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Abstract

Background: Tumor angiogenesis is closely related to the progression of clear cell renal cell carcinoma
(ccRCCQ). Long non-coding RNAs (IncRNAs) regulating angiogenesis could be potential biomarkers for
predicting ccRCC prognosis. With this study, we aimed to construct a prognostic model based on
IncRNAs and explore its underlying mechanisms.

Methods: RNA data and clinical information were obtained from The Cancer Genome Atlas (TCGA)
database. Angiogenesis-related genes (ARGs) were extracted from the Molecular Signatures database.
Pearson correlation and LASSO and COX regression analyses were performed to identify
survival-related AR-IncRNAs (sAR-IncRNAs) and construct a prognostic model. The predictive power of
the prognostic model was verified according to Kaplan—Meier curve, receiver operating characteristic
(ROC) curve and nomogram analyses. The correlation between the prognostic model and
clinicopathological characteristics was assessed via univariate and multivariate analyses. Kyoto
Encyclopedia of Genes and Genomes (KEGG) enrichment analysis was subsequently performed to
elucidate the mechanisms of the sAR-IncRNAs. In vitro qPCR, immunohistochemistry, migration and
invasion assays were conducted to confirm the angiogenic function of sAR-IncRNAs.

Results: Three sAR-IncRNAs were used to construct a prognostic model. The model was moderately
accurate in predicting 1-, 3- and 5-year ccRCC prognosis, and the risk score according to this model was
closely related to clinicopathological characteristics such as T grade and T stage. A nomogram was
constructed to precisely estimate the overall survival of ccRCC patients. KEGG enrichment analysis
indicated that the MAPK and Notch pathways were highly enriched in high-risk patients. Additionally, we
found that the expression of the IncRNAs AC005324.4 and AC104964.4 in the prognostic model was
lower in ccRCC cell lines and cancer tissues than in the HK-2 cell line and paracancerous tissues, while
the expression of the IncRNA AC087482.1 showed the opposite trend. In a coculture model, knockdown
of IncRNA AC005324.4 and IncRNA AC104964.4 significantly promoted the migration and invasion of
human umbilical vein endothelial cells (HUVECs), but siR-AC087482.1 transfection alleviated these
effects.

Conclusions: We constructed a prognostic model based on 3 sAR-IncRNAs and validated its value in
clinicopathological characteristics and prognostic prediction of ccRCC patients, providing a new
perspective for ccRCC treatment decision making.
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Introduction

Renal cell carcinoma (RCC) is one of the most
common malignant urologic tumors worldwide,
accounting for more than 430,000 cases and 180,000
deaths annually [1, 2]. Clear cell renal cell carcinoma
(ccRCC) is the main histopathological subtype and
has a high mortality rate [3]. Owing to its nonobvious
clinical presentation, ccRCC is not often diagnosed
before it reaches an advanced metastatic stage [4].
Advanced ccRCC is not sensitive to chemotherapy or
radiotherapy, resulting in a 5-year overall survival
rate of only 10% [5,6]. Even with radical nephrectomy,
almost 40% of advanced ccRCC cases exhibit
recurrence or metastasis [7,8].

Angiogenesis is a dynamic process of
neovascularization from capillaries or postcapillary
veins and is responsible for tumor metastasis [9].
Because of hypoxia in the tumor microenvironment,
cancer cells produce a series of proangiogenic factors
and provoke unstoppable angiogenesis. These
biological activities supply plentiful oxygen and
nutrients for rapid tumor growth. Advanced ccRCC is
an angiogenesis-dependent tumor [10,11]. Therefore,
angiogenesis-related biomarkers might be useful for
assessing ccRCC prognosis.

