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Background: Clear cell renal cell carcinoma (RCC) is the most common subtype of RCC. Although
targeted therapy can provide superior treatment outcomes, it is prone to drug resistance, and individual
responses to immunotherapy vary greatly. Therefore, finding new diagnostic and therapeutic targets for RCC
is of considerable importance. Long noncoding RNA (IncRNA) GPRC5SD-AST can serve as a biomarker in
clinical applications and the prognosis of lung squamous cell carcinoma. However, the specific mechanism
of action of IncRNA GPRC5D-AS1 in RCC has not yet been clarified. Therefore, this paper explores the
expression of IncRNA GPRCSD-AST in the renal cancer cell line 786-0, and conducts a preliminary study
of its molecular mechanism. Selecting nude mice for tumor experiments is because of the high genomic and
physiological similarity between mice and humans. Conducting tumor research on mice allows for better
control of experimental conditions, aiding researchers in more accurately observing and analysing tumor
characteristics and responses.

Methods: Small interfering RNA (siRNA) and plasmid cloning DNA (pcDNA) 3.1 were used to transfect
renal cancer cell line 786-0 to silence and overexpress the IncRNA GPRCSD-AS1 gene. Quantitative
real-time fluorescence polymerase chain reaction was used to detect the difference in IncRNA GPRCSD-
AS1 expression in blank control group, negative control group, siGPRC5D-AS1 group and 0eGPRC5D-
AS1 group. The effects of silence and overexpression of IncRNA GPRC5SD-AS11 on the proliferation of
786-0 cells were detected in cell colony formation experiments; the changes in the migration and invasion
of 786-0 cells were detected via cell scratch assay and transwell assay, respectively; the differences in tumor
growth between groups were determined via tumorigenesis experiments in nude mice; and the expression of
proliferation-related protein [B-catenin, Ki67 and proliferating cell nuclear antigen (PCNA)] and invasion-
related protein (N-cadherin and E-cadherin) were detected via Western blotting.

Results: Compared with blank control group and negative control group, the siGPRC5D-ASI1 group
showed a significant decrease in the relative expression of IncRNA GPRCSD-AS1 (P<0.05), a significant
increase in the number of proliferating cells and migrating cells (P<0.05), a significant increase in the tumor
volume of nude mice (P<0.05), a significant increase in p-catenin, Ki67, PCNA and N-cadherin protein
expression (P<0.05), and a significant decrease in E-cadherin protein expression (P<0.05); conversely, these
results were opposite for the eGPRC5D-AS1 group.
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Conclusions: Silencing the expression of IncRNA GPRCSD-ASI can enhance the proliferation, invasion,

and migration ability of renal cancer cell line 786-0, which can be weakened by the overexpression of

IncRNA GPRCSD-ASI.
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Introduction

Renal cell carcinoma (RCC) is the 14th most common
cancer worldwide (1), and its incidence varies according
to geographical location—being higher in developed
countries—and gender—being higher in males (2). RCC
accounts for 2-3% of adult malignant tumors and 80-90%
of adult renal malignant tumors and is second only to
prostate cancer and bladder cancer among urinary system
tumors; however, among these tumors, it has the highest
mortality rate (3).

The occurrence and development of cancer are
often closely related to the activation of oncogenes, the
inactivation of tumor-suppressor genes, and abnormal
changes in signaling pathways. As an intermediary of gene
function, RNA regulates gene expression and biological
function in tumorigenesis, and its role in these processes
is garnering increased research focus (4). Among the
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various types of RNA, long noncoding RNA (IncRNA) is
a transcription product of more than 200 nucleotides but
has no obvious protein-coding potential (5,6). Despite
this, IncRNA can interact with DNA, RNA, or proteins
to improve basic genomic control and establish robust,
flexible, and specific transcription and posttranscriptional
control, thereby regulating signal transduction pathways
or metabolic patterns within cells (7,8). The diversity
of functions of IncRNA is closely associated with their
mechanisms of action, spatiotemporal expression, and/
or abundance differences (9). GPRC5SD-ASI is an RNA
gene, belonging to IncRNA class, and a recent study has
found that GPRC5SD-ASI can be used as a biomarker in
clinical applications and the prognosis of lung squamous
cell carcinoma (10). After consulting the literature, we
found that IncRNA GPRC5D-AS1 has not yet been studied
in relation to RCC. Therefore, we conducted this study to
provide a theoretical basis for examining the mechanism of
IncRNA GPRC5SD-ASI in the occurrence and development
of RCC. Specifically, we observed the proliferation,
invasion, and migration of RCC lines after silencing and
overexpressing IncRNA GPRCSD-AS1 and measured the
size of tumor volumes in nude mice. We present this article
in accordance with the ARRIVE and MDAR reporting
checklists (available at https://tau.amegroups.com/article/
view/10.21037/tau-23-624/rc).

