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Background: Cervical cancer is the fourth most frequent malignancy among women globally, with approximately 604,000 new cases
and 341,000 deaths per year. Necroptosis is a newly discovered mechanism of cell death involved in biological behaviors of cancer.
Methods: LASSO Cox regression analysis was conducted to construct a prognostic necroptosis-related signature. IncRNA-miRNA—
mRNA regulatory axis was constructed with a ceRNA network. qRT-PCR was performed to verify our result.

Results: A total of 54 necroptosis-related genes were differentially expressed in cervical cancer (all p < 0.05). We also summarized
genetic mutation landscape of necroptosis-related genes in cervical cancer. We then developed a necroptosis-related prognostic
signature including 13 necroptosis-related genes (ATRX, AXL, DDX58, IDHI1, ITPK1, MAP3K7, SLC39A7, TARDBP, TNF,
TNFRSF1A, TNFRSF1B, TNFSF10, TRIM11) for cervical cancer. Cervical cancer patients with high riskscore had a poor overall
survival (HR = 2.128, p = 0.00194) with an AUC of 0.725, 0.763 and 0.637 in 3-year, 5-year, and 10-year ROC curve. Consensus
clustering analysis revealed that all cervical cancer cohort could be divided into three subtypes, which was correlated with different
prognosis and immune infiltration (p < 0.05). A PPI network revealed TNF as the hub gene and TNF expression was correlated with
immune infiltration (all p < 0.05), microsatellite instability (p < 0.012) and drug sensitivity (p < 0.05). The ceRNA network was
performed and identified a IncRNA NUTM2B-AS1/miR-361-5p/TNF regulatory axis for cervical cancer. qRT-PCR result also
suggested that TNF was upregulated in cervical cancer (p < 0.001) and associated with a poor overall survival (p = 0.007).
Univariate and multivariate analysis demonstrated TNF expression, lymph node metastasis and clinical stage were prognosis factors
of cervical cancer patients (p < 0.05).

Conclusion: We developed a necroptosis-related prognostic signature including 13 necroptosis-related genes for cervical cancer.
Moreover, we also identified a IncRNA NUTM2B-AS1/miR-361-5p/TNF regulatory axis, which may play a vital role in the
progression of cervical cancer. Further studies should be conducted to verify these results.
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Introduction

Cervical cancer is the fourth most frequent malignancy among women globally, with approximately 604,000 new cases
and 341,000 deaths per year.! Cervical squamous cell carcinoma and endocervical adenocarcinoma (CESC) were the
most common two sub-types of cervical cancer. When diagnosed in early stage, cervical cancer could be easily treated.”
The incidence, recurrence and mortality in low-middle-income country were high in the absence of preventative and
treatment programs.’ Until now, medical prognostic approaches have not provided a satisfactory biomarker to predict the
prognosis of cervical cancer patients accurately enough. Despite human papillomavirus had been identified to be
involved in the tumorigenesis and progression of cervical cancer, the specific mechanism was still not clarified.

Therefore, it is of great significance to identify prognostic signature and associated potential mechanism of cervical

cancer.
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Necroptosis is a type of cell death-related mechanism triggering by RIP1, RIP3, and MLKL.** As a crucial
pathogenic mediator of human disease, necroptosis played a vital role in Parkinson, Alzheimer, vascular atherosclerosis,
and infectious diseases.® Accumulating studies also suggested that necroptosis was involved in the many biological
behaviors in cancer.” It was suggested that necroptosis could overcome apoptosis resistance and may trigger and amplify
antitumor immunity in malignancy treatment.* Moreover, necroptosis-related signature could serve as prognosis bio-
marker in stomach adenocarcinoma.® However, the role of necroptosis-related genes in the progression and prognosis in
cervical cancer was not still clarified.

