2023, Volume 3, Issue 1, Page No: 104-126
ISSN: 3108-4826

SOCIETY OF

EDUCATION

Society of Medical Education & Research

Journal of Medical Sciences and Interdisciplinary Research

Long Noncoding RNA DCST1-AS1 Drives Renal Cell Carcinoma Progression via the
miR-582-5p/HMGB2 Axis

Emma Charlotte Green'*, Daniel Thomas Wright!, Julien Philippe Martin?, Lucas Andre
Moreau’

"Department of Management, University of Exeter Business School, Exeter, United Kingdom.
2Department of Management, EM Strasbourg Business School, University of Strasbourg, Strasbourg, France.

*E-mail DX e.green.exeter@gmail.com

Abstract

Accounting for the majority of primary kidney tumors, renal cell carcinoma (RCC) constitutes roughly 80-90% of cases. Despite
evidence that long non-coding RNAs (IncRNAs) impact RCC development, their exact mechanisms of action remain largely
undefined. RNA sequencing data from 541 renal cell carcinoma (RCC) cases and 71 matched normal adjacent tissues were
obtained from the TCGA database. The prognostic significance of the long non-coding RNA DCST1-AS1 in RCC was
evaluated through Kaplan-Meier survival analysis, receiver operating characteristic (ROC) curves, and correlations with
clinicopathological features. Expression levels of DCST1-AS1 were measured in RCC tissues and cell lines via quantitative
real-time PCR. Its subcellular distribution was determined using fluorescence in situ hybridization and nuclear-cytoplasmic
fractionation experiments. The biological functions of DCST1-AS1 were explored through various in vitro assays, such as CCK-
8 proliferation, colony formation, wound-healing migration, and Transwell invasion/migration tests, along with in vivo studies
in RCC xenograft mouse models. Potential interacting partners of DCST1-AS1 were identified using RNA pull-down, luciferase
reporter, and RNA immunoprecipitation techniques. The possible activation of the PI3K/AKT/GSK-3f signaling pathway was
assessed by Western blotting and immunofluorescence staining. DCST1-AS1 was found to be significantly upregulated in RCC
tissues and cell lines, with higher expression correlating with advanced tumor stage, elevated pTNM classification, and poorer
patient outcomes. Silencing DCST1-AS1 inhibited RCC cell proliferation, migration, and cell cycle progression, whereas its
overexpression accelerated tumor growth and metastatic potential in xenograft mouse models. Mechanistically, DCST1-AS1
acted as a molecular sponge for miR-582-5p, leading to increased HMGB2 expression. In addition, DCST1-AS1 overexpression
activated the PI3K/AKT/GSK-3p signaling pathway and promoted nuclear translocation of f-catenin. Functional assays further
demonstrated that the PI3K inhibitor LY294002 could partially reverse the oncogenic effects induced by DCST1-AS1
upregulation. DCST1-AS1 contributes to the progression of renal cell carcinoma through regulation of the miR-582-5p/HMGB2
axis, highlighting its potential as a therapeutic target for RCC.
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Introduction 90% of cases [1, 2]. Early-stage RCC is often

asymptomatic, resulting in late diagnoses when the

Renal cell carcinoma (RCC) constitutes the majority of
primary kidney malignancies, representing roughly 80—
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disecase has already progressed. Although surgical
interventions, chemotherapy, and targeted therapies have
advanced, patient survival remains limited due to
recurrence and metastatic spread [2, 3]. This underscores
the need to uncover the molecular mechanisms
underlying RCC progression and to develop more
effective therapeutic approaches.

Within the human genome, protein-coding sequences
account for only about 2% of transcriptional regulators,


mailto:e.green.exeter@gmail.com
https://doi.org/10.51847/qKGV9pl7x5

J Med Sci Interdiscip Res, 2023, 3(1):104-126

Green et al.

while the majority of regulatory activity is mediated by
non-coding RNAs (ncRNAs) [4]. Among these, long
non-coding RNAs (IncRNAs), transcripts longer than
200 nucleotides, play critical roles in controlling gene
expression and modulating cellular signaling pathways
[5]. Aberrant expression of IncRNAs has been implicated
in tumorigenesis and cancer progression across a wide
range of malignancies [4, 6]. Certain IncRNAs, including
Inc-NEF [7], Inc-MAP3K13 [8], and Inc-CTHCC [9],
show cancer-specific expression profiles and have
emerged as potential biomarkers or therapeutic targets.
Beyond gene regulation, IncRNAs can influence tumor
growth and metastasis by altering immune evasion and
metabolic pathways [10]. A key mode of action for many
IncRNAs is functioning as competitive endogenous
RNAs (ceRNAs), which sequester microRNAs
(miRNAs) and thereby modulate their downstream
targets [11, 12]. For instance, LINC00926 promotes RCC
progression through a feedback loop involving miR-30a-
Sp and SOX4 [13], whereas ENTPD3-AS1 inhibits RCC
development by binding miR-155-5p and upregulating
HIF-1a [14].

DC-STAMP domain-containing 1-antisense 1 (DCST1-
AS1) is anewly identified IncRNA that has been reported
to be upregulated in various cancers [15, 16]. In
endometrial cancer, DCST1-AS1 expression is markedly
elevated [17]. Functional studies indicate that its
knockdown suppresses hepatocellular carcinoma growth
both in vitro and in vivo [18], while in breast cancer,
DCSTI1-AS1 promotes epithelial-mesenchymal
transition (EMT) and increases chemoresistance [19].
Across multiple cancer types, higher DCST1-AS1 levels
have been associated with tumor size, advanced stage,
and resistance to therapy. Nevertheless, the role and
clinical significance of DCST1-AS1 in RCC remain
unknown.

MiR-582-5p has been reported to regulate high mobility
group box 2 (HMGB2) in several disease contexts [20-
22], often acting as a tumor suppressor [23, 24]. In clear
cell RCC, miR-582-5p inhibits tumor growth by targeting
COLSA1 [25]. HMGB2, a regulator of chromatin
remodeling and transcription, functions as an oncogene
in multiple cancers, and its silencing reduces RCC cell
proliferation and invasion [26, 27].

In this study, we identified DCST1-ASI as a previously
uncharacterized IncRNA in RCC and explored its
biological function and clinical relevance. We

demonstrate that DCSTI1-AS1 promotes RCC
progression via the miR-582-5p/HMGB2 axis and
regulates the PI3K/AKT/GSK-3fB signaling pathway,
suggesting its potential utility as both a biomarker and
therapeutic target in RCC.

