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Background: Kidney renal clear cell carcinoma (KIRC) is one of the most common aggressive malignancies in the genitourinary
system with the high degree of immune infiltration. However, the role of necroptosis-related genes in the immune infiltration of KIRC
and the impact on overall survival have not been adequately studied.

Methods: Differentially expressed necroptosis-related genes were identified based on The Cancer Genome Atlas (TCGA). Then, we
constructed a necroptosis-related prognostic index (NRPI) through Lasso Cox regression analysis. The KIRC patients were divided
into NRPI-high and NRPI-low groups by the median. Univariate and multivariate Cox regression analyses were used to determine
NRPI as an independent prognostic factor. The role of NRPI was assessed through nomogram, GO/KEGG enrichment analyses, and
immune cells infiltration. The efficacy of immunotherapy in KIRC patients was evaluated by TIDE. The immunohistochemistry was
performed to verify the difference in protein expression between tumor samples and normal tissues from our hospital.

Results: We found that NRPI-high patients had higher mortality. The multivariate Cox regression between the signature and multiple
clinicopathological characteristics proved that NRPI could effectively and independently predict the prognosis of KIRC. The protein
expression of three necroptosis-related genes constituting NRPI was significantly different between tumor and normal tissues. NRPI
was closely related to immunologically relevant pathways and functions. The tumor microenvironment and immune infiltrating cells
showed clear distinctions in NRPI-high and NRPI-low patients. The analysis of clinical treatments found that NRPI-low patients
responded better to immunotherapy, while NRPI-high patients were more sensitive to targeted therapy. Furthermore, we identified
a IncRNAs/miRNA/mRNA regulatory axis for KIRC.

Conclusion: In general, NRPI was a promising biomarker in predicting the prognosis and responses to treatments in KIRC.
Keywords: kidney renal clear cell carcinoma, necroptosis, prognostic index, immune infiltration, immunotherapy

Introduction

Kidney renal clear cell carcinoma (KIRC) is the most common renal malignancy and constitutes the majority of kidney
cancer-related deaths due to its early asymptomatic nature that is difficult to be taken seriously.! Despite the positive
outcome of some patients after early surgical treatment, recurrence and distant metastases still occur in 25% of patients.”
Although the advent of targeted therapies and immunotherapy has brought hope to some patients, the overall 5-year
survival rate is currently only 12% for patients with advanced disease.® At present, treatment regimens such as
immunotherapy and targeted therapy are primarily scheduled according to the clinical stage of the patient, without
taking into account the different responses of the patients. Therefore, early and accurate identification of patients at high
risk and appropriate treatment options are critical for KIRC patients.

International Journal of General Medicine 2022:15 5407-5423 5407
Received: 20 March 2022 © 2022 Luo and Thang. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are avallable at https://www.dovepress.com/
AT terms.php and incorporate the Creative Commons Attribution — Non Commercial (unpnrted v3.0) License (http://creati /by-n/3.0/). By accessing

Accepted: 20 May 2022
Published: 3 June 2022

the work you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, prowded the work is properly attributed.
For permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).


http://orcid.org/0000-0003-3614-4359
https://www.dovepress.com/terms.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/3.0/
https://www.dovepress.com/terms.php
http://www.dovepress.com/permissions.php
https://www.dovepress.com

Luo and Zhang Dove

Necroptosis is a caspase-independent regulated form of programmed necrosis that depends on the kinase activities of
RIPK1, RIPK3, and MLKL.* Cells undergoing necroptosis are subject to cell swelling followed by plasma membrane
rupture, resulting in the release of cellular contents and exposure to damage-related factors. The impact of necroptosis on
tumors is like a double-edged sword. On the one hand, it can induce a strong adaptive immune response to prevent tumor
progression, and on the other hand, the inflammatory response generated may also promote tumor progression and
metastasis.” Seehawer et al® found that the necroptotic tumor microenvironment could guide the differentiation of the two
major subtypes of liver cancer, namely, hepatocellular carcinoma and intrahepatic cholangiocarcinoma, suggesting that
necroptosis played an important role in defining liver cancer subtypes. However, it is unclear whether necroptosis can be
used as an effective biological factor to stratify KIRC patients with different risk classes and differentiate patients’
responses to treatment. Considering the multiple functions of necroptosis in cancer biology, necroptosis may be a new
target for the treatment of KIRC.

