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Abstract: Immune checkpoint inhibitor (ICl)-based combination therapies, such as dual ICI therapy or ICI plus
vascular endothelial growth factor (VEGF) inhibitors, are recommended as first-line treatment for advanced renal
cell carcinoma (aRCC). ICI-based combination therapy has improved the prognosis of patients with aRCC compared
with the era of VEGF inhibitor monotherapy. Long noncoding RNAs (IncRNAs) are involved in the prognosis and
metastasis of several cancers, and extracellular vesicle (EV)-derived IncRNAs play important roles in tumor
progression and metastasis, serving as prognostic biomarkers. The IncRNA AGAP2-AS1 is highly expressed in RCC
and is associated with poorer prognosis in patients with elevated expression levels. This study aimed to investigate
the function of INcRNA AGAP2-AS1 in RCC and explore whether serum-derived EV INCRNA AGAP2-AS1 serves as a
prognostic biomarker in patients with aRCC. Firstly, we examined IncRNA AGAP2-AS1 expression in RCC and normal
kidney tissues with pathologically confirmed RCC at our institution. We also performed a functional analysis of
IncRNA AGAP2-AS1 in RCC cell lines. Additionally, we analyzed the relationship between the EV IncRNA AGAP2-AS1
expression and the prognosis of 47 patients with aRCC treated with ICl-based combined therapy. We observed
higher INcRNA AGAP2-AS1 expression in RCC tissues than in normal tissues. Furthermore, AGAP2-AS1 knockdown
in RCC cells using small interfering RNA significantly decreased cell viability, invasion, and migration. Patients with
progressive disease (PD) receiving ICl-based combination therapy exhibited significantly higher expression of the
EV IncRNA AGAP2-AS1 than patients without PD. We then classified 47 patients into two groups by median IncRNA
AGAP2-AS1 expression. Notably, the high-expression group exhibited significantly worse progression-free survival
and overall survival than the low-expression group (log-rank P = 0.0193 and log-rank P = 0.0256, respectively). In
multivariate analysis, high EV INcRNA AGAP2-AS1 expression was an independent risk factor for disease progression
(hazard ratio = 3.6, P = 0.0287). Overall, high EV IncRNA AGAP2-AS1 expression was associated with poorer
prognosis in patients with aRCC. Therefore, serum-derived EV INcRNA AGAP2-AS1 may be an effective non-invasive
prognostic biomarker in patients with aRCC treated with ICl-based combination therapy.
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Introduction

Renal cell carcinoma (RCC) is the 10th most
commonly diagnosed cancer and is one of the
most common urological cancers of the kidney,
accounting for approximately 90% of all renal
malignancies [1, 2]. Clear cell RCC and papillary
RCC are the most common and second most
common subtypes of RCC, representing approx-
imately 80% and 13-20% of RCC cases, respec-
tively [3]. Approximately 25% of patients with
RCC present with metastatic disease at initial

diagnosis [4]. Although localized RCC can be
treated with partial or radical nephrectomy,
approximately 40% of patients with localized
RCC experience local or distant recurrence
following curative surgical resection [5]. For
patients with advanced RCC (aRCC) who have
metastatic disease or recurrence postopera-
tively, systemic therapy - such as combination
therapy with a vascular endothelial growth fac-
tor (VEGF) inhibitor and an immune checkpoint
inhibitor (ICl) or dual ICI therapy-is recommend-
ed as first-line treatment [6, 7]. ICl and VEGF
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inhibitor combination therapy or dual ICI thera-
py has been shown to improve the prognosis of
patients with advanced RCC compared with
VEGF inhibitor monotherapy [8-12].

Long non-coding RNAs (IncRNAs) are non-cod-
ing RNAs longer than 200 nucleotides that
regulate gene expression at epigenetic, tran-
scriptional, and post-transcriptional levels [13].
IncRNAs also regulate microRNA (miRNA) ex-
pression and play important roles in early
cancer development and progression, making
them promising biomarkers [14]. Furthermore,
IncRNAs are important regulators of adaptive
and innate immunity and serve as biomar-
kers for predicting the efficacy of ICI therapy
[15-18].

Extracellular vesicles (EVs) are small lipid bilay-
er-enclosed particles released by all cell types
[19, 20]. Previously considered cellular waste
products, EVs contain DNA, RNA, and proteins
and play an important role in intercellular com-
munication [19-21]. EVs remain stable and re-
sistant to degradation in body fluids because
of their lipid bilayer structure, making them
attractive candidates for liquid biopsy [22].
EVs are classified into three major categories
based on their size and biosynthetic pathway:
exosomes, microvesicles, and apoptotic bodies
[19, 20, 23]. The term “EVs” includes all sub-
types according to the guidelines of the In-
ternational Society for Extracellular Vesicles
[24]. EVs are also involved in organ-specific
metastases. Specifically, tumor cell-secreted
EVs express distinct integrins that target organ-
specific cells and promote metastatic organot-
ropism [25]. Additionally, EV-derived IncRNAs
are associated with tumor progression, metas-
tasis, and resistance to anticancer drug thera-
py in several urological cancers [26-32].

IncRNA AGAP2 antisense RNA 1 (AGAP2-AS1)
is a newly identified cancer-associated anti-
sense InCRNA that is aberrantly expressed in
several carcinomas and linked to prognosis
[33, 34]. It has also been reported as a poten-
tial prognostic biomarker in RCC [35, 36]. In
particular, INncRNA AGAP2-AS1 competitively
binds to miR-9-5p, activates the PISK/AKT sig-
naling pathway, induces macrophage M2 po-
larity, and promotes RCC development [37].
However, reports on the EV IncRNA AGAP2-AS1
as a predictive biomarker for treatment efficacy
or prognosis in patients with aRCC are lacking.
Although there are no established biomarkers
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for predicting efficacy or prognosis, ICl-based
combination therapy improves the prognosis
of patients with aRCC. The identification of pre-
dictive biomarkers is crucial to further improve
the prognosis of patients with aRCC. This study
aimed to investigate the function of EV IncRNA
AGAP2-AS1 in RCC and explore whether it
serves as a useful non-invasive prognostic bio-
marker in patients with aRCC treated with ICI
combination therapy. We also performed a
functional analysis of IncRNA AGAP2-AS1 in
RCC using RCC cell lines.

Methods
Clinical samples

In total, 54 patients with aRCC who received
ICl-based combination therapy at our institu-
tion between January 2019 and November
2024 were initially included. Blood samples
were collected from these patients, and EVs
were extracted from their serum. Seven pa-
tients were excluded due to unavailable serum
samples. Finally, 47 patients were included and
were analyzed retrospectively. This study was
approved by the Institutional Ethics Committee
of the Graduate School of Medicine, Yamaguchi
University, and written informed consent was
obtained from all patients enrolled in the study.

RCC and normal kidney cell lines

Primary RCC cell lines (786-0; ATCC number:
CRL-1932 and A-498; ATCC number: HTB-44
and ACHN; ATCC number: CRL-1611) were used.
786-0 cells were cultured in RPMI-1640 me-
dium (Thermo Fisher Scientific, Waltham, MA,
USA) supplemented with 10% fetal bovine
serum (FBS; Sigma-Aldrich, St. Louis, MO, USA).
A-498 and ACHN cells were cultured in Eagle’s
Minimum Essential Medium (Thermo Fisher
Scientific) supplemented with 10% FBS (Sigma-
Aldrich). Human renal proximal tubule cells
(RPTEC; catalog #: CC-2553) were used as the
normal kidney cell line. RPTEC were cultured in
REGM™ Renal Epithelial Cell Growth Medium
BulletKit™ (catalog #: CC-3190). All cell lines
were maintained in humidified incubators at
5% CO, and 37°C. All the cells were passaged
upon reaching approximately 80% confluence.

Total RNA extraction from tissues and cell lines

Total RNA was extracted from frozen human
RCC tissues and adjacent normal kidney tis-
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sues using a PureLink™ RNA Mini Kit (Thermo
Fisher Scientific) following the manufacturer’s
instructions. RNA was extracted from RCC cell
lines and RPTEC using the same method with
the PureLink™ RNA Mini Kit (Thermo Fisher
Scientific).