The number of specific biomarkers for predicting
ccRCC  prognosis is limited due to tumor
heterogeneity and pathological changes. However,
epigenetics, which is characterized by phenotypic
changes in gene expression without DNA alterations,
provides an optimal scheme for detecting new
biomarkers in ccRCC [12-14]. Recently, a number of
epigenome modifiers and chromatin remodelers have
been revealed from genome-wide sequencing of
ccRCC. For example, GATA binding protein 5
(GATAS), a DNA-binding transcription factor, is
related to poor survival in ccRCC patients [15].
MicroRNA-221 and microRNA-32 serve as
biomarkers for RCC mortality [16,17]. To our
knowledge, long non-coding RNAs (IncRNAs) are
also involved in epigenetic regulation and are
regarded as biomarkers for ccRCC [18].

LncRNAs are transcripts containing more than
200 nucleotides and are not translated into proteins.
They participate in multiple crucial physiological and
pathological activities, including angiogenesis [19-21].
According to previous studies, the combination of the
IncRNA LEENE with LEO1 and MYC promoted the
transcription of angiogenesis-related genes in a
diabetes model [22]. The IncRNA LINC00607 induced
VEGFA-mediated angiogenic sprouting in endothelial
cells [23]. Therefore, angiogenesis-related IncRNAs
(AR-IncRNAs) can be potential biomarkers for ccRCC

prognosis.

Herein, we constructed a new model based on 3
AR-IncRNAs to predict ccRCC prognosis. Its
association ~ with  different  clinicopathological
characteristics has been well validated. Functional
enrichment analysis confirmed that this model was
closely related to angiogenetic pathways. Finally, a
nomogram was constructed to provide a reference for
clinical treatment (Figure 1).

Materials and Methods

Data acquisition and download

Transcriptome RNA-sequencing data and
clinical information of 531 ccRCC tumor tissue and 72
paracancerous tissue data were downloaded from The
Cancer Genome  Atlas (TCGA)  database
(https:/ /portal.gdc.cancer.gov). We excluded patients
with incomplete data or unclear survival status. The
collected clinical characteristics included overall
survival, age, sex, grade, stage, tumor size, distant
metastasis and lymph node metastasis. Differentially
expressed genes (DEGs) between tumor and
paracancerous tissues were identified by screening
using differential expression analysis with the R

package “LIMMA”. Angiogenesis-related genes
(ARGs) were extracted from The Molecular
Signatures Database gene sets
ANGIOGENESIS-M14493 and HALLMARK_
ANGIOGENESIS  (http://www. broad institute.
org/gsea/msigdb/index.Jsp).
Identification of survival AR-IncRNAs
(sAR-IncRNAs)

Angiogenesis-related DEGs were identified

intersecting DEGs and ARGs with a Venn diagram
generated via VENN-4
(http:/ /bioinformatics.psb.ugent.be/webtools/Venn
/). Pearson correlation analysis was performed to
identify the relationships between glycolysis-related
DEGs and IncRNAs. The cutoff criteria of |r| > 0.4
and p < 0.05 were used to determine the AR-IncRNAs.
Potential sAR-IncRNAs were selected using
univariate COX analysis based on the “survival” R
package. These sAR-IncRNAs were further divided
into risk-related and protective factor groups
according to the hazard ratios (HRs) (positive vs.
negative).

Construction of a prognostic model based on
sAR-IncRNAs

Through LASSO and COX regression analyses,
the prognostic model was constructed by multiplying
the expression levels of the 3 sAR-IncRNAs. The
formula for the angiogenesis-related prognostic

model was [expression level of the IncRNA
ACO087482.1 x (0.146544)] + [expression level of the
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IncRNA AC104964.4 x (-0.0244075)] + [expression
level of the IncRNA AC005324.4 x (-0.0466575)].

Evaluation of the prognostic model

Kaplan-Meier curves were generated, and
overall survival was compared between the high-risk
and low-risk groups via the “maxstat” R package.
Receiver operating characteristic (ROC) curves were
used to evaluate the sensitivity and specificity of the
prognostic model and clinicopathological
characteristics. Furthermore, the risk score was
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Analysis of the molecular mechanisms of
sAR-IncRNAs

MAPK-related genes (MRGs) and Notch
pathway-related genes (NRGs) pathways were
obtained from the PathCards database (https://
pathcards.genecards.org/). MAPK/Notch-related
DEGs were identified in VENN-4 by taking the
intersection of DEGs, MRGs and NRGs. After Pearson
correlation analysis of MAPK/Notch-related DEGs
and the risk score, sAR-IncRNA-related MRGs and
NRGs (IncRNA-genes) were identified (|r| > 0.4 and
p < 0.05). A protein interaction network was
constructed using the Search Tool for the Retrieval of
Interacting Genes/Proteins (STRING) database to
investigate the interactions between angiogenic
proteins and proteins encoded by IncRNA-genes
(IncRNA-proteins).