The Cancer Genome Atlas (TCGA, https://cancergenome.nih.gov/) platform is an open accessible public database

containing a mass of clinical and bioinformatics data of over 30 types of human cancer.” More and more studies
suggested database mining as one of the promising approaches to explore the molecular mechanism and associated
prognosis biomarkers in human cancer. In our study, we aimed to study prognosis significance of necroptosis-related
genes and associated regulatory axis in cervical cancer.

Materials and Methods

Dataset and Preprocessing
We obtained 67 necroptosis-related genes from previous necroptosis-related studies (Supplementary Table 1). We then

downloaded the gene expression profile of necroptosis-related genes of CESC from TCGA (n = 303). The gene
expression profile of healthy control was obtained from TCGA and the Genotype-Tissue Expression (GTEXx).
Student’s #-test was conducted to detect the mRNA level of necroptosis-related genes in CESC and the result was
visualized by R (version 4.0.3) with packages ggplot 2.

Mutation Landscape and Functional Enrichment Analysis

After obtaining the different expressed necroptosis-related genes, we then explored their mutation landscape in CESC
using R software with a “maftools” package. A “cluster profiler” package was conducted to perform gene ontology (GO)
analysis and Kyoto encyclopedia of genes and genomes (KEGG) pathways analysis.

Necroptosis-Related Prognostic Signature Analysis

In order to identify prognostic necroptosis-related genes, we performed Kaplan—Meier (KM) analysis with Log rank test
calculating the p-values, hazard ratio (HR) and 95% confidence interval (CI). This was followed by construction of
necroptosis-related prognostic signature with LASSO cox regression analysis using above identified prognostic biomarkers.
The risk score of each patient was the sum of coefficients x necroptosis-related gene expression. The overall survival curve
was drawn with KM analysis. Moreover, in order to evaluate predictive performance of this signature, we conducted a Time
ROC analysis. The correlation between risk score and immune infiltration was evaluated with Pearson correlation analysis.

Consensus Cluster Analysis

Using above necroptosis-related prognostic signature gene, we performed consensus cluster analysis with
“ConsensusClusterPlus” package. And “survival” package was used to explore the difference of each cluster in CESC.
The difference of clinical characters of each cluster in CESC was calculated with “pheatmap” package. Moreover, the
abundance of immune cells of each cluster in CESC was calculated with ESTIMATE algorithm and the result was
visualized with “pheatmap” package.

LncRNA-miRNA-mRNA Regulatory Axis Analysis
To identify the hub gene, we performed a PPI network with STRING (https://string-db.org/). The miRNA targets of hub
gene were detected with miRDB (http://mirdb.org/), StarBase (http://starbase.sysu.edu.cn/) and miRWalk (http://mirwalk.

umm.uni-heidelberg.de/). The IncRNA targets interacting with miRNA were detected with LncBase (http://carolina.imis.

athena-innovation.gr/) and StarBase (http://starbase.sysu.edu.cn/). Furthermore, Student’s #-test and KM test were

performed to evaluate the expression and prognosis of miRNA and IncRNA in CESC.
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Immune Infiltration and Drug Sensitivity Analysis

The abundance of immune cells was isolated from TIMER (https://cistrome.shinyapps.io/timer/). Pearson correlation test
was performed to analyze the correlation of TNF expression and the abundance of immune cells. We collected the IC50
of 265 small molecules in 860 cell lines, and its corresponding TNF expression from Genomics of Drug Sensitivity in

Cancer (GDSC). The TNF expression data and drug sensitivity data were merged. Pearson correlation analysis was
performed to get the correlation between TNF expression and drug IC50. P-value was adjusted by FDR.