Cell transfection

Small interfering RNA (siRNA) for the IncRNA
negative control or IncRNA APAG2-AS1 (Thermo
Fisher Scientific) was transiently transfected
into ACHN and A-498 cells using Lipofectamine
RNAIMAX (Thermo Fisher Scientific) following
the manufacturer’s instructions. Briefly, these
cells were seeded into six-well plates at a den-
sity of 0.25-1 x 108 cells/well and individually
transfected with si-IncRNA AGAP2-AS1 and si-
IncRNA negative control at a concentration of
50 pmol/well. The cells were then incubated at
37°C for 48 h until further experiments.

Quantitative real-time RT-PCR

The extracted RNA was reverse-transcribed
using a PrimeScript RT Reagent Kit (Takara,
Shiga, Japan) following the manufacturer’s
instructions. Quantitative real-time RT-PCR was
performed in triplicate with Applied Biosystems
StepOnePlus using TagMan Universal PCR Mas-
ter Mix (Applied Biosystems, Foster City, CA,
USA) following the manufacturer’s instructions.
The TagMan probes and primers were pur-
chased from Thermo Fisher. GAPDH (assay ID:
Hs02786624_g1) was used as an endogenous
control. INncRNA AGAP2-AS1 expression (assay
ID: Hs01096080_s1) was determined using
StepOnePlus software (Applied Biosystems).
Expression levels were calculated using the
244¢t method [38].

Cell viability, cell invasion, and wound healing
assay

The viability of RCC cells was assessed using
the MTS assay (CellTiter 96 Aqueous One So-
lution Cell Proliferation Assay, Promega Cor-
poration, Madison, WI, USA) following the man-
ufacturer’s instructions. Approximately 5000
cells were seeded into 96-well plates and main-
tained for 24 h. Cell viability was measured at
24, 48, and 72 h after cell plating by assessing
optical density (OD) at 490 nm. Cell invasion
assays were performed using a CytoSelect
24-well cell invasion assay kit (Cell BioLab, San
Diego, CA, USA). Transfected cells were placed
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in the upper chamber with FBS-free medium in
triplicate. After 48 h of incubation at 37°C and
5% CO,, cells migrated through the membrane
were stained, extracted, and quantified by mea-
suring OD at 560 nm following the manufactur-
er’'s instructions. A wound healing assay was
performed to evaluate the migratory ability of
RCC cells. Transfected RCC cells were seeded
into six-well plates. Once cells reached approxi-
mately 80% confluence, a wound was created
by scratching with a 200-pL pipette tip. The
cells were then washed twice with the medium
to remove debris and floating cells, observed
at O and 24 h, and photographed using a
BZ-X800 fluorescence microscope (KEYENCE,
Osaka, Japan). All experiments were performed
in triplicate. Data are presented as the mean +
standard deviation from three independent
experiments.

Isolation of EVs from serum

EVs were extracted from the serum of patients
with aRCC receiving ICl-based combination
therapy using a Total Exosome Isolation Kit
(Thermo Fisher Scientific), as previously report-
ed [39]. Briefly, the serum was centrifuged at
2000 x g for 30 min to remove cellular compo-
nents and debris. The supernatant containing
the clear serum was transferred to new centri-
fuge tubes and mixed with the total exosome
isolation reagent. After incubation at 4°C for
30 min, the sample was then centrifuged at
10,000 x g for 10 min, and EVs were collected
from the resulting pellet.

EV IncRNA isolation

EV IncRNAs were isolated from the extracted
EVs using a Total Exosome RNA and Protein
Isolation Kit (Thermo Fisher Scientific) following
the manufacturer’s instructions.

Digital PCR

EV IncRNA expression was measured using
digital PCR (QuantStudio™ 3D Digital PCR
System; Thermo Fisher Scientific). EV-derived
IncRNAs were reverse-transcribed using the
PrimeScript RT Reagent Kit (Takara) with digital
PCR master mix (Thermo Fisher Scientific) fol-
lowing the manufacturer’s instructions. GAPDH
(assay ID: Hs02786624_g1) was used as the
endogenous control. The expression of EV
IncRNA AGAP2-AS1 (assay ID: Hs01096080_
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Figure 1. IncRNA AGAP2-AS1 expression in RCC tissues, matched kidney tissues, and RCC cell lines. A. IncRNA
AGAP2-AS1 expression in RCC tissues (n = 25) and matched normal kidney tissues (n = 25). IncRNA AGAP2-AS1 ex-
pression was significantly elevated in RCC tissues compared to that in normal matched kidney tissues (P = 0.0261).
B. IncRNA AGAP2-AS1 expression in RCC cell lines and human renal proximal tubule cells was determined using
quantitative real-time RT-PCR. ACHN and A-498 cells exhibited higher IncRNA AGAP2-AS1 expression than RPTECs
and 786-0 cells. Subsequent functional analysis using ACHN and A-498 cells revealed high IncRNA AGAP2-AS1

expression.

s1) in absolute numbers (copies/uL) was deter-
mined using QuantStudio™ 3D AnalysisSuite™
(Thermo Fisher Scientific).

Statistical analysis

Categorical variables were compared using the
chi-square test, and continuous variables were
compared using the Mann-Whitney U test.
Progression-free survival (PFS) was defined as
the time from the initiation of ICl-based combi-
nation therapy to disease progression (PD) or
death. Overall survival (OS) was defined as the
time from the initiation of ICl-based combina-
tion therapy to death from any cause. Survival
analysis was performed using the Kaplan-Meier
method and compared using the log-rank test.
For multivariate analysis, the Cox proportional
hazards model was used to identify the risk fac-
tors for PD and OS. All data are presented as
the mean + standard deviation from three inde-
pendent experiments. Statistical analyses were
performed using the JMP software (Pro.18; SAS
Institute, Cary, NC, USA). Statistical significance
was set at P < 0.05.

Results

IncRNA AGAP2-AS1 expression in RCC tissues
and cell lines

We analyzed IncRNA AGAP2-AS1 expression in
RCC tissues and adjacent normal kidney tis-
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sues from 25 patients who underwent radi-
cal or partial nephrectomy at our institution.
Quantitative real-time RT-PCR revealed signifi-
cantly upregulated IncRNA AGAP2-AS1 expres-
sion in RCC tissues (n = 25) compared to the
adjacent normal kidney tissues (n = 25) (Figure
1A). We also examined IncRNA AGAP2-AS1 ex-
pression in RCC cell lines (786-0, ACHN, and
A-498) and RPTECs. Notably, INcRNA AGAP2-
AS1 expression was upregulated in RCC cell
lines compared to that in RPTECs (Figure 1B).
ACHN and A-498, which had relatively high
LncRNA AGAP2-AS1 expression, were chosen
for subsequent functional analysis.

We confirmed AGAP2-AS1 expression in the
GDC TCGA database using UCSC Xena (https://
xenabrowser.net/). INcRNA AGAP2-AS1 expres-
sion was significantly higher in RCC tissues
than in normal kidney tissues (Supplementary
Figure 1A). Furthermore, patients in the high-
expression group had a significantly shorter
OS than those in the low-expression group
(Supplementary Figure 1B).

