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Purpose: Papillary renal cell carcinoma (PRCC) is a common renal cell carcinoma. Recent
studies have reported that ferroptosis is involved in the occurrence and development of
tumors. Long non-coding RNAs can be used as independent biomarkers for the diagnosis and
prognosis of a variety of tumors.

Methods: Gene expression profile and clinical information of patients with PRCC were
obtained from The Cancer Genome Atlas (TCGA) database. Lasso penalized Cox regres-
sion and univariate Cox regression analysis were utilized for model construction. The
Kaplan—Meier (K-M) and receiver operating characteristic (ROC) curves were plotted to
validate the predictive effect of the prognostic signature. Immune cell infiltration and
immune function were compared between the high-risk and low-risk groups.
Chemotherapy sensitivity analysis was also performed.

Results: We constructed a prognostic signature consisting of 15 ferroptosis-related
IncRNAs. The K-M curves validated the fine predictive accuracy of the prognostic signature
(»<0.001). The area under the curve (AUC) of the IncRNA signature was 0.930, exhibiting
robust prognostic capacity. The high-risk group had a greater degree of immune cell
infiltration than the low-risk group. Significant differences in inflammation promotion,
parainflammation, and type I IFN response were noted between the low-risk and high-risk
groups (p < 0.01). The expression levels of immune checkpoints including CD80, IDO1, and
LAG3 were significantly higher in the high-risk group than in the low-risk group (p < 0.05).
Chemotherapy sensitivity analysis showed that MNX1-AS1, ZFAS1, MIR4435-2HG, and
ADAMTS9-AS1 were significantly correlated with the sensitivity of some chemotherapy
drugs (p < 0.05).

Conclusion: We demonstrated that a ferroptosis-related IncRNA prognostic signature could
be a novel biomarker for PRCC.
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Introduction

Renal cell carcinoma (RCC) is one of the common malignancies originating from
the renal tubular epithelium, with an incidence of approximately 431,288 in 2020,
accounting for 2.2% of common malignancies worldwide." Renal papillary cell
carcinoma (PRCC) is the second most common renal cell carcinoma after renal
—20% of RCC cases.” On the basis of

different clinicopathological and immunohistochemical features, PRCC can be

clear cell carcinoma, accounting for 15%

divided into two subtypes: type 1 and type 2; in general, type 2 PRCC has
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a worse prognosis than type 1 PRCC.> Although the com-
prehensive treatment of PRCC has improved, the overall
survival (OS) rate remains low, especially for patients with
advanced or metastatic tumors with limited treatment
options.* Therefore, new treatment targets and prognostic
biomarkers for PRCC are necessary.

Unlike cellular autophagy and apoptosis, ferroptosis is
an oxidative, iron-dependent form of necrotic cell death
that is driven by the lethal accumulation of lipid peroxida-
tion. Cancer cells have an increased iron requirement
compared with normal non-cancerous cells, and studies
have found that increased iron-dependent ROS-induced
extra-mitochondrial lipid peroxidation triggers ferroptosis
to inhibit tumorigenesis, making ferroptosis inducers
a potential therapeutic agent for tumors.® Ferroptosis-
related genes can be divided into three groups: driver,
suppressor, and marker genes.” Long non-coding RNAs
(IncRNAs) are a subset of non-coding RNA molecules of
about 200 nt, and studies have shown that IncRNAs play
important roles in many life processes such as epigenetic
regulation, cell cycle regulation, and cell differentiation
regulation. ' LncRNAs are involved in tumorigenesis,
development, and metastasis processes.'""'? Currently, stu-
dies on iron death-related IncRNAs are limited. Lu et al
reported that IncRNA PVTI regulates ferroptosis through
miR-214-mediated TFR1 and p53."* LncRNA LINC00336
suppresses ferroptosis in lung cancer by acting as
a competitive endogenous RNA.'"* The relationship
between ferroptosis-related IncRNA and clinicopathologi-
cal features of PRCC is unclear.

The Cancer Genome Atlas (TCGA) is one of the most
ambitious and successful cancer genomics programs to date.
The TCGA program has generated, analyzed, and provided
available genomic sequence, expression, methylation, and
copy number variation data on over 11,000 individuals who
represent over 30 different types of cancer.” In this study,
we constructed the prognostic signature of differentially
expressed ferroptosis-related IncRNAs in PRCC based on
TCGA data. We confirmed that this IncRNA signature could
be used as an effective and independent prognostic biomar-
ker in patients with PRCC.

