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Background: Ovarian cancer is a type of gynecological cancer with extremely high fatality rate. Ferroptosis, an iron-dependent 
regulated cell death, inhibits the immune infiltration of tumor cells. Therefore, it is worthwhile to explore the effects of ferroptosis- 
related gene signatures and immune infiltration patterns on the clinical prognosis of ovarian cancer.
Methods: In this study, we used the mRNA expression matrix and related medical information of those who suffer from ovarian 
cancer in the TCGA database. After that, we established a ferroptosis-related gene signature based on LASSO Cox regression model, 
and employed several specific enrichment analyses to explore the bioinformatics functions of differentially expressed genes (DEGs). 
Additionally, we analyzed the link between ferroptosis and immune cells by single-sample gene set enrichment analysis (ssGSEA) to 
create a heatmap of gene-immune cell correlation. We then examined the expression of immune checkpoints and verified the gene 
expression in ovarian cancer tissues by qPCR assays. Finally, we induced ferroptosis in ovarian cancer cells using drugs and analyzed 
their migration, invasion and gene expression.
Results: According to LASSO Cox regression analysis, 9 prognostic DEGs were in association with overall survival (OS), which was 
utilized to construct a 9-gene signature for patients. Patients were divided into two groups, in which high-risk group’s OS was 
markedly shorter than that of low-risk group (Log−rank p<0.001). KEGG enrichment analysis showed that these DEGs were linked to 
human cytomegalovirus (HCMV) infection. The ssGSEA analysis revealed significant differences in immune cell type and expression 
between ALOX12 and GLRX5 groups (p<0.05). Heatmap showed high correlation of prognostic genes with various immune cells. 
qPCR assay confirmed the 9 gene expression signature in ovarian cancer tissues. The ovarian cancer cell invasion and migration were 
significantly inhibited after induction of ferroptosis.
Conclusion: We decoded the ferroptosis-related gene signatures and immune infiltration patterns that can be used to predict the 
prognosis of ovarian cancer patients.
Keywords: ovarian cancer, ferroptosis, tumor prognosis, gene signature, immune infiltration

Introduction
Ovarian cancer, a common type of gynecological cancer, has high fatality rate that ranks the first in the female reproductive 
system malignancies.1 It is mainly derived from the germinal epithelial, germ cell, and sex cord-stromal, and may also be 
a malignant tumor transferred from the gastrointestinal tract.2 Up to now, many subspecies of ovarian cancers have been 
found, among which high-grade serous ovarian cancer (HGSOC), ovarian clear cell carcinoma (OCCC), and mucinous 
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carcinoma (MC) are more common.3 In addition, great differences can be found in the forms of different subspecies of ovarian 
cancers. The occurrence of HGSOC, for example, is mostly due to the mutation of p53, though the proportion of p53 mutation 
in OCCC is very low.4,5 The current treatment strategy for ovarian cancer is mainly based on its histological classification and 
staging, including cytoreductive surgery, chemotherapy as well as immunotherapy.2 Generally speaking, a typical therapy 
includes staging surgery, tumor debulking surgery, and then platinum-based combination chemotherapy. Despite the con-
tinuous improvement of diagnosis and treatment, most of ovarian cancers still have the possibility of recurrence and eventually 
become drug-resistant cancer, so the 5-year OS of ovarian cancer patients has been less than 50%.6,7 Prognostic models are 
often used to predict the risk of future events, such as the probability of cancer recurrence or postoperative death.8 Considering 
the poor prognostic results of ovarian cancer patients and the limitations of existing prognostic models, a novel prognostic 
model with excellent effects on ovarian cancer is urgently needed.

Cell death is a universal phenomenon in nature, which is usually sorted into two categories: accidental cell death 
(ACD) and regulated cell death (RCD). Compared with the former, RCD is regulated by strict molecular mechanisms.9 

Ferroptosis is a kind of RCD featuring an excessive accumulation of phospholipid peroxidation regulated by numerous 
cellular metabolic activities.10 It should be noted that drug-resistant cancers, especially mesenchymal and metastatic 
cancer cells, can be easily affected by ferroptosis. Consequently, much attention has been paid to the immense value of 
ferroptosis in treating diseases like drug-resistant cancers. In recent years, substantial studies have found regulatory genes 
or ferroptosis markers. Glutathione peroxidase 4 (GPX4), expressed by GPX4 gene, could change lipid hydroperoxides 
into non-toxic lipid alcohols to inhibit ferroptosis.11–13 At present, many studies have associated ferroptosis with ovarian 
cancer, but the bond between partial genes and the prognosis of ovarian cancer is not so clear.