Materials and Methods

Bioinformatics analysis

RNA sequencing data from 541 renal cell carcinoma
(RCC) samples and 71 matched normal tissues were
collected from the TCGA database. DCST1-ASI
expression within the TCGA-KIRC cohort was
quantified using R software (version 4.3.1). To explore
potential  regulatory interactions, a competitive
endogenous RNA (ceRNA) network was constructed,
leveraging the starBase database to identify co-expressed
RNAs and candidate target genes. Putative miRNA
binding partners of DCST1-AS1 were predicted using
LncBase and miRDB, and complementary RNA-RNA
interactions were further investigated with TargetScan
and starBase.

Clinical samples

A total of 30 pairs of RCC and corresponding normal
tissues were obtained from patients undergoing surgery
at Taizhou Hospital of Zhejiang Province, affiliated with
Wenzhou Medical University (Taizhou, China), all of
whom had not received any preoperative adjuvant
treatments. The collected specimens were immediately
frozen in liquid nitrogen and subsequently stored at
—80 °C for later RNA extraction.

Cell culture

Renal cell carcinoma (RCC) cell lines (ACHN, A498,
Caki-1, 769-P, 786-0, and SN12C), together with human
renal tubular embryonic kidney 293T cells and epithelial
HK-2 cells, were obtained from the Cell Bank of the
Chinese Academy of Sciences (Shanghai, China). 293T
cells were cultured in DMEM (Gibco, Massachusetts,
USA) supplemented with 10% fetal bovine serum (FBS)
(Gibco) at 37 °C in a humidified incubator with 5% COx.
The RCC cell lines were maintained under the same
conditions in RPMI 1640 medium (Gibco). For
experimental treatments, L'Y294002 (MedChemExpress,
#HY-10108, NJ, USA) was added to the culture medium
at a working concentration of 10 pg/mL.
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Table 1. Association between clinicopathological characteristics and DCST1-AS1 expression levels in RCC patients

Characteristic Low DCST1-AS1 expression (n=270)  High DCST1-AS1 expression (n=271)  p-value
Age, n (%) 0.065
>60 years 125 (23.1%) 147 (27.2%)
<60 years 145 (26.8%) 124 (22.9%)
Gender, n (%) 0.080
Male 167 (30.9%) 187 (34.6%)
Female 103 (19.0%) 84 (15.5%)
Tumor stage, n (%) 0.008
Stage | 151 (28.1%) 122 (22.7%)
Stage I1 30 (5.6%) 29 (5.4%)
Stage 111 61 (11.3%) 62 (11.5%)
Stage IV 28 (5.2%) 55(10.2%)
Pathologic T stage, n (%) 0.008
T1 153 (28.3%) 126 (23.3%)
T2 35 (6.5%) 36 (6.7%)
T3 81 (15.0%) 99 (18.3%)
T4 1(0.2%) 10 (1.8%)
Pathologic N stage, n (%) 0.007
NO 129 (50.0%) 113 (43.8%)
N1 3 (1.2%) 13 (5.0%)
Pathologic M stage, n (%) 0.003
MO 230 (45.3%) 199 (39.2%)
Ml 28 (5.5%) 51 (10.0%)
Histologic grade, n (%) <0.001
Gl 7 (1.3%) 7 (1.3%)
G2 138 (25.9%) 98 (18.4%)
G3 98 (18.4%) 109 (20.5%)
G4 22 (4.1%) 54 (10.1%)

1. Bold indicates statistically significant p <0.05

Lentiviral infection and cell transfection

Lentiviral transfer plasmids incorporating complete
sequences for miRNA inhibitors, miRNA mimics, short
hairpin RNAs (shRNAs) directed at DCST1-AS1, and
overexpression vectors for DCST1-AS1, HMGB2, or
combined DCSTI-AS1/HMGB2, together  with
appropriate negative controls, were acquired from
GenePharma (Shanghai, China). Cells were transfected
employing Lipofectamine 3000 reagent (Invitrogen,
USA). Lentiviral particles were prepared according to a
prior report [28], encompassing shRNAs named shl-
DCST1-AS1 and sh2-DCSTI1-AS1 targeting DCST1-
ASI1, along with a corresponding negative control (sh-
NC), as well as lentiviruses designed for HMGB2 or
DCST1-AS1 overexpression accompanied by matching
empty vector controls. Renal cell carcinoma (RCC) cells
underwent infection with these lentiviruses and were then
subjected to selection using 2 pg/mL puromycin

(Yeason, Shanghai, China) to produce stably expressing
cell lines.

Real-time quantitative PCR (RT-qPCR)

Total RNA was purified from cultured cells or tissue
specimens utilizing TRIzol reagent (Takara, Tokyo,
Japan) in accordance with the manufacturer's guidelines.
Complementary DNA (cDNA) was synthesized from the
RNA using the PrimeScript™ RT Primer Kit (Takara).
Real-time quantitative PCR (qPCR) reactions were
executed on the ABI 7500 Sequence Detection System
(Applied Biosystems, USA) employing TB Green®
Premix (Takara). Expression levels relative to controls
were computed via the 2"—AACt approach, normalizing
to GAPDH or U6 as endogenous references

Fluorescent in Situ Hybridization (FISH)
FISH procedures were performed with the RNA FISH
SA-Biotin Kit (GenePharma) adhering to the supplied
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protocol. Post-hybridization, excess probes were cleared
away by repeated washing steps, and cell nuclei were
stained using DAPI. Subcellular distribution of DCST1-
AS1 was examined under a fluorescence microscope
(Zeiss, Germany) fitted with suitable excitation/emission
filters.

Nuclear-Cytoplasmic RNA fractionation

The PARIS Kit (Invitrogen) was employed according to
the manufacturer’s protocol to isolate nuclear and
cytoplasmic RNA from the cells. U6 served as a nuclear
fractionation control, while GAPDH was used as a
cytoplasmic control.

Cell proliferation and clonogenic assays

Cell proliferation was measured using the CCK-8 kit
(Biosharp, Beijing, China) per the provided instructions.
Briefly, 3 x 10° cells were seeded per well in 96-well
plates. At indicated time points, 10 pL. CCK-8 reagent
was added, followed by incubation for 1 h at 37 °C.
Absorbance was recorded at 450 nm on a microplate
reader (Thermo Fisher Scientific, USA).