Materials and Methods

Data Collection and Preprocessing

The RNA-seq transcriptome data and clinical data of patients
with PRCC were downloaded from TCGA database (https:/
portal.gdc.cancer.gov/). A total of 32 adjacent normal tissues

and 289 cancer tissues from patients with PRCC were
enrolled. The ferroptosis-related genes were downloaded
from FerrDb (http://www.zhounan.org/ferrdb/)'¢, and we
identified 259 ferroptosis-related genes as shown in Table 1.

Identification and Differential Expression
Analysis of Ferroptosis-Related IncRNAs

Pearson correlation analysis between the ferroptosis-
related genes and IncRNAs was used to identify the fer-
roptosis-related IncRNAs (] R| > 0.5 and p < 0.001). The
Wilcoxon signed-rank test was utilized to identify differ-
entially expressed ferroptosis-related genes and differen-
tially expressed ferroptosis-related IncRNAs by the limma
package of R based on the cutoff values: [Log2FC|> 1 and
FDR <0.05.

The “clusterProfiler” package was used to perform
Gene Ontology (GO) and Kyoto Encyclopedia of Genes
(KEGG)
expressed ferroptosis-related genes.

and Genomes analyses on differentially

17,18

Development of the Ferroptosis-Related
IncRNA Prognostic Signature

Lasso penalized Cox regression and univariate Cox
regression analysis were employed to construct the fer-
roptosis-related IncRNA prognostic signature, which
was used to construct a risk scoring function. The fol-
lowing formula was used to calculate the riskScore with
the constructed risk model for all clinical
RiskScore = (coefficient IncRNA1 x expression of
IncRNA1) + (coefficient IncRNA2 X expression of
IncRNA2) + ---
IncRNAn). The patients were classified in either low-

cases:

+ (coefficient IncRNAn x expression

risk (<median number) or high-risk (> median number)
group based on the median score.

The Kaplan—Meier (K-M) survival curve described the
predictive power of indicators using the “survival” and
“survminer” packages. The area under the curve (AUC)
of the receiver operating characteristic (ROC) curve and
C-index were applied to verify the predictive accuracy
using the “timeROC” and “rms” packages.

Building a Predictive Nomogram

On the basis of all independently predictive variables, we
constructed a prediction nomogram using the “rms” and
“foreign” packages for the prediction of 1, 3, and 5-year
OS of patients with PRCC.
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Table | Ferroptosis-Related Genes from Downloaded from FerrDb

Data Set

Gene

Count

Gene List

Driver

150

RPLS, IREB2, ATPSMC3, CS, EMC2, ACSF2, NOXI, CYBB, NOX3, NOX4, NOX5, DUOXI, DUOX2, G6PD, PGD, VDAC2, PIK3CA,
FLT3, SCP2, TP53, ACSL4, LPCAT3, NRAS, KRAS, HRAS, TF, TFRC, TFR2, SLC38AI, SLCIAS5, GLS2, GOTI, CARSI, TP53, ALOX5,
KEAPI, HMOXI, TP53, TP53, GLS2, ATGS, ATG7, NCOA4, TF, ALOXS5, ALOX12, ALOX12B, ALOXI5, ALOXI5B, ALOXE3, PHKG2,
TFRC, ACOI, IREB2, SLC38AI, GLS2, G6PDX, ULKI, ATG3, ATG4D, ATGS5, BECNI, MAPILC3A, GABARAPL2, GABARAPLI,
ATGI6LI, WIPII, WIPI2, SNX4, ATGI3, ULK2, NCOA4, ACSL4, TP53, SATI, ALOXI5, ACSL4, LPCAT3, ALOXI5, ACSL4, KEAPI,
EGFR, NOX4, MAPK3, MAPK, BID, ACSL4, ZEBI, KEAPI, DPP4, ALOXI5, ALOX12, CDKN2A, PEBPI, SOCSI, CDOI, MYB, HMOXI,
MAPKS8, MAPK9, MAPK I, MAPK3, SLCIAS5, CHACI, MAPK 4, LINC00472, NOX4, GOTI, BECNI, PRKAA2, PRKAAI, ELAVLI, BAPI,
TP53, ABCCI, ACSL4, MIR6852, ACVRIB, TGFBRI, BAPI, EPASI, HILPDA, HIFIA, ALOX12, ACSL4, HMOXI, IFNG, ANOS6, LPINI,
HMGBI, TNFAIP3, TLR4, NOX4, ATF3, ATM, YYIAPI, EGLN2, MIOX, TAZ, MTDH, IDHI, SIRTI, TAZ, BECNI, FBXW?7, PANXI,
DNAJB6, BACHI, ACSL4, LONPI