Function of IncRNA AGAP2-AS1 in RCC cell
lines (ACHN, and A-498)

LncRNA AGAP2-AS1 expression in ACHN and
A-498 cells was downregulated following siR-
NA-mediated knockdown of INcRNA AGAP2-AS1
(Figure 2A). Furthermore, cell viability and inva-
siveness significantly decreased in A-498 and
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Figure 2. Function of INcRNA AGAP2-AS1 in RCC cell lines (ACHN and A-498). A. qRT-PCR revealed significantly decreased INCRNA AGAP2-AS1 expression in ACHN
and A-498 cells transfected with siRNA IncRNA AGAP2-AS1 than in those transfected with siRNA-NC. B. MTS assay revealed significantly decreased cell viability
at 24, 48, and 72 h in cells transfected with the siRNA IncRNA AGAP2-AS1 than in control cells. C. Invasion assay revealed significantly decreased invasiveness of
ACHN and A-498 cells transfected with siRNA AGAP2-AS1 compared to that of control cells. D. Wound-healing assay revealed significantly reduced migration ability
of ACHN and A-498 cells transfected with sSiRNA AGAP2-AS1 compared to that of control cells. *P < 0.05, **P < 0.01, ***P < 0.001.
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Table 1. Characteristics of 47 patients with
aRCC at baseline

Age (years, IQR) 69 (61-72)
Gender

Male 32 (68.1%)

Female 15 (31.9%)
ECOG PS

0-1 45 (95.7%)

>2 2 (4.3%)
Subtypes

Clear 32 (68.1%)

Non-clear 7 (14.9%)

Unknown 8 (17.0%)
Metastasis sites

Lung 21 (44.7%)

Bone 8 (17.0%)

Lymph 13 (27.7%)

Pancrease 4 (8.5%)

Adrenal glands 4 (8.5%)

Others 11 (23.4%)
IMDC risk score

Favorable 7 (14.9%)

Intermediate 28 (59.6%)

Poor 6 (12.8%)

Unresectable 6 (12.8%)
IQR; interquartile range, ECOG PS; eastern cooperative
oncology group performance status, IMDC; international

metastatic RCC database consortium.

ACHN cells transfected with siRNA IncRNA
AGAP2-AS1 compared to those in siRNA nega-
tive control cells (Figure 2B, 2C). Additionally,
cell migration ability was significantly decrea-
sed in cells transfected with siRNA IncRNA
AGAP2-AS1 compared to that in the control
cells (Figure 2D).

Correlation between IncRNA AGAP2-AS1 ex-
pression and prognosis in patients with aRCC

We investigated the correlation between the
EV IncRNA AGAP2-AS1 expression and the
prognosis in 47 patients with aRCC. Table 1
presents the patient characteristics. Of the 47
patients with aRCC, 41 had metastatic disease
and 6 patients had unresectable RCC. Twelve
patients received dual ICI therapy (25.5%),
while 35 patients received ICI plus VEFGR in-
hibitors therapy (74.5%). Supplementary Figure
2 shows the percentage of patients receiving
ICl-based combination therapy.
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The median IncRNA AGAP2-AS1 expression
was 1.90 copies/uL (range: 0.15-39.66). No
significant difference was observed in IncRNA
AGAP2-AS1 expression between patients with
complete response (CR) or partial response
(PR) and those with stable disease (SD) or PD
(Figure 3A), whereas its expression was signifi-
cantly higher in patients with PD than in those
without PD (Figure 3B). We then classified 47
patients into two groups by the median AGAP2-
AS1 expression. Patient backgrounds for the-
se groups, divided by the median EV IncRNA
AGAP2-AS1 expression, are shown in Supple-
mentary Table 1. No significant differences
were observed in baseline patient characteris-
tics between the two groups.

PFS and OS were significantly shorter in the
high-expression group than in the low-expres-
sion group (log-rank P = 0.0193 and 0.0256,
respectively; Figure 4A, 4B). We then perfor-
med univariate and Cox proportional analyses
to evaluate the risk factors associated with PD
and OS in the 47 patients with aRCC (Table 2).
High IncRNA AGAP2-AS1 expression was an
independent risk factor for PD in multivariate
analysis (hazard ratio [HR] = 3.67, P = 0.0287).
No other significant factors related to PD, su-
ch as therapy or metastasis sites, were found.
In contrast, AGAP2-AS1 expression was not
significantly associated with OS in multivari-
ate analysis. The correlation between IncRNA
AGAP2-AS1 expression and neutrophil-lympho-
cyte ratio (NLR), assessed using Spearman’s
rank correlation coefficient, revealed a positive
relationship (rs = 0.3309, P = 0.0264; Figure
5). Patients with higher expression levels of
IncRNA AGAP2-AS1 also tended to have a high-
er NLR.

Discussion

In this study, we investigated whether the EV
INcRNA AGAP2-AS1 could serve as a useful
non-invasive prognostic biomarker in patients
with aRCC treated with ICl-based combination
therapy. Patients with high serum-derived EV
INcCRNA AGAP2-AS1 expression exhibited worse
PFS and OS than those with low expression.
Moreover, high expression was an independent
risk factor for PD. In RCC, IncRNA AGAP2-AS1
expression has also been previously associat-
ed with prognosis [35, 36]. Xu et al. reported
the oncogenic function of IncRNA AGAP2-AS1
in RCC and its association with RCC develop-
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Figure 3. Correlation between EV IncRNA AGAP2-AS1 expression and the efficacy of ICl-based combination therapy.
No significant difference was observed in the EV INcRNA AGAP2-AS1 expression between patients who showed PR
or CR with ICI-based combination therapy and those who did not respond to ICl-based combination therapy (SD or
PD). However, EV IncRNA AGAP2-AS1 expression was significantly higher in patients who eventually progressed to
PD after ICl-based combination therapy than in those who did not (P = 0.0219).
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Figure 4. Correlation between EV IncRNA AGAP2-AS1 expression and prognosis. Forty-seven patients were classified
into two groups by the median INcRNA AGAP2-AS1 expression. A. Kaplan-Meier survival plot for progression-free
survival (PFS). The high-expression group had a significantly shorter PFS than the low-expression group (log-rank P =
0.0193). B. Kaplan-Meier survival plot for overall survival (OS). The high-expression group had a significantly shorter

OS than the low-expression group (log-rank P = 0.0256).

ment through the PI3K/AKT signaling pathway
[37]. Using RCC cell lines, we confirmed that
IncRNA AGAP2-AS1 promotes malignant fea-
tures, supporting its oncogenic function.

Several studies have reported EV miRNAs and
INcRNAs as biomarkers associated with resis-
tance to systemic therapy in aRCC [29-31,
40-43]. Soleimani et al. reported that EV-deri-
ved miR-155-3p is associated with resistance
to first-line ICl-based combination therapy [43].
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They revealed higher miR-155-5P levels in
patients with aRCC (n = 40) than in healthy
volunteers (n = 30) and significantly lower
EV-derived miR-155-5P levels in patients who
responded to ICl-based combination therapy
(n = 27) than in those who did not respond to
treatment (n = 13). In our study, patients with
PD receiving ICl-based combination therapy
exhibited significantly higher IncRNA AGAP2-
AS1 expression than patients without PD. Al-
though EV IncRNAs have been reported to be
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Table 2. Univariate and cox hazard proportional hazards model analysis of factors related progression

and 0S
Progression Overall survival
Variables Univariate Multivariate Univariate Multivariate
HR (95%Cl) P-value HR (95% CI) P-value HR (95% Cl) P-value HR (95% CI) P-value
Age
<69/> 69 1.45 (0.48-4.36) 0.5108 2.18(0.42-11.25) 0.3532
Gender
Male/Female 1.28 (0.35-4.69) 0.7134 2.51(0.30-21.11) 0.3972
ECOG PS
<2/>22 0.61(0.08-4.78) 0.6410 0.82(0.53-1.27) 0.1750
Subtype
Clear/Non-clear 0.61(0.16-2.25) 0.4544 0.75(0.09-6.22) 0.7887
T stage
<2/>3 0.74 (0.24-2.29)  0.6055 0.78 (0.25-2.42) 0.6634
Metastasis sites
Lung 1.49 (0.50-4.44) 0.4767 2.78 (0.54-14.40) 0.2236
Bone 2.77 (0.57-13.56) 0.2081 1.46 (0.17-12.08) 0.6933
Lymph 1.27 (0.34-4.72) 0.7168 8.77 (1.69-45.24) 0.0097 8.42(1.62-43.90) 0.0114
CRP
< ULN/=ULN 1.20 (0.39-3.72) 0.7439 0.61(0.13-2.78) 0.5257
Anemia
Present/Absent 2.36(0.70-7.91) 0.1609 1.47 (0.32-6.74) 0.6180
PLT counts
< ULN/=ULN 0.68 (0.25-1.83) 0.3353 0.58 (0.07-4.86) 0.6171
Neutrophils counts
< ULN/Z ULN 0.86 (0.66-1.12) 0.2002 1.09 (0.99-1.20) 0.3674
Therapy
ICHICI/ICI-TKI 0.50 (0.16-1.51) 0.2173 0.72(0.35-1.49) 0.2465
LncRNA AGAP2-AS1
High/Low 3.67 (1.14-11.78) 0.0287 3.67 (1.14-11.78) 0.0287 0.51(0.32-0.81) 0.0212 0.13 (0.02-0.62) 0.0648

HR; hazard ratio, Cl; confidence interval, ULN; upper limit of normal, TKI; tyrosine kinase inhibitor.
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associated with resistance to systemic VEGF
inhibitor monotherapy [30, 31], reports of resis-
tance to ICl-based systemic therapy remain
lacking [44]. To the best of our knowledge, this
is the first report describing the association
between EV IncRNAs and resistance to ICI-
based systemic therapy.