Methods
Materials

Renal cancer cell line 786-0 (BNCC338472) was purchased
from Beina Medical Technology Co. (Wuhan, China);
small interfering RNA (siRNA) and plasmid clueing (pc)
DNA3.1 were purchased from Hanbio Medical Inc.
(Shanghai, China); RPMI 1640 medium, fetal bovine
serum (FBS), Lipofectamine 2000 reagent and TRIzol
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reagent kit were purchased from Thermo Fisher Scientific
(Waltham, MA, USA); penicillin-streptomycin mixed
solution and trypsin-EDTA (ethylenediaminetetraacetic
acid) solution were purchased from Biorigin (Beijing,
China); transwell cell culture inserts, 6-well plates, 12-well
plates, and 24-well plates were purchased from Corning
Inc. (Corning, NY, USA); Surescript First-Strand ¢cDNA
Synthesis Kit was purchased from GeneCopoeia (Rockville,
MD, USA); primary antibodies for p-catenin (ab68183;
AB_3073787), Ki67 (ab15580; AB_443209), proliferating
cell nuclear antigen (PCNA) (ab92552; AB_10561973),
N-cadherin (ab7601; AB_1310479), E-cadherin (ab212059;
AB_2910596), and GAPDH (ab313650; AB_3073790),
as well as secondary antibody for goat anti-rabbit
immunoglobin G (IgG) (ab205718; AB_2819160), were
purchased from abcam company (Cambridge, UK);
and BALB/c nude mice were purchased from Sipeifu
Biotechnology Co., Ltd. (Beijing, China).

Cell culture and transient transfection

After the cryopreservation tube of Renal cancer cell
line 786-0 was thawed from the liquid nitrogen tank,
the cells were cultured in RPMI1640 complete medium
containing 10% FBS and 1% penicillin-streptomycin mixed
solution and then placed in a 37 °C, 5% CO,, saturated
humidity incubator. The medium was changed every
2-3 days. When the cell density reached about 70-80%,
the cells were subcultured according at a 1:3 ratio, and
counting was performed after continuous culture for three
generations. 786-0 cells in the logarithmic growth phase
were digested with trypsin-EDTA solution and seeded in
12-well plates. After about 24 h of growth, the cell density
reached about 80%. The cells were then transfected
with Lipofectamine2000 reagent and divided into four
groups. (I) The siGPRC5D-AS1 group was created as
follows: for preparation of the siGPRC5D-AS1 diluent,
5 pL of siGPRC5D-AS1 was diluted with 120 pL Opti-
MEM and mixed gently; for preparation of Lipofectamine
diluent, 5 pL of Lipofectamine 2000 was diluted with
120 pL of Opti-MEM, mixed gently, and placed for
5 min at room temperature. The siGPRC5D-AS1 dilution
and Lipofectamine dilution were mixed thoroughly and
left at room temperature for 15 min and added to 786-0
culture wells containing serum-free medium, and then
the medium containing 20% FBS was replaced after 4 h.
(II) The 0eGPRC5D-AS1 group was created as follows:
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0eGPRC5D-ASI1 dilution and Lipofectamine dilution
were mixed thoroughly and added to 786-0 culture wells
(the methods are the same as those of the siGPRC5D-
AS1 group). (III) The creation of the negative control
group was as follows: for preparation of the siNC diluent,
5 pL of siRNA was diluted with 120 pL. Opti-MEM and
mixed gently; for preparation of the 0eNC diluent, 5 pL
of pcDNA3.1 was diluted with 120 pL Opti-MEM and
mixed gently. The siNC dilution, 0eNC dilution, and
Lipofectamine dilution were mixed thoroughly and added
to 786-0 culture wells (the methods are the same as those
of the siGPRC5D-AS1 group). (IV) For the blank control
group, no treatment was performed for the 786-0 cells. The
cells of each group were collected 48 h after transfection to
extract protein for subsequent use.

