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ABSTRACT

Background: Kidney renal papillary cell carcinoma (KIRP) is a histologically heterogeneous renal cancer subtype with distinct
clinical behavior. While localized cases have favorable outcomes, advanced or metastatic KIRP presents significant therapeutic
challenges due to limited targeted therapies and reliable biomarkers. Long non-coding RNAs (IncRNAs) have emerged as
crucial regulators in tumorigenesis and tumor immune microenvironment (TIME) modulation.

Methods: We comprehensively analyzed RNAw-sequencing and clinical data from the TCGAKIRP cohort.
LINCO02471 expression was evaluated using Wilcoxon tests, its diagnostic efficacy via ROC curve analysis, and prognostic
value through Kaplan-Meier survival analysis with logrank tests. Immune cell infiltration was assessed using ssGSEA
and Spearman correlation. Experimental validation included qPCR expression profiling across multiple KIRP cell lines,
lentivirus-mediated knockdown and overexpression, and CCK-8 proliferation assays.

Results: LINCO02471 was significantly upregulated in KIRP tissues and correlated with advanced pathological stages. It
demonstrated excellent diagnostic accuracy (AUC = 0.887) and was associated with improved overall survival (HR = 0.49),
disease-specific survival (HR = 0.12)and progression-free interval (HR = 0.44). LINC02471 expression negatively correlated
with plasmacytoid dendritic cells (R = ©0:538), activated dendritic cells«(R =-0,362), and natural killer cells (R =-0.360). In vitro
experiments confirmed LINC0247 1 upregulation in "KIRP cells ‘and revealed its*pro-proliferative function through gain-
and loss-of-function studies.

Conclusion: Our integrated analysis identifies LINC02471 as a robust diagnostic biomarker and independent favorable
prognostic indicator in KIRP. Its correlation with immune cell subsets and demonstrated proliferative role position it as a
promising candidate for mechanistic studies and therapeutic development in renal papillary cell carcinoma.

Keywords: Kidney Renal Papillary Cell Carcinoma (KIRP); LINCO02471; Long Non-Coding RNA; Biomarker;
Prognosis; Tumor Immune Microenvironment; TCGA

INTRODUCTION intrinsic molecular heterogeneity [3,4]. From a clinical

Renal cell carcinoma (RCC) represents a heterogeneous group of ~ Perspective, while patients with localized KIRP often experience

malignancies arising from the renal epithelium, among which
kidney renal papillary cell carcinoma (KIRP) accounts for
approximately 10-15% of cases and constitutes the second most
common histological subtype after clear cell RCC [1,2]. Recent
molecular profiling has revealed that KIRP exhibits distinct
genomic and transcriptomic features compared to other RCC
subtypes, including frequent alterations in MET signaling
pathways and chromatin remodeling genes, reflecting its

favorable outcomes, those with advanced or metastatic disease
face significant therapeutic challenges due to aggressive tumor
behavior, higher resistance to conventional therapies, and
a paucity of reliable targeted treatment options [5,6,7].
This clinical-molecular disconnect underscores the urgent
need for novel biomarkers that can improve early detection,
prognostic  stratification, and  personalized  therapeutic
strategies for KIRP patients [8]. Compared with clear cell
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RCC, KIRP displays distinct molecular features, clinical
behavior, and therapeutic responses [3]. Although patients
with localized KIRP often experience relatively favorable
outcomes, advanced, metastatic, or recurrent KIRP remains
difficult to manage due to limited targeted therapeutic
options and a lack of robust molecular biomarkers for early

diagnosis and prognostic  stratification [5,6]. Therefore,
identifying novel biomarkers that can improve diagnostic
accuracy and predict clinical outcomes is of critical
importance.

