

LINC02783 0.011 0.409 0.205–0.815 0.028 0.455 0.225–0.919

Table 4 Relationship Between LINC00858 and Low Pathological 
Data of Patients

Factors Relative LINC00858 
Expression

χ2 P

Low 
Expression 
(n=25)

High 
Expression 
(n=25)

Age

≥60 

years 
(n=32)

15 (60.00) 17 (68.00) 0.347 0.557

<60 

years 
(n=18)

10 (40.00) 8 (32.00)

Sex

Male 

(n=35)

16 (64.00) 19 (76.00) 0.857 0.355

Female 

(n=15)

9 (36.00) 6 (24.00)

Tumor size

≥7cm 
(n=19)

6 (24.00) 13 (52.00) 4.160 0.041

<7cm 

(n=31)

19 (76.00) 12 (48.00)

TNM stage

Stage 

I and II 
(n=30)

19 (76.00) 11 (44.00) 5.333 0.021

Stage III 

and IV 
(n=20)

6 (24.00) 14 (56.00)

Metastasis

Yes 

(n=26)

9 (36.00) 17 (68.00) 5.128 0.024

No 

(n=24)

16 (64.00) 8 (32.00)
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with sh-LINC02783 than in mice transfected with sh-NC 
(Figure 3F). We drew a conclusion from the above 
results that the knock-down of LINC02783 can inhibit 
the growth of RCC.

LINC02783 Acted as a miR-20b Sponge
MiRDB was used to predict the potential targeted miRNAs 
of LINC02783 to further determine the relevant mechanism 
of LINC02783. We discovered targeted binding sites 
between miR-20b and LINC02783 (Figure 4A). The results 
of the DLR assay demonstrated that the fluorescence activ-
ity of LINC02783-WT was inhibited by miR-20b-mimics, 
but LINC02783-MUT was not affected (Figure 4B). The 
results of RIP assay revealed that both LINC02783 and 
miR-20b were precipitated by Ago2 antibodies (Figure 
4C), which suggests a targeted relationship between miR- 
20b and LINC02783 (Figure 4D and E). The experimental 
results revealed that the cells with up-regulated miR-20b 
had markedly lower cell viability and invasion, and mark-
edly higher apoptosis compared with cells with miR-NC, 
but the changes were reversed after the knock-down of 
miR-20b (Figure 4F–H).

miR-20b Targeted Sox-4 to Inhibit RCC 
Cell Viability and Invasion
We predicted the miR-20b target genes on Targetscan, 
miRDB, StarBase, and miRTarBase and identified 21 
potential target genes (Figure 5A). Sox-4 was selected 
for further verification. DLR assay showed that miR- 
20b-mimics inhibited the fluorescence activity of Sox- 
4-WT but did not affect Sox-4-MUT (Figure 5B and C). 
The inhibition of Sox4 expression by si-Sox4 was 
reversed by miR-20b-mimics. The experimental results 
revealed that cells with Sox-4 knockdown had markedly 
lower cell viability and invasion, and markedly higher 
apoptosis than cells with si-NC, but these changes were 
reversed after the transfection with miR-20b-mimics 
(Figure 5F–H).

LINC02783 Inhibited RCC Cell Viability 
and Invasion via the miR-20b/Sox-4 Axis
To verify the results that LINC02783 could regulate the bio-
logical function of RCC cells via the miR-20b/Sox-4 axis, 
RCC cells were transfected with LINC02783, miR-20b, and 

Figure 3 Effect of LINC02783 on RCC cells. (A) LINC02783 relative expression in different siRNA plasmids. (B) LINC02783 relative expression in RCC cells transfected 
with si-LINC02783. (C) Cell viability in RCC cells transfected with si-LINC02783. (D) Cell invasion in RCC cells transfected with si-LINC02783. (E) Cell apoptosis in RCC 
cells transfected with si-LINC02783. (F) Tumor volume in nude mice within 28 days after the xenograft and tumor weight in sacrificed nude mice. *P<0.05, **P<0.01.
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Sox-4 and then their biological functions were assessed 
(Figure 6A). We found that the co-transfection of miR-20b- 
mimics, pcDNA-Sox-4 and si-LINC02783 reversed the sup-
pression of RCC cell viability (Figure 6B) and invasion 
(Figure 6C) and the stimulation of apoptosis (Figure 6D) by si- 
LINC02783, which suggests that LINC02783 can regulate 
miR-20b/Sox-4 axis to regulate the biological functions 
of RCC.