Establishment and validation of the nomogram

We utilized the “rms” R package to establish a
nomogram by integrating clinical features, the risk
score and overall survival, which was a useful tool for
clinical prognosis prediction in ccRCC patients. Next,
1-, 3- or 5-year calibration curves and ROC curves
were used to validate the efficiency of the nomogram.

Clinical samples

From February 2020 to April 2023, a total of 30
ccRCC tissues and paracancerous tissues from
patients who underwent surgical resection at the First
Affiliated Hospital of Chongqing Medical University
were included in this study (Table 1). Patients with
severe underlying disease or other cancers were
excluded. The IncRNAs were divided into those with
high expression of sAR-IncRNAs (hlncRNAs, n=9)
and those with low expression of sAR-IncRNAs
(IlIncRNAs, n=21) according to the median expression
of IncRNA AC005324.4 and IncRNA AC104964.4. This
study was approved by the Medical Ethics Committee
of the First Affiliated Hospital of Chongqing Medical
University (2020-51). All patients provided informed
consent.

Cell culture

The human proximal tubular epithelial (HK-2)
cell line and human c¢cRCC cell lines (786-O, Caki-1,
and RCC-JF) were purchased from Pricella. The cells
were cultured in RPMI-1640 (786-O), McCoy’s 5A
(Caki-1) and DMEM (RCC-JF) media (Gibco, USA)
supplemented with 10% fetal calf serum (FBS; Biolnd,
Israel), 100 U/mL penicillin (Beyotime, China) and
100 pg/mL streptomycin (Beyotime, China) in a 37 °C
incubator under 5% CO2.

Cell transfection

The siRNAs targeting the IncRNAs AC087482.1,
AC005324.4 and AC104964.4 were used to silence the
expression of the corresponding IncRNAs. The
sequences are shown in Table 2. CcRCC 786-O cells
were cultivated in a 6 cm petri dish. When the cells
reached 60%-70% confluence, siRNAs (10 pL, 20 nM)
were transfected into 786-O cells with 5 pL of
Lipofectamine 3000 (Invitrogen, USA) for 8 hours.
Then, the culture medium was replaced with fresh
culture medium, and the cells were cultivated for 24 h.
qPCR was used to validate the effects of the siRNAs.

RT—-qPCR

RNA from cells and tissues was extracted by
TRIzol Reagent (ABclonal, China) and reversed
transcribed to cDNA by ABScript III RT Master Mix
for qPCR with gDNA remover (ABclonal, China).
qPCR was performed using SYBR Green Fast qPCR
Mix (ABclonal, China) on a 7500 Real-Time PCR
System (Thermo Fisher, USA). Gene expression was
calculated by the 2-2ACT method and normalized
according to the expression of P-actin. The primer
sequences are shown in Table 2.

Table 1. Demographic and clinical data of patients with clear cell
renal cell carcinoma.

Character Number
Age (years)

<60 18
>60 12
Gender

Male 20
Female 10
T grade

I-I 13
M-IV 17
T stage

I-I 21
I-1v 9
M stage

Negative 5
Positive 25
N stage

Negative 3
Positive 27
LIncRNA 21
HIncRNA 9

LIncRNA, low expression of sAR-IncRNAs; hIncRNA, high expression of
sAR-IncRNAs

Western blotting

Proteins from cells were extracted with RIPA
lysis buffer (Beyotime, China) supplemented with
protease inhibitors (Beyotime, China). Proteins were
separated through sodium dodecyl sulfate—
polyacrylamide gel electrophoresis (SDS-PAGE) and
then bolted on polyvinylidene difluoride (PVDF)
membranes  (Millipore, USA). After blocking
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nonspecific sites with 5% milk (Beyotime, China) for 1
hour, the PVDF membranes were incubated with
primary antibodies against CD31, VEGFA,
N-cadherin and vimentin (Proteintech, China) at 4 °C
overnight. The membranes were then incubated with
secondary antibodies (Bioss, China) at room
temperature for 1 hour. The protein bands were
visualized using a Fusion FX System (Vilber,
Germany).