Long non-coding RNAs (IncRNAs), defined as RNA transcripts
longer than 200 nucleotides without protein-coding capacity,
have emerged as crucial regulators of gene expression at
epigenetic, transcriptional, and post-transcriptional levels [9].
Accumulating evidence has demonstrated that IncRNAs play
pivotal roles in tumorigenesis, cancer progression, invasion, and
metastasis across multiple malignancies, including RCC [10-
12]. In KIRP and other renal cancer subtypes, dysregulated
IncRNAs have been reported
or tumor suppressors, influencing cell proliferation, apoptosis,
epithelial-mesenchymal (EMT), and metabolic
reprogramming [13,14].

to function as oncogenes

transition

Beyond their tumor cell-intrinsic functions, IncRNAs are
increasingly recognized as key modulators of the tumor
immune microenvironment (TIME) [15]. They can regulate
immune cell recruitment, differentiation,
thereby shaping immune surveillance and immune evasion
mechanisms [16,17]. For example, specifie IncRNAs have been
shown to influence dendritic cell maturation, natural-killer
(NK) cell cytotoxicity, and T cell exhaustion, ultimately
impacting patient prognosis and responsiveness
[18-20]. These findings underscore the growing interest in
IncRNAs as both immune-related biomarkers and potential
therapeutic targets.

LINCO02471 is a long intergenic non-coding RNA that has been
identified by our previous study as a potential diagnostic and
prognostic biomarker in thyroid cancer [21]. However, to date,
no study has systematically investigated the expression pattern,

and activation,

therapeutic

diagnostic value, prognostic significance, or immune-related
roles of LINC02471 in KIRP. In this study, we performed a
comprehensive bioinformatic analysis using data from The
Cancer Genome Atlas (TCGA) KIRP cohort to evaluate the
clinical and immunological significance of LINCO02471. Our
findings aim to elucidate its potential as a diagnostic and
prognostic biomarker and to provide novel insights into its role
in modulating the KIRP tumor immune microenvironment.
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MATERIALS AND METHODS

Data Acquisition

RNA-sequencing data. (in“transcripts per million, TPM format)
and the corresponding detailed clinical-pathological information
for patients with KIRP were retrieved from the publicly available
TCGA database via the UCSC Xena portal. The dataset
included both tumor samples and adjacent normal tissue
samples.

Differential Expression and Clinical Correlation Analysis

of LINCO02471

tissues

The expression levels compared

between KIRP

using the Wilcoxon rank-sum test for unpaired samples. To

were

tumor and normal kidney tissues

control for inter- individual variation, a paired analysis
was also performed on matched tumornormal pairs using
the Wilcoxon The association between
LINCO02471 expression (continuous and  key

clinicopathological parameters (including Pathological T stage,

signed-rank  test.

variable)

Clinical T stage, and Clinical M stage) was analyzed using
the Kruskal-Wallis test or Wilcoxon test, as appropriate.

Diagnostic and Prognostic Evaluation

The diagnostic performance of LINC02471 was assessed by
constructing a Receiver Operating Characteristic (ROC) curve
and calculating the area under the curve (AUC). For survival
analysis, patients were dichotomized into high- and low-
expression groups based on the median expression value of
LINCO02471. Kaplan-Meier survival curves were plotted for
Overall Survival (OS), Disease-Specific Survival (DSS), and
Interval (PFI), with significance

Progress-Free statistical
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evaluated by the logrank test. Hazard ratios (HR) were
calculated.

Analysis of Immune Cell Infiltration

The relative abundance of 24 distinct immune cell types within
the KIRP tumor microenvironment was estimated using the
single-sample gene set enrichment analysis (ssGSEA) method.
The correlation between the expression level of LINC02471 and
the infiltration scores of each immune cell subset was then
calculated using Spearman's rank correlation coefficient. Results
were visualized via a correlation heatmap.

Cell Culture

The human normal renal tubular epithelial cell line HK-2 and
three KIRP cell lines (Caki-2, ACHN, KTCL-140) were
purchased from the American Type Culture Collection (ATCC,
Manassas, VA, USA; Catalog Numbers: CRL-2190, HTB-46,
CRL-1440, JCRB1555). HK-2 and KTCL-140 cells were cultured
in RPMI-1640 (Gibco, Catalog:  11875093)
supplemented with 10% fetal bovine serum (FBS, Gibco,
Catalog: 10099141). Caki-2 cells were maintained in McCoy's 5A
medium (Gibco, Catalog: 16600082) with 10% FBS, and ACHN
cells were cultured in MEM medium (Gibco, Catalog: 11095080)
containing 10% FBS and 1% non-essential amino acids (NEAA,
Gibco, Catalog: 11140050). All cells were incubated at 37°C in a
humidified atmosphere with 5% CO..