miR-20b and Sox-4 Expression Levels in 
Patient Tissues and Their Correlation 
with LINC02783
At the end of the study, the relative expression of miR-20b 
and Sox-4 in patient tissues were tested. The test results 
revealed low miR-20b levels and increased Sox-4 levels in 
KIRC patient tissues (Figure 7A). Correlation analysis 

found that LINC02783 was in negative correlation with 
miR-20b and in positive correlation with Sox-4, while 
miR-20b and Sox-4 were negatively correlated (Figure 
7B). The survival analysis showed that the 5-year survival 
was markedly lower in patients with low miR-20b expres-
sion and high Sox-4 expression (Figure 7C).

Discussion
Deaths caused by RCC are common worldwide, what’s 
worse, the morbidity of RCC is increasing year 
by year.19,20 LncRNAs, a type of non-coding RNAs, are 
closely related to RCC.21,22 In this study, we screened the 
potential differential lncRNAs of KIRC through the TCGA 
database and found that LINC02783 was highly expressed in 
KIRC and its high expression predicted poor survival. Such 
results are consistent with clinical findings. We also discov-
ered that the knock-down of LINC02783 led to lower 

Figure 4 Validation of the relationship between LINC02783 and miR-20b. (A) LINC02783 and miR-20b binding sites and mutation sites. (B) Target binding between 
LINC02783 and miR-20b verified by the DLR assay. (C) Target binding between LINC02783 and miR-20b verified by the RIP assay. (D) MiR-20b relative expression in miR- 
20b-mimics and miR-20b-inhibit vectors. (E) MiR-20b relative expression in RCC cells transfected with miR-20b-mimics and miR-20b-inhibit. (F) Cell viability in RCC cells 
transfected with miR-20b-mimics and miR-20b-inhibit. (G) Cell invasion in RCC cells transfected with miR-20b-mimics and miR-20b-inhibit. (H) Cell apoptosis in RCC cells 
transfected with miR-20b-mimics and miR-20b-inhibit. *P<0.05, **P<0.01.
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viability and invasion, as well as higher apoptosis in RCC 
cells, which was then confirmed by the tumor formation 
experiment in nude mice. These results indicate that 
LINC02783 may promote the occurrence and progression 
of RCC.

LncRNAs act as ceRNAs in biological processes. They 
can sponge miRNAs to regulate the expression of miRNA 
downstream target genes and affect tumor growth.23–25 The 
study by Zhao et al26 suggests that the lncRNA SNHG5/ 
miR-32 axis can affect gastric cancer cell proliferation and 
migration through targeting KLF4. A previous study27 also 
indicates that lncRNA TUG1 affects the proliferation, 
migration, and the epithelial-mesenchymal transition 
(EMT) of papillary thyroid cancer cells by targeting miR- 
145. We conducted an online prediction of the potential 
target genes of LINC02783 on miRDB and found targeted 

binding sites between miR-20b and LINC02783. MiR-20b, 
located on the human chromosome Xq26.2, can suppress 
tumors and is lowly expressed in various tumors like lung 
cancer, glioma, and colorectal cancer.28–30 Here we detected 
low miR-20b expression levels in RCC patients and found 
that its low expression predicted a low survival rate of 
patients. Clinical detection revealed that miR-20b expres-
sion was negatively correlated with LINC02783 in patient 
tissues, which implies a possible correlation between 
LINC02783 and miR-20b. In order to verify the relationship 
between the two, we performed the DLR assay and RIP 
assay. It turned out that the fluorescence activity of 
LINC02783-WT was inhibited by miR-20b-mimics and 
both LINC02783 and miR-20b were precipitated by Ago2 
protein, which indicates that LINC02783 can target miR- 
20b and act as a sponge for miR-20b. In this study, the up- 