Quantitative Real Time-Polymerase Chain Reaction Analysis

Approved by the Ethics Committee of Affiliated Hangzhou First People’s Hospital and obtained written informed consent
from patient, we obtained serum from 60 cases of CESC. Our study was performed followed the guidelines outlined in
the Declaration of Helsinki. The clinicopathological characteristics of these CESC patients is shown in Supplementary
Table 2. All cases were diagnosed and assessed pathologically. Total RNA was extracted from CESC serum and healthy
control serum using TRIzol kit (Vazyme, Nanjing, China). qRT-PCR experiments were used to verify TNF expression in
CESC. Firstly, TNF primers were designed using the NCBI website with upstream sequence: 5—3’
CCCGCATCCCAGGACCTCTCT and downstream sequence 5’—3° CGGGGGACTGGCGA, and internal reference
GAPDH primers were designed with upstream sequence 5—3° GGAGCGAGATCCCTCCAAAAT and downstream
sequence 5’—3'GGCTGTTGTCATACTTCTCATGG, annealed at 60°C.

Results

The Expression of Necroptosis-Related Genes in Cervical Cancer

As shown in Figure 1A and B, a total of 54 necroptosis-related genes were differentially expressed in cervical cancer
among these 63 necroptosis-related genes. More specifically, 34 necroptosis-related genes were upregulated while 20
necroptosis-related genes were downregulated in cervical cancer (p < 0.05).
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Figure | The expression of necroptosis-related gene in cervical cancer. (A and B) Expression profile revealed that 34 necroptosis-related genes were upregulated while 20
necroptosis-related genes were downregulated in cervical cancer. *p < 0.05; *p < 0.01; **P < 0.001; - p > 0.05.
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Mutation Landscape and Functional Enrichment Analysis

The mutation landscape of necroptosis-related genes in cervical cancer is shown in Figure 2A and B, which revealed that
64% of cervical cancer samples had genetic mutation. ATRX was the gene with the highest frequency of mutation
followed by CASP8 and DNMT1 (Figure 2B). Interestingly, missense mutation ranked the top variant classification and
C>T was the most common SNV class (Figure 2A). And SNP was the most common variant type (Figure 2A). As shown
in Figure 2C, these differentially expressed necroptosis-related genes were involved in necrotic cell death, programmed
necrotic cell death, necroptosis process, positive regulation of proteolysis, and tumor necrosis factor receptor superfamily
binding in GO analysis. As for KEGG pathway analysis, the data suggested the involvement in necroptosis, apoptosis,
TNF signaling pathway, NF-kappa B signaling pathway, NOD-like receptor and IL-17 signaling pathway (Figure 2D).

The Prognostic Significance of Necroptosis-Related Genes in Cervical Cancer

In order to identify potential biomarker among necroptosis-related genes for cervical cancer, we performed overall survival (OS)
analysis, disease-specific survival (DSS) analysis, progression-free survival (PFS) analysis and disease-free survival (DFS)
analysis. As we could see in Figure 3A, a total of three necroptosis genes, including TRIM11, TNFRSF1A, and TARDBP, had
a prognostic significance in OS analysis. In PFS analysis, cervical cancer patients with high expression of TRIM11, IDHI1, as well
as BNIP3 and low expression of TNFSF10, TNFRSF1B, as well as DDX58 had a poor prognosis (Figure 3B, all p < 0.05).
Moreover, cervical cancer patients with high expression of TNF and low expression of DDX58, TNFSF10 as well as TNFRSF1B
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Figure 3 The prognostic significance of necroptosis-related gene in cervical cancer. Overall survival curve (A), progression free survival curve (B), disease specific survival
curve (C) and disease-free survival curve (D) of cervical cancer patients with high/low expression of necroptosis-related gene.
Abbreviations: OS, overall survival; DSS, disease-specific survival; PFS, progression-free survival; DFS, disease-free survival.

had a poor disease-specific survival (Figure 3C, all p < 0.05). As shown in Figure 3D, 6 necroptosis genes, including ATRX,
AXL, ITPK1, MAP3K7, SLC39A7, and SQSTMI, had a prognostic significance in DFS analysis.