Quantitative real-time fluovescence polymerase chain
reaction for detecting the expression of IncRNA GPRC5D-
AS1 gene in each group after transfection

After transfection, the cells of each group were collected to
detect the expression of IncRNA GPRC5SD-AS1. According
to the manufacturer’s instructions of the TRIzol, total RNA
was extracted and reverse transcribed into complement
DNA (cDNA) with the Surescript First-Strand ¢cDNA
Synthesis Kit The Reverse Transcription reaction system
was kept at 25 °C for 5 min, 42 °C for 15 min, and 85 °C
for 5 min, and the resulting product was stored at -20 °C.
IncRNA was amplified via quantitative real-time fluorescence
polymerase chain reaction (QRT-PCR), predenatured at
95 °C for 3 min, and then subjected to cycling (95 °C for
30 s, 55 °C for 30 s, and 72 °C for 15 s), with the reaction
being terminated at 72 °C for 5 min after 40 cycles. IncRNA
GPRC5SD-AST and internal reference gene GAPDH primers
were synthesized by GeneCreate Company (Wuhan, China),
as shown in Table 1.

Cell colony formation experiment

The cells of each group in the logarithmic growth phase
were added to a 12-well plate at a cell density of 600 cells
per well, and the culture medium was changed every 3 days.
After 2 weeks or obvious colony formation, cells were
washed with phosphate-buffered saline (PBS), fixed with
4% formaldehyde, and stained with 0.1% crystal violet.
Photographs were captured to calculate the colony
formation rate.
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Table 1 IncRNA GPRC5D-AS1 and GAPDH primers

233

Gene Forward primer 5'-3' Reverse primer 5'-3'
IncRNA GPRC5D-AS1 GCTGTGTGAGAACTCCGTGT ACTATCAAAGGCAGGTCGGTG
GAPDH TGACAACTTTGGTATCGTGGAAGG AGGCAGGGATGATGTTCTGGAGAG

IncRNA, long noncoding RNA; GAPDH, glyceraldehyde 3-phosphate dehydrogenase.

Cell scratch assay

The cells of each group in the logarithmic growth phases
were evenly inoculated onto a 6-well plate, and when the
cell density reached 80%, the cells were scratched along the
ruler by a 200 pLL gun head, with each scratch being 1 cm
apart. The cells were washed with PBS three times, and the
serum-free medium was replaced and cultured in a 5% CO,
incubator with saturated humidity at 37 °C. Samples were

photographed at 0, 24, and 48 h.

Transwell assay

Medium (600 pL) containing 20% FBS was added to each
lower chamber, and the transwell inserts were placed on
top of the lower chambers. After routine digestion and
centrifugation, the cells of each group were resuspended
with serum-free medium, the cell density was adjusted
to 1x10°/mL, and 0.2 mL cell suspension was added to
each upper chamber. After 24 h of cultivation, the upper
chambers were removed and the liquid was sucked away.
The noninvasive cells on the membrane were wiped clean
with cotton swabs, and the membrane was washed twice
with PBS, fixed with 4% formaldehyde, and stained with
0.1% crystal violet. The upper chambers were scrubbed
clean with cotton swabs, and after air-drying, the cells on
the upper chambers were photographed and counted under
a microscope.

Western blotting for detecting protein expression

Each group of treated cells was collected and lysed with
radioimmunoprecipitation assay (RIPA) lysis buffer to
extract proteins. The protein levels of B-catenin, Ki67,
PCNA, N-cadherin, and E-cadherin in each group were
detected via Western blotting, with GAPDH being used
as the internal reference. The protein was separated with
sodium dodecyl sulfate-polyacrylamide gel electrophoresis
and then transferred to a polyvinylidene fluoride (PVDF)
membrane. The PVDF membrane was incubated overnight
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with the first antibody and then incubated with the second
antibody for 1 h. Finally, imaging was performed using
developer, and the gray-scale values of each band were
analyzed. Western blot was repeated three times, and the
average gray-scale values were taken.