Table 2. The siRNA and primer sequences.

Item Sequence
Primer
LncRNA AC087482.1 Forward CCAACCATTGAGAGGTAGCCA

Reverse TTACAGCGGAGAGAACGGAC

LncRNA AC005324.4 Forward CCACTACCCCTCCCAGATGA
Reverse TCCCGTGTGCTCAAATCCTC
LncRNA AC104964.4 Forward CACGGTCATCAGCTACAGGC
Reverse GCTTGCCAGGGATTGTAGGA
GAPDH Forward CCTTCCGTGTCCCCACT
Reverse GCCTGCTTCACCCACCTTC
siRNA

siR- IncRNA AC087482.1 Forward GGAUCCCUGCUCUUCUAUA
Reverse UAUAGAAGAGCAGGGAUCC
Forward AGUAGGAGACAAGAAUUAA
Reverse UUAAUUCUUGUCUCCUACU
Forward GGCCUAUUUCAGAUAAGAA

Reverse UUCUUAUCUGAAAUAGGCC

siR- IncRNA AC005324.4

siR- IncRNA AC104964.4

Immunohistochemistry (IHC)

The tissue was fixed in 4% buffered formalin
(Biosharp, China). Following dehydration, antigen
retrieval and blocking, the tissue was incubated with
primary antibodies against CD31 and VEGFA
(Proteintech, China) at 4 ©°C overnight. The
membranes were then incubated with secondary
antibodies (Bioss, China) at room temperature for 1
hour. The  sections were stained  with
diaminobenzidine (DAB, Sigma-Aldrich, Germany)
and hematoxylin. The number of DAB-positive cells
in 5 random fields was assessed under an optical
microscope (Olympus, Japan).

Transwell assay

For cell migration assays, 500 pL of conditioned
medium from siRNA-treated cells was added to the
lower chamber (Corning, USA), and 3x10° human
umbilical vein endothelial cells (HUVECs) without
FBS were seeded into the upper chamber. For cell
invasion assays, Matrigel was diluted with RPMI-1640
and evenly spread on the bottom of the upper
chamber. After the Matrigel solidified, 3x10> HUVECs
in 100 pl of RPMI-1640 basal medium were added to
the upper chamber, while 600 pL of conditioned
medium from the siRNA cells was added to the lower
chamber. After 24 hours and 48 hours of incubation
for the migration and invasion assays, the transwell

inserts were fixed with 4% paraformaldehyde. Finally,
the inserts were dyed with 0.1% crystal violet solution
for 20 min, and the invading cells were observed
under an optical microscope (Olympus, Japan).

Statistical analysis

The data were analyzed using R software
(version 4.1.0), SPSS 26.0, and GraphPad Prism 8.4.
The PERL programming language (version 5.30.2)
was used to process the data. Pearson’s correlation
coefficient was used to assess linear correlations. ROC
curves were generated to predict the model accuracy.
COX regression was used to identify factors that
could independently predict overall survival. LASSO
analysis was used to perform screening of the
AR-IncRNAs. Continuous data and categorical data
were analyzed by Student’s test and the chi-square
test. p< 0.05 was considered to indicate a statistically
significant difference.