Suppressor

109

SLC7Al 1, GPX4, AKRICI, AKRIC2, AKRIC3, GPX4, RBI, HSPBI, HSFI, SLC7AIl, GPX4, GCLC, SLC7AI I, NFE2L2, SQSTMI,
NQOI, HMOXI, FTHI, MUCI, SLC3A2, MTIG, NFE2L2, SLC40Al, SLC7AI |, GPX4, SLC7AI I, CISDI, SLC7AIl |, FANCD2, GPX4,
NFE2L2, FTMT, HSPA5, ATF4, SLC7AI |, GPX4, GPX4, HMOXI, ATF4, NFE2L2, TP53, SLC7AI I, HELLS, SCD, FADS2, SRC, STAT3,
NFE2L2, PML, MTOR, NFSI, TP63, SLC7Al I, TP53, CDKNIA, MIRI37, SLC40A1, GPX4, GPX4, ENPP2, VDAC2, FH, CISD2, SLC40Al,
MIR9-1, MIR9-2, MIR9-3, CBS, NFE2L2, SQSTMI, GPX4, ISCU, FTHI, ACSL3, OTUBI, CD44, LINC00336, STAT3, BRD4, PRDX6, MIR17,
SCD, SESN2, NF2, ARNTL, HIFIA, JUN, CA9, HSPAS, TMBIM4, HSPAS, PLIN2, MIR212, FerIHCH, AIFM2, AIFM2, LAMP2, ZFP36, GPX4,
PROM2, CHMP5, CHMP6, AKRICI, AKRIC2, AKRIC3, CBS, NFE2L2, CAVI, GCHI

Marker

123

PTGS2, DUSPI, NOS2, NCF2, MT3, UBC, ALB, TXNRDI, SRXNI, GPX2, BNIP3, OXSRI, SELENOS, ANGPTL7, CHACI, SLC7AI I,
DDIT4, LOC284561, ASNS, TSC22D3, DDIT3, JDP2, SESN2, SLCI1A4, PCK2, TXNIP, VLDLR, GPT2, PSATI, LURAPIL, SLC7AS5,
HERPUDI, XBPI, ATF3, SLC3A2, CBS, ATF4, ZNF419, KLHL24, TRIB3, ZFP69B, ATP6V | G2, VEGFA, GDFI5, TUBEI, ARRDC3, CEBPG,
SNORAI6A, RGS4, BLOCIS5-TXNDC5, LOC390705, EIF2S1, KIM-I, IL6, CXCL2, RELA, HSD17BI I, AGPAT3, SETDIB, HMOXI, TF,
FTL, RPL8, ATP5MC3, TFRC, MAFG, IL33, FTHI, SLC40AI, TF, TFRC, FTHI, GPX4, HAMP, HSPBI, NFE2L2, STEAP3, DRD5, GPX4,
DRD4, MAP3K5, MAPK 14, SLC2AI, SLC2A3, SLC2A6, SLC2A8, SLC2A12, GLUT13, SLC2A14, EIF2AK4, EIF2S1, ATF4, ALOXS,
ALOX12, ALOX15, ALOXS5, ACSF2, IREB2, GPX4, HMGBI, HMOXI, NFE2L2, ELAVLI, SLC3A2, SLC7AI I, TFAP2C, SPI, HBAI, NNMT,

PLIN4, HICI, STMNI, RRM2, CAPG, HNF4A, NGB, YWHAE, GABPBI, AURKA, MIR4715, RIPKI, PRDXI, MIR30B

Identification of the Relationship Between
the Risk Score and the

Clinicopathological Characteristics

To better understand the role of risk score in the clinical
outcome of PRCC, we systematically investigated the
relationship between risk score and clinicopathological
characteristics (including age, sex, stage status, T status,
M status, and N status), as well as the expression level of
prognostic IncRNAs, using the “pheatmap” package.

Protein—Protein Interaction Network

Construction
The String database (https://cn.string-db.org/) was used to
analyze the interactions of ferroptosis-related genes and fer-

roptosis-related IncRNAs. Cytoscape'® was used for the visua-
lization of the protein—protein interaction (PPI) network.

Gene Set Enrichment Analyses

Gene set enrichment analysis (GSEA)*® was performed to
explore the potential altered pathways between the high-
and low-risk groups.