In the current study, we performed bioinformatics analysis to investigate the expression profile of necroptosis-related
genes and to develop and validate a prognostic index based on necroptosis-related genes in KIRC. Then we explored the
role of the prognostic index in immunotherapy and targeted therapy. The immunohistochemical experiment was
conducted to validate the expression levels of necroptosis-related genes using clinical samples from our hospital and
the potential regulatory axis was constructed for KIRC.

Materials and Methods

Databases and Preprocessing

RNA-seq data and corresponding clinical information of 539 KIRC samples and 72 para-cancer samples were obtained from
the TCGA program (https://tcga-data.nci.nih.gov/tcga/, Jan 20th, 2022). The entire TCGA database was randomly divide into
a training set and an internal validation set by R package “caref”. The training set was conducted to construct prognostic

index. External validation was engaged in another set, E-MTAB-1980 from the ArrayExpress dataset (https://www.ebi.ac.uk/

arrayexpress/experiments/E-MTAB-1980/, Jan 20th, 2022). A predictive nomogram was built by the rms package. The
network of IncRNA-miRNA-mRNA was analyzed from StarBase (http://starbase.sysu.edu.cn/, Jan 20th, 2022).

Identification of Differentially Expressed Necroptosis-Related Genes

A total of 67 necroptosis-related genes were selected based on previously published article.” The differentially expressed
analysis of necroptosis-related genes with a P value < 0.05 was identified by /imma R package. The univariate Cox
regression was adopted to determine the necroptosis-related genes with prognostic value. The Venn diagram was depicted
by Venn R package. A protein-protein interaction (PPI) network was conducted by the Search Tool for Retrieval of
Interacting Genes (STRING).

Development and Evaluation of the Necroptosis-Related Prognostic Index

Based on the differentially expressed necroptosis-related genes with prognostic value, we carried out the least absolute
shrinkage and selection operator (Lasso) with 10-fold cross-validation. Lastly, the coefficients and the penalty parameter
(1) were determined by thg minimum criterion. The formula to calculate the necroptosis-related prognostic index (NRPI)
was as follows: NRPI = Y fiSi (B: coefficients, S: gene expression level). The receiver operating characteristics (ROC)
curves were used to evallate the sensitivity and specificity of NPRI. Survival curves were plotted by Kaplan-Meier
analysis to assess the overall survival of KIRC patients. Univariate and multivariate Cox regression analyses were
performed to determine independent prognostic factors. These R software packages include timeROC, survival, and

survminer.

Functional Enrichment Analysis

Gene Ontology (GO) and the Kyoto Encyclopedia of Genes and Genomes (KEGG) analyses were used to detect the
potential biological mechanisms by the clusterProfiler R package. Gene set enrichment analysis (GSEA) was utilized to
analyze the different NRPI subgroups with GSEA software 4.0.3.
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Immune Cell Infiltration and Response to Immune Checkpoint Therapy

The stromal scores, immune scores, ESTIMATE scores, and tumor purity were calculated by the ESTIMATE algorithm.
The algorithms including EPIC, XCELL, MCPCOUNTER, QUANTISEQ, CIBERSORT-ABS, CIBERSORT, and
TIMER were carried out to explore the immune cell infiltration. The immune function was analyzed by single-sample
gene set enrichment (ssGSEA). The process was performed using the R GSVA, limma, GSEABase, ggpubr, and reshape?2
packages.

The Application of NRPI in the Medical Treatment

We adopted the ggpubr package to investigate the relationship between the expressions of immune checkpoint and NRPI.
We evaluated the half-maximal inhibitory concentration (IC50) of targeted drugs between the two NRPI subgroups. The
R packages used here were pRRophetic and ggplot2.

Immunohistochemical Staining
A total of five paired KIRC and adjacent non-tumor tissues were collected from the Second People’s Hospital of Foshan. The
detailed clinicopathological information of patients was documented in Supplementary Table 1. Immunohistochemistry (IHC)