Results

Acquirement of AR-IncRNAs

The DEGs in 531 ccRCC tissues and 72
paracancerous tissues were extracted from the TCGA
database, and 7552 IncRNAs and 6365 mRNAs were
identified (Figure 2A-D). By intersecting the selected
mRNAs and two angiogenesis-related gene sets
(Table S1), a total of 39 angiogenesis-related
differentially expressed mRNAs were identified in the
TCGA cohort (Figure 2E). By wusing Pearson
correlation analysis between differentially expressed

IncRNAs and angiogenesis-related mRNAs, 60
IncRNAs  associated with angiogenesis were
identified. After univariate COX analysis, 9

angiogenesis-related IncRNAs related to overall
survival were identified (Figure 2F). Finally, by
LASSO and multivariate COX regression analysis, 3
angiogenesis-related IncRNAs, AC087482.1,
AC104964.4 and AC005324.4, were identified as
candidate independent prognostic factors for the
prognostic model (Figure 2G-I).

Establishment of the sAR-IncRNA prognostic
model

A prognostic model based on 3 angiogenesis-
related IncRNAs was constructed for evaluating the
prognosis of ccRCC patients. According to the mean
risk score, ccRCC patients were classified into a
high-risk group and a low-risk group (Figure 3A). The
number of surviving patients with ccRCC decreased
as the risk score increased, indicating that a high risk
sore was correlated with a worse prognosis (Figure
3B, C). For the AR-IncRNAs, the expression of the
IncRNA ACO087482.1 was a prognostic risk factor that
increased with increasing risk score, while the
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expression of the IncRNAs AC104964.4 and the AUCs were 0.72, 0.69 and 0.76 at 1, 3, and 5 years,
AC005324.4 decreased as the risk score increased, respectively, which confirmed the sensitivity and
indicating that these IncRNAs are protective factors  specificity of the model for accurately predicting
(Figure 3D). Moreover, the ROC curves showed that  patient prognosis (Figure 3E).
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Figure 2. Ildentification of AR-IncRNAs. (A-D) Heatmaps and volcano plots showing the differentially expressed IncRNAs (A, B) or genes (C, D) between ccRCC tissues and
paracancerous tissues in the TCGA. In the heatmap, the red parts represent upregulated IncRNAs/genes, and the blue parts represent downregulated IncRNAs/genes. In the
volcano plot, the green dots represent downregulated IncRNAs/genes, the red dots represent upregulated IncRNAs/genes, and the black dots represent IncRNAs/genes with no
differential expression (log2 |FC| > 1, p < 0.05). (E) Venn diagram illustrating 39 angiogenesis-related genes identified from the TCGA, HALLMARK and GSEA databases. (F)
Forest plot showing the 9 prognostic differentially expressed sAR-IncRNAs according to univariate COX regression analysis. (G) LASSO regression analysis was carried out to
identify 5 sAR-IncRNAs. (H) The optimal LASSO model was constructed with the best parameter (A=0.03). (I) Forest plot showing the 3 prognostic differentially expressed
sAR-IncRNAs according to multivariate COX regression analysis. AR-IncRNAs, angiogenesis-related IncRNAs; ccRCC, clear cell renal cell carcinoma; TCGA, The Cancer
Genome Atlas; sAR-IncRNAs, survival AR-IncRNAs.
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Figure 3. Construction of a prognostic model based on sAR-IncRNAs. (A, B) Risk score distribution (A) and survival status of patients (B) in the high-risk and low-risk groups.
(C) Kaplan—Meier survival curve analysis showing the difference in survival time between the low-risk and high-risk groups. (D) Heatmap showing the expression of 3
sAR-IncRNAs between the high-risk and low-risk groups. (E) ROC curves showing the AUC values of the prognostic model (AUC 1 year=0.72, AUC 3 years=0.69, AUC 5
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Correlation analyses of the sAR-IncRNA
prognostic model and clinicopathological
characteristics

To confirm the association of the risk score of the
sAR-IncRNA prognostic model with clinicopatho-
logical characteristics, correlation analyses were
conducted to compare the clinicopathological
characteristics between the high- and low-risk groups.
The results showed that T grade (p < 0.01), T stage (p <
0.01) and risk score (p < 0.01) were significantly
different between the two groups, while N stage (p =
0.36), M stage (p = 0.62), gender (p = 0.95) and age (p =
0.95) were not (Figure 4A-G). After multivariate COX
regression analysis, clinicopathological characteristics
such as risk score, age, M stage and T stage were
identified as independent risk factors for ccRCC
prognosis (Figure 4H). The above results proved that
the risk score according to the sAR-IncRNA
prognostic model is significantly correlated with
clinicopathological characteristics in ccRCC patients.