Immunity Analysis

The CIBERSORT,***' ESTIMATE,”® MCPcounter,” sin-
gle-sample gene set enrichment analysis (ssGSEA),** and
TIMER?® algorithms were used to assess cellular compo-
nents or cell immune responses. A total of 22 immune cell
types were used to estimate relative abundance of immune
cell infiltration between the low- and high-risk groups.
ssGSEA was then used to quantify tumor-infiltrating immune
cell subgroups during immune responses and immune func-
tions between the two groups. We also compared the expres-
sion levels of immune checkpoints between the two groups.

Chemotherapy Sensitivity Analysis

We obtained the drug sensitivity data and RNA-seq data of
the NCI-60 cell line from CellMiner (https://discover.nci.
nih.gov/cellminer/home.do) and analyzed the relationship

between the prognostic IncRNAs and drug sensitivity
using Pearson correlation analysis.

Statistical Analysis
R version 4.0.2 software and its resource packages were
used for statistical analysis and related visualization
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graphics. Student’s ¢ test was used to compare differences
between different risk groups. Statistical significance was
set at p <0.05.

Results
Enrichment Analysis of
Ferroptosis-Related Genes

The work flowchart is shown in Figure 1. The detailed clinical
characteristics of these patients are shown in Table 2. We

Table 2 The Clinical Characteristics
the TCGA Dataset

of Patients with PRCC in

Clinical Characteristics

TCGA Cohort (N=289)

Gender

Male/Female 76/213

Age

<65/>65/NA 177/109/3

Stage

I/II/IVINA 173/21/51/15/29

identified 56 differentially expressed ferroptosis-related genes M

(32 upregulated and 24 downregulated, Table S1).

MO/MI/Mx/NA

95/9/171/14

Differentially expressed genes (DEGs) were enriched in the N

biological processes with response to oxidative stress, cellular
response to chemical stress, and cellular response to oxidative

NO/NT/N2/Nx/NA

49/24/4/211/1

stress. They were enriched in molecular functions with oxidor-

eductase activity, acting on NAD(P)H, oxidoreductase activity,
acting on paired donors, with incorporation or reduction of
molecular oxygen, and iron ion binding. Cellular component
(CC) was mainly enriched in apical parts of the cell, oxidor-
eductase complex, and NADPH oxidase complex. The biolo-
gical pathways in KEGG were enriched in arachidonic acid
metabolism, biosynthesis of amino acids, leishmaniasis, HIF-1
signaling pathway, and carbon metabolism (Figure 2).

Ferroptosis-Related IncRNAs’ Prognosis

Signature in PRCC

A total of 680 ferroptosis-related IncRNAs were identified
(Table S2). Univariate Cox analysis was performed to evalu-
ated the relationship between the expression of ferroptosis-

GO and KEGG function

that 29

ferroptosis-related
AL355512.1, ZFAS1, LUCATI1, AL022344.1, LINCO01559,

related IncRNAs and patients’ OS, and the results showed
IncRNAs

(DARS-AS,

AC010624.2, AL031710.1, AL355102.4, MNXI1-ASI,
AC109460.1, AC127537.1, CD44-AS1, AC099850.4,
LINCO02154, ACO024022.1, AC092115.4, AC026401.3,
CYTOR, AL365181.3, LINC02535, ADAMTS9-ASI,

AC022075.1, AC096642.1, AC107464.2, SLC25A5-AS1,

AC104564.1, ITGB1-DT, and MIR4435-2HG) were indepen-
dent prognostic predictors of PRCC (Figure 3). Multivariate

Cox analysis indicated that 15 of 29 ferroptosis-related

IncRNAs were the best candidates to construct the prognostic

TCGA-PRCC

signature (Table 3). The risk score was calculated for each
patient with PRCC as follows: —0.0152169179410617 % the
expression levels of ZFAS1 + (—0.814201526659232) x the

I Ferroptosis-related genes

enrichment analysis

Differentially expressed ferroptosis-related genes

between tumor and normal samples

L

PPI network and crucial
subnetworks

Y

Differentially expressed ferroptosis-related
IncRNAs between tumor and normal samples

| Univariate COX regression analysis

| Multivariate COX regression analysis |

GSEA analysis

Tumour immune
infiltration

Checkpoint-related
genes expression

Figure | Flowchart of this study.