staining was performed according to the instructions of the IHC kit (UltraSensitive™ SP, MX Biotechnologies, China; Cat.
No: KIT-9730). The antibodies, PLK1 (WL04381, Wanleibio, Shenyang, China), TERT (WL02685, Wanleibio, Shenyang,
China), and KLF9 (bs-3644R, Bioss, Beijing, China), were used in the experiments. The type of antibody used in this study
was polyclonal antibody for three genes and the hosts of the antibodies were all rabbits. The percentage of positively stained
cells was calculated and classified as zero (0—5%), one (6-25%), two (26-50%), three (51-75%), and four (76—100%). The
intensity of staining was classified as zero (negative), one (weak), two (moderate), and three (strong). Immunoreactivity score
(IRS) was calculated by multiplying the staining percentage and intensity score. Two experienced pathologists independently
assessed the immunohistochemical results without knowledge of the patient’s clinicopathology and clinical outcome. Any
inconsistencies were reviewed by the two pathologists together until a consensus was reached. A total of five representative
fields were microscopically photographed and documented (magnification, x100, x400) using Leica, APERIO CS2 and the
amount of positively stained sites was enumerated. The quantitative analysis of IHC was recorded in Supplementary Table 2.

Statistical Analysis

All statistical analyses were applied by R version 4.1.1 (Institute for Statistics and Mathematics, Vienna, Austria) and
some related packages were applied to all statistical analyses. P < 0.05 was considered the significantly statistical
difference.

Result
The Differentially Expressed Necroptosis-Related Genes in KRIC

Figure 1 documented the total workflow of the study. A total of 53 necroptosis-related genes were found to be
differentially expressed in 539 KIRC samples and 72 normal tissues from the TCGA database. (Figure 2A) To further
screen out those with prognostic values, we identified 25 genes by univariate Cox regression analysis and Venn diagram.
(Figure 2B and C) The PPI and correlation networks of these genes illustrated their close interactions and relationships.
(Figure 2D and E) Following this, we used GO and KEGG pathway analyses to analyze the differentially expressed
genes (DEGs). GO analysis revealed that these genes were mainly involved in extrinsic apoptotic signaling pathway,
necrotic cell death, and death receptor. (Figure 2F) KEGG analysis suggested that these genes were closely related to
TNF signaling pathway and cell death including necroptosis and apoptosis (Figure 2G).

Construction and Validation of NRPI

We performed univariate Cox regression and Lasso regression analyses on the 25 genes obtained above and finally
constructed an NRPI consisting of 3 genes (PLK 1, TERT, and KLF9) in the training set. (Figure 3A and B) Subsequently,
using the median NRPI as the cut-off, we found that as the NRPI score increased, KIRC patients had more fatal events
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Figure | The workflow of this study.

and NRPI-high patients had worse overall survival than NRPI-low patients. (Figure 3C and D) The ROC analysis
suggested that NRPI had good predictive accuracy. The area under curve (AUC) values of NRPI were 0.715 at 1 year,
0.680 at 2 years, and 0.676 at 3 years. (Figure 3E) Univariate and multivariate regression analyses further indicated that
NRPI was an independent prognostic factor in KIRC (Figure 3F and G).

We validated the role of NRPI in the internal validation set, entire set, and external validation set. Consistent with the
previous results, NRPI-high patients suffered a worse prognosis (P < 0.001). (Figure 4A—C) Meanwhile, NRPI could act
as an independent prognostic factor, demonstrating good sensitivity and specificity in all three sets. (Figure 4D-I) Taken
together, NRPI was an independent and reliable predictor in KIRC.

The Relationship Between Clinical Features and NRPI

There were significant distributional differences in the clinical features including survival status, N stage, M stage, T stage,
tumor stage, tumor grade, and gender between both NRPI subgroups. (Figure 5SA) The NRPI-high subgroup was significantly
associated with male, high mortality, high-grade, and advanced-stage disease progression. (Figure SB—H) After further
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Figure 2 Screening out DEGs and their correlation in KIRC. (A) Differentially expressed necroptosis-related genes in tumor and normal tissues. (B) Univariate Cox
regression analysis of prognostic genes. (C) Venn diagram of DEGs and prognostic genes (D and E) PPl network and correlation network of DEGs with prognostic value.
(F and G) GO and KEGG analyses of DEGs. *P< 0.05, **P< 0.0, and ***P< 0.001.
Abbreviations: DEGs, differentially expressed genes; KIRC, kidney renal clear cell carcinoma; PPI, protein-protein interaction; GO, Gene Ontology; KEGG, Kyoto
Encyclopedia of Genes and Genomes.

survival analysis of subgroups of KIRC patients with different ages, genders, and disease processes, we found that the NRPI-

high subgroup was consistently in a worse prognosis. (Figure 5T) NRPI was closely related to clinical characteristics and

remained a good predictor of performance for KIRC patients at different periods of disease progression.
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Distribution Analysis and Construction of the Nomogram