Development of a Necroptosis-Related Prognostic Signature

Based on above potential prognosis biomarkers, we then performed LASSO cox regression analysis to develop
a necroptosis-related prognostic signature. As a result, a total of 13 necroptosis-related genes (ATRX, AXL, DDXS58,
IDH1, ITPK1, MAP3K7, SLC39A7, TARDBP, TNF, TNFRSF1A, TNFRSF1B, TNFSF10, TRIM11) were included in
the prognostic signature. Figure 4A and B revealed the coefficient and partial likelihood deviance of prognostic signature.
Cervical cancer cases were divided into high- and low-risk group according to the riskscore = (0.0285)* ATRX+(0.0073)
*AXLA+(—0.0665)*DDX58+(0.0514)*IDH1+(—0.0296)*ITPK1+(0.2065)*MAP3K 7+(0.0956)*SLC39A 7+(—0.4932)
*TARDBP+(0.2339)*TNF+(0.3095)*TNFRSF1A+(—0.2588)*TNFRSF 1B+(—0.0228)*TNFSF10+(0.2128)*TRIM11.
The riskscore, survival status, and gene expression of prognostic signature are shown in Figure 4C. As expected, cervical
cancer patients with high riskscore had a poor overall survival (Figure 4D, HR = 2.128, p = 0.00194), with an AUC of
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Figure 4 A necroptosis-related prognostic signature in cervical cancer. (A and B) The coefficient and partial likelihood deviance of prognostic signature. (C) The riskscore
distribution, patient survival status and necroptosis-related gene expression profile of prognostic signature. Cervical cancer patients with high riskscore had a poor overall
survival (D), with an AUC was 0.725, 0.763 and 0.637 in a 3-year, 5-year, and 10-year ROC curve (E).

0.725, 0.763 and 0.637 in 3-year, 5-year, and 10-year ROC curve (Figure 4E), demonstrating a good performance of this
signature in predicting the prognosis of cervical cancer patients. We also analyzed the correlation between riskscore and
immune infiltration, which indicated a negative correlation between the riskscore and the immune infiltration level of
B cells (p = 5.21¢ ® Figure 5A), CD4+ T cells (p = 0.01, Figure 5B), CD8+ T cells (p = 3.07¢ %, Figure 5C), Neutrophils
(p = 0.007, Figure 5D), Macrophage (p = 0.003, Figure 5E) and Dendritic cells (p = 4.31¢, Figure 5F).

Consensus Clustering of Necroptosis-Related Prognostic Genes in Three Clusters in

Cervical Cancer
Based on above 13 necroptosis-related prognostic genes, consensus clustering was conducted to cluster cervical cancer
patients. As displayed in Figure 6A and B, the k = 3 was identified with optimal clustering stability from k =2 to 6 based on
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Figure 5 Riskscore was negatively correlated with immune infiltration in cervical cancer. The riskscore of patients was negatively correlated with the abundance of B cells
(A), CD4+ T cells (B), CD8+ T cells (C), Neutrophils (D), Macrophage (E) and Dendritic cells (F) in cervical cancer.

the similarity displayed by gene expression. As a result, TCGA cervical cancer cohort were classified into cluster 1, cluster 2
and cluster 3 (Figure 6C and D). Among these 3 clusters, cluster 1 patients had a best prognosis and cluster 3 patients had
a worst prognosis (Figure 6E, p = 0.0072). Interestingly, these 3 clusters had distinct difference in the immune cell
infiltration, including CD4+ T cells, Neutrophils, Macrophage, and Dendritic cells (Figure 6F and G, all p < 0.05).