Y
Prognostic model based on
ferroptosis-related IncRNAs

Y

| Chemotherapy sensitivity analysis

Kaplan-Meier analysis

ROC analysis

Nomogram for
patients mortality
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Figure 2 GO and KEGG analyses of differentially expressed ferroptosis-related genes. (A) Functional annotation of differentially expressed ferroptosis-related genes
between adjacent normal and tumor samples using GO terms. (B) Functional annotation of differentially expressed ferroptosis-related genes between adjacent normal and

tumor samples using KEGG terms.

expression levels of AC010624.2 + (—0.574312213529718) x
the expression levels of AL031710.1 + (—0.29571
1007986573) x the expression levels of AL355102.4 +
0.343550090287168 x the expression levels of MNX1-AS1
+2.59391370444094 x the expression levels of AC109460.1 +
0.514983257942382 x the expression levels of AC127537.1 +
0.178442445321917 x the expression levels of AC099850.4 +
0.0362308172908584 x the expression levels of LINC02154 +
(—3.2728034303393) x the expression levels of AC024022.1 +
0.142403529727197 x the expression levels of AC026401.3 +
0.0664305502643028 x the expression levels of LINC02535 +
(—0.0190675805173939) the expression levels of
ADAMTS9-ASI1 + (—0.194060378575192) x the expression
levels of AC107464.2 + 0.367056382643099 x the expression
levels of MIR4435-2HG. Thus, we constructed a ferroptosis-
related IncRNA prognosis model to predict the prognosis of
patients with PRCC.

X

Survival Results and Multivariate

Examination

All patients were divided into the high- and low-risk
groups based on the median values of risk scores.
K-M analyses revealed that the OS of the high-risk
group was significantly worse than that of the low-
risk group (p<0.001, Figure 4A). The AUC was
0.930, indicating its excellent predictive performance
(Figure 4B). The AUC scores at 1, 2, and 3 years were
0.930, 0.953, and 0.933, respectively (Figure 4C). The
survival status plot showed that the patients’ risk score
was inversely proportional to the survival of patients
with PRCC (Figure 4D and E). DCA also indicating
the excellent predictive performance of the risk model
(Figure 4F). The that 10
IncRNAs were positively correlated with the risk
model (Figure 4Q).

heatmap demonstrated
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Table 3 Fifteen Prognostic Ferroptosis-Related IncRNAs Identified by Multivariate Cox Analysis

LncRNA Coefficient HR HR.95L HR.95H p-value
ZFASI —0.01522 0.984898 0.966031 1.004134 0.123083
ACO010624.2 —0.8142 0.442993 0.15713 1.248922 0.123649
ALO031710.1 —0.57431 0.563092 0.361271 0.87766 0.011204
AL355102.4 —0.29571 0.744002 0.539788 1.025475 0.070871
"MNXI-ASI® 0.34355 1.409944 0.92333 2.153015 0.111692
AC109460.1 2.593914 13.38204 3.955071 45.27835 3.03E-05
ACI127537.1 0.514983 1.67361 0.944937 2.96419 0.077435
AC099850.4 0.178442 1.195354 0.988426 1.445603 0.065779
LINCO02154 0.036231 1.036895 1.001459 1.073585 0.041135
AC024022.1 —3.2728 0.0379 0.001555 0.923726 0.044573
AC026401.3 0.142404 1.153042 0.977286 1.360406 0.091475
LINC02535 0.066431 1.068687 0.98249 1.162445 0.121559
"ADAMTS9-ASI® —0.01907 0981113 0.963374 0.999178 0.040535
AC107464.2 —0.19406 0.823608 0.725773 0.934631 0.002632
‘MIR4435-2HG" 0.367056 1.443479 1.139038 1.829292 0.002388

Univariate and multivariate Cox analyses were used to
test whether risk score is an independent prognostic factor
for OS. The IncRNA signature (HR:1.005, 95CI: 1.002—
1.007) and tumor stage (HR:2.232, 95CI: 1.640-3.038)

DARS-AS1
AL355512.1
ZFAS1
LUCAT1
AL022344.1
LINCO01559
AC010624.2
AL031710.1
AL355102.4
MNX1-AS1
AC109460.1
AC127537.1
CD44-AS1
AC099850.4
LINC02154
AC024022.1
AC092115.4
AC026401.3
CYTOR
AL365181.3
LINC02535
ADAMTS9-AS1
AC022075.1
AC096642.1
AC107464.2
SLC25A5-AS1
AC104564.1
ITGB1-DT
MIR4435-2HG

pvalue
<0.001
<0.001
0.002
<0.001
0.005
0.001
0.007
0.009
<0.001
<0.001
0.004
0.003
0.003
<0.001
0.008
<0.001
0.005
0.001
0.004
0.002
<0.001
0.003
0.003
<0.001
0.005
<0.001
0.002
<0.001
0.001