Clonogenic potential was assessed by seeding 8 x 102
cells per 35 mm dish and culturing for 5 days. Dishes
with PBS, fixed in 4%
paraformaldehyde for 15 min, and stained with 0.1%
crystal violet for 20 min. Colonies with more than 50
cells were counted and photographed under an inverted
microscope (Olympus, Japan).

were washed twice

Transwell assays and wound healing

Migration was evaluated by scratch-wound assay. Cells
were grown to ~90% confluence in 6-well plates, and a
uniform scratch was made using a 200 pL pipette tip.
Loose cells were removed by PBS washing, and the same
areas were photographed at 0, 24, and 36 h after
wounding.

Invasion capacity was tested using Matrigel-coated
Transwell chambers (Corning, NY, USA). A total of 2 x
10* cells in 100 pL serum-free medium were placed in
the upper chamber, with 600 uL medium containing 20%
FBS in the lower chamber. After 24 h, cells that had
traversed the membrane were stained with 0.1% crystal

violet and counted/photographed under inverted
microscopy.
Flow cytometry

Cell cycle and apoptosis were analyzed using the Cell
Cycle and Apoptosis Analysis Kit (BD Biosciences)

following the standard protocol. Cells (5 x 10°) were
fixed overnight in 70% ethanol at 4 °C, washed with PBS,
and stained with propidium iodide (PI) in the dark at 37
°C. Phase distribution and apoptotic rates were quantified
by flow cytometry (Beckman Coulter, USA).

Transcriptome sequencing

Total RNA was isolated from A498 cells overexpressing
DCST1-AS1 and from control cells. Libraries were
prepared and sequenced at high depth on the Illumina
HiSeq 2000 platform by LC-Bio Technology (Hangzhou,
China). Differentially expressed genes were identified
with the R package limma using cutoffs of |logFC| > 1
and p < 0.05. Associated pathways were explored via
KEGG enrichment analysis and gene set enrichment
analysis (GSEA).

Dual-luciferase reporter assay

Potential miR-582-5p binding regions in DCST1-AS1
and HMGB2, including wild-type and mutated
sequences, were synthesized and inserted into pmirGLO
vectors (GENEWIZ, Nanjing, China). Cells were co-
transfected with these reporter constructs and miR-582-
5p mimics. Luciferase activity was detected using the
Luciferase Reporter Assay Kit (MeilunBio, Dalian,
China) per the protocol, with firefly luciferase signals
normalized against Renilla luciferase.

Western blotting

Cells and tissues were homogenized in RIPA lysis buffer
containing protease and phosphatase inhibitors
(Beyotime, Beijing, China). Protein levels
measured via BCA assay. Samples were separated on
10% SDS-PAGE gels and blotted onto PVDF
membranes (Millipore, CA, USA). Following blocking,
membranes were probed overnight at 4 °C with primary
antibodies targeting AKT (#4685, CST, USA), p-AKT
(#4060, CST), PI3K (#4292, CST), p-PI3K (#17366,
CST), B-catenin (#GTX633010, GeneTex, China), p-p-
catenin (#9566, CST), p-GSK-3B (#9322, CST), Cyclin

were

D1 (#2978, CST), CDK2 (#CY5020, Abways
Technology, China), CDK4 (#CY5836, Abways
Technology), p21 (#2947, CST), E-cadherin

(#GTX100443, GeneTex), N-cadherin (#13116, CST),
vimentin (#5741, CST), HMGB2 (#HA721925,
HUABIO, Hangzhou, China), and -actin (#4970, CST).
Membranes were then incubated with HRP-conjugated
secondary antibodies for 2 h at room temperature, and
signals were detected via enhanced chemiluminescence
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(Millipore). B-actin was used as the loading control, and
densitometry was performed with ImageJ (version 1.0).

Immunofluorescent staining

Cells were fixed in 4% paraformaldehyde for 15 min,
permeabilized with 0.1% Triton X-100 for 20 min, and
incubated with anti-B-catenin antibody overnight at 4 °C.
After PBS rinsing, cells were treated with Cy3-labeled
secondary antibody for 1 h at room temperature. Nuclei
were stained with DAPI for 10 min, and fluorescence
images were acquired.

Biotin-miRNA pull-down

Wild-type and mutant biotinylated miR-582-5p, along
with a control, were synthesized by GenePharma and
introduced into cells via transfection for 48 h. Lysates
were prepared and incubated overnight at 4 °C with
streptavidin magnetic beads (Yeason). Beads underwent
three washes in cold lysis buffer followed by one in high-
salt buffer (0.1% SDS, 1% Triton X-100, 2 mM EDTA,
500 mM NaCl, 20 mM Tris-HCI, pH 8.0). Captured RNA
was isolated with TRIzol and detected by qPCR.

RIP assay

Binding of miR-582-5p to DCST1-AS1 and Ago2 was
assessed using the BeyoRIP Kit (Beyotime) according to
instructions. Precipitated RNA was purified and
measured by qPCR, normalized to input controls.

Animal experiment

Male BALB/c nude mice (4 weeks old) were purchased
from SLAC Experimental Animal Co., Ltd. (Shanghai,
China). For tumor growth experiments, mice were
divided randomly into three groups (n = 5 each), and 3 x
10¢ cells in 100 pL PBS were injected subcutaneously
into the right flank. Tumor sizes were recorded every two
days using calipers, with volumes calculated as 1/2 x
length x width?. At day 34 post-implantation, mice were
sacrificed, and excised tumors were weighed.

In the metastasis model, mice were grouped similarly (n
=5), and 2 x 10° cells in 100 uL. PBS were delivered via
tail vein. After 8 weeks, lungs were examined for
metastatic foci following euthanasia. In vivo imaging
performed with the IVIS Lumina system
(PerkinElmer, USA). Tumor samples were processed for
H&E staining and THC as previously described [28].

was

Statistical methods

All analyses were conducted with GraphPad Prism
(version 9.0). Relationships between DCSTI1-ASI
expression and clinicopathological features in renal cell
carcinoma (RCC) patients were examined using chi-
square tests. Kaplan-Meier plots were constructed for
survival analysis, and group differences were evaluated
with log-rank tests. The prognostic relevance of DCST1-
AS1 was investigated through Cox proportional hazards
models. Gene expression correlations were determined
via Pearson's correlation coefficient. Two-group
comparisons employed unpaired Student's t-tests,
whereas comparisons across multiple groups used one-
way analysis of variance (ANOVA). All values are
expressed as mean = standard deviation (SD) based on
triplicate independent experiments. A threshold of P <
0.05 denoted statistical significance.