In recent years, EV-based liquid biopsy has
emerged as a potential diagnostic and prog-
nostic marker for RCC [44, 45]. EV-based liquid
biopsies mainly target miRNAs, IncRNAs and
proteins. Several reports have demonstrated
the high sensitivity and specificity of EV-based
liquid biopsies for diagnosis and prognosis [44,
45]. However, to further improve the accuracy
of EV-based liquid biopsies, it will be necessary
to evaluate combinations of mMiRNAs and
IncRNAs with rather than miRNAs and IncRNAs
alone. Cuproptosis is a form of cell death in-
duced by free intracellular copper. It has been
reported that RCC is susceptible to cuproptosis
in various cancers [46]. Liu H. reported that the
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cuproptosis gene signature was superior to
conventional ICI therapy biomarkers such as
microsatellite instability (MSI) score and tumor
mutation burden (TMB), in predicting the prog-
nosis in patients with RCC treated with ICI ther-
apy [47]. Combining the cuproptosis-related
genes with IncRNA AGAP2-AS1 may improve
the accuracy of prognostic biomarkers for pa-
tients with aRCC treated with ICI therapy. In the
future, combining various genes will be neces-
sary to improve the accuracy and specificity of
EV-based liquid biopsies for clinical applica-
tion.

In this study, we focused on IncRNA AGAP2-
AS1. LncRNAs act as regulators of gene expres-
sion and are involve in diverse physiological
and pathological processes [13, 48]. In can-
cers, they can act as oncogenes or tumor sup-
pressors. Oncogenic IncCRNAs regulate cancer
cell proliferation, invasion, and metastasis, as
well as metabolic pathways, promoting energy
metabolism and cancer progression through
post-translational modifications of metabolism-
related proteins [49]. LncRNAs play a central
role in regulating immune responses within the
tumor microenvironment (TME) by establishing
an immunosuppressive environment that influ-
ences immune responses and contributes to
tumorigenic growth [50]. In particular, they
have been reported to play a pivotal role in the
polarization of macrophages, the infiltration
of neutrophils, T cell interactions and B cell
function within the TME [51-54]. Metastasis-
associated lung adenocarcinoma transcript 1
(MALAT1) has been reported to regulate the
expression of genes associated with chemo-
kine production and the mobilisation of neutro-
phils and T cells within the TME. Wei et al.
reported that knockdown of MALAT1 in lung
cancer promoted immune cell infiltration and
increased tumor cell recognition by immune
cells, improving the response to ICI therapy
[55]. Previous reports have suggested that
IncRNAs with oncogenic functions can regulate
immune cells and immune responses in the
TME. This may promote cancer growth and
progression, and possibly contribute to resis-
tance to ICl therapy [51-55]. In addition, tumor-
derived EVs have also been found to play an
important role in the TME remodelling, and
are considered to influence the regulation of
macrophage polarization [56]. Previous reports
have shown that tumor-derived EV-IncRNA
polarises the M2-like phenotype macrophages
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[57, 58]. M2-like phenotype macrophages are
tumor-associated macrophages (TAMs), and
TAMs derived EVs have been reported to be
involved in tumor growth, chemoresistance,
and immune escape [59-62]. Although this
study could not investigate the detailed mecha-
nism by which IncRNA AGAP2-AS1 confers re-
sistance to ICl-based combination therapy, it
is possible that IncRNA AGAP2-AS1 and EVs
may act in combination to affect the TME, and
confer resistance to ICl-based combination
therapy. In the field of chimeric antigen recep-
tor (CAR) T cell therapy, the next generation of
immunotherapy, various studies are underway
to address metabolic changes in the TME with
cancer [63]. Real-time profiling of the TME and
associated biomarkers is being considered as
a potential way to monitor anti-tumor activity in
real time. Choi et al using longitudinal liquid
biopsies to examine EV RNA in a CAR-T cell trial
against glioblastoma, reported that they were
able to monitor the copy humber of the target
antigen in both blood and cerebrospinal fluid
during treatment [64]. Such innovations are
expected to contribute to elucidating the com-
plex metabolic mechanisms of the TME and the
mechanisms of resistance to ICI therapy, there-
by improving efficacy.

A positive correlation was observed between
the expression of EV IncRNA AGAP2-AS1 and
NLR. A high NLR is a poor prognostic factor in
various carcinomas and is driven by neutrophils
producing inflammatory cytokines that promote
tumorigenesis, including angiogenesis, within
the TME [65, 66]. Inflammatory cytokines also
promote the induction of immunosuppressive
cells, such as regulatory T cells [67]. Further-
more, several reports have shown that NLR
could be a biomarker for predicting the efficacy
and prognosis of patients treated with ICI ther-
apy in several cancers [68-70]. Previous res-
earch has reported a correlation between the
percentage of neutrophil and lymphocyte infil-
tration in the TME and their levels in peripheral
blood, suggesting that peripheral blood NLR
may reflect immune cell infiltration in the TME
[71]. Patients with high peripheral blood NLR
levels are considered to have “cold tumors”
with less immune cell infiltration in TME and
are less likely to respond to ICI therapy [72].
Therefore, patients with high EV IncRNA AGAP2-
AS1 expression may have tumor characteristi-
cs associated with resistance to ICI therapy.
Blood-based biomarkers associated with ICI
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therapy resistance have also been reported,
including LDH, white blood cell count and
eosinophil count, and in malignant melanoma,
soluble immune checkpoint molecules, cyto-
kines and chemokines have also been reported
to be associated with ICI therapy resistance
[68]. In the future, a combination of various bio-
markers may be necessary to more accurately
predict the therapeutic efficacy and prognosis
of ICI therapy. ldentifying the most effective
predictive markers will enable personalised
cancer care and achieve the best possible out-
comes for patients.

Currently, EVs are not only targets for liquid
biopsy but also represent a promising thera-
peutic strategy. EVs play an important role in
cell-cell communication, and tumor cell-derived
EVs have been reported to transport oncogenic
non-coding RNAs to receptor cells and are
involved in tumor progression and metastasis
[19-21]. Inhibiting the secretion of tumor-de-
rived EVs is currently being considered a poten-
tial therapeutic strategy. Inhibiting tumor-de-
rived EV secretion and uptake by receptor cells
may lead to new EV-targeted therapies. Urabe
et al. comprehensively analyzed the mecha-
nism of EV secretion in prostate cancer cells
and the potential of new therapeutic strategies
to inhibit EV secretion. They identified miR-26a
as a regulator of EV secretion in prostate can-
cer cells and reported that its target genes -
SHC4, PFDN4, and CHORDCL1 - inhibit EV secre-
tion from prostate cancer cells and suppress
progression [73]. Nishida et al. reported a novel
therapeutic strategy using antibodies to elimi-
nate EVs and inhibit their uptake by recipient
cells. Specifically, in a mouse model of breast
cancer, depletion of EVs using human-specific
anti-CD9 or anti-CD63 antibodies significantly
reduced lung and lymph node metastases [74].
New EV-mediated therapies, if able to inhibit
the EV IncRNA AGAP2-AS1, could potentially
improve the prognosis of patients with aRCC
treated with ICI combination therapy.