Besides cancer cells, ovarian cancer is also composed of epithelial cells, fibroblasts, and immune infiltrating cells, 
which constitute the tumor microenvironment.14–16 Among them, tumor immune infiltrating cells are essential to the 
growth and diffusion of tumor cells. It consists of white blood cells, red blood cells, and other cell groups. Recent 
researches have verified that several victims of ovarian cancer display an anti-tumor immune response spontaneously 
characterized by tumor-reactive T cells and/or antibodies. In addition, the more lymphocytic infiltration can be seen in 
tumors, the better OS ovarian cancer patients have.17–19 However, the rise in the ratio of T regulatory cells, which 
mediate immunosuppression, usually predicts worse OS in patients.20 Other immunosuppressive cell subtypes, such as 
tumor macrophages expressing B7-H4, are also associated with adverse outcomes.21 Tumor immune infiltrating cells 
have become a new target for tumor therapy and provide opportunities for the improvement of new treatment options. 
Nowadays, there is a popular view that infiltrating immune cells should be taken into consideration while predicting the 
prognosis of cancer patients.22 Consequently, it’s vital to integrate immune infiltration patterns into the model.

Material and Methods
Data Acquisition
We collected 354 ovarian cancer patients’ information from Genomic Data Commons The Cancer Genome Atlas (GDC 
TCGA) on the UCSC Xena (https://xenabrowser.net/datapages/) platform for survival analysis and immune assessment. In 
GDC TCGA, the data on normal ovary samples were missed, so we used the TCGA and GTEx (Genotype-Tissue Expression) 
joint database to perform difference analysis on the counts data of 420 ovarian cancer and 88 normal ovarian samples to screen 
DEGs. The TCGA and GTEx databases used in the experiment are public, so there is no need for the permission of the ethics 
committee. Nevertheless, our study strictly obeys the data access policy and publication guidelines of TCGA and GTEx. The 
data on ferroptosis-related genes (FRGs) were from the FerrDb database (http://www.zhounan.org/ferrdb/current/).23 Among 
them, driver, suppressor and marker genes were obtained for screening DEGs related to ferroptosis.

Construction and Verification of Prognostic Characteristics of Genes Associated with 
Ferroptosis
All the FRGs were filtered by the “DESeq2” R package (|Log2FoldChange| > 1, p.adjust < 0.05), and 180 DEGs related 
to ferroptosis were obtained. The Benjamini & Hochberg (BH) method was used to correct the p-value (Driver: 95; 
Suppressor: 92; Marker: 6, Supplementary Table S1). We established a protein-protein interaction network (PPI) using 

https://doi.org/10.2147/JIR.S498740                                                                                                                                                                                                                                    

DovePress                                                                                                                                                 

Journal of Inflammation Research 2024:17 10334

Zhang et al                                                                                                                                                            Dovepress

Powered by TCPDF (www.tcpdf.org)

https://xenabrowser.net/datapages/
http://www.zhounan.org/ferrdb/current/
https://www.dovepress.com/get_supplementary_file.php?f=498740.docx
https://www.dovepress.com
https://www.dovepress.com


the STRING database (version 11.5, https://string-db.org/). Then, univariate Cox regression analysis was conducted to 
find the genes associated with prognosis. (p<0.05). On this basis, LASSO-penalized Cox regression analysis, which can 
reduce overfitting risk, was applied to construct a prognostic model. We utilized the “glmnet” R package to select and 
shrink the variables of the LASSO algorithm. In this regression analysis, gene normalized expression matrix was the 
independent variable, while patients’ OS and survival status were dependent variables. The penalty coefficient λ is 
determined based on the minimum standard ten-fold cross-validation. We calculated the patient risk scores derived from 
each gene’s normalized expression levels and their corresponding regression coefficients. High risk group, as well as low 
risk group, were set in accordance with the medium score. The time-dependent ROC curve was performed to test the risk 
score’s predictive effect on survival time using the “timeROC” R package.