Tumor formation experiment in nude mice

A protocol was prepared before the study without
registration. The animal experiments in this study were
approved by Laboratory Animal Ethical and Welfare
Committee of North China University of Science and
Technology Affiliated Hospital (No. SQ20230206)
with oversight of the facility in which the studies were
conducted, in compliance with the national guidelines
for the care and use of animals. Twelve 4-week-old nude
mice, weighing 15-18 g, were randomly divided into four
groups (n=3): the siGPRC5D-AS1 group, the 0eGPRC5D-
AS1 group, the negative control group, and the blank
control group. Random numbers were generated using
the standard = RAND() function in Microsoft Excel. An
individual nude mouse was considered the experimental
unit within the studies. Nude mice were kept in a dedicated
laboratory space. Same sex mates were housed together
in individually ventilated cages with three mice per cage.
All mice were maintained on a regular diurnal lighting
cycle (12-h light-dark cycle) with ad libitum access to
food and water. Chopped corn cob was used as bedding.
Periods of physiological or procedural acclimatization
were not included in the study protocol. For each animal,
two different investigators were involved. The first
investigator (M.].) administered the treatment based on the
randomization table and was the only person aware of the
treatment group allocation. A second investigator (X.C.)
was responsible for the anesthetic and surgical procedure.
The cells of each group in the logarithmic growth phase
were digested and centrifuged in routine fashion, and then
the cell precipitate was resuspended with PBS to ensure
that the concentration of the cell suspension was 3x10’/mL.
Each 4-week-old nude mouse was inoculated with 0.2 mL
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Figure 1 Expression of GPRC5D-ASI in 786-0 cells after
transfection. ns, no statistical significance; ***, P<0.001; ****,
P<0.0001. NC, negative control; IncRNA, long noncoding RNA;

ST, silent; OE, overexpressive.

of cell suspension into the subcutaneous area of the
posterior armpit. The volume of tumor and the weight
of nude mice were measured at 1 week, 2 weeks, 3 weeks,
and 4 weeks after inoculation, and the differences among
groups were compared. Testing order was random, with
each animal tested at a different time each test. The animals
were included in the study if the animal was successfully
inoculated with RCC cells and were excluded if they died
prematurely (preventing the collection of histological
data). The animals were monitored twice daily. Health was
monitored according to weight (once weekly), food and
water intake, and general assessment of animal activity,
panting, and fur condition. The maximum size the tumors
were allowed to grow in the mice before surgery was
2,000 mm’. No adverse events occurred in nude mice
during the experiment. To alleviate pain in nude mice and
ensure the smooth progress of the experiment, a 0.1 mL
injection of 10% chloral hydrate solution was administered
intraperitoneally 15 min before the surgery.

Statistical analysis

All the data were analyzed with SPSS 26.0 statistical
software (IBM Corp.), and the measurement data are
expressed as the mean = standard deviation. The Mann-
Whitney test was used for comparing two groups, while
one-way analysis of variance (ANOVA) was used for
comparing multiple groups. A P value <0.05 indicated
statistical significance.
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Results

Expression of IncRNA GPRC5D-AS1 gene in 786-0 cells
after transfection

Compared with that of the blank control group, the relative
expression of IncRNA GPRC5SD-AS1 of the negative
control group was not significantly different (P>0.05);
compared with that of the negative control group, the
relative expression level of IncRNA GPRC5SD-ASI of the
siGPRC5D-AS1 group was significantly decreased (P<0.05);
compared with that of the negative control group, the
relative expression level of IncRNA GPRCSD-ASI of the
0eGPRC5D-AS1 group was significantly increased (P<0.05)

(Figure I).

The effect of silencing and overexpressing GPRC5D-AS1
gene on the proliferation of 786-0 cells

In cell colony formation experiment, compared with that
of the blank control group, the cell proliferation number in
the negative control group was not significantly different
(P>0.05); compared with that of the negative control group,
the cell proliferation number in the siGPRC5D-ASI group
was significantly increased (P<0.05); and compared with that
of the negative control group, the cell proliferation number
in the 0eGPRC5D-AS1 group was significantly decreased
(P<0.05) (Figure 2).

The effect of silencing and overexpressing GPRC5D-AS1
gene on the expression of proliferation-related protein in
RCC

Compared with that of blank control group, the
expression of B-catenin, Ki67 and PCNA protein related
to proliferation in the negative control group was not
significantly different (P>0.05); compared with that of the
negative control group, the expression of B-catenin, Ki67
and PCNA protein in the siGPRC5D-AS1 group was
significantly increased (P<0.05); compared with that of the
negative control group, the expression of B-catenin, Ki67
and PCNA protein in the 0eGPRC5D-AS1 group was
significantly decreased (P<0.05) (Figures 3-5).