The limitations of this study include its retro-
spective design and the small sample size of
the single-center study. Furthermore, although
EVs were targeted, the lack of standardisation
in EV isolation protocols may affect the accu-
racy and reproducibility of the isolation pro-
cess. Technical bias, and biological biases,
such as cancer heterogeneity and sample puri-
ty, have been reported to affect transcriptomic
data, including microarrays and RNA sequenc-
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ing [75]. It is possible that these technical and
biological biases may also affect EV isolation. A
standardized EVs isolation protocol is needed
to minimise these biases. The ability to stably
extract EVs with high purity and efficiency using
such a protocol would facilitate the clinical
application of EV-based biomarkers. This study
did not examine the role of IncRNA AGAP2-AS1
in the immune response and its effect on the
TME. Further studies are needed to investigate
the role of INcCRNA AGAP2-AS1 in the immune
response and the mechanism by which it
affects the TME.

We investigated whether the EV IncRNA AGAP2-
AS1 could be used as a prognostic biomarker
for patients with aRCC treated with ICl-based
combination therapy. Patients with high IncRNA
AGAP2-AS1 expression were more likely to have
PD and had significantly worse clinical out-
comes with ICI combination therapy. Addition-
ally, EV IncRNA AGAP2-AS1 expression was
positively correlated with NLR, suggesting that
patients may exhibit tumor characteristics as-
sociated with resistance to ICI combination
therapy.

In conclusion, EV INcRNA AGAP2-AS1 may serve
as a non-invasive and useful prognostic bio-
marker in patients with aRCC receiving ICI-
based combination therapy. EV INncRNA AGAP2-
AS1 could be also a potential new therapeutic
target in patients with aRCC.

Acknowledgements

We would like to thank Editage (www.editage.
jp) for English language editing.

Disclosure of conflict of interest
None.

Address correspondence to: Dr. Nakanori Fujii, De-
partment of Urology, Graduate School of Medi-
cine, Yamaguchi University, Ube, Yamaguchi, Japan.
E-mail: nakanori@yamaguchi-u.ac.jp

References

[1] SungH, Ferlay J, Siegel RL, Laversanne M, So-
erjomataram |, Jemal A and Bray F. Global can-
cer statistics 2020: GLOBOCAN estimates of
incidence and mortality worldwide for 36 can-
cers in 185 countries. CA Cancer J Clin 2021;
71: 209-249.

Am J Cancer Res 2025;15(9):3919-3932


mailto:nakanori@yamaguchi-u.ac.jp

(2]

(3]

(4]

(5]

(6]

(7]

(8]

(9]

Extracellular vesicle IncRNA AGAP2-AS1 in advanced RCC

Ferlay J, Colombet M, Soerjomataram |, Dyba
T, Randi G, Bettio M, Gavin A, Visser O and Bray
F. Cancer incidence and mortality patterns in
Europe: estimates for 40 countries and 25 ma-
jor cancers in 2018. Eur J Cancer 2018; 3:
356-387.

Moch H, Amin MB, Berney DM, Compérat EM,
Gill AJ, Hartmann A, Menon S, Raspollini MR,
Rubin MA, Srigley JR, Hoon Tan P, Tickoo SK,
Tsuzuki T, Turajlic S, Cree | and Netto GJ. The
2022 world health organization classification
of tumours of the urinary system and male
genital organs-part a: renal, penile, and testic-
ular tumours. Eur Urol 2022; 82: 458-468.
Mori K, Mostafaei H, Miura N, Karakiewicz PI,
Luzzago S, Schmidinger M, Bruchbacher A,
Pradere B, Egawa S and Shariat SF. Systemic
therapy for metastatic renal cell carcinoma in
the first-line setting: a systematic review and
network meta-analysis. Cancer Immunol Im-
munother 2021; 70: 265-273.

Choueiri T and Motzer R. Systemic therapy for
metastatic renal-cell carcinoma. N Engl J Med
2017; 376: 354-366.

Powles T, Albiges L, Bex A, Comperat E, Grin-
wald V, Kanesvaran R, Kitamura H, McKay R,
Porta C, Procopio G, Schmidinger M, Suarez C,
Teoh J, de Velasco G, Young M and Gillessen S;
ESMO Guidelines Committee. Electronic ad-
dress: clinicalguidelines@esmo.org. Renal cell
carcinoma: ESMO clinical practice guideline
for diagnosis, treatment and follow-up. Ann
Oncol 2024; 35: 692-706.

Bex A, Ghanem YA, Albiges L, Bonn S, Campi R,
Capitanio U, Dabestani S, Hora M, Klatte T,
Kuusk T, Lund L, Marconi L, Palumbo C, Pignot
G, Powles T, Schouten N, Tran M, Volpe A and
Bedke. European association of urology guide-
lines on renal cell carcinoma: the 2025 up-
date. Eur Urol 2025; 87: 683-696.

Tannir NM, Albiges L, McDermott DF, Burotto
M, Choueiri TK, Hammers HJ, Barthélémy P,
Plimack ER, Porta C, George S, Donskov F, At-
kins MB, Gurney H, Kollmannsberger CK,
Grimm MO, Barrios C, Tomita Y, Castellano D,
Grunwald V, Rini BI, Jiang R, Desilva H, Fedorov
V, Lee CW and Motzer RJ. Nivolumab plus ipili-
mumab versus sunitinib for first-line treatment
of advanced renal cell carcinoma: extended
8-year follow-up results of efficacy and safety
from the phase Ill CheckMate 214 trial. Ann
Oncol 2024; 35: 1026-1038.

Plimack ER, Powles T, Stus V, Gafanov R, Nosov
D, Waddell T, Alekseev B, Pouliot F, Melichar B,
Soulieres D, Borchiellini D, McDermott RS,
Vynnychenko |, Chang YH, Tamada S, Atkins
MB, Li C, Perini R, Molife LR, Bedke J and Rini
Bl. Pembrolizumab plus axitinib versus suni-
tinib as first-line treatment of advanced renal

3929

(11]

[12]

[17]

cell carcinoma: 43-month follow-up of the
phase 3 KEYNOTE-426 study. Eur Urol 2023;
84: 449-454,

Powles T, Burotto M, Escudier B, Apolo AB,
Bourlon MT, Shah AY, Suarez C, Porta C, Barri-
os CH, Richardet M, Gurney H, Kessler ER, To-
mita Y, Bedke J, George S, Scheffold C, Wang P,
Fedorov V, Motzer RJ and Choueiri TK. Nivolum-
ab plus cabozantinib versus sunitinib for first-
line treatment of advanced renal cell carcino-
ma: extended follow-up from the phase Il
randomised CheckMate 9ER trial. ESMO Open
2024; 9: 102994.

Motzer RJ, Porta C, Eto M, Powles T, Grinwald
V, Hutson TE, Alekseev B, Rha SY, Merchan J,
Goh JC, Lalani AA, De Giorgi U, Melichar B,
Hong SH, Gurney H, Méndez-Vidal MJ, Ko-
pyltsov E, Tjulandin S, Gordoa TA, Kozlov V,
Alyasova A, Winquist E, Maroto P, Kim M, Peer
A, Procopio G, Takagi T, Wong S, Bedke J,
Schmidinger M, Rodriguez-Lopez K, Burgents
J, He C, Okpara CE, McKenzie J and Choueiri
TK; CLEAR Trial Investigators. Lenvatinib plus
pembrolizumab versus sunitinib in first-line
treatment of advanced renal cell carcinoma:
final prespecified overall survival analysis of
CLEAR, a phase Il study. J Clin Oncol 2024,
42: 1222-1228.

Haanen JBAG, Larkin J, Choueiri TK, Albiges L,
Rini BI, Atkins MB, Schmidinger M, Penkov K,
Michelon E, Wang J, Mariani M, di Pietro A and
Motzer RJ. Extended follow-up from JAVELIN
Renal 101: subgroup analysis of avelumab
plus axitinib versus sunitinib by the interna-
tional metastatic renal cell carcinoma data-
base consortium risk group in patients with
advanced renal cell carcinoma. ESMO Open
2023; 8: 1012210.

Statello L, Guo CJ, Chen LL and Huarte M.
Gene regulation by long non-coding RNAs and
its biological function. Nat Rev Mol Cell Biol
2021; 22: 96-118.

Rathinasamy B and Velmurugan BK. Role of
IncRNAs in the cancer development and pro-
gression and their regulation by various phyto-
chemicals. Biomed Pharmacother 2018; 102:
242-248.

Aune TM and Spurlock CF 3rd. Long non-cod-
ing RNAs in innate and adaptive immunity. Vi-
rus Res 2016; 212: 146-160.