The t-distributed Stochastic Neighbor Embedding (t-SNE) and 2D principal component analysis (PCA) analyses showed
that the two subgroups exhibited two different distribution directions. (Figure 6A and B) 3D PCA based on three
necroptosis-related genes showed that NRPI subgroups were in two different distribution patterns. (Figure 6C) However,
PCA based on whole necroptosis-related genes and genome-wide expression profiles did not differ. (Figure 6D and E)
Furthermore, to extend the prognostic power and clinical application of NRPI, we constructed a nomogram integrating
age, grade, stage, and NRPI. (Figure 6F) 1-year, 2-year, and 3-year calibration curves reflected the agreement between
the predicted and actual curves. (Figure 6G—I) Moreover, the AUC values and C-index were greater than the published
signatures in KIRC.*'° (Figure 6J) Therefore, the NRPI-based nomogram was expected to have a good predictive power
in clinical practice.

Biological Function and Pathway Analyses

We performed GO and KEGG analyses to clarify the biological processes and pathways involved in NRPI. Biological
functions such as immune response-activating cell surface receptor signaling pathway, immune response-activating signal
transduction, and neutrophil activation involved in immune response were associated with the NRPI. (Figure 7A) KEGG
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Figure 4 Validation of NRPI in multiple cohorts. Survival analyses in the (A) internal validation set, (B) entire set, and (C) external validation set. Time-dependent ROC
curves analyses in the (D) internal validation set, (E) entire set, and (F) external validation set. The univariate and multivariate Cox regression analyses in the (G) internal
validation set, (H) entire set, and (I) external validation set.
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analysis showed that NRPI was involved in the PI3K-Akt signaling pathway and human papillomavirus infection.

(Figure 7B) The GSEA indicated that the NRPI-high subgroup was significantly enriched items including regulation of

T cell activation, B cell proliferation, cell cycle, and DNA replication. (Figure 7C) Collectively, this all suggested that

there might be differences in immunobiology and immune infiltration in two NRPI subgroups, prompting us to further

explore the implications of NPRI.

Correlation Between NRPI and Immune Infiltration
To better understand the tumor microenvironment, we found that the NRPI-high subgroup had higher immune scores,

stromal scores, and ESTIMATE scores than the NRPI-low subgroup, indicating higher levels of immune cells in the

tumor microenvironment of NRPI-high patients. (Figure 8A—E) Based on this, we further conducted multiple algorithms
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Abbreviation: NRPI, necroptosis-related prognostic index.

to explore the difference in immune cells infiltration in different NRPI subgroups. The heatmap depicted the presence of
a variety of different infiltrating immune cell in the two NRPI subgroups, including CD8+ T cells, B cells, etc.
(Figure 8F) There was a significant difference between different immune cells in the two NPRI subgroups, and these
differences were relatively consistent across multiple algorithms. The ssGSEA algorithm revealed that the NRPI-high
subgroup had a higher abundance of B cells, CD8+ T cells, macrophages, and regulatory T cells (Tregs) than the NRPI-
low subgroup. (Figure 8G) Immune functions including CCR, checkpoint, cytolytic activity, human leukocyte antigen
(HLA), and inflammation promoting likewise showed significant differences in different NRPI subgroups (Figure 8H).

The Application of NRPI in Medical Treatment

Immune checkpoints such as TIGIT, CTLA-4, and PD-1 were highly expressed in NRPI-high patients, and the same
result was found for HLA expression. (Figure 9A and B) Tumor immune dysfunction and exclusion (TIDE) was used to
assess the potential clinical efficacy of immunotherapy in different NRPI subgroups. NRPI-low patients had lower TIDE
score and were more likely to benefit from immunotherapy than NRPI-high patients. (Figure 9C—E) Moreover, the AUC
of NRPI was greater than that of TIDE and 18-gene T-cell-inflamed signature (TIS), implying a superior prognostic value
for NRPI in KIRC. (Figure 9F) Sensitivity analysis of the commonly targeted drugs for KIRC treatment revealed that
NRPI-high patients had higher sensitivity to sunitinib, pazopanib, rapamycin, and temsirolimus (Figure 9G-J).