The effects of silencing and overexpressing GPRCSD-AS1
gene on the invasion and migration of 786-0 cells

In the transwell assay experiments, compared with that of
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the blank control group, the number of invasive cells in
the negative control group was not significantly different
(P>0.05); compared with that of the negative control group,
the number of invasive cells in the siGPRC5D-AS1 group
was significantly increased (P<0.05); and compared with
that of negative control group, the number of invasive cells
in the 0eGPRC5D-AS1 group was significantly decreased
(P<0.05) (Figure 6).

In the cell scratch test, compared with that of the blank
control group, the migration distance in the negative
control group was not statistically different at 24 and 48 h
(P>0.05); compared with that of the negative control group,
the migration distance of the siGPRC5D-AS1 group at 24
and 48 h was significantly longer (P<0.05); and compared
with that of the negative control group, the 0eGPRC5D-
AS1 group had significantly shorter migration distances at
24 and 48 h (P<0.05) (Figure 7).

The effect of silencing and overexpressing GPRC5D-AS1
gene on the expression of invasion- and migration-related
proteins in RCC

Compared with that of the blank control group, the
expression of N-cadherin and E-cadherin protein related to
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Figure 6 Transwell migration experiment for detecting the effect of silencing and overexpressing GPRCSD-ASI on the invasion of 786-0
cells. Staining the cells with the crystal violet solution. ns, no statistical significance; ***, P<0.001; ****, P<0.0001. NC, negative control; SI,

silent; OE, overexpressive; IncRNA, long noncoding RNA.
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the invasion and migration in the negative control group was
not significantly different (P>0.05); compared with that of the
negative control group, the expression of N-cadherin protein
in the siGPRC5D-AS1 group was significantly increased
(P<0.05) while the expression of E-cadherin protein was
significantly decreased (P<0.05); compared with that of the
negative control group, the expression of N-cadherin protein
in the 0eGPRC5D-AS1 group was significantly decreased
(P<0.05) while the expression of E-cadherin protein was
significantly increased (P<0.05) (Figures 8,9).

The effect of silencing and overexpressing GPRCS5D-AS1
gene on the tumor volume and weight of nude mice

All nude mice were successfully inoculated, and there were

© Translational Andrology and Urology. All rights reserved.

no premature deaths among them. Detailed data on the body
weight and tumor volume of nude mice can be found in the
supplementary materials. Compared with that of blank control
group, the tumor volume and weight of nude mice in the
negative control group were not significantly different (P>0.05).
However, compared with those of the negative control group,
the tumor volume and weight of mice of the siGPRC5D-AS1
group showed a significant increase (P<0.05). On the other
hand, compared with those of the negative control group, the
tumor volume and weight of mice of the 0eGPRC5D-AS1
group showed a significant decrease (P<0.05) (Figures 10-12).

Discussion

RCC is one of the more common malignant tumors
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in humans, with a rising morbidity and mortality (2).
According to data from the Chinese Cancer Registration
Annual Report, the incidence of RCC in China is
increasing, and the crude death rate and standardized death
rate of RCC in both men and women are on the rise (11).
The most common subtype of RCC is clear-cell RCC (12),
and the other subtypes are collectively referred to as non-
clear cell RCC by clinical doctors. Many patients remain
asymptomatic for an extended period, but when the
classic triad of abdominal pain, hematuria, and abdominal
mass appears, this often indicates that the disease has
entered the late stage (13). The treatment for advanced or
metastatic RCC primarily involves systemic drug therapy
supplemented by tumor reduction surgery for the primary
or metastatic sites (14). However, the prognosis is very
poor, with a 5-year survival rate of only 10% to 20%,
mainly attributed to the complexity and heterogeneity of
the tumor microenvironment (TME). The early diagnosis
and treatment of RCC are crucial, but reliable and accurate
biomarkers for diagnosing RCC are lacking. In-depth
research on the molecular mechanism of RCC is crucial for
early diagnosis, identification of new therapeutic targets,
and prognostic assessment.