Findings

Overexpression of DCSTI-AS1 in RCC tumors and cell
lines

Review of RNA-sequencing data from the TCGA-KIRC
database showed substantial overexpression of DCST1-
AS1 in RCC tumors compared with non-cancerous
tissues (p < 0.001) (Figure 1a). This elevation was more
evident in higher-grade tumors and those with distant
metastatic spread (Figures 1b—c). Survival analysis via
Kaplan-Meier method revealed that increased DCST1-
AS1 expression strongly predicted worse overall survival
(OS) (p < 0.001) (Figure 1d), progression-free interval
(PFI) (p = 0.001), and disease-specific survival (DSS) (p
< 0.001), with patients in the low-expression group
exhibiting extended survival times. Evaluation of
clinicopathological variables demonstrated significant
correlations between higher DCST1-AS1 and advanced
tumor stage (p = 0.008), T stage (p = 0.008), N stage (p
= 0.007), metastatic recurrence (p = 0.003), and higher
histological grade (p < 0.001) (Table 1). Assessment via
receiver operating characteristic (ROC) curves
highlighted robust diagnostic utility of DCST1-AS1 for
distinguishing RCC (AUC = 0.895). Both univariate and
multivariate Cox analyses confirmed DCST1-ASI1 as an
independent predictor of prognosis in RCC (hazard ratio
[HR]=2.272,p <0.001).
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Figure 1. DCST1-AS1 is overexpressed in RCC and predominantly localized in the cytoplasm. (a) Analysis of
TCGA data demonstrated significantly higher DCST1-AS1 expression in RCC tissues compared with adjacent
non-tumorous samples. (b, ¢) Increased DCST1-AS1 expression was positively associated with advanced
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pathological T stage and the presence of distant metastasis. (d) Kaplan—Meier survival analysis revealed that
patients with high DCST1-AS1 expression exhibited significantly poorer overall survival. () qPCR validation in
30 paired clinical specimens confirmed elevated DCST1-AS1 levels in RCC tissues. (f) Compared with the
normal renal epithelial cell line HK-2, most RCC cell lines displayed increased DCST1-AS1 expression, with the
exception of 769-P cells. (g) Fluorescence in situ hybridization showed that DCST1-AS1 was mainly distributed
in the cytoplasm of A498 and Caki-1 cells. (h) Nuclear—cytoplasmic fractionation further verified the cytoplasmic
predominance of DCST1-AS1. Data are presented as mean + SD from three independent experiments.

Evaluation of DCSTI1-AS1 expression in clinical
samples revealed a pronounced increase in RCC tissues
relative to paired normal kidney tissues. Similar
expression patterns were observed in RCC-derived cell
lines, in which DCST1-AS1 levels were generally higher
than those in HK-2 cells. Notably, fluorescence-based
localization and biochemical fractionation approaches
consistently indicated that DCST1-AS1 resides primarily
in the cytoplasmic compartment of RCC cells, suggesting
a potential post-transcriptional regulatory function.

Silencing DCSTI-AS1 restrains RCC cell growth
through disruption of G1/S transition

In light of the association between DCST1-ASI
abundance and aggressive clinicopathological features,
we explored its biological role in RCC progression.
Efficient depletion of DCST1-AS1 was achieved in

multiple RCC cell lines, while ectopic expression was
established in selected models. Functional assays
revealed that loss of DCST1-AS1 markedly impaired
proliferative capacity in A498 and Caki-1 cells. Cell
cycle profiling demonstrated that DCST1-ASI
suppression led to a pronounced accumulation of cells in
the G1 phase, accompanied by a reduction in S phase
entry. Consistent with these observations, key regulators
of G1/S progression were dysregulated following
DCSTI1-AS1 knockdown, as evidenced by decreased
expression of Cyclin D1, CDK2, and CDK4 and
concomitant upregulation of the cell cycle inhibitor p21.
Together, these findings indicate that DCST1-ASI
facilitates RCC cell proliferation by promoting G1/S
phase progression.
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Figure 2. Reduction of DCST1-AS1 impairs proliferative capacity and halts cell cycle advancement in RCC
cells. a. Quantitative PCR confirming efficient suppression of DCST1-AS1 in A498, Caki-1, and 786-0O cells
following infection with sh-DCST1-AS1 lentivirus relative to sh-NC controls. b. Verification of enforced
DCST1-ASI1 expression in A498 and Caki-1 cells transduced with DCST1-AS1—encoding lentivirus compared
with empty vector. c. CCK-8 analysis demonstrating diminished metabolic activity in A498 and Caki-1 cells after
DCST1-ASI silencing. d. Clonogenic assays revealing a substantial decrease in long-term colony-forming ability
upon DCST1-AS1 knockdown. e. Flow cytometry profiles showing accumulation of cells in the G1 phase and
reduced entry into S phase following DCST1-AS1 depletion. f. Immunoblot analysis illustrating altered
expression of G1/S checkpoint regulators, including downregulation of Cyclin D1, CDK2, and CDK4 and
upregulation of p21. g. Densitometric analysis of immunoblot bands normalized to loading controls. Values
represent mean + SD from three independent experiments. p < 0.05; p <0.01; p <0.001 (Student’s t-test or one-
way ANOVA).

Loss of DCST1-AS1 limits RCC cell motility and invasive
behavior

To determine whether DCST1-AS1 influences the
metastatic phenotype of RCC cells, functional motility
assays were performed. Invasion assays conducted using
Matrigel-coated Transwell chambers revealed a
pronounced decline in the number of invading cells

following DCST1-AS1 knockdown (Figures 3a-b).
Consistent with these findings, scratch wound closure
occurred at a markedly slower rate in DCSTI1-ASI-
deficient cells than in control cells (Figure 3c). At the
molecular level, depletion of DCST1-AS1 shifted the
expression pattern of epithelial-mesenchymal transition
markers, characterized by enhanced E-cadherin
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expression and concomitant reductions in N-cadherinand  DCST1-AS1 contributes to the acquisition of migratory
vimentin (Figures 3d—e). These results indicate that and invasive properties in RCC cells.
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Figure 3. Silencing DCST1-AS1 diminishes migratory and invasive properties of RCC cells. a. Representative
images from Transwell invasion assays showing reduced invasiveness of A498 and Caki-1 cells following
DCST1-AS1 knockdown. Scale bar = 100 um. b. Statistical analysis of invaded cell numbers corresponding to
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panel A. C. Wound-healing assays illustrating impaired migratory capacity of DCST1-AS1—deficient A498 and
Caki-1 cells. Scale bar = 500 um. d. Immunoblot analysis of epithelial-mesenchymal transition—associated
proteins, including E-cadherin, N-cadherin, and vimentin, in A498 and Caki-1 cells after DCST1-AS1
suppression. e. Densitometric quantification of protein expression levels shown in panel D. Data represent mean +
SD from three independent experiments. p < 0.05; p <0.01; p <0.001 (Student’s t-test or one-way ANOVA).