Toker J, lorgulescu JB, Ling AL, Villa GR, Gadet
JAMA, Parida L, Getz G, Wu CJ, Reardon DA,
Chiocca EA and Mineo M. Clinical importance
of the INcRNA NEAT1 in cancer patients treat-
ed with immune checkpoint inhibitors. Clin
Cancer Res 2023; 29: 2226-2238.

Zhou JG, Liang B, Liu JG, Jin SH, He SS, Frey B,
Gu N, Fietkau R, Hecht M, Ma H and Gaipl US.
Identification of 15 IncRNAs signature for pre-

Am J Cancer Res 2025;15(9):3919-3932



(18]

[19]

[20]

[21]

[22]

(23]

[24]

Extracellular vesicle IncRNA AGAP2-AS1 in advanced RCC

dicting survival benefit of advanced melanoma
patients treated with anti-PD-1 monotherapy.
Cells 2021, 10: 977.

Qu C, Cui H, Xiao S, Dong L, Lu Q, Zhang L,
Wang P, Xin M, Zhi H, Liu C, Ning S and Gao Y.
The landscape of immune checkpoint-related
long non-coding RNAs core regulatory circuitry
reveals implications for immunoregulation and
immunotherapy response. Commun Biol 2024;
7. 327.

Kalluri R and LeBleu VS. The biology, function,
and biomedical applications of exosomes. Sci-
ence 2020; 367: eaaau6977.

Kalluri R and McAndrews KM. The role of extra-
cellular vesicles in cancer. Cell 2023; 186:
1610-1626.

Valadi H, Ekstrom K, Bossios A, Sjostrand
M, Lee JJ and Létvall JO. Exosome-mediated
transfer of mMRNAs and microRNAs is a novel
mechanism of genetic exchange between
cells. Nat Cell Biol 2007; 9: 654-659.

Lucien F, Gustafson D, Lenassi M, Li B, Teske
JJ, Boilard E, von Hohenberg KC, Falcon-Perez
JM, Gualerzi A, Reale A, Jones JC, Lasser C,
Lawson C, Nazarenko I, O'Driscoll L, Pink R, Sil-
jander PR, Soekmadji C, Hendrix A, Welsh JA,
Witwer KW and Nieuwland R. MIBlood-EV: min-
imal information to enhance the quality and
reproducibility of blood extracellular vesicle
research. J Extracell Vesicles 2023; 12:
e12385.

Akers JC, Gonda D, Kim R, Carter BS and Chen
CC. Biogenesis of extracellular vesicles (EV):
exosomes, microvesicles, retrovirus-like vesi-
cles, and apoptotic bodies. J Neurooncol 2013;
113: 1-11.

Welsh JA, Goberdhan DCI, O'Driscoll L, Buzas
El, Blenkiron C, Bussolati B, Cai H, Di Vizio D,
Driedonks TAP, Erdbriigger U, Falcon-Perez JM,
Fu QL, Hill AF, Lenassi M, Lim SK, Mahoney
MG, Mohanty S, Maéller A, Nieuwland R, Ochiya
T, Sahoo S, Torrecilhas AC, Zheng L, Zijlstra A,
Abuelreich S, Bagabas R, Bergese P, Bridges
EM, Brucale M, Burger D, Carney RP, Cocucci
E, Crescitelli R, Hanser E, Harris AL, Haughey
NJ, Hendrix A, Ivanov AR, Jovanovic-Talisman T,
Kruh-Garcia NA, Ku'ulei-Lyn Faustino V, Kyburz
D, Lasser C, Lennon KM, Létvall J, Maddox AL,
Martens-Uzunova ES, Mizenko RR, Newman
LA, Ridolfi A, Rohde E, Rojalin T, Rowland A,
Saftics A, Sandau US, Saugstad JA, Shekari F,
Swift S, Ter-Ovanesyan D, Tosar JP, Useckaite
Z,Valle F, Varga Z, van der Pol E, van Herwijnen
MJC, Wauben MHM, Wehman AM, Williams
S, Zendrini A and Zimmerman AJ; MISEV
Consortium, Théry C and Witwer KW. Minimal
information for studies of extracellular vesi-
cles (MISEV2023): from basic to advanced

3930

[25]

[26]

[27]

(28]

[29]

[30]

(31]

[32]

approaches. J Extracell Vesicles 2024; 13:
e12404.

Hoshino A, Costa-Silva B, Shen TL, Rodrigues
G, Hashimoto A, Tesic Mark M, Molina H, Koh-
saka S, Di Giannatale A, Ceder S, Singh S, Wil-
liams C, Soplop N, Uryu K, Pharmer L, King T,
Bojmar L, Davies AE, Ararso Y, Zhang T, Zhang
H, Hernandez J, Weiss JM, Dumont-Cole VD,
Kramer K, Wexler LH, Narendran A, Schwartz
GK, Healey JH, Sandstrom P, Labori KJ, Kure
EH, Grandgenett PM, Hollingsworth MA, de
Sousa M, Kaur S, Jain M, Mallya K, Batra SK,
Jarnagin WR, Brady MS, Fodstad O, Muller V,
Pantel K, Minn AJ, Bissell MJ, Garcia BA, Kang
Y, Rajasekhar VK, Ghajar CM, Matei |, Peinado
H, Bromberg J and Lyden D. Tumour exosome
integrins determine organotropic metastasis.
Nature 2015; 527: 329-335.

Chen C, Luo Y, He W, Zhao Y, Kong Y, Liu H,
Zhong G, Li Y, Li J, Huang J, Chen R and Lin T.
Exosomal long noncoding RNA LNMAT2 pro-
motes lymphatic metastasis in bladder cancer.
J Clin Invest 2020; 30: 404-421.

Huang CS, Ho JY, Chiang JH, Yu CP and Yu DS.
Exosome-derived LINCOO960 and LINC02470
promote the epithelial-mesenchymal transition
and aggressiveness of bladder cancer cells.
Cells 2020; 9: 1419.

Chen C, Zheng H, Luo Y, Kong Y, An M, Li Y, He
W, Gao B, Zhao Y, Huang H, Huang J and Lin T.
SUMOylation promotes extracellular vesicle-
mediated transmission of INCRNA ELNAT1 and
lymph node metastasis in bladder cancer. J
Clin Invest 2021; 131: e146431.

Luo G, Zhang Y, Wu Z, Zhang L, Liang C and
Chen X. Exosomal LINCOO355 derived from
cancer-associated fibroblasts promotes blad-
der cancer cell resistance to cisplatin by regu-
lating mir-34b-5p/ABCB1 axis. Acta Biochim
Biophys Sin (Shanghai) 2021; 53: 558-566.
Qu L, Ding J, Chen C, Wu ZJ, Liu B, Gao Y, Chen
W, Liu F, Sun W, Li XF, Wang X, Wang Y, Xu ZY,
Gao L, Yang Q, Xu B, Li YM, Fang ZY, Xu ZP, Bao
Y, Wu DS, Miao X, Sun HY, Sun YH, Wang HY
and Wang LH. Exosome-transmitted IncCARSR
promotes sunitinib resistance in renal cell car-
cinoma by acting as a competing endogenous
RNA. Cancer Cell 2016; 29: 653-668.

Pan, Lu X, Shu G, Cen J, Lu J, Zhou M, Huang
K, Dong J, Li J, Lin H, Song H, Xu Q, Han H,
Chen Z, Chen W, Luo J, Wei J and Zhang J. Ex-
tracellular vesicle-mediated transfer of IncRNA
IGFL2-AS1 confers sunitinib resistance in re-
nal cell carcinoma. Cancer Res 2023; 83: 103-
116.

Del Re M, Biasco E, Crucitta S, Derosa L, Rofi E,
Orlandini C, Miccoli M, Galli L, Falcone A, Jen-
ster GW, van Schaik RH and Danesi R. The de-
tection of androgen receptor splice variant 7 in

Am J Cancer Res 2025;15(9):3919-3932



[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

Extracellular vesicle IncRNA AGAP2-AS1 in advanced RCC

plasma-derived exosomal RNA strongly pre-
dicts resistance to hormonal therapy in meta-
static prostate cancer patients. Eur Urol 2017;
71: 680-687.