RNA, as a mediator of gene function, has received
increased attention due to its role in regulating gene
expression and biological functions in tumor development.
Noncoding RNA, such as IncRNA, circulating RNA, and
microRNA (miRNA), participate in the occurrence and
progression of various cancers by affecting transcription,
splicing, and translation (15,16). Therefore, the changes
in expression levels and functions of these RNA types in
different tumors suggest their potential use as biomarkers
for cancer diagnosis (17) and as potential targets for
cancer therapy (18,19). The function of IncRNA is closely
related to its subcellular localization. In the nucleus,
IncRNA regulates gene expression at the epigenetic and
transcriptional levels, while in the cytoplasm, it regulates
gene expression at the posttranscriptional and translational
levels. Abnormal expression of IncRNA has been shown
to exhibit tumor-suppressive or oncogenic effects and
plays an important role in tumor development (20). The
pathogenesis of IncRNA in RCC has been extensively
studied. As one of the most researched genes, IncRNA
regulates the biological characteristics of cancer, such
as cell proliferation, migration, invasion, and apoptosis,
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Figure 11 The effect of silencing and overexpressing GPRCS5D-
AS1 on tumor volume. NC, negative control; IncRNA, long

noncoding RNA; ST, silent; OE, overexpressive.

through the IncRNA-miRNA-messenger RNA (mRNA)
axis (21). Small non-coding RNA (sncRNA) is a series of
RNA molecules approximately 19 to 25 nucleotides in
length. miRNA is a subclass of sncRNA that can induce
gene regulation by binding to the 3' untranslated region
(3'UTR) and 5' untranslated region (5'UTR) sequences of
target genes (22,23). More and more research has found
that miRINA has close interactions with IncRNA. The main
regulatory mode is that IncRNA can act as a sponge to
interact with miRNA, inhibiting the binding of miRNA to
its target genes, thus leading to changes in the expression
of the target genes (24). Some oncogenic miRNA are
upregulated in RCC, while some tumor-suppressive miRNA
are downregulated. Therefore, the binding of IncRNA
with oncogenic miRNA will lead to tumor suppression.
For example, the interaction between IncRNA TCL6
and miR-155 affects the Src/Akt pathway to inhibit RCC
metastasis (25). The interaction of IncRNA with tumor-
suppressive miRNA will promote tumor growth. For
instance, IncRNA PVT1 can activate the PI3K/AKT and
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MAPK/ERK signaling pathways to promote RCC cell
proliferation by directly targeting miR-328-3p (26).

The TME of RCC is a highly structured ecosystem,
composed of various components including immune
cells, non-immune cells, extracellular matrix (ECM), and
signaling molecules. TME plays a crucial role in tumor
formation, growth, angiogenesis, metastasis, and affects
the efficacy of drug treatments. Therefore, a burgeoning
area of cancer therapy is targeting the components within
the TME (27,28). IncRNA LINC00973 induces the
expression of Siglec-15. Upregulation of Siglec-15 can
inhibit antigen-specific T cell responses, thereby enhancing
tumor immune suppression (29). IncRNA CRNDE can
promote tumor metastasis by activating the epithelial-
mesenchymal transition (EMT) process through sponging
miR-136-5p (30). Lnc ARSR (activated in RCC with
sunitinib resistance) is highly expressed in extracellular
vesicles derived from RCC, contributing to cytokine
secretion, macrophage phagocytosis, and angiogenesis (31).
LncRNA PCGEM!]I upregulates FGF2 to promote RCC
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cell proliferation and migration (32).

IncRNA GPRC5D-AS1 is located in the human
chromosome 12p13.1 region and is an antisense RNAI of
GPRCS5D and HEBPI, which are closely associated with
the occurrence of colorectal cancer (33). In this study, to
investigate the role of IncRNA GPRC5D-AS1 in RCC, 786-0
cells were transfected with siRINA and pCDNA3.1 to silence
and overexpress IncRNA GPRC5D-AS1, respectively.
qRT-PCR was used to detect the expression differences of
IncRNA GPRC5D-ASI in each group after transfection, and
the results indicated successful transfection. Cell and animal
experiments showed that silencing IncRNA GPRC5SD-AS1
enhanced the proliferation, invasion, and migration abilities
of 786-0 cells, while overexpressing IncRNA GPRC5SD-AS1
weakened these abilities.