Hazard ratio
4.118(1.798-9.434)
1.570(1.274-1.936)
1.018(1.007-1.030)
1.830(1.488-2.250)
0.407(0.218-0.761)
1.141(1.054-1.235)
1.390(1.093-1.769)
0.597(0.405-0.879)
1.387(1.150-1.674)
1.837(1.521-2.219)
2.259(1.295-3.941)
0.550(0.370-0.816)
1.755(1.205-2.555)
1.470(1.318-1.640)
1.010(1.003-1.017)
0.002(0.001-0.052)
3.336(1.440-7.728)
1.167(1.061-1.284)
1.177(1.053-1.315)
1.062(1.023-1.102)
1.146(1.075-1.221)
0.977(0.962-0.992)
1.241(1.075-1.434)
2.416(1.463-3.989)
0.872(0.793-0.959)
0.102(0.029-0.363)
1.780(1.230-2.578)
1.439(1.222-1.696)
1.263(1.097-1.454)

were independent prognostic factors of OS of patients
with PRCC (Figure 5A and B). The hybrid nomogram
incorporating clinicopathological characteristics and the
novel ferroptosis-related IncRNAs’ prognostic signature

[ I I
0.001 0.01 0.1 1 10

Hazard ratio

Figure 3 Univariate Cox regression analysis identified 29 ferroptosis-related IncRNAs as independent prognosis predictors of PRCC.
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might be applied in the clinical management of patients
with PRCC (Figure 5C).

The association between ferroptosis-related IncRNAs’
prognostic signature and clinicopathological manifesta-
tions was shown in the heatmap (Figure 6).

Gene Set Enrichment Analysis

The relationship between ferroptosis-related genes and
IncRNAs is shown in Figure 7. GSEA revealed that the
prognostic ferroptosis-related IncRNAs were associated
with the tumor-related pathways and immune-related
pathways, such as acute myeloid leukemia, bladder
chemokine primary

cancer, signaling  pathway,

immunodeficiency, natural killer cell-mediated cyto-
toxicity, and T cell
(Figure 8).

receptor signaling pathway

Immune Status Difference Between
Patients with High-Risk and Low-Risk

PRCC
The immune response heatmap based on CIBERSORT,
ESTIMATE, MCP counter, ssGSEA, and TIMER algo-
rithm is shown in Figure 9A. ssGSEA was used to
analyze the correlation between immune cell subsets
and related functions, and the results showed signifi-
differences in  inflammation

cant promotion,
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Figure 6 Heatmap for ferroptosis-related IncRNAs’ prognostic signature and clinicopathological manifestations (*p <0.05; **p <0.01; ***p <0.001).

parainflammation, and Type I IFN response between
the low- and high-risk groups (p <0.01; Figure 9B).
In addition, the expression of immune checkpoints
including CD80, IDOI1, and LAG3 was significantly
different between the low-risk and high-risk groups
(Figure 9C).

Prognostic IncRNA Expression and
Chemotherapy Sensitivity

We investigated the expression of prognostic IncRNAs
in NCI-60 cell lines and analyzed the relationship
between the expression levels and drug sensitivity. The
results showed that MNXI1-AS1, ZFAS1, MIR4435-
2HG, and ADAMTS9-AS1 were significantly correlated
with the sensitivity of some chemotherapy drugs
(Figure 10 and Table 4). For instance, MNXI1-ASI

could increase the sensitivity of most chemotherapy

sensitivity of most chemotherapy drugs, including ever-

olimus and rapamycin.

Discussion
Given that the molecular mechanisms of PRCC and clear
cell renal cell carcinoma (RCCC) differ, and the incidence
of PRCC is lower than that of PCCC, patients with PRCC
are always excluded from large clinical trials of targeted
drugs, and research on PRCC is not as popular as studies
on RCCC.*® Although some patients with PRCC can
receive early surgical treatment, a large number of
advanced patients continue to die due to postoperative
recurrence, tumor metastasis, or resistance to chemother-
apy drugs. Therefore, new and effective prognostic bio-
markers for PRCC should be explored.?’” This study is the
first to establish a prognostic model based on ferroptosis-
related IncRNAs in patients with PRCC.