Qi F, Liu X, Wu H, Yu X, Wei C, Huang X, Ji G, Nie
F and Wang K. Long noncoding AGAP2-AS1 is
activated by SP1 and promotes cell prolifera-
tion and invasion in gastric cancer. J Hematol
Oncol 2017; 10: 48.

Guo Z, Liu Xand Shao H. E2F4-induced AGAP2-
AS1 up-regulation accelerates the progression
of colorectal cancer via miR-182-5p/CFL1
axis. Dig Liver Dis 2022; 54: 878-889.
Nakken S, Eikrem @, Marti HP, Beisland C, Bos-
tad L, Scherer A, Flatberg A, Beisvag V, Skan-
dalou E, Furriol J and Strauss P. AGAP2-AS1 as
a prognostic biomarker in low-risk clear cell
renal cell carcinoma patients with progressing
disease. Cancer Cell Int 2021; 21: 690.

Gao L, Zhao A and Wang X. Upregulation of In-
cRNA AGAP2-AS1 is an independent predictor
of poor survival in patients with clear cell renal
carcinoma. Oncol Lett 2020; 19: 3993-4001.
Xu P, Feng DX, Wang J, Wang YD, Xie G, Zhang
B, Li XH, Zeng JW and Feng JF. LncRNA AGAP2
antisense RNA 1 stabilized by insulin-like
growth factor 2 mRNA binding protein 3 pro-
motes macrophage M2 polarization in clear
cell renal cell carcinoma through regulation of
the microRNA-9-5p/THBS2/PI3K-Akt pathway.
Cancer Cell Int 2023; 23: 330.

Livak K and Schmittgen TD. Analysis of relative
gene expression data using real-time quantita-
tive PCR and the 2(-Delta Delta C(T)) method.
Methods 2001; 25: 402-408.

Fujii N, Hirata H, Ueno K, Mori J, Oka S, Shi-
mizu K, Kawai Y, Inoue R, Yamamoto Y, Matsu-
moto H, Shimabukuro T, Udoh K, Hoshii Y,
Dahiya R and Matsuyama H. Extracellular miR-
224 as a prognostic marker for clear cell renal
cell carcinoma. Oncotarget 2017; 8: 109877-
109888.

He J, He J, Min L, He Y, Guan H, Wang J and
Peng X. Extracellular vesicles transmitted miR-
31-5p promotes sorafenib resistance by tar-
geting MLH1 in renal cell carcinoma. Int J Can-
cer 2020; 146: 1052-1063.

Du M, Giridhar KV, Tian Y, Tschannen MR, Zhu
J, Huang CC, Kilari D, Kohli M and Wang L.
Plasma exosomal miRNAs-based prognosis in
metastatic kidney cancer. Oncotarget 2017; 8:
63703-63714.

lvanova E, Asadullina D, Gilyazova G, Rakhi-
mov R, Izmailov A, Pavlov V, Khusnutdinova E
and Gilyazova |. Exosomal microRNA levels as-
sociated with immune checkpoint inhibitor
therapy in clear cell renal cell carcinoma. Bio-
medicines 2023; 11: 801.

Soleimani M, Thi M, Janfaza S, Ozcan G, Mazu-
rek S, Ozgun G, Maurice-Dror C, Eigl B, Chi K,

3931

[44]

[45]

[46]

[47]

(48]

[49]

(50]

(51]

(52]

(53]

(54]

[55]

Kollmannsberger C and Nappi L. Circulating
microRNA-155-3p levels predicts response to
first line immunotherapy in patients with meta-
static renal cell carcinoma. Sci Rep 2024; 14:
8603.

Fujii N, Urabe F, Yamamoto S, Inoue K, Kimura
T and Shiraishi K. Extracellular vesicles in re-
nal cell carcinoma: a review of the current
landscape and future directions. Urol Oncol
2025; 43: 370-379.

Li M, Li L, Zheng J, Li Z, Li S, Wang K and Chen
X. Liquid biopsy at the frontier in renal cell
carcinoma: recent analysis of techniques and
clinical application. Mol Cancer 2023; 22: 37.
Liu H. Pan-cancer profiles of the cuproptosis
gene set. Am J Cancer Res 2022; 12: 4074-
4081.

Liu H. Expression and potential immune in-
volvement of cuproptosis in kidney renal clear
cell carcinoma. Cancer Genet 2023; 274-275:
21-25.

Huarte M. The emerging role of IncRNAs in
cancer. Nat Med 2015; 11: 1253-1261.

Tan YT, Lin JF, Li T, Li JJ, Xu RH and Ju HQ. Ln-
cRNA-mediated posttranslational modifica-
tions and reprogramming of energy metabo-
lism in cancer. Cancer Commun (Lond) 2021;
41: 109-120.

Naderi-Meshkin H, Lai X, Amirkhah R, Vera J,
Rasko JEJ and Schmitz U. Exosomal IncRNAs
and cancer: connecting the missing links.
Bioinformatics 2019; 35: 352-360.

Wang S, Sun J, Dastgheyb RM and Li Z. Tumor-
derived extracellular vesicles modulate innate
immune responses to affect tumor progres-
sion. Front Immunol 2022; 13: 1045624.
Masoumi F, Ghorbani S, Talebi F, Branton WG,
Rajaei S, Power C and Noorbakhsh F. Malatl
long noncoding RNA regulates inflammation
and leukocyte differentiation in experimental
autoimmune encephalomyelitis. J Neuroimmu-
nol 2019; 328: 50-59.

Dong G, Yang Y, Li X, Yao X, Zhu Y, Zhang H,
Wang H, Ma Q, Zhang J, Shi H, Ning Z, Yan F,
Zhai W, Dai J, Li Z, Li C, Ming J, Xue Q, Meng X,
Si C and Xiong H. Granulocytic myeloid-derived
suppressor cells contribute to IFN-I signaling
activation of B cells and disease progression
through the IncRNA NEAT1-BAFF axis in sys-
temic lupus erythematosus. Biochim Biophys
Acta Mol Basis Dis 2020; 1866: 165554.

Bao Q, Huang Q, Chen Y, Wang Q, Sang R,
Wang L, Xie Y and Chen W. Tumor-derived ex-
tracellular vesicles regulate cancer progres-
sion in the tumor microenvironment. Front Mol
Biosci 2022; 8: 796385.

Wei S, Wang K, Huang X, Zhao Z and Zhao Z.
LncRNA MALAT1 contributes to non-small cell
lung cancer progression via modulating miR-
200a-3p/programmed death-ligand 1 axis.

Am J Cancer Res 2025;15(9):3919-3932



[56]

(57]

(58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

Extracellular vesicle IncRNA AGAP2-AS1 in advanced RCC

Int J Immunopathol Pharmacol 2019; 33:
2058738419859699.

Niu L, Wang Q, Feng F, Yang W, Xie Z, Zheng G,
Zhou W, Duan L, Du K, Li Y, Tian Y, Chen J, Xie
Q, Fan A, Dan H, Liu J, Fan D, Hong L, Zhang J
and Zheng J. Small extracellular vesicles-medi-
ated cellular interactions between tumor cells
and tumor-associated macrophages: implica-
tion for immunotherapy. Biochim Biophys Acta
Mol Basis Dis 2024; 1870: 166917.

Li X, Lei Y, Wu M and Li N. Regulation of macro-
phage activation and polarization by HCC-de-
rived exosomal IncRNA TUC339. Int J Mol Sci
2018; 19: 2958.

Liang ZX, Liu HS, Wang FW, Xiong L, Zhou C, Hu
T, He XW, Wu XJ, Xie D, Wu XR and Lan P. Ln-
cRNA RPPH1 promotes colorectal cancer me-
tastasis by interacting with TUBB3 and by pro-
moting exosomes-mediated macrophage M2
polarization. Cell Death Dis 2019; 10: 829.
Guan H, Peng R, Fang F, Mao L, Chen Z, Yang S,
Dai C, Wu H, Wang C, Feng N, Xu B and Chen
M. Tumor-associated macrophages promote
prostate cancer progression via exosome-me-
diated miR-95 transfer. J Cell Physiol 2020;
235: 9729-9742.