Hub Gene Analysis

In order to identify the hub gene among the necroptosis-related prognostic signature, we performed a PPI network and
the result suggested TNF as the hub gene among necroptosis-related prognostic signature (Figure 7A). The structure of
TNF is shown in Figure 7B. Interestingly, further analysis revealed that TNF expression was significantly correlated with
the abundance of CD4+ T cell, Macrophage, Neutrophils, and Dendritic cells (Supplementary Figure 1A, all p < 0.05).
Increasing evidences suggested TMB and MSI as predictive markers for tumor immunotherapy efficacy in cancer.'®'" In
our study, the result suggested a significant correlation between TNF expression and MSI score (Supplementary
Figure 1B, p = 0.012) but not TMB score (Supplementary Figure 1C, p = 0.382). To explore the potential of TNF as
a drug scanning biomarker for cervical cancer, we then conducted drug sensitivity analysis. The data showed that low
expression of TNF were correlated with drug resistance of GDSC (Supplementary Figure 1D).

IncRNA-miRNA-mRNA Regulatory Axis Analysis

In order to further clarify TNF-associated mechanism in cervical cancer, we then performed a IncRNA-miRNA-mRNA
regulatory axis analysis. As shown in Figure 7C, miR-361-5p and miR-3666 were identified as the most potential miRNA
targets of TNF based on the results of miRDB, miRWalk and StarBase. Further analysis demonstrated that miR-361-5p
expression was decreased in cervical cancer (Figure 7D, p = 4.77¢ ) and patient with high miR-361-5p level had a better
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Figure 6 Consensus clustering of necroptosis-related prognostic signature. (A and B) Consensus clustering cumulative distribution function (CDF), relative change in area
under CDF curve and tracking plot for k=2—6 (C) cervical cancer cases were divided into three clusters based on the consensus clustering matrix (k=3). (D) Heatmap of
three clusters (cluster I, 2, 3). (E) Kaplan—Meier curves of overall survival in three clusters of cervical cancer. (F and G) The difference of immune cell infiltration of three
clusters in cervical cancer. **p < 0.01; **P < 0.001.

survival (Figure 7E, p = 0.0033). Thus, we suggested miR-361-5p as the miRNA target of TNF. In IncRNA target
analysis, a total of four IncRNAs (NUTM2B-AS1, TRIM52-AS1, LINC01468, COX10-AS1) were suggested as the most
potential targets of miR-361-5p based on the data of IncBase and Starbase (Figure 7F). Among these four genes, the
expression of COX10-AS1, TRIM52-AS1, and NUTM2B-AS1 were downregulated in cervical cancer (Figure 7G, all
p < 0.05). However, further prognosis analysis suggested a significant correlation between NUTM2B-AS1 expression
and the overall survival of cervical cancer (Figure 7H, p = 0.0485). These results suggested IncRNA NUTM2B-ASI as
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the IncRNA target of miR-361-5p. Thus, IncRNA NUTM2B-AS1/miR-361-5p/TNF regulatory axis may play a vital role
in the progression in cervical cancer and further in vivo and in vitro studies should be conducted to verify this hypothesis.

The Expression and Prognostic Significance of TNF in Cervical Cancer

We finally verified the expression and prognostic significance of TNF in cervical cancer. And the data indicated an
upregulation of TNF in cervical cancer (Figure 8A, p<0.001) and a poor overall survival in cervical cancer patients with
high TNF level (Figure 8B, p=0.007). Considering age, histological grade, FIGO staging, lymph node metastasis and
TNF expression, we then performed univariate and multivariate analysis, which demonstrated TNF expression, lymph
node metastasis and FIGO stage were prognosis factors of cervical cancer patients (Figure 8C and D).
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Discussion

Despite being largely preventable, cervical cancer is still one of most common cancers of women globally and a leading
cause of cancer-related deaths in low-middle-income country.'? Worse still, the incidence and mortality of cervical cancer
have increased significantly in developing country, especially among young women.'? Until now, medical prognostic
approaches have not provided a satisfactory biomarker to predict the prognosis of cervical cancer patients accurately
enough. Increasing evidences indicated the prognostic significance of necroptosis-related signature in cancers, including
stomach adenocarcinoma.® However, there is limited study about the role of necroptosis in cervical cancer. Thus, we
explored the significance of necroptosis-related gene in the prognosis of cervical cancer.