DCSTI-ASI acts as a competing endogenous RNA by
sequestering miR-582-5p in RCC cells

Given its predominant cytoplasmic localization, DCST1-
AS1 was hypothesized to participate in post-
transcriptional regulation through interaction with
microRNAs. To  investigate this  possibility,
transcriptome-wide miRNA profiling was performed in
A498 cells overexpressing DCST1-AS1  and
corresponding control cells (Figures 4a). Differential
expression analysis identified 61 miRNAs with increased
expression and 59 miRNAs with decreased expression
(logFC| > 1.5, p < 0.01; Figure 4b).

To narrow down potential miRNAs directly regulated by
DCST1-ASI, predicted binding partners were screened
using the LncBase and miRDB databases. Integration of
bioinformatic predictions with RNA-sequencing data

miRDB

LncBase

miR-8518-5p |
miR-582-5p
miR-4797-5p \\

revealed three overlapping candidate miRNAs—miR-
6516-5p, miR-582-5p, and miR-4797-5p—as illustrated
in the Venn diagram (Figure 4c¢). Direct binding between
DCST1-AS1 and these candidates was then evaluated
using dual-luciferase reporter assays in 293T cells.
Among the tested miRNAs, only miR-582-5p
significantly suppressed luciferase activity (Figure 4d),
indicating a specific interaction.

Subsequent transfection of miR-582-5p mimics into
A498 and 786-O cells confirmed -effective
overexpression (Figure 4e). Luciferase reporter assays
further demonstrated that miR-582-5p markedly reduced
reporter activity driven by wild-type DCSTI1-ASI,
whereas mutation of the predicted binding site abolished
this effect (Figure 4f). These findings establish DCST1-
AS]1 as a molecular sponge for miR-582-5p in RCC cells.
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Figure 4. DCST1-AS1 acts as a competing endogenous RNA for miR-582-5p in RCC cells.

A. Heatmap illustrating global miRNA expression changes in DCST1-AS1-overexpressing A498 cells compared
with control cells. B. Volcano plot depicting significantly dysregulated miRNAs following DCST1-AS1
overexpression; red and blue points represent upregulated and downregulated miRNAs, respectively ([logFC| >
1.5, P<0.01). C. Venn diagram showing intersecting miRNAs predicted to bind DCST1-AS1 based on LncBase,
miRDB, and RNA-seq datasets. D. Dual-luciferase reporter assay results in 293T cells co-transfected with wild-
type DCST1-AS1 reporter constructs and individual miRNA mimics (miR-6516-5p, miR-582-5p, miR-4797-5p)
or negative control. E. qPCR validation of miR-582-5p overexpression in A498 and 786-O cells following
transfection with miR-582-5p mimics. F. Luciferase reporter analysis in A498 cells co-transfected with miR-582-
5p mimics and wild-type or mutant DCST1-ASI reporters; schematic alignment of miR-582-5p binding sites
within DCST1-ASI is shown. G. miR-582-5p expression levels in RCC and normal kidney tissues obtained from
starBase (517 tumors vs. 71 normal samples; p = 0.026, Student’s z-test). H. Kaplan—Meier survival curves
illustrating overall survival stratified by miR-582-5p expression in RCC patients from starBase (p = 0.0037; log-
rank test).I. Pearson correlation analysis demonstrating an inverse relationship between miR-582-5p and DCST1-
AS1 expression in RCC tissues (r =—0.126, p = 0.0307). J. qPCR assessment of miR-582-5p levels in 30
matched RCC and adjacent non-tumorous tissue samples. K. Expression of miR-582-5p in RCC cell lines (A498,
Caki-1, and 786-0) compared with normal renal epithelial HK-2 cells. L, M. miR-582-5p expression changes in
A498 and 786-0 cells following DCST1-AS1 overexpression (L) or silencing (M). N. RNA immunoprecipitation
assays using anti-Ago?2 antibodies in A498 cells transfected with miR-582-5p mimics, followed by qPCR
detection of DCST1-AS1 and miR-582-5p. O. RNA pull-down assays showing enrichment of DCST1-AS]1 after
capture with biotin-labeled wild-type miR-582-5p compared with mutant probes; a nonspecific probe served as a
negative control. Data are presented as mean + SD from three independent experiments. p < 0.05; p <0.01; p <
0.001 (Student’s t-test or one-way ANOVA).
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Independent  validation starBase  datasets
confirmed that miR-582-5p expression was significantly
reduced in RCC tissues and that higher miR-582-5p
levels were associated with improved patient survival

using

(Figures 4g-h). Correlation analysis further revealed an
inverse association between miR-582-5p and DCST1-
AS1 expression (Figure 4i). These findings were
corroborated by qPCR analysis of clinical specimens,
which demonstrated lower miR-582-5p expression in
RCC tissues compared with matched normal samples
(Figure 4j). Similarly, RCC cell lines exhibited
decreased miR-582-5p levels relative to HK-2 cells
(Figure 4k). Manipulation of DCST1-AS1 expression
revealed reciprocal regulation of miR-582-5p, as
enforced DCST1-AS1 expression suppressed miR-582-
5p levels, whereas DCST1-AS1 depletion led to miR-
582-5p upregulation (Figures 41-m).

Given the role of Ago2 in miRNA-mediated gene
silencing, RIP assays were performed in A498 cells.
These experiments demonstrated enhanced enrichment
of both DCST1-AS1 and miR-582-5p within Ago2-
containing complexes (Figure 4n). RNA pull-down
assays further verified direct interaction between
DCSTI-AS1 and miR-582-5p, as DCSTI-AS1 was
preferentially captured by biotin-labeled wild-type miR-
582-5p probes (Figure 40). Functional rescue assays
showed that restoration of miR-582-5p partially reversed
the suppressive effects of DCST1-AS1 knockdown on
RCC cell proliferation and migration (Figures S2a—d).
Together, these data support a model in which DCST1-
AS1 functions as a molecular sponge for miR-582-5p in
RCC.