Functional Enrichment Analysis
We utilized the “clusterProfiler” R package to enrich the 180 DEGs by Gene Ontology (GO) and Kyoto Encyclopedia of 
Genes and Genomes (KEGG) pathways (| Log2FoldChange | > 1, p.adjust < 0.05). The BH method was used to correct 
the p-value.

Immune and Gene Level Analysis
To investigate the association between 22 kinds of immune cells and 9 prognostic genes, we used the correlation analysis 
between gene expression in the “corrplot” R package and ciber to draw a correlation heatmap. We extracted and 
consistently clustered the expression of ALOX12 and GLRX5 by using the “ConsensusClusterPlus” R package, which 
can divide the ovarian cancer tissue samples into two clusters. The immune cell infiltration scores of 28 species were 
evaluated by mapping the ssGSEA score comparison boxplot from both groups using ssGSEA in the “gsva” R package. 
Finally, we used the “ggplot2” R package to analyze the differential expression of 13 common immune checkpoints, 
drew the box plot of immune correlation analysis, and discussed the correlation between immune checkpoints and 
prognostic genes.

Ovarian Cancer Samples Collection and qPCR Assay
All operations have been approved by the Biomedical Ethics Committee of Xi’an Jiao Tong University and complies 
with the Declaration of Helsinki. And the informed consent was obtained from patients. Each twenty tissue samples were 
collected from both ovarian cancer patients and normal peoples at the First Affiliated Hospital of Xi’an Jiao Tong 
University. To detect the nine gene expression in tissue samples, the RNA Extraction Kit (Qiagen) was used to isolate 
total RNA from tissue samples in each group following the manufacturer’s instructions. RNA concentration was 
determined using the NanoDrop (ThermoFisher Scientific). Subsequently, the RNA was reverse-transcribed to cDNA 
using the QIAGEN OneStep RT-PCR Kit. The SYBR Green qPCR Kit was used to perform the qPCR assay with the 
Real-Time PCR System (Applied Biosystems, USA). The qPCR conditions were set as follows: 95°C for 30s, 40 cycles 
of 95°C for 10s, and 58°C for 30s. The relative expression levels of genes were normalized to GAPDH and calculated 
using the 2−ΔΔCT method.

Cell Culture Assay
Skov3 cells (human ovarian adenocarcinoma cells) were purchased from ATCC cell bank and cultured in high-glucose 
DMEM medium (Hyclone) supple mented with 10% fetal bovine serum (FBS, Gibco) and 1% penicillin-streptomycin 
solution (Hyclone). All the cells were grown at 37°C under 5% CO2 humidity. Skov3 cells were seeded in 12-well plates 
and incubate overnight to achieve approximately 100% cell coverage. A line within the cell layer was scraped by a p10 
pipette tip, and then each well was rinse twice with PBS to clear cellular debris. The cells were then incubated in DMEM 
medium containing 1% FBS and RSL3 (200 nmol/mL). The wound closure was observed by microscopy at 0 and 
12 hours and the relative recover area of wound healing was calculated with ImageJ software. A Transwell chamber 
(8 m pore size; Corning, USA) coated with Matrigel matrix was used to measure cell invasion. First, 200 nM RSL3- 
treated cells were collected with untreated cells, and 1×100 cells/mL cell suspension was prepared by resuspending the 
cells with serum-free DMEM. Subsequently, 200 µL cell suspension and 600 µL DMEM medium supplemented with 
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10% FBS were added to the upper and lower chamber respectively. After incubation for 36 h in a 5% CO2 cell incubator 
at 37 °C, we fixed the invaded cells with methanol and then stained them using 1% crystal violet. At last, the invaded 
cells were counted with a microscope.

MTT Assay
The Skov3 cells were seeded in 96-well plates (1 × 104 cells/well). The next day, the medium was replaced with medium 
containing different concentrations of the RSL3. After incubation for 12 hours, the cells were further treated with 100mL 
of medium containing 0.5 mg/mL MTT for 4 hours. After that, the supernatant was removed from the well, then the 
formamide formed by living cells was dissolved by 100 uL DMSO, and the absorbance at 490 nm was measured using 
a microplate reader (SuPerMax 3100, Flash, China).