Gene expression profile suggested upregulation of 34 necroptosis-related genes and downregulation of 20 necropto-
sis-related genes in cervical cancer. Further functional enrichment analysis indicated that these different expressed
necroptosis-related genes were involved in necrotic cell death, programmed necrotic cell death, necroptosis process,
positive regulation of proteolysis, TNF signaling pathway, NF-kappa B signaling pathway, NOD-like receptor and IL-17
signaling pathway. In fact, these pathways were proved to be correlated with the progression of cervical cancer. By
regulating TNF signaling pathway, miR-195-5p/MMP14 could regulate tumor cell proliferation and invasion in cervical
carcinoma.'* Another study revealed that IL-17 promoted the tumorigenesis of cervical cancer via JAK2/STAT3, PI3K/
Akt and NF-kB signaling pathway.'”

We then performed OS analysis, DSS analysis, PFS analysis and DFS analysis. As a result, a total of 15 potential
prognostic biomarkers were identified. Based on these potential prognostic biomarkers, LASSO Cox regression analysis
was performed and a necroptosis-related prognostic signature including 13 genes (ATRX, AXL, DDX58, IDH1, ITPK1,
MAP3K7, SLC39A7, TARDBP, TNF, TNFRSF1A, TNFRSF1B, TNFSF10, TRIM11) was developed. As expected, this
prognostic signature could predict the OS of cervical cancer patients with medium to high accuracy. Actually, several
prognostic signatures had been identified for cervical cancer. Jie Mei et al. constructed an immune-related 4 gene
signature, which could predict the prognosis of patients with cervical cancer.'® Another six-IncRNA immune prognostic
signature had a good performance in prognosis prediction in cervical cancer.'” Based on previous evidences, only two
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necroptosis-related prognostic signatures had been identified for human cancers.®'® Thus, the current study was the first
study to identify necroptosis-related prognostic signature for cervical cancer.

Our study also identified IncRNA NUTM2B-AS1/miR-361-5p/TNF regulatory axis and this regulatory axis may play
a significant role in the progression in cervical cancer. Previous study revealed that miR-361-5p could serve as prognostic
biomarker and associated with biological processes in cervical cancer. miRNA-361-5p could promote tumor progression
via ETM in cervical cancer.'” Moreover, miR-361 level served as an independent biomarker predicting a favorable
survival in cervical cancer.”® Moreover, TNF was also involved in the progression of cervical cancer. By regulating TNF,
miR-21 could regulate tumor cell proliferation and apoptosis in cervical cancer.”' However, there was limited study about
the role of NUTM2B-AS1 in human cancer and IncRNA NUTM2B-AS1/miR-361-5p/TNF regulatory axis has not been
studied before. Further in vivo and in vitro studies should be conducted to verify this hypothesis.

Cancer subtype analysis, as an extension of cancer diagnosis, can be regarded as a consensus clustering problem.
Consensus clustering analysis and identification different cancer subtype is beneficial for providing patients with more
accurate treatment.”> By consensus clustering analysis, we found that all cervical cancer cohort could be divided into
three subtypes with different prognosis and immune infiltration, providing potential clinical therapeutic targets based on
the specific molecular features. Another consensus clustering analysis identified several subtypes of colorectal cancer had
a significant different prognosis and therapy response.”® Pengfei et al identified immune landscape and subtypes in oral
squamous cell carcinoma facilitating development of tailed immunotherapeutic strategies.24

There is no doubt that our research has some limitations. Firstly, another dataset should be used to verify the
necroptosis-related prognostic signature. Moreover, further in vivo and in vitro studies should be performed to verify
IncRNA NUTM2B-AS1/miR-361-5p/TNF regulatory axis.

Conclusion
In conclusion, we developed a necroptosis-related prognostic signature and a IncRNA NUTM2B-AS1/miR-361-5p/TNF
regulatory axis for cervical cancer. Further in vivo and in vitro studies should be conducted to verify these results.
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