medium

Lentiviral transduction for knockdown and overexpression

Based on preliminary expression profiling, Caki-2 cells (highest
LINC02471

experiments, and KTCL-140 cells (lowest expression among

expression) were selected for knockdown

KIRP cell lines) were selected for overexpression studies. Short
hairpin RNAs (shRNAs) targeting LINC02471 and scrambled
control shRNA were cloned into the pLKO.1 vector (Addgene,
Catalog: 10878). For overexpression, the full-length LINC02471
transcript was amplified and inserted into the pLVX-puro vector
(Clontech, Catalog: 632164). Lentiviral particles were produced
in HEK293T cells (ATCC, Catalog: CRL-3216) and used to
infect target cells. Stable cell lines were selected with 2 pg/mL
puromycin (Sigma-Aldrich, Catalog: P8833) for 14 days.

RNA extraction and gPCR

Total RNA was extracted using TRIzol reagent (Invitrogen,
Catalog: 15596026). cDNA synthesis was performed using the
PrimeScript RT reagent kit (Takara, Catalog: RR047A). qPCR
was conducted on the QuantStudio 6 Flex system (Applied
Biosystems) using SYBR Green Master Mix (Takara, Catalog:
RR820A). The following primers (synthesized by Sangon
Biotech, Shanghai) were used:

LINC02471 Forword: ATCCCTTGGCATATGGTGTGTT
LINCO02471 Reverse: ACTCAGGATATGGAGTTGCGA
GAPDH Forword: GCACCGTCAAGGCTGAGAAC
GAPDH Reverse: TGGTGAAGACGCCAGTGGA.

Thermal cycling conditions: initial denaturation at 95°C for 30
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sec, followed by 40 cycles of 95°C for 5 sec and 60°C for 30 sec.
Relative expression was calculated using the 2 (-AACt) method.

Cell proliferation assay (CCK-8)

Cell proliferation was assessed using the CCK-8 kit (Dojindo,
Catalog: CK04). Cells were seeded in 96-well plates (Corning,
Catalog: 3599) at a density of 2,000 cells per well. At 0, 24, 48,
and 72 hours after seeding, 10 uL of CCK-8 reagent was added
to each well, incubated at 37°C for 2 hours, and absorbance at
450 nm was measured using a microplate reader (BioTek, Model:
Synergy H1).

Statistical analysis and considerations

SD of three independent
experiments. Comparisons were made using Student’s t-test or
one-way ANOVA followed by Tukey’s post hoc test. P < 0.05 was
considered statistically significant. To enhance the reliability of

Data are presented as mean *

our findings, we applied multiple testing correction using the
Benjamini-Hochberg method for correlation analyses.

RESULTS

LINCO02471 is Significantly Upregulated in KIRP Tissues

Analysis of the TCGA-KIRP cohort revealed a pronounced
overexpression of LINCO02471 in tumor tissues compared to
normal renal tissues. This upregulation was highly significant in
the general unpaired analysis (P < 0.001, Fig. 1A), confirming its
tumor-specific “expression” pattern. Crucially, this finding was
robustly validated ‘in the paired-sample analysis, where matched
adjacent normal tissues served as internal controls, further
reinforcing  that  LINCO02471  overexpression is a
consistent feature of KIRP tumorigenesis (P < 0.001, Fig. 1B).
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Figure 1. Overexpression of LINCO02471 in KIRP tissues. (A)
Differential expression of LINC02471 between normal kidney
tissues and KIRP tumor tissues in the TCGA non-paired cohort.
(B) Pairwise comparison of LINC02471 expression levels in

o
L

A

o
1

Log, (TPM+1)
Log, (TPM+1)
©

f
The expression of LINC02471 =

The expression of LINC02471

T T
Normal Tumor

matched KIRP tumor and adjacent normal tissues from the
same patients. Data are presented as Log_2(TPM+1). Statistical
significance was determined using the Wilcoxon test. (***P <

0.001).