Figure 5 miR-20b targeted Sox-4 to inhibit RCC cell viability and invasion. (A) Online prediction of miR-20b potential target genes. (B) Target binding sites between miR- 
20b and Sox-4. (C) Target binding between miR-20b and Sox-4 verified by the DLR assay. (D) Sox-4 relative expression in si-Sox-4 vector. (E) Sox-4 relative expression and 
protein expression in RCC cells transfected with si-Sox-4. (F) Cell viability in RCC cells transfected with si-Sox-4. (G) Cell invasion in RCC cells transfected with si-Sox-4. 
(H) Cell apoptosis in RCC cells transfected with si-Sox-4. *P<0.05, **P<0.01.
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Figure 6 LINC02783 acted as a sponge for miR-20b to regulate Sox-4 and inhibited RCC cell growth. (A) Sox-4 relative expression in pcDNA-Sox-4 vector. (B) Cell viability 
in RCC cells with co-transfection. (C) Cell invasion in RCC cells with co-transfection. (D) Cell apoptosis in RCC cells with co-transfection. *P<0.05, **P<0.01.

Figure 7 Expression of miR-20b and Sox-4 and their correlation in patients. (A) MiR-20b and Sox-4 relative expression in cancer tissues of RCC patients. (B) Pearson 
correlation analysis of miR-20b, Sox-4, and LINC02783. (C) Relationship between miR-20b and the 5-year survival of RCC patients. (D) Relationship between Sox-4 and the 
5-year survival of RCC patients. ***P<0.001.
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regulation of miR-20b resulted in lower cell viability and 
invasion, and higher apoptosis, but those biological changes 
were reversed by the knock-down of miR-20b, suggesting 
that miR-20b is involved in RCC development and 
progression.

It is a classic mechanism that miRNAs regulate down-
stream target genes to affect biological processes.31 To figure 
out the specific mechanism of miR-20b, we conducted a joint 
prediction of the potential target genes of miR-20b on 4 
different websites and identified 21 target genes. We selected 
Sox-4 for the following research according to literature and 
related information. Sox-4, as a member of the Sox family, 
can regulate embryonic development and cell growth.32–34 

Sox-4 has a high expression level in RCC and boosts cell 
migration and invasion of RCC by inducing EMT.35 MiR- 
138 and miR-338-3p can affect the development of RCC by 
regulating Sox-4.36,37 Here we detected high Sox4 expres-
sion in the tissues of KIRC patients, which was positively 
correlated with LINC02783 expression and led to a poor 
prognosis. The DLR assay results suggest that miR-20b can 
also target Sox4. Cell experiments demonstrated that miR- 
20b-mimics reversed the inhibition of cell viability and inva-
sion from the knock-down of Sox-4 and reversed the stimu-
lation of cell apoptosis. Such results indicate that the miR- 
20b/Sox-4 axis can affect the progression of RCC. To verify 
that LINC02783 can inhibit the growth of RCC cells through 
the miR-20b/Sox-4 axis, we separately performed co- 
transfection and found that the inhibition of RCC cell growth 
by the knock-down of LINC02783 was reversed by miR-20b- 
inhibit and pcDNA-Sox-4.

Here we reveal that LINC02783 can inhibit the growth of 
RCC cells by regulating the miR-20b/Sox-4 axis, but this 
study is subject to certain limitations. Firstly, the small sam-
ple size may cause biases in the K-M survival analysis. 
Secondly, we did not explore the possibility of LINC02783 
to work as a diagnostic indicator for RCC. Finally, here we 
only studied the effects of LINC02783 on RCC cells by 
regulating the miR-20b/Sox-4 axis, failing to explore other 
potential mechanisms of LINC02783 to affect the develop-
ment of RCC. We will include more samples and perfect our 
study in the future to better support our study results.

Conclusion
This study found that LINC02783 was highly expressed in 
RCC patients and predicted a poor prognosis. LINC02783 
can affect the occurrence and progression of RCC through 
the miR-20b/Sox-4 axis, making it a promising target for 
the treatment of RCC.
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