Construction of the nomogram

Next, a nomogram based on clinicopathological
characteristics and the risk score was constructed to
estimate the 1-, 3- and 5-year overall survival
probabilities of ccRCC patients. To assess the overall
survival probability, the risk score for each patient
was determined by adding the score for each
prognostic variable (Figure 5A). The calibration curve
demonstrated that the predicted overall survival was
consistent with the actual survival rate at 1, 3, and 5
years (Figure 5B). The AUC values of the ROC curves
were 0.78, 0.76 and 0.76 at 1, 3, and 5 years,
respectively (Figure 5C).

Functional enrichment analysis

To determine the signaling pathways of
sAR-IncRNAs in the prognostic model. The KEGG
database used to explore the differences in the
enrichment of signaling pathways between the
high-risk and low-risk groups. Pathways such as the
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Notch pathway (Figure 6A), MAPK pathway (Figure
6B), citrate cycle, TCA cycle (Figure 6C) and purine
metabolism (Figure 6D) were activated in the
high-risk group.

Analysis of the molecular mechanisms of
sAR-IncRNAs

To further explore the molecular mechanisms of
SAR-IncRNAs in the prognostic model, a total of 74
MAPK-related DEGs and 25 Notch-related DEGs
were identified by taking the intersection of the DEGs,
MRGs and NRGs (Figure 6E). By Pearson correlation
analysis of MAPK/Notch-related DEGs and the risk
score, a total of 4 IncRNA-genes, PLA2G4B,
MAP3K12, MAPKSIP3 and CACNBI, were identified
as key genes correlated with sAR-IncRNAs in the
prognostic model. The results of the protein
interaction network analysis revealed that 10 proteins
could interact with the IncRNA-proteins (Figure 6F).

The levels of the IncRNAs AC005324.4 and
AC104964.4 are decreased, and the level of the
IncRNA AC087482.1 is increased in ccRCC
tissues and cell lines

LncRNA AC005324.4 and IncRNA AC104964.4
were downregulated in cancer tissues (n=30), while
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siR-AC104964.4 cells, which was contrary to the
findings in siR-AC087482.1 cells (Figure 8E, F). These
findings indicated that IncRNA AC005324.4, IncRNA
AC104964.4 and IncRNA AC087482.1 regulate

angiogenesis in ccRCC by mediating the invasion and
migration of HUVECs.

Discussion

Advanced ccRCC is characterized by high
heterogeneity and easily metastasizes, so advanced
ccRCC patients have a very poor prognosis. Potential
biomarkers such as IncRNAs play a significant role in

A
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fewer genes and should be easy to apply in the clinic.
Different functional IncRNA models, specifically
ferroptosis/cuproptosis-associated IncRNA signa-
tures and tumor-infiltrating lymphocyte-related
IncRNA models, have been reported to predict ccRCC
prognosis [27-29]. However, these IncRNAs in models
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are closely related to immunotherapy and drug
response but not to ccRCC prognosis. Notably, the
growth of advanced ccRCC is highly dependent on
the blood supply, and angiogenesis significantly
impacts the metastasis risk, recurrence risk and
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In the present study, we first established a novel
prognostic model based on 3 sAR-IncRNAs, namely,
IncRNA  AC087482.1, IncRNA AC005324.4 and
IncRNA AC104964.4. This model performed well in
predicting the overall survival and clinicopathological
characteristics of ccRCC patients. In addition, the
SAR-IncRNA model-based nomogram could be used
to easily calculate scores, which could assist in
personalized treatment.