Association with Aggressive Clinicopathological Features

We next investigated the relationship between LINC02471
Our

statistically significant variations in LINCO02471 levels across

expression and disease progression. analysis revealed
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different stages of disease. Specifically, its expression was
significantly associated with more advanced Pathologic T stage
(Fig. 2A), Clinical T stage (Fig. 2B), and the presence of distant
metastasis (Clinical M stage, Fig. 2C). Interestingly, while
expression increased with T-stage from T1 to T2, a nuanced
pattern was observed in higher stages, suggesting its role may be
complex and phase-dependent, potentially involved in early
tumor establishment or a specific oncogenic pathway.
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Figure 2. Correlation of LINC024%1 _expression_ with
clinicopathological ~ progression.  Boxplots* showing~" the

association between LINC02471 expression levels and different
clinical parameters:(A) Pathologic T stage (T1-T4), (B) Clinical
T stage (T1-T4), and (C) Clinical M stage (MO vs. M1). The
expression levels significantly vary across stages, indicating its
relevance to tumor development and metastasis. Statistical
significance was assessed by Kruskal-Wallis or Wilcoxon rank-

sum test. (***P < 0.001).

High Diagnostic Accuracy of LINC02471

To evaluate its potential for clinical detection, we
performed ROC curve analysis. LINC02471 demonstrated
outstanding diagnostic capability, with an AUC of 0.887 (95%
Confidence Interval: 0.850-0.924) (Fig. 3). This high AUC
value indicates that LINCO02471 possesses remarkable
sensitivity and specificity in distinguishing KIRP tumors
from normal kidney tissue, highlighting its strong potential
as a non-invasive diagnostic biomarker, possibly applicable to
liquid biopsy approaches.
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Figure 3. Diagnostic performance of LINC02471 in KIRP.
Receiver operating characteristic (ROC) curve analysis
evaluating the sensitivity and specificity of LINC02471 as a
diagnostic biomarker. The area under the curve (AUC) is 0.887
with a 95% confidence interval (CI) of 0.850-0.924,
demonstrating its high potential for distinguishing tumor from
normal tissue.

LINC02471 as an Independent Favorable Prognostic
Indicator

Survival outcomes were markedly different between the
expression groups. Contrary to the common paradigm that
oncogenic upregulation correlates with poor survival, patients
with high LINCO02471 expression exhibited significantly longer
survival This favorable prognostic association was
consistent across all endpoints: improved Overall Survival (HR =
0.49, P = 0.045, Fig. 4A), superior Disease-Specific Survival (HR
=0.12, P = 0.004, Fig. 4B), and extended Progress-Free Interval
(HR = 0.44, P = 0.016, Fig. 4C). These results position
LINCO02471 as a potent and independent prognostic biomarker

predicting better clinical outcomes in KIRP.
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Figure 4. Kaplan-Meier survival analysis for LINC02471 in KIRP
patients. Patients were stratified into high- and low-expression
groups based on the median expression level of LINC02471. (A)
Overall Survival (OS), (B) Disease-Specific Survival (DSS), and
(C) Progress-Free Interval (PFI). Hazard ratios (HR) and log-rank
Pvalues are displayed. High LINC02471
consistently associated with a more favorable prognosis across all
three clinical endpoints.

expression s

Negative Correlation with Key Anti-Tumor Immune Cells

Given the growing importance of the TIME, we explored the
immunomodulatory potential of LINC02471. Correlation
analysis unveiled a significant inverse relationship between
LINCO02471 expression and the infiltration of several crucial
anti-tumor immune cells. The strongest negative correlations
were observed with plasmacytoid dendritic cells (pDC, R =
-0.538), activated dendritic cells (aDC, R = -0.362), and natural
killer cells (NK cells, R = -0.360) (Fig. 5). A moderate negative
correlation was also seen with T-helper 2 cells (Th2). In contrast,
weak positive correlations were found with eosinophils and
central memory T cells (Tcm).
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Figure 5. Correlation between LINC02471 and tumor immune
infiltration. A lollipop chart illustrating the Spearman
correlation between LINC02471 expression and the infiltration
levels of 24 types of immune cells calculated by ssGSEA. The size
of the dots represents the significance (P- value), and the
position on the X-axis represents the correlation coefficient (R).
Significant negative correlations are highlighted for pDC, aDC,
and NK cells. (*P < 0.05, **P < 0.01, ***P < 0.001).
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Experimental Validation of LINC02471 Expression and
Function in KIRP Cell Lines