The Expression Levels of Three Necroptosis-Related Genes in KIRC
In order to verify the expression levels of the three genes constituting NRPI in KIRC, we performed immunohistochem-
ical staining on KIRC samples and adjacent non-tumor tissues from our hospital. The results showed that the expression
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levels of PLK1 and TERT in KIRC were higher, while KLF9 was expressed at a lower level in KIRC. (Figure 10A) The
mRNA expression of KIRC tissues and the corresponding normal tissues from TCGA were consistent with the
immunoreactivity score derived from the results of IHC. (Figure 10B) Finally, we found that KIRC patients with high
expression of PLK1 or low expression of KLF9 had shorter overall survival, while there was no statistically significant
difference in the effect of different TERT expression on the survival of KIRC patients (Figure 10C).

Construction of a Network of IncRNA-miRNA-mRNA

As the previous results showed, PLK1 and KLF9 were significantly different in survival analysis, suggesting that these two
genes may be involved in the process of tumor progression. Then we attempted to construct a IncRNA-miRNA-mRNA
interaction network. Based on StarBase data, 124 miRNAs were identified as potential miRNA targets for KLF9.
(Figure 11A) Under the criterion that the absolute value of the correlation coefficient was greater than 0.3, P value was
less than 0.05, and the expression in the tumor was greater than that in normal tissues, only one miRNA entered our field of
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Figure 7 Functional analyses. (A) Go and (B) KEGG pathway analyses. (C) Enrichment plot by GSEA analysis.

vision, namely hsa-miR-21-5p. Under this criterion, PLK1 has no candidate targeted miRNA. Hsa-miR-21-5p, which is
closely related to KLF9, was highly expressed in tumors and KIRC patients with high expression of hsa-miR-21-5p have
a worse prognosis, suggesting that a negative regulatory relationship between KFL9 and hsa-miR-21-5p and that hsa-miR-21-
5p influenced the malignant progression of tumors. (Figure 11B-D) Moreover, we further identified four upstream IncRNA
targets OTUD6B-AS1, AL162377.1, AC108449.2, and AF111167.2 in StarBase (the inclusion criteria here were the absolute
value of correlation coefficient > 0.3 and P < 0.05). (Figure 11E) They were all closely related to hsa-miR-21-5p. (Figure 11F)
The prognosis of KIRC patients with their high expression levels was better. (Figure 11G) Therefore, we speculated that there
was a negative regulatory relationship between IncRNAs and miRNA. The OTUD6B-AS1, AL162377.1, AC108449.2, and
AF111167.2/hsa-miR-21-5p/KLF9 regulatory axis may play an important role in the progression of KIRC.

Validation of the Prognostic Value and Immune Function of KFL9 in KIRC

To further clarify the prognostic value of KLF9 in tumor tissues, we used univariate and multivariate Cox regression
analyses to further demonstrate that KLF9 could be an independent prognostic factor in KIRC patients. (Figure 12A)
Initially, our analysis revealed a close relationship between KLF9 and CD274 from the TIMER database. (Figure 12B)
Next, we determined the strong relationship between KLF9 and immune cells including CD4+ T cells, mast cells,
neutrophils, and myeloid dendritic cells. (Figure 12C) Some somatic cell copy number alterations in KIRC could
suppress the level of immune cell infiltration (Figure 12D).

Discussion

KIRC is generally known to be a remarkably heterogeneous and aggressive malignancy.'' Different clinical outcomes
can still be found in patients with similar tumor stages or grades.'? However, the existing clinical indicators and
prognostic predictors are insufficient to meet the current clinical needs, and it is urgent to find a more accurate model
to predict the prognosis of KIRC patients. Previous studies have shown that necroptosis played a complex and important
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Figure 8 The immune cell infiltration and immune function. (A) Distribution of tumor purity, ESTIMATE score, immune score, and stromal score. The differences in (B)
immune score, (C) stromal score, (D) ESTIMATE score, and (E) tumor purity between two NRPI subgroups. (F) The heatmap of immune cells in multiple algorithms. (G)
Immune cell infiltration and (H) immune function were analyzed by ssGSEA algorithm. **P< 0.0l and ***P< 0.001.

Abbreviations: NRPI, necroptosis-related prognostic index; ssGSEA, single-sample gene set enrichment.

role in tumor initiation and progression.'>'* Strilic et al'> revealed that tumor cells could induce necroptosis in

endothelial cells through activation of death receptor 6, thereby promoting tumor cell extravasation and tumor metastasis.

Therefore, we expected to construct a prognostic model to meet the needs of the growing number of KIRC patients by

using necroptosis as an entry point.