To identify downstream effectors of the DCSTI1-
AS1/miR-582-5p axis, differential gene expression
analysis was performed in DCST1-AS1—overexpressing
A498 cells. The top 20 genes exhibiting the most
pronounced expression changes are shown in the volcano
plot (Figure 5a). Among these candidates, HMGB2
emerged as a clinically relevant target. Analysis of
starBase datasets revealed that HMGB2 was significantly
upregulated in RCC tissues and that elevated HMGB2
expression correlated with unfavorable overall survival.
Co-expression analyses demonstrated that RCC samples
with  high DCST1-AS1 displayed
concomitant suppression of miR-582-5p and increased
HMGB?2 levels, suggesting the presence of a ceRNA
regulatory network.

qPCR validation confirmed elevated HMGB?2 expression
in RCC tissues (Figure 5b). Direct targeting of HMGB2
by miR-582-5p was established through luciferase
reporter assays (Figure Sc), while Ago2 RIP assays
showed enhanced enrichment of HMGB2 transcripts in
miR-582-5p—overexpressing A498 cells (Figure 5d).
Consistently, DCST1-AS1 knockdown reduced HMGB2
protein expression, an effect that was reversed by miR-
582-5p inhibition in both A498 and 786-O cells.

To determine whether HMGB2 mediates the oncogenic
effects of DCSTI-AS1, rescue experiments were
performed using HMGB2-overexpressing lentivirus in
DCST1-AS1-silenced cells (Figures 5e—f). Restoration
of HMGB2 expression effectively rescued the impaired
proliferative, migratory, and invasive capacities induced
by DCST1-AS1 depletion (Figures 5g—k). Collectively,
these findings demonstrate that DCST1-AS1 promotes

expression

RCC progression by modulating the miR-582-
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Figure 5. DCST1-AS1 elevates HMGB2 expression through sequestration of miR-582-5p. a. Volcano plot
illustrating genes differentially expressed between A498 cells overexpressing DCST1-AS1 and corresponding
control cells; red and blue points denote significantly upregulated and downregulated transcripts, respectively

(llogFC|> 1.5, P <0.01). b. qPCR analysis of HMGB2 expression in 30 matched RCC and adjacent normal tissue
samples. ¢. Dual-luciferase reporter assays performed in A498 cells co-transfected with HMGB2 3'UTR reporter
constructs and either miR-582-5p inhibitors or negative control oligonucleotides; predicted binding sites between
miR-582-5p and the HMGB2 3'UTR are shown. d. RNA immunoprecipitation using anti-Ago2 antibodies in
A498 cells transiently overexpressing miR-582-5p, followed by qPCR quantification of HMGB2 and miR-582-5p
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enrichment. e. Western blot analysis of HMGB2 expression in A498 and 786-0 cells infected with control
lentivirus (sh-NC) or DCST1-AS1-targeting lentivirus (sh1-DCST1-AS1), with or without co-treatment with
miR-582-5p inhibitor. f. Densitometric quantification of protein bands shown in panel E. g—k. Functional assays
evaluating cellular behavior, including proliferation assessed by CCK-8 (g), clonogenic potential (h), invasive
capacity measured by Transwell assays (i, j), and migratory ability assessed by wound-healing assays (k). Data
are presented as mean + SD from three independent experiments. p < 0.05; p <0.01; p <0.001 (Student’s t-test or
one-way ANOVA).

DCSTI1-A4S1 enhances RCC tumor growth and metastatic
potential in vivo

To assess the oncogenic role of DCST1-AS1 in vivo,
equal numbers of A498 cells from three groups—
unmodified parental cells (A498/Control), vector-
transduced cells expressing GFP (A498/Vector), and
cells stably overexpressing DCST1-AS1 (A498/DCST1-
AS1)—were subcutaneously implanted into the flanks of
nude mice (n =5 per group). After 34 days, tumors were
excised for evaluation. Both tumor volume and tumor
weight were significantly increased in mice injected with
A498/DCST1-AS1 cells compared with those receiving
A498/Control or A498/Vector cells (Figures 6a—b). No
overt metastatic lesions were detected in the liver or
lungs of mice from any group (Figure 6c¢).

Longitudinal monitoring revealed that tumor growth
rates were comparable between the control and vector
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Vector | 4 “? o e o
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Vector DCST1-ASt
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groups, whereas tumors derived from DCSTI1-ASI-
overexpressing cells exhibited accelerated growth
(Figures 6d). Throughout the experimental period, no
significant differences in body weight were observed
among the groups, indicating minimal systemic toxicity
(Figure 6e). Molecular analyses of excised tumors
demonstrated elevated expression of DCST1-AS1 and
HMGB2, accompanied by reduced miR-582-5p levels in
the DCST1-AS1-overexpressing group (Figures 6f-h).
Immunohistochemical staining further showed increased
Ki-67 and HMGB2 positivity in tumors from the
A498/DCST1-AS1 group relative to vector controls,
supporting the involvement of the DCST1-AS1/miR-
582-5p/HMGB2 axis in RCC tumor progression in vivo
(Figures 6i—j).

1.00+

—_ A

2 0754 ns N

E

L=

£ 050+

g

2 0.254

L]
l] m ' ) L}
Control Vector DCST1-AS1
b)
1500« -® Control (n=5)
E - Vector (5)
£ %
; 1000- - DCST1.AS1 (n=5)
E
2
o : s
é 500+ |
3
v
0

T 1} L % J L) L) Al
0 10 14 18 22 26 30 34
Days

d)

118



J Med Sci Interdiscip Res, 2023, 3(1):104-126

Green et al.
50 -® Control (n=5)
- \ecior (n=5) - 24 .
= -4 DCST1-AS1 (n=5) Toed ns .
= 30- E%
S o o 12+
g | e e
8 6
10- 2
o 5
0 i Banes e o=l s e s f 4ﬁ ..\3?
0 10 14 18 22 26 30 o‘f:,\
Days
e) f)
2.0-
8 . 281
| ns 3
%_5 s 3~§ X2 T
<3 e 8 =
E E_ 1 D"" o RS g 1.4+
£ a3 %g ®
§ 0.5+ ® g 0.7
(4 xE
D-G T T T 00 T T T
5, > & N
& =)
rﬁﬁ) \.‘&d\ ‘:‘P & ‘\&c}"k
& &
g) h)
20 K87 &0 HMGB2
. %15 ns — ?45 . —
2 E sy
g1