The Wnt-B-catenin system is an evolutionarily
conserved signaling pathway that plays a crucial role in
regulating embryonic development, cell differentiation,
proliferation, and adult stem cell homeostasis (34,35). It is
typically inhibited during adulthood but can be reactivated
during organ injury and regeneration (36). The abnormal
activation of this signaling pathway is closely related to
the increase of tumor incidence, malignant progression,
poor prognosis, and even the increase of related mortality
(37,38). The Wnt-B-catenin pathway consists of four
components: extracellular signaling segment, membrane
segment, cytoplasmic segment, and nuclear segment. The
pathway is highly conserved: when cells are not subjected
to Wnt signaling stimulation, most of the p-Catenin
in the cytoplasm binds to cadherin proteins on the cell
membrane, participating in cell adhesion; when the secreted
ligand protein Wnt binds to the frizzled protein receptor
on the membrane surface, the intracellular disheveled
protein is activated and the process of complex formation
via APC, axin, and GSK-38 is inhibited, leading to the
dephosphorylation of B-Catenin protein to stabilize
the free-state P-catenin protein in the cytoplasm. The
accumulated B-catenin in the cytoplasm enters the nucleus
and binds to the lymphoid enhancer factor/T cell factor
(LEF/TCEF) transcription factor family, initiating the
transcription of downstream target genes, and its abnormal
expression or activation can cause tumor development
(39,40). IncRNA has a prominent regulatory role in the
Wnt-B-catenin pathway: The increased expression of
MSC-AS1, FAST, 7PX, and LALRI directly or indirectly
enhances the stability of B-catenin, thereby activating the
Whnt-B-catenin pathway (41,42); meanwhile, the decreased
expression of OTUDG6B-ASI indirectly activates the Wnt-
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B-catenin pathway (43). Ki67 is a proliferation-related
protein whose function is closely related to mitosis and is
indispensable in cell proliferation. In general, the faster the
tumor grows and the poorer the tissue differentiates, the
higher Ki67 expression will be. Therefore, it is widely used
as a proliferation marker in routine pathological studies.
A study has showed the correlation of Ki-67 expression
to stage and metastasis in RCC (44). PCNA is a protein
located in the cell nucleus, serving as an auxiliary protein
for DNA polymerase 8. It plays a crucial role in initiating
cell proliferation and serves as a good indicator of the
cells’ proliferative status. Therefore, in recent years, there
has been a surge in research on PCNA, especially in the
field of tumors, both domestically and internationally (45).
In our study, Western blot results showed that silencing
IncRNA GPRC5D-ASI leads to a significant increase in
B-Catenin, Ki67, and PCNA protein in RCC, suggesting
that decreasing the expression of IncRNA GPRC5SD-AS1
promotes the activation of the Wnt-B-catenin pathway to
affect the proliferation ability of RCC.

During the process of EMT, epithelial cells lose their
polarity, reduce contact with surrounding cells and stromal
cells, decrease interactions between cells, and enhance
cell migration and motility. At the same time, the cell
changes its phenotype, losing epithelial characteristics
such as keratin filaments and E-cadherin. Loss of
E-cadherin expression is considered the most significant
feature of EMT. The decrease of E-cadherin level can
lead to reduced cell adhesion, making cells more prone to
invasion and metastasis, with the interstitial phenotype,
characterized by vimentin and N-cadherin expression,
being increased (46,47). EMT is an important process in
embryonic development and tissue regeneration. However,
the abnormal reactivation of EMT is associated with the
malignancy of tumor cells during cancer progression and
metastasis (48). Relevant research has shown that the
Wnt-B-catenin pathway integrates with the RTK-Ras-
MAPK pathway and the PI3K-ILK-PKB pathway to
collectively inhibit GSK-3p activity and upregulate snail
levels so that the expression of E-Cadherin is decreased,
thus promoting the occurrence and development of EMT
and tumor metastasis (49). In our study, Western blot
results showed that silencing the expression of IncRNA
GPRCS5SD-ASI significantly decreases E-cadherin protein
levels and significantly increases N-cadherin protein
levels in renal cancer cell lines, suggesting that silencing
IncRNA GPRC5SD-ASI expression promotes mesenchymal
transition, thereby enhancing the invasive and migratory
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abilities of renal cancer cells.