In our study, we first elucidated the differential expression of necroptosis-related genes in KIRC and normal kidney

tissues, which led to the identification of 25 differentially expressed necroptosis-related genes with the prognostic value

and further understanding of their relationship. Subsequently, we used Lasso Cox regression analysis to construct an

NRPI, which was validated as an independent prognostic factor in multiple datasets. The NRPI was used to effectively

group patients into NRPI-high and NRPI-low subgroups, which had very different prognoses and responses to treatment.

NRPI-high had a worse prognosis and was more sensitive to targeted therapy, while NRPI-low patients responded better

to immunotherapy. A more appropriate treatment could be chosen for KIRC patients through NRPI. At the same time,

NRPI was closely correlated with clinical characteristics and was effective in predicting equally good performance in

KIRC patients with different disease processes, demonstrating the broad applicability of NRPI. A comparison with three

published signatures in KIRC revealed that NRPI had a better prediction accuracy. We also constructed a nomogram to
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Abbreviations: NRPI, necroptosis-related prognostic index; HLA, human leukocyte antigen; TIDE, tumor immune dysfunction and exclusion; ROC, receiver operating
characteristic; TIS, T-cell-inflamed signature.

predict 1-, 2-, and 3-year survival rates, increasing the clinical utility of the NRPI. Compared with a study that also used
necroptosis-related genes to construct prognostic signature in KIRC,'® our NPRI had higher predictive accuracy.
Moreover, we further analyzed the prognostic outcomes of patients with various clinical stage and pathological grade.
Compared with another study,'” we used a smaller number of genes to construct a prognostic signature, which would be
beneficial to clinical application and promotion, and also had higher clinical utility. Of importance, we not only analyzed
the relationship between NPRI and the expression of immune checkpoints, but also performed TIDE analysis, which was
currently recognized as an ideal method for predicting the efficacy of immunotherapy. The results showed that NRPI-low
patients benefited more from immunotherapy. We further analyzed the relationship between NRPI and targeted therapy,
which was a routine treatment for KIRC. Analyzing the sensitivity of targeted therapy was important for clinical
treatment selection. Therefore, NPRI in our study was more reliable in predicting the prognosis of KIRC patients, and
the role of NRPI in immunotherapy and targeted therapy was comprehensively explored, which might provide new ideas
for the clinical treatment of KIRC.

NRPI was composed of three necroptosis-related genes (PLK1, TERT, KLF9). Polo-like kinase 1 (PLK1), a serine/
threonine kinase, regulates centrosome maturation and bipolar spindle formation, which is important for the process of
mitosis.'® A previous study has shown that PLK 1 was upregulated in androgen-insensitive prostate cancer cells and could
exert inhibitory effects to cause necrotic death.' In addition, PLK1 could mediate S369 phosphorylation of PIPK3 and
thus regulate necrotic death.”” PLK1 was considered as a marker of poor prognosis in KIRC.?! It had been shown that
PLK1 promoted the proliferation and invasion and inhibited apoptosis in renal cell carcinoma.”*** Telomerase reverse
transcriptase (TERT) is overexpressed in 90% of malignant tumors and helps tumors maintain telomere length to obtain
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Figure 10 The expression of 3 necroptosis-related genes between KIRC and adjacent non-tumor tissues. (A) The protein expression analysis by IHC. (B) Immunoreactivity
scores and mRNA levels from TCGA between tumor and normal issues. (C) Survival analyses of 3 necroptosis-related genes. *P< 0.05 and **P< 0.01.
Abbreviations: KIRC, kidney renal clear cell carcinoma; IHC, Immunohistochemistry; TCGA, the Cancer Genome Atlas.

immortal characteristics.”* TERT could synergistically induce necroptosis in oral squamous cell carcinoma and inhibit
tumor proliferation in vitro and in vivo.?> TERT promoter mutations were associated with a poorer prognosis in KIRC.?®
Krueppel-like factor 9 (KLF9) is a member of the Spl C2H2-type zinc finger transcription factor family.?” Tung et al
discovered that KLF9 may cause cancer cell death through a mechanism of necroptosis, which may become a novel anti-
tumor strategy for malignant brain tumors.”® Low expression of KLF9 was associated with shortened overall survival in
RCC patients.”” In our IHC experiments, we perform protein-level validation on clinical KIRC and adjacent non-tumor
samples from our hospital. Surprisingly, all three genes demonstrated significant disparities in KIRC and adjacent non-
tumor samples. PLK1 and TERT had higher expression in KIRC than in adjacent non-tumor tissues. Conversely, KLF9
was highly expressed in non-tumor tissues, which was also consistent with the literatures that KLF9 was downregulated
in expression in a number of cancers.”*!