) i)
Vector DCST1-AS1

DCST1-AS1

k) D)



Green et al. J Med Sci Interdiscip Res, 2023, 3(1):104-126

0= = Vector = DCST1-AST

&

20+

104

Number of metastatic
nudules per lung

12 3465 1
Mouse ID

2 34 5.

m)
Figure 6. DCST1-AS1 enhances RCC tumor formation and metastatic dissemination in vivo. a. Representative
images of excised tumor masses obtained from xenograft-bearing mice. b. Comparison of tumor weights among

different experimental groups. ¢. Representative fluorescence imaging of xenograft tumors in mice. d. Tumor
growth kinetics measured over the experimental period. e. Changes in body weight of mice during tumor
development. f~h. qPCR analysis of DCST1-AS1 (f), miR-582-5p (g), and HMGB?2 (h) expression in excised
tumor tissues. i. Representative immunohistochemical staining images of Ki-67 and HMGB?2 in tumor sections.
Ki-67 and HMGB2 are shown in blue and are predominantly nuclear, whereas cytoplasmic regions are stained
brown. Scale bar = 100 um. j. Quantitative analysis of Ki-67— and HMGB2—positive staining. k. Representative
bioluminescent images of metastatic tumor foci in vivo. . Gross images of lung tissues showing metastatic
nodules in mice (n =5 per group). m. Statistical quantification of metastatic lung nodules. Data are presented as
mean + SD from three independent experiments. Control: parental A498 cells; Vector: A498 cells transduced
with control lentivirus; DCST1-AS1: A498 cells expressing DCST1-AS1 lentivirus. p < 0.05; p <0.01; p <0.001
(Student’s t-test or one-way ANOVA).

A lung metastasis model was further employed to
evaluate the contribution of DCSTI1-AS1 to RCC
metastatic spread (Figure 6k). Analysis of metastatic
burden revealed a significantly higher number of visible
metastatic lesions in mice injected with A498 cells stably
overexpressing DCST1-AS1, whereas markedly fewer
metastatic sites were detected in mice bearing
A498/Vector tumors (Figures 61-m). Histopathological
examination using H&E staining confirmed the presence
of tumor lesions in both primary and lung metastatic
tissues. Collectively, these in vivo findings demonstrate
that DCST1-AS1 overexpression accelerates RCC tumor
growth and promotes metastatic progression.

DCSTI1-AS1 drives RCC progression through activation
of the PI3K/AKT/GSK-3p/p-catenin signaling cascade

To explore the molecular pathways underlying DCST1-
ASl-mediated oncogenic effects, KEGG pathway
enrichment analysis was conducted using differentially
expressed genes identified between DCSTI1-ASI-
overexpressing cells and control cells. This analysis
revealed significant enrichment of pathways associated
with cell adhesion, cytokine—cytokine receptor
interactions, and inflammatory signaling. Notably, the

PI3K/AKT pathway emerged as a prominently enriched
signaling axis (Figure 7a). Consistently, gene set
enrichment analysis further demonstrated a strong
positive association between DCST1-AS1 expression
and PI3K/AKT pathway activation (NES = 1.73, p <
0.001, FDR < 0.001; Figure 7b). To validate these
bioinformatic findings, protein expression analyses were
performed in RCC cells following DCST1-AS1
knockdown. Western blot results showed that depletion
of DCST1-AS1 markedly decreased the levels of (-
catenin, phosphorylated GSK-3f, phosphorylated PI3K,
and phosphorylated AKT, while total PI3K and AKT
protein levels remained unchanged (Figures 7c—d).
Similar alterations in signaling components were
observed in xenograft tumor tissues derived from
DCST1-AS1-overexpressing mice compared with vector
controls.  Immunofluorescence  staining  further
demonstrated that enforced expression of DCST1-AS1
facilitated the accumulation of PB-catenin within the
nucleus (Figure 7e), suggesting enhanced transcriptional
activity of B-catenin—dependent genes. To assess whether
PI3K/AKT signaling mediates the pro-tumorigenic
effects of DCST1-AS1, cells overexpressing DCST1-
AS1 were treated with the PI3K inhibitor LY294002.
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Pharmacological inhibition of PI3K/AKT signaling progression by activating the PI3K/AKT/GSK-3f3
significantly attenuated DCSTI1-ASl—induced cell pathway and facilitating B-catenin nuclear translocation.
proliferation, migration, and invasion. Taken together,
these results indicate that DCST1-AS1 promotes RCC

pi3k/akt signaling pathway
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Figure 7. DCST1-AS1 induces activation of the PI3K/AKT/GSK-3 signaling cascade. a. KEGG pathway
enrichment analysis of differentially expressed genes in A498 cells with enforced DCST1-AS1 expression; NES
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denotes normalized enrichment score. b. Gene set enrichment analysis demonstrating a significant association
between DCST1-AS1 overexpression and PI3K/AKT pathway activation. ¢, d. Immunoblot analyses assessing
total and phosphorylated forms of PI3K and AKT, as well as phospho-GSK-3f and B-catenin, in DCST1-AS1-—
overexpressing RCC cells. e. Immunofluorescence staining showing intracellular distribution of B-catenin (red)
following DCST1-AS1 overexpression. Scale bar = 5 um. Data are presented as mean + SD from three
independent experiments. p < 0.05; p <0.01; p <0.001 (Student’s t-test or one-way ANOVA).

Advances in transcriptome sequencing have led to the
identification of a rapidly expanding number of long
noncoding RNAs (IncRNAs), many of which have been
shown to play regulatory roles in cancer development and
progression [4, 11, 29]. Beyond well-studied IncRNAs,
continued exploration of previously uncharacterized
IncRNAs may provide important insights into the
molecular mechanisms underlying renal cell carcinoma
(RCC). In this study, we analyzed RNA-sequencing
datasets derived from RCC patients to screen for
IncRNAs exhibiting differential expression between
tumor and normal kidney tissues. Through this approach,
we identified DCST1-AS1 as a novel IncRNA of interest.
DCSTI1-AS1 has previously been reported to be
upregulated in malignancies, including
endometrial cancer [17], oral squamous cell carcinoma
[30], glioblastoma [31], and breast cancer [32]. Our data
demonstrated that DCST1-AS1 expression was markedly
elevated in RCC tissues and cell lines and was positively
associated with aggressive clinicopathological features,
such as higher tumor grade, advanced TNM stage,
increased histological grade, and unfavorable patient
analyses further revealed that
elevated DCST1-AS1 expression correlated with reduced
overall survival (OS), progression-free interval (PFI),
and disease-free survival (DFS) in RCC patients.
Multivariate Cox regression analysis confirmed that
DCSTI1-ASI served as an independent predictor of poor
OS. Collectively, these findings suggest that DCST1-
AS1 may represent a promising prognostic biomarker for
RCC, although it should be noted that these clinical
correlations were derived from publicly available
datasets.