Pu Y and Ji Q. Tumor-associated macroph-
ages regulate PD-1/PD-L1 immunosuppres-
sion. Front Immunol 2022; 13: 874589.
El-Guindy DM, Elgarhy LH, Elkholy RA, Ali DA
and Helal DS. Potential role of tumor-associat-
ed macrophages and CD163/CD68 ratio in
mycosis fungoides and Sézary syndrome in
correlation with serum sCD163 and CCL22. J
Cutan Pathol 2022; 49: 261-273.

Yang F, Wang T, Du P, Fan H, Dong X and Guo H.
M2 bone marrow-derived macrophage-derived
exosomes shuffle microRNA-21 to accelerate
immune escape of glioma by modulating
PEG3. Cancer Cell Int 2020; 20: 93.
Ramapriyan R, Vykunta VS, Vandecandelaere
G, Richardson LGK, Sun J, Curry WT and Choi
BD. Altered cancer metabolism and implica-
tions for next-generation CAR T-cell therapies.
Pharmacol Ther 2024; 259: 108667.

Choi BD, Gerstner ER, Frigault MJ, Leick MB,
Mount CW, Balaj L, Nikiforow S, Carter BS, Cur-
ry WT, Gallagher K and Maus MV. Intraventricu-
lar CARV3-TEAM-E T cells in recurrent glioblas-
toma. N Engl J Med 2024; 390: 1290-1298.
Gooden MJ, de Bock GH, Leffers N, Daemen T
and Nijman HW. The prognostic influence of
tumour-infiltrating lymphocytes in cancer: a
systematic review with meta-analysis. Br J Can-
cer 2011; 105: 93-103.

3932

(66]

[67]

(68]

[69]

[70]

[71]

[72]

(73]

[74]

[75]

Fridlender ZG and Albela SM. Tumor-associat-
ed neutrophils: friend or foe? Carcinogenesis
2012; 33: 949-955.

Chen DS and Mellman |. Oncology meets im-
munology: the cancer-immunity cycle. Immuni-
ty 2013; 39: 1-10.

Splendiani E, Besharat ZM, Covre A, Maio M,
Di Giacomo AM and Ferretti E. Immunotherapy
in melanoma: can we predict response to
treatment with circulating biomarkers? Phar-
macol Ther 2024; 256: 108613.

Kartolo A, Holstead R, Khalid S, Emack J, Hop-
man W, Robinson A and Baetz T. Serum neutro-
phil-to-lymphocyte ratio and platelet-to-lym-
phocyteratioin prognosticatingimmunotherapy
efficacy. Immunotherapy 2020; 12: 785-798.
Valero C, Lee M, Hoen D, Weiss K, Kelly
DW, Adusumilli PS, Paik PK, Plitas G, Ladanyi
M, Postow MA, Ariyan CE, Shoushtari AN,
Balachandran VP, Hakimi AA, Crago AM, Long
Roche KC, Smith JJ, Ganly |, Wong RJ, Patel SG,
Shah JP, Lee NY, Riaz N, Wang J, Zehir A, Berg-
er MF, Chan TA, Seshan VE and Morris LGT.
Pretreatment neutrophil-to-lymphocyte ratio
and mutational burden as biomarkers of tumor
response to immune checkpoint inhibitors.
Nat Commun 2021; 12: 729.

Kagamu H, Kitano S, Yamaguchi O, Yoshimura
K, Horimoto K, Kitazawa M, Fukui K, Shiono A,
Mouri A, Nishihara F, Miura Y, Hashimoto K,
Murayama Y, Kaira K and Kobayashi K. CD4+
T-cell immunity in the peripheral blood corre-
lates with response to anti-PD-1 therapy. Can-
cer Immunol Res 2020; 8: 334-344.

Spranger S and Gajewski T. Tumor-intrinsic on-
cogene pathways mediating immune avoid-
ance. Oncoimmunology 2015; 5: e1086862.
Urabe F, Kosaka N, Sawa Y, Yamamoto Y, Ito K,
Yamamoto T, Kimura T, Egawa S and Ochiya T.
miR-26a regulates extracellular vesicle secre-
tion from prostate cancer cells via targeting
SHC4, PFDN4, and CHORDC1. Sci Adv 2020;
6: eaay3051.

Nishida-Aoki N, Tominaga N, Takeshita F, So-
noda H, Yoshioka Y and Ochiya T. Disruption of
circulating extracellular vesicles as a novel
therapeutic strategy against cancer metasta-
sis. Mol Ther 2017; 25: 181-191.

Liu H, Li Y, Karsidag M, Tu T and Wang P. Tech-
nical and biological biases in bulk transcrip-
tomic data mining for cancer research. J Can-
cer 2025; 16: 34-43.

Am J Cancer Res 2025;15(9):3919-3932



Extracellular vesicle IncRNA AGAP2-AS1 in advanced RCC

A 1.6+ B
1 0.458 (0.00-1.35)

S 144 o 1

S

& 124

< 1 g

é 1 0.75

L3 0] \

g% 084 AL PRTrOIeTe L

<3 ]

ZE 067 0.5

se ] 0.162 (0.00-0.38) )

§% 04 3

5% 021 025{2

== ey =12

& 2

o E __ 2

3 . P<0.0001 a3

(\.4 “v. T T T T

P Solid tissue normal (N=72) Primary tumor (N=537) 0 1,000 2,000 3,000 4,000

2 At risk AGAP2-AS1
267 162 68 25 2 =< 0.4606 (n=267)
266 145 49 15 1 w—>= 0.4606 (n=266)

Supplementary Figure 1. Expression of INcRNA AGAP2-AS1 and its association with prognosis in the GDC TCGA da-
tabase. Violin plots in the GDC TCGA database showed that INcRNA AGAP2-AS1expression was significantly higher
in RCC tissue (n = 537) than in normal kidney tissue (n = 72). The Kaplan-Meier survival plot showed that the AGA2-
AS1 high expression group (n = 266) had significantly shorter overall survival (OS) than the low expression group (n
=267) (log-rank P < 0.0001).
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* Nivo; Nivolumab, Ipi; Ipilimumab, Pem; Pembrolizumab, Axi; Axitinib, Ave; Avelumab, CAabo; Cabozantinib, Lem; Lenvatinib

Supplementary Figure 2. Percentage of patients receiving ICl-based combination therapy. The largest group of
patients received treatment with pembrolizumab plus lenvatinib, with 19 patients in this group. This was followed
by ipilimumab plus nivolumab, which was given to 12 patients. Eight patients received avelumab plus axitinib, five
received pembrolizumab plus axitinib, and three received nivolumab plus cabozantinib.
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Supplementary Table 1. Patient background based on serum-derived EV IncRNA AGAP2-AS1 expres-
sion levels

Low group (n = 23) High groups (n = 24) P-value
Age (years, IQR) 68 (58-75) 69 (62-71) 0.5367
Gender
Male 15 (65.2%) 17 (68.1%) 0.6797
Female 8 (34.8%) 7 (70.8%)
ECOG PS
0-1 22 (95.7%) 23 (95.8%) 0.9755
>2 1 (4.3%) 1 (4.2%)
Subtypes
Clear 17 (73.9%) 15 (62.5%) 0.6864
Non-clear 3(13.0%) 4 (16.7%)
Unknown 3 (13.0%) 5 (20.8%)
Metastasis sites
Lung 8 (34.8%) 13 (54.2%) 0.1799
Bone 4 (17.4%) 4 (17.4%) 0.9473
Lymph 5 (21.7%) 8 (33.3%) 0.3726
Pancrease 2 (9.1%) 2 (8.33%) 0.9275
Adrenal glands 2 (8.7%) 2 (8.33%) 0.9645
Others 5 (21.7%) 6 (25.0%) 0.7032
IMDC risk score
Favorable 4 (17.4%) 3(12.5%) 0.3520
Intermediate 15 (65.2%) 13 (54.2%)
Poor 3(13.0%) 3(12.5%)
Unresectable 1 (4.4%) 5 (20.8%)
Therapy
ICI-ICI 4 (17.4%) 8 (33.3%) 0.3726
ICI-TKI 19 (82.6%) 16 (66.7%)