Statistical Analysis
P value was used to judge statistical significance. P < 0.05 was considered as a significant difference. Every statistical 
analysis was carried out using the following packages in R software (version 4.2.1): DESeq2, forestplot, survival, glmnet, 
caret, timeROC, tidyverse, coin, clusterProfiler, org.Hs.eg.db, ggplot2, GOplot, stringr, gsva, corrplot, and 
ConsensusClusterPlus.

Results
Filtration of Prognostic Genes and Construction of Interaction Network
The flowchart of our study is illustrated in Supplementary Figure S1. After disposal, a total of 180 FRGs were found to 
differ in terms of gene expression profiles between tumor and normal tissues. Therefore, we performed univariate Cox 
regression analysis and obtained 12 genes related to OS (p < 0.05, Figure 1A). The heatmap showed the expression 
differences of 12 genes between tumor and normal ovarian tissues (Figure 1B). In addition, the PPI network (threshold of 
the lowest interaction score: 0.150) presented the interaction among these 12 genes (Figure 1C).

Construction of a Prognostic Model of Ovarian Cancer Using 9 Ferroptosis-Related 
Genes
Because the TCGA.04.1357.01A sample data in the TCGA database is partially missing, the sample is excluded in 
subsequent analysis. The prognostic model of ovarian cancer patients was screened and established from 12 genes 
obtained by LASSO Cox regression analysis. Using the optimal value of the penalty parameter λ (Figure 2A and B), we 
obtained 9 independent prognostic genes, which constituted a 9-gene signature, and used it to establish a multivariate 
Cox regression analysis model (Supplementary Figure S2). The risk score was derived for an individual patient by the 
following formula: risk score = (−0.27726)*GLRX5 + 0.36772*ALOX12 + (−0.31664)*KLHDC3 + (−0.34698) 
*SLC7A11 + (−0.07417)*SOX2 + (−0.18872)*FH + (−0.20477)*GCH1 + (−0.07378)*MYCN + (−0.13949)*FURIN. 
According to the risk score of each patient, we divided the patients into a high-risk group (n=176) and a low-risk group 
(n=177) by the median risk score of all patients (Figure 2C, the median risk score was 0.996788). Kaplan-Meier survival 
curves showed that patients in the high-risk group had worse OS compared to those in the low-risk group (Log-rank p < 
0.001, Figure 2D). The predictive effect of the risk score for OS was reflected by the time-dependent ROC curve. The 
area under the curve (AUC) was 0.699 for 1 year, 0.666 for 3 years, and 0.727 for 5 years (Figure 2E).

Independent Prognostic Value of the 9-Gene Signature
We used univariate and multivariate Cox regression analysis for clinical variables to test if the risk score had a significant 
prognostic value for OS. Subsequently, it was found that the risk score could be used as an independent predictor of OS. 
In univariate Cox regression analysis, HR = 2.00045, 95% CI = 1.691–2.367, p < 0.001 (Figure 3A); in multivariate Cox 
regression analysis, although other factors were corrected, the data results indicate that the risk score could still 
independently predict the OS, HR = 1.937, 95% CI = 1.633–2.297, p < 0.001 (Figure 3B).
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Figure 1 (A) The forest plot of univariate regression analysis showed a strong relationship between 12 prognostic FRGs and OS. (B) The expression differences of these 12 
prognostic genes in tumor and normal tissues. (C) The PPI network in the STRING database shows the interaction between these 12 prognostic genes.

Figure 2 (A and B) Ferroptosis-related gene signature model diagnosis process LASSO Cox regression analysis curve. (C) Model-based risk scores were used to classify 
patients into high and low risk groups. (D) Kaplan-Meier curve of overall survival in high and low risk groups. (E) The time-dependent ROC curve.
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Functional Enrichment Analysis
We resorted to GO and KEGG functional analysis to elucidate the biological functions and pathways of ferroptosis- 
related DEGs. In GO enrichment analysis, DEGs enriched fatty acid metabolism processes and multiple oxidative stress 
and iron-related pathways, such as cell response to oxidative stress, iron ion metabolism homeostasis, and other processes 
(P < 0.05, Figure 4A and B). In KEGG pathway analysis, prognostic genes were enriched in ferroptosis and multiple 
important biological metabolic pathways, such as the glutathione metabolism, p53 signaling pathway, and mTOR 
signaling pathway (P < 0.05, Figure 4C and D). Moreover, we found that the network composed of ALOX12, 
SLC7A11, and FH made a great deal of difference in regulating ferroptosis in ovarian cancer in the PPI network 
constructed in the STRING database.24 In addition, DEGs play an important part in HCMV infection and significantly 
impact the immune microenvironment, indicating a certain relationship with tumor immune infiltration.