The abnormal levels of IncRNA in the blood of cancer
patients are closely associated with the presence of tumors,
and the high stability and relative abundance of circulating
IncRNA may make it a more reliable cancer biomarker.
For example, IncRNA GIHCG and ARSR are significantly
elevated in the blood of RCC patients, and the levels of
circulating GIHCG and ARSR decrease significantly after
RCC tumor resection (50). In fact, the diagnostic potential
of circulating IncRNA has not yet been fully realized, as
single IncRNA may have poor sensitivity or specificity for
specific cancer types. For instance, IncRNA MALAT-1
showed only 58.6% sensitivity when tested in plasma
samples from prostate cancer patients and healthy controls.
This moderate sensitivity implies that using MALAT-1 as a
blood-based prostate cancer biomarker may lead to a large
number of false-negative results, possibly due to some degree
of degradation of MALAT1 in the blood (51). The current
common solution is to combine multiple circulating IncRNA,
which provides better diagnostic performance than most
individual circulating IncRNA. For example, a combination
of IncRNA LET, PVT1, PANDAR, PTENPI, and linc00963
identified RCC samples with an area under the receiver
operating characteristic (ROC) curve (AUC) of 0.823 (52).

Immune-related genes (IRGs) are not only associated
with the response to immunotherapy, but also with the
prognosis of RCC patients. Wan ez a/. constructed a
risk model using 7 IRGs, and the risk score generated
by this model can serve as an independent prognostic
marker to distinguish RCC patients with different
survival outcomes (53). The IRG SEMA3G is a favorable
prognostic biomarker for RCC, while the IncRNA TBX2-
AS1I can bind to miR-146a/b-5p to induce downregulation
of SEMA3G (54). IncRNA can also serve as prognostic
biomarkers for RCC. For example, IncRNA CADM1-AS1
and IncRNA PGMS5-AS1 show decreased expression in
RCC tissues and can act as independent prognostic factors
for overall survival (OS) (55,56).

The treatment options for advanced metastatic RCC
are limited, and targeted drugs and immunosuppressants
are usually recommended. However, a large number of
RCC patients are completely resistant to targeted therapy,
leading to treatment failure and minimal clinical benefit (27).
Many studies have shown that the abnormal expression
of IncRNA can enhance the resistance of RCC patients

to targeted drugs. For example, the high expression of
IncRNA SNHG12 and IncRNA HOTAIR in RCC patients
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can enhance resistance to sunitinib (57,58). Therefore,
altering the expression levels of IncRNA may provide new
therapeutic targets for reversing resistance to targeted
drugs. Antisense oligonucleotide (ASO) technology and
nanoparticle-mediated RNA interference can be used to
knock down overexpressed oncogenic IncRNA in cancer,
and have shown promising anti-cancer effects (59). For
example, targeting IncRNA WISPI-ASI can regulate the
transcription of Egr-1 and E2F genes, leading to apoptosis
in RCC cells (60).

Conclusions

In summary, silencing the expression of IncRNA GPRCS5D-
ASI can promote the proliferation, invasion, and migration
ability of renal cancer cells, while overexpression can
effectively inhibit this ability. We selected a minimum
sample size because this is the first ime IncRNA GPRC5SD-
AST has been studied regarding its role in RCC; therefore,
the initial intention was to collect basic evidence regarding
the use of this gene in more complex experimental designs.
Our experimental results indicate that silencing IncRNA
GPRCSD-ASI can effectively reduce the tumor volume of
RCC in nude mice. This finding may be clinically relevant
to the abnormal expression of IncRNA in RCC cases, as a
large number of IncRINAs have been shown to be associated
with the occurrence and development of RCC. In the
discussion section, the researchers listed some IncRNA
that have an impact on various components of the TME
of RCC and proposed some potential directions for drug
development. Therefore, given the findings of this study
that IncRNA GPRC5D-AS1 can inhibit the proliferation
and invasion of 786-0, there is reason to believe that this
IncRNA may act on certain components of the TME of
RCC and exert an anti-cancer effect. Our findings may
provide potential therapeutic targets for the treatment
of RCC. However, there were some limitations in this
study. The small number of nude mice may lead to sample
selection bias. Since it is a basic experimental research, it
only discusses the expression of IncRNA GPRC5D-AS1 in
renal cancer cell lines and its impact on the proliferation
and invasion capabilities of renal cancer cell lines.
Therefore, whether IncRNA GPRC5D-AS1 can serve as
a biomarker for risk stratification, diagnosis, treatment,
and prognosis of RCC patients requires the collection of
tissue samples from clinical patients to conduct further
mechanistic studies.
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