We also noted that high-risk ccRCC samples
exhibited enrichment of genes related to the Notch
pathway, MAPK, the citrate cycle and purine
metabolism. The Notch pathway has a significant
impact on angiogenesis. Ji-Liang et al. reported that
the Notch pathway regulates angiogenic processes in
endothelial cells [32]. Crosstalk between the VEGF
and Notch pathways has emerged in tumor
angiogenesis: notch signaling alters the expression of
receptors (NRP1/2 and VEGFR1/2/3), promoting
VEGF signaling [33]. The MAPK pathway also
regulates tumor angiogenesis. Ramesh et al. reported
that FGFR receptors activate Ras/MAPK signaling to
promote cell survival, proliferation and angiogenesis
[34,35]. These findings further proved that the
activation of angiogenesis-related pathways is

directly related to the poor prognosis of ccRCC.
Notably, disturbances in the citrate cycle and purine
metabolism are correlated with a poor prognosis in
ccRCC patients [36]. Thus, targeting angiogenesis, the
citrate cycle and purine metabolism are promising
strategies for preclinical investigations on improving
ccRCC prognosis.

The identification of Notch/MAPK-related
genes is important for elucidating the molecular
mechanisms involved in high-risk ccRCC. To develop
a model with advantages over other reported
SAR-IncRNA predictive models [37,38], we first
identified 4 potential IncRNA-genes/-proteins
associated with ccRCC prognosis. Notably, MAP3K12
and PLA2GB participate in angiogenic processes. Sun
et al. reported that MAP3K12 promotes the
MEK/ERK/EIF4E/HIF1-a/VEGFA axis by binding
to RIT1 in hepatocellular carcinoma [39]. Hu et al.
reported that PLA2GB is an effective indicator of
sphingolipid metabolism, which is involved in the
formation of new blood vessels in osteosarcoma
metastasis [40]. Furthermore, MAP2K4 and MAP2K7
mediate MAPK pathway activity to promote
angiogenesis by interacting with MAP3K12. The
interaction network revealed the potential molecular
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mechanisms of sAR-IncRNAs in the model and
revealed IncRNA-proteins and interacting proteins
that could be prognostic biomarkers or therapeutic
targets for ccRCC.

Three sAR-IncRNAs extracted from this
prognostic model can be regarded as prognostic
markers and therapeutic targets for ccRCC. LncRNA
AC104964.4 expression is associated with the
sensitivity to docetaxel, cisplatin, and S-1 (DCS)
treatment. Yang et al. reported that the expression of
the IncRNA AC104964.4 decreased in cisplatin-
resistant gastric cancer (GC) cells, suggesting that
IncRNA AC104964.4 is involved in the response to
chemotherapeutic drugs [41]. It is also negatively

related to immune infiltration (neutrophils, mast cells
and Treg cells), indicating a relatively good prognosis
in patients with GC [42]. In our study, we found for
the first time that IncRNA AC005324.4, IncRNA
AC104964.4 and IncRNA AC087482.1 are associated
with angiogenesis in ccRCC. High expression of the
SAR-IncRNAs in ccRCC tissues promoted neovascular
generation by upregulating the CD31 and VEGFA
proteins in vivo Moreover, high expression of
sAR-IncRNAs increased angiogenesis by stimulating
HUVEC migration and invasion in vitro. Therefore,
SAR-IncRNAs merit further investigation as
antiangiogenic targets.
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Notably, our research has some limitations. First,
transcriptome data and overall survival information
were obtained only from the TCGA dataset, and more
datasets are needed to further validate the uniformity
of the prognostic model. Second, the number of
clinical samples and ccRCC cell lines was small, so
more samples are needed to strengthen our results.
Finally, the mechanisms of sAR-IncRNAs, including
their functions in the citrate cycle and purine
metabolism and their interactions with angiogenesis,
need to be further clarified. Future studies on the
molecular mechanisms of sAR-IncRNAs should
include in vivo and in vitro experiments related to the
KEGG results.

Conclusions

In this study, we established a predictive model
with 3 sAR-IncRNAs. This model not only identifies a
relationship between IncRNAs and angiogenesis but
also has high accuracy in ccRCC prognosis prediction.
It is a useful tool to assist in ccRCC therapeutic
decision making.
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