Previous studies have shown that suppression of DCST1-
AS1 inhibits tumor cell proliferation in several cancer
types [33-35]; however, its biological function in RCC
had not been previously elucidated. Our loss-of-function
experiments demonstrated that silencing DCST1-AS1
significantly impaired RCC cell proliferation and
clonogenic capacity and induced cell cycle arrest. In
contrast, enforced expression of DCST1-AS1 markedly
enhanced tumor growth and metastatic potential in

several

outcomes. Survival

xenograft mouse models. Mechanistically, DCST1-AS1
knockdown resulted in G1/S phase arrest, accompanied
by reduced expression of key cell cycle regulators,
including CDK2, CDK4, and Cyclin DI. These
observations are consistent with a recent report showing
that DCST1-AS1 depletion suppresses hepatocellular
carcinoma cell proliferation by inducing G1/S arrest [18].
Given the well-established between
metastasis and cancer-related mortality [36], we further
evaluated the role of DCSTI1-AS1 in RCC cell
dissemination. Loss of DCSTI1-AS1 significantly
attenuated RCC cell migration and invasion in vitro,
whereas its overexpression increased the number of
detectable metastatic lymph nodes in a lung metastasis
model. DCST1-AS1 has also been reported to promote
TGF-B-induced epithelial-mesenchymal transition
(EMT) through regulation of ANXA1 in breast cancer
cells [37]. EMT is characterized by the loss of epithelial
polarity and acquisition of mesenchymal traits [38].
Consistent with this process, DCST1-AS1 knockdown in
RCC cells led to increased expression of the epithelial
marker E-cadherin and decreased levels of mesenchymal
markers, including vimentin and N-cadherin. Together,
these findings indicate that DCST1-AS1 functions as an
oncogenic IncRNA that facilitates RCC initiation and
progression.

Accumulating evidence suggests that DCST1-AS1 can
act as a competing endogenous RNA (ceRNA),
sequestering microRNAs to regulate downstream gene
expression [39—41]. In the present study, DCST1-ASI
was predominantly localized in the cytoplasm of RCC
cells, supporting its potential role in miRNA-mediated
post-transcriptional regulation. Analysis of starBase
datasets revealed a significant inverse correlation
between DCST1-AS1 and miR-582-5p expression in
RCC miR-582-5p has previously been
characterized as a tumor suppressor in multiple
malignancies [25, 42, 43], and reduced miR-582-5p
expression has been associated with advanced tumor
stage and metastatic disease in clear cell RCC [44],
highlighting its potential prognostic relevance. Our
results showed that miR-582-5p expression exhibited an

association

tissues.
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opposing pattern to that of DCSTI-ASI in RCC.
Moreover, restoration of miR-582-5p partially rescued
the inhibitory effects induced by DCST1-ASI
knockdown. Subsequent luciferase reporter and RNA
pull-down assays confirmed that DCST1-AS1 directly
binds miR-582-5p, thereby functioning as a molecular
sponge in RCC cells.

HMGB2, a non-histone chromatin-associated protein
[45], plays important roles in diverse biological
processes, including cellular aging, lipid metabolism, and
immune and inflammatory responses [46, 47]. Aberrant
upregulation of HMGB2 has been reported in various
solid tumors [26, 48]. Notably, a recent study by He et al.
demonstrated that HMGB2 expression is elevated in
renal tumors and correlates with poor overall survival in
RCC patients [27]. In this study, we identified HMGB2
as a direct downstream target of miR-582-5p in RCC
cells. Correlation analyses further showed that RCC
tissues with high DCST1-AS1 expression displayed
concomitant downregulation of miR-582-5p and
upregulation of HMGB?2. Functional rescue experiments
revealed that reintroduction of HMGB2 restored the
malignant phenotypes suppressed by DCST1-ASI1
knockdown, indicating that DCST1-AS1 promotes RCC
progression through a regulatory DCST1-AS1/miR-582-
Sp/HMGB? axis.

Dysregulation of the PI3K/AKT/GSK-33 signaling
pathway has been widely implicated in tumor-associated
processes, including cell proliferation, migration,
angiogenesis, apoptosis, and autophagy [49-51]. Our
pathway enrichment analyses, together with extensive
experimental validation, demonstrated that DCST1-AS1
enhances RCC progression by activating the
PIBK/AKT/GSK-3p cascade and promoting nuclear
translocation  of  PB-catenin.  Stabilization  and
accumulation of B-catenin require modulation of GSK-3f
activity [52]. Specifically, phosphorylation of GSK-3f at
Ser9 by activated AKT leads to GSK-3f inactivation,
thereby preventing cytoplasmic B-catenin degradation
[53, 54]. Once translocated to the nucleus, B-catenin
activates TCF/LEF transcription factors, ultimately
regulating genes involved in cell adhesion and cell cycle
progression [55]. One limitation of the present study is
the lack of validation of the ceRNA regulatory network
and the DCST1-AS1-f-catenin relationship in a larger
cohort of human RCC specimens. Future studies are
therefore warranted to further explore the clinical
relevance of DCST1-AS1 and to assess its potential

utility as a biomarker or therapeutic target across
different cancer types.

Conclusion

In summary, this study establishes DCST1-AS1 as a key
oncogenic IncRNA in RCC. Its expression is
significantly elevated in RCC tissues and correlates with
poor patient prognosis. Functional experiments
demonstrated that DCST1-AS1 drives tumor growth and
metastasis in both in vitro and in vivo models.
Mechanistically, DCST1-AS1 acts as a molecular sponge
for miR-582-5p, leading to increased HMGB2
expression, and promotes RCC progression through
activation of the PI3K/AKT/GSK-3p signaling pathway.
These findings highlight DCST1-AS1 as a potential
therapeutic target in RCC.
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