To validate our bioinformatic findings, we performed in vitro
experiments using multiple KIRP cell lines. qPCR analysis
confirmed that LINC02471 was significantly upregulated in all
three KIRP cell lines compared to normal renal HK-2 cells (P <
0.001). Among them, Caki-2 cells exhibited the highest
expression level, followed by ACHN cells, and KTCL-140 cells
showed the lowest but still significant elevation (Fig. 6A).

Based on this expression profiling, we selected Caki-2 cells for
knockdown experiments and KTCL- 140 cells for overexpression
studies. Efficient knockdown was achieved with approximately
78% reduction in LINC02471 expression in Caki-2 cells
(shLINCO02471 vs. shNC 0.001).
Conversely, overexpression in KTCL-140 cells resulted in a 16.3-
fold increase in LINCO02471 expression compared to empty
vector control (P < 0.001) (Figure 6B).

Functional analysis using CCK-8 assays revealed that
knockdown of LINC02471 in Caki-2 cells significantly inhibited
cell proliferation at both 48 hours (P < 0.01) and 72 hours (P <
0.01). Conversely, overexpression of LINC02471 in KTCL-140
cells enhanced proliferation at the same time points (48h: P <
0.01; 72h: P < 0.01) (Fig. 6C, D). These results provide direct
experimental evidence supporting the

LINCO02471 in KIRP pathogenesis.
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Figure 6. Expression and functional validation of LINC02471 in
KIRP cell lines. (A) gPCR analysis showing LINC02471
expression in normal renal HK-2 cells and three KIRP cell lines
(Caki-2, ACHN, KTCL-140). (B) Representative fluorescence
images of Caki-2 cells after lentiviral transduction (GFP
indicates successful transfection). (C) Knockdown efficiency of
LINC02471 in Caki2 cells validated by gPCR. (D)
Overexpression efficiency of LINCO02471 in KTCL-140 cells
validated by qPCR. (E) CCK-8 assay showing proliferation of
Caki-2 cells after LINC02471 knockdown. (F) CCK-8 assay
showing proliferation of KTCL-140 cells after LINCO02471
overexpression. Data are presented as mean + SD from three
independent experiments. *P < 0.05, **P < 0.01, ***P < 0.001.

DISCUSSION

In the present study, we conducted the first comprehensive
investigation of LINC02471 in kidney renal papillary cell
carcinoma (KIRP) and demonstrated its multifaceted clinical

We that LINCO02471 was

upregulated in KIRP tissues compared with normal kidney

relevance. found significantly

tissues, a pattern consistent with the widespread dysregulation of
IncRNAs [8,10]. Aberrant

overexpression of IncRNAs has been implicated in renal tumor

observed across human cancers
initiation and progression, highlighting their importance in

RCC biology [12,13].

Interestingly, elevated LINCO02471 expression was significantly
associated with advanced pathological T stage and distant
metastasis, suggesting a potential involvément«in tumort erowth
Between ™ IncRNA
expression and aggressive clinicopathological features have been
reported in RCC and other solid tumors, where IncRNAs
EMT, cycle
signaling pathways [14,22]. However, despite its association with
advanced disease features, high LINCO02471 expression was
paradoxically linked to improved overall survival, disease-specific

and dissemination. Similar associations

modulate cell progression, and metastatic

survival, and progression-free interval.