Necroptosis is strongly associated with immunity and can play a role in the induction and amplification of cancer
immunity. To maintain the role of peripheral T cell homeostasis, necroptosis can be achieved by eliminating excess
T cells generated in antigen-induced T cell proliferation.** The immune-inflammatory cells which were generated during
the process of necroptosis could promote angiogenesis, facilitating the proliferation and metastasis of cancer.>* We turned
our attention to the possibility that NRPI can influence the response of NRPI subgroups to immunotherapy through the
immune landscape. Firstly, GO analysis suggested that NRPI may be closely related to multiple immunobiology. Further
analysis revealed that the tumor microenvironment was also distinct in the two NRPI subgroups, with the NRPI-high
subgroup having a higher immune score and lower tumor purity. The two subgroups also showed significant differences
in immune cell infiltration. The different immune microenvironments may reflect different responses to immunotherapy.
We used TIDE to predict the response of two subgroups to immunotherapy, which showed that the NRPI-low group was
more likely to benefit from immunotherapy. We then compared NRPI with TIDE and TIS, two biological factors that
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Figure 11 Construction of IncRNA-miRNA-mRNA regulatory axis. (A) The potential miRNAs target of KLF9. (B) The correlation between hsa-miR-21-5p and KLF9. (C)
The expression of hsa-miR-21-5p between KIRC and normal tissues. (D) The survival analysis of hsa-miR-21-5p. (E) The IncRNA-miRNA-mRNA regulatory axis. (F) The
correlation between hsa-miR-21-5p and IncRNAs. (G) The survival analysis of four IncRNAs in KIRC.

Abbreviations: KLF9, Krueppel-like factor 9; KIRC, kidney renal clear cell carcinoma.

predict response to immunotherapy. It was encouraging to see that NRPI was more accurate and specific in predicting
patients’ prognosis than TIDE and TIS. NRPI was composed of only three genes, which meant that it was more
convenient for clinical testing than TIDE and TIS, and was not only a good predictor of immunotherapy, but also
a more effective predictor of patients’ prognosis.

Additionally, we constructed a OTUD6B-AS1, AL162377.1, AC108449.2, and AF111167.2/hsa-miR-21-5p/KLF9
regulatory axis for KIRC. The expression of OTUD6B-AS1, AL162377.1, AC108449.2, AF111167.2, hsa-miR-21-5p,
and KLF9 affected the prognosis of KIRC patients. Previous reports indicated that high expression of hsa-miR-21-5p in
six cancers including KIRC was strongly associated with shorter overall survival, which was consistent with our
results.***> In addition, hsa-miR-21-5p could drive T helper cells to participate in the kidney function and progression
of IgA nephropathy.>® Wang et al*’ found that high expression of LncRNA OTUD6B-ASI represented a favorable
prognosis and inhibited the proliferation and progression in KIRC. In our results, KLF9 was lowly expressed in tumors
and closely associated with multiple immune cells and CD274. There might be a negative regulatory relationship
between KLF9 and hsa-miR-21-5p. Similarly, LncRNA OTUD6B-AS1 might have a role in influencing the progression
of KIRC by negatively regulating the high expression of hsa-miR-21-5p, which in turn affects the expression of KLF9.
However, this result still needs to be validated in vitro and in vivo experiments.
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Figure 12 The prognostic and immune values of KLF9 in KIRC (A) The univariate and multivariate Cox regression analyses of KLF9. (B) The correlation between
expression of KLF9 and CD274. (C) The correlation between expression of KLF9 and immune cells. (D) The correlation between copy number alteration of KLF9 and
immune cells. *P< 0.05, **P< 0.01, and ***P< 0.001.

Abbreviations: KLF9, Krueppel-like factor 9; KIRC, kidney renal clear cell carcinoma.

Conclusion

In conclusion, NRPI was a promising necroptosis-related prognostic biomarker. NRPI could predict the prognosis and sensitivity
to immunotherapy and targeted therapy in KIRC patients. We identified a OTUD6B-AS1, AL162377.1, AC108449.2, and
AF111167.2/hsa-miR-21-5p/KLF9 regulatory axis for KIRC, but further studies were needed to fully elucidate.
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