In this study, we first identified 680 ferroptosis-

drugs, including fulvestrant, LDK-378, fluorouracil, related IncRNAs, analyzed 29 prognostic ferroptosis-
tegafur, and PF-06463922. ZFAS1 could reduce the related IncRNAs via multivariate Cox regression
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Figure 7 Relationship between the prognostic ferroptosis-related IncRNA and mRNA expression levels.

analysis, and established a ferroptosis-related IncRNA
signature model for PRCC. The prognostic model of
PRCC proposed in this study consisted of 15 ferropto-
sis-related IncRNAs. Studies have reported that these
IncRNAs play important roles in the pathogenesis of
tumors. ZFAS1 is a major regulator of the epithelial—-
transition (EMT) through miR-200/
ZEB1/E-cadherin and vimentin signaling in colon

mesenchymal

adenocarcinoma.”® The level of
AL031710.1

stage of papillary renal cell carcinoma.”® AL355102.4

expression
decreases with the increase in tumor

is downregulated in clear cell renal cell carcinoma
samples and indicates good prognosis when lowly
expressed, which reveals that AL355102.4 is a risk
factor with high gene expression.’’ High MNX1-ASI
levels are correlated with poor survival outcome and

aggressive clinicopathological characteristics in various
cancers, suggesting that MNX1-AS1 may be applied as
a prognostic marker and even a therapeutic target.’' In
the miRNA-IncRNA pair centered regulatory network
consisting of competing triplets in ovarian cancer,
AC099850.4 is one of the top five IncRNAs with the
Studies that
LINCO02154 is significantly upregulated in renal cell

most  connections.>? have shown
carcinoma, and its high expression is one of the risk
factors for poor prognosis. It is involved in the con-
struction of a model for predicting the prognosis of
patients with renal cell carcinoma.?®=* AC024022.1 is
a protective biomarker in papillary renal cell
carcinoma.”® LINC02535 co-functions with PCBP2 to
regulate DNA damage repair in cervical cancer by

stabilizing RRMI mRNA.*® LINC02535 is highly
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Figure 8 Gene enrichment analysis for prognostic ferroptosis-related IncRNAs.

expressed in lung Adenocarcinoma tissues and closely
related to the OS of lung adenocarcinoma. Knocking
down LINCO02535 also significantly inhibits the EMT,
a key contributor to tumor invasion and metastasis.>’
ADAMTS9-AS1 restrains the aggressive traits of breast
carcinoma cells via sponging miR-513a-5,%® but it pro-
motes cell proliferation and EMT in colorectal
cancer.”® MIR4435-2HG is involved in the genesis
and progression of a variety of tumors.**** Although

these IncRNAs are closely related to the pathogenesis
of tumors, we combined them as prognostic markers in
patients with PRCC for the first time.

Our results demonstrated that this model had good
predictive performance using Kaplan—Meier and ROC
curves. The results of univariate and multivariate Cox
analyses suggested that this IncRNA signature and
tumor stage were independent prognostic factors of
OS of PRCC. The hybrid nomogram incorporating
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Figure 9 (A) Immune status difference between high-risk and low-risk groups. Heatmap for immune responses based on CIBERSORT, ESTIMATE, MCPcounter, ssGSEA,
and TIMER algorithms among high- and low-risk groups. (B) Immune-related function between high- and low-risk groups. (C) Expression of immune checkpoints between

high- and low-risk groups. *p <0.05; **p <0.01; **p <0.001.

clinicopathological characteristics and the novel ferrop-
tosis-related IncRNAs’ prognostic signature might be
applied in the clinical management of patients with
PRCC.

As ferroptosis is associated with immunity, we eval-
uated immune cell infiltration and immune function
between the low- and high-risk groups. Compared with
the low-risk group, the high-risk group had a greater
degree of immune cell infiltration, such as B cells, T cell

CDS8, macrophages, and NK cells, indicating that the
high-risk group had stronger anti-tumor immune activity
than the low-risk group. In addition, eeGSEA confirmed
that the inflammation-related immune function in the
high-risk group was more active than that in the low-
risk group. We tested the expression level of immune
checkpoints and found that the expression levels of most
immune checkpoints were significantly higher in the
high-risk group than in the low-risk group. Given that
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Figure 10 Prognostic INcRNA expression and chemotherapy sensitivity.

the expression of immune checkpoints is usually posi-
tively correlated with immunotherapy responsiveness,
the high-risk group might better respond to immunother-
apy than the low-risk group.

On the basis of the results of the chemotherapy
drug sensitivity analysis, we found that the expression
of some prognostic IncRNAs was related to the resis-
tance or sensitivity of many Food and Drug
The
increased expression of MNXI-AS1 was associated
with increased drug sensitivity. ADAMTS9-AS1 was

negatively correlated with the sensitivity of Axitinib

Administration-approved chemotherapy drugs.

but positively correlated with sensitivity of Bosutinib,
Erlotinib, Lapatinib, and Neratinib. Therefore, some
prognostic IncRNAs can be used as therapeutic targets
to overcome chemotherapy drug resistance or adjuvant
chemotherapy drug sensitivity.