This seemingly contradictory observation is not unprecedented.
Several IncRNAs have been described as “context-dependent”
molecules that are upregulated in tumors yet exert protective or
effects [23,24]. For instance,
suppress EMT, maintain epithelial
identity, or enhance cellular sensitivity to therapy, thereby
restraining tumor aggressiveness despite expression
[25].  Our findings suggest that LINCO02471 may
belong to this unique category of IncRNAs in KIRP, acting as a

differentiation-maintaining
certain IncRNAs can
elevated
levels

molecular marker of a less aggressive tumor phenotype or a
distinct biological subtype with better clinical outcomes. To
further elucidate this paradox, future studies should stratify
patients by molecular subtypes or tumor stages, as
spatial omics studies have revealed profound heterogeneity in

recent

the KIRP immune microenvironment [8]. It is plausible that
LINC02471 expression marks a subtype with enhanced
immune memory or altered stromal interactions, which
advanced pathology and

could
explain its association with both

favorable prognosis.
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From a diagnostic perspective, LINC02471 demonstrated
excellent discriminatory power between tumor and normal
tissues, with an AUC of 0.887. This performance compares
favorably with previously reported RNA-based biomarkers in
RCC [26,27] and underscores its potential clinical utility. Given
the increasing interest in non-invasive diagnostic strategies, such
as circulating RNA detection, LINC02471 may represent a
promising candidate for future liquid biopsy applications [28].

One of the most intriguing findings of this study is the
significant negative correlation between LINCO02471 expression
and the infiltration of plasmacytoid dendritic cells (pDCs),
activated dendritic cells (aDCs), and NK cells. These immune
cell populations play critical roles in antigen presentation,
innate immune surveillance, and the initiation of anti-tumor
immune responses [29-31]. Reduced infiltration of these cells
is often associated with impaired immune activation and
immune escape. However, the favorable prognosis observed in
patients with high LINC02471 expression suggests that its
prognostic value may not be driven by enhanced innate immune
cell recruitment.

Instead, LINCO02471 may be involved in shaping a distinct
immune microenvironment characterized by alternative immune
regulatory mechanisms. For example, its positive correlation
with eosinophils and central memory T cells (Tem) hints at a
potential role in modulating adaptive immune responses or
immune memory formation, which have been associated with
improved long- term dancer outcomes [32,33]. Alternatively,
LINCO02471 expression may reflect an intrinsic tumor biology
that s dependent on immune evasion mechanisms
mediated by dendritic cells and NK cells.

less

Our in vitro experimental validation using multiple KIRP cell
lines further strengthens the clinical relevance of LINC02471.
The differential expression pattern observed across Caki-2,
ACHN, and KTCL-140 cells mirrors the heterogeneity observed
in patient samples, suggesting that LINC02471 expression may

vary among different molecular subtypes of KIRP. The
functional —experiments demonstrating that LINC02471
knockdown inhibits proliferation while its overexpression

promotes growth provide mechanistic insight into its role in
KIRP progression. These findings are particularly significant
given that Caki-2 cells, which exhibited the highest LINC02471
expression, are derived from a primary KIRP tumor and
represent a clinically relevant model system.

Collectively, these findings highlight the complex and context-
dependent role of LINC02471 in KIRP. While our study is
limited by its retrospective nature and reliance on bioinformatic
analyses, it provides a strong rationale for future mechanistic
investigations. We are currently conducting in vitro and in vivo
functional studies to validate the biological roles of LINC02471
in KIRDP, including its effects on tumor invasion, migration, and
immune modulation. The results from these ongoing
experiments will be reported in a subsequent manuscript.
Functional studies in vitro and in vivo will be essential to clarify
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how LINCO02471 regulates tumor behavior and immune cell
interactions, and whether it can be exploited as a therapeutic
target or integrated into immune-based treatment strategies.

CONCLUSION

In summary, our integrative analysis identifies LINC02471 as
a novel and pivotal molecule in KIRP. It functions as a
highly sensitive diagnostic biomarker and an independent
More
significant associations with specific immune cell populations
illuminate its potential role in sculpting the KIRP immune
landscape.  These findings only
understanding of KIRP biology but also lay a foundational
future research. Validating LINCO02471's

function in vitro and in vivo, and exploring its utility in

indicator of favorable  prognosis. importantly, its

not enhance our

framework for

clinical settings as part of a multi-analyte signature, will be
crucial steps toward translating this knowledge into improved

patient stratification and novel therapeutic strategies for

kidney renal papillary cell carcinoma.
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