This study still had some limitations. We performed
retrospective analysis using data from a public data-
base, so bias was inevitable. Therefore, large prospec-
tive studies are needed to confirm the validity of the
prognostic features.

Conclusion

We constructed and validated a ferroptosis-related IncRNA
prognosis signature in PRCC, which consisted of 15
IncRNAs. This novel ferroptosis-related IncRNA prognosis
signature could predict the survival of patients with PRCC.
Besides, we found significant differences in immune cell
infiltration and immune-related function between the high-
and low-risk groups, which might help for follow-up
immune intervention therapy. Thus, our study might pro-
vide a theoretical basis for promising biomarkers and tar-
gets for the individualized therapy of PRCC.
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Table 4 Prognostic IncRNAs Expression and Chemotherapy Sensitivity

IncRNA Drug Correlation Coefficient p-value

ADAMTS9-ASI Erlotinib 0.297491402 0.020975912
ADAMTS9-ASI Bisacodyl, active ingredient of Viraplex —0.283459087 0.028184654
ADAMTS9-ASI Neratinib 0.271310903 0.036005728
ADAMTS9-ASI Bosutinib 0.26315963 0.04220366
ADAMTS9-AS| Lapatinib 0.261745237 0.043363773
ADAMTS9-ASI Axitinib —0.26050053 0.044406292
ADAMTS9-ASI STREPTOZOCIN 0.255232655 0.049048955
MIR4435-2HG Ponatinib 0.328865432 0.010300062
MIR4435-2HG Fluorouracil —0.32535973 0.011192213
MIR4435-2HG Simvastatin 0.316383621 0.013786944
MIR4435-2HG Raloxifene —0.31546008 0.014081 146
MIR4435-2HG Tamoxifen —0.303981248 0.018212357
MIR4435-2HG Lenvatinib 0.297621875 0.020917034
MIR4435-2HG Ixabepilone —0.293020355 0.023080275
MIR4435-2HG Tegafur —0.292130537 0.023519712
MIR4435-2HG VINORELBINE —0.286826995 0.026288093
MIR4435-2HG Fulvestrant —0.273018622 0.034808023
MIR4435-2HG Dasatinib 0.269980422 0.036962397
MIR4435-2HG Homoharringtonine —0.257839243 0.046704445
MNXI-AS| Fulvestrant 0.501871245 4.40E-05
MNXI-AS| LDK-378 0.412043043 0.001071054
MNXI-ASI Fluorouracil 0.405116693 0.001323304
MNXI-AS| Tegafur 0.404012298 0.001368123
MNXI-AS| PF-06463922 0.372813689 0.003350412
MNXI-ASI Oxaliplatin 0.360297862 0.004686991
MNXI-ASI Nelfinavir 0.341952173 0.007491512
MNXI-AS| Nitrogen mustard 0.337752405 0.008309364
MNXI-ASI Belinostat 0.335705073 0.008735515
MNXI1-AS| NMS-E628 0.328447379 0.010403107
MNXI-ASI Imiquimod 0.326488881 0.010897833
MNXI1-AS| Isotretinoin 0.311272205 0.015483899
MNXI-ASI Ixabepilone 0.310681462 0.015691099
MNXI1-AS| Dexrazoxane 0.30700077 0.017036333
MNXI-ASI Alectinib 0.295927495 0.021692672
MNXI-ASI METHOTREXATE 0.290846029 0.024166521
MNXI-AS| Tamoxifen 0.285979157 0.026755117
MNXI-AS| Gilteritinib 0.279007524 0.030866456
MNXI-AS| Brigatinib 0.259510007 0.045250555
MNXI-AS| Palbociclib 0.258554315 0.046077575
MNXI-AS| Raloxifene 0.254734547 0.049507747
ZFAS| Everolimus —0.436663069 0.000486505
ZFAS| Palbociclib 0.430953581 0.000587332
ZFAS| RAPAMYCIN —0.346415899 0.006700172
ZFAS| Rapamycin —0.325746469 0.011090622
ZFASI LEE-O1 | 0.323890808 0.011585449
ZFASI Dexrazoxane 0.301780769 0.019112373
ZFASI Abiraterone —0.299755958 0.019973715
ZFASI Temsirolimus —0.293168167 0.023007955
ZFAS| Ifosfamide 0.282430683 0.028786168
ZFAS| Hydroxyurea 0.266073929 0.039893835
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