Immune Cell Enrichment Analysis
We explored the characteristics of immune cells and their relationship with FRGs. By analyzing the correspondence 
between the expression of FRGs and ciber, we obtained the correlation heat map between 22 immune cells and 9 
prognostic genes (GLRX5, ALOX12, KLHDC3, SLC7A11, SOX2, FH, GCH1, MYCN, and FURIN). The results 
showed that multiple prognostic genes had a high correlation with different immune cells, and the detailed information 
was shown in Figure 5.

For further searching to examine the connection between immune cells and risk scores, we quantified the enrichment 
scores of 28 immune cell subsets with the ssGSEA method. The results showed significant differences between the two 
sets of data on immune cell types obtained by clustering the prognostic genes ALOX12 and GLRX5 (Figure 6).

The analysis of immune correlation showed prominent differences in the expression levels of immune checkpoints 
(PDCD1, CD274, PDCD1LG2, LAG3, EGR1, CD160, NRP1, LGALS9, and LILRB2) between the two groups of data 
gained from the previous clustering (Figure 7).

Figure 3 The relationship between clinicopathological factors and OS in (A) univariate and (B) multivariate Cox regression analysis.
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Validation of the Expression of 9 Prognostic Genes in Ovarian Cancer Samples
To validate the expression of the 9 prognostic genes (GLRX5, ALOX12, KLHDC3, SLC7A11, SOX2, FH, GCH1, 
MYCN, and FURIN) in ovarian cancer, each 20 tissue samples from both ovarian cancer patients and normal peoples 
were collected and the expression of these genes were detected by qPCR assay. As shown in Figure 8A–I, compared to 
that in the normal ovarian tissue samples, the expression levels of 8 genes (GLRX5, KLHDC3, SLC7A11, SOX2, FH, 
GCH1, MYCN, and FURIN) in ovarian cancer tissues were significantly upregulated, whereas ALOX12 expression was 
downregulated, which was consistent with our bioinformatic analysis.

Figure 4 The representative results of ferroptosis-related DEGs in GO (A and B) and KEGG (C and D) enrichment analysis.
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Gene Expression and Cell Survival in RSL3-Induced Ferroptosis in Ovarian Cancer Cells
RSL3 is a VDAC-independent ferroptosis activator and an inhibitor of GPX4, which binds and inactivates GPX4 and 
then mediates GPX4-regulated ferroptosis.25,26 To further explore the gene expression of ferroptosis in ovarian cancer 
cells, we induced ferroptosis in Skov3 cells using RSL3. Different concentrations of RSL3 were added to Skov3 cells and 
then subjected to MTT assay. The results showed that the cell viability decreased continuously with the increase of RSL3 
concentration (Figure 9A). In addition, we also detected the mRNA expression levels of ALOX12 and GLRX5 by qRT- 
PCR. After RSL3 treatment, the mRNA expression level of ALOX12 increased significantly (Figure 9B), while there was 
a certain degree of decrease in the mRNA expression level of GLRX5 (Figure 9C). In addition, we also performed 
transwell invasion assay (Figure 9D and E) and wound healing assay (Figure 9F and G). It was shown that RSL3-induced 
ferroptosis significantly inhibited ovarian cancer cell viability and migration.

Figure 5 Correlation heat map of gene expression and ciber. Red represents up, blue represents down.

Figure 6 Comparison of ssGSEA scores between group 1 and group 2, obtained by clustering the prognostic genes ALOX12 and GLRX5. (Group 1: relatively higher 
expression of GLRX5 and lower expression of ALOX12. Group 2: relatively higher expression of ALOX12 and lower expression of GLRX5.) The box plot shows the scores 
of 28 immune cells. The adjusted p-value is shown as: ns, not significant; * p<0.05; ** p<0.01; *** p<0.001.
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Discussion
Due to the lack of screening tests, ovarian cancer is hard to be discovered in the early stage and is prone to recurrence 
after surgery. At present, surgical intervention represents a fundamental aspect of the treatment plan. A range of 
techniques have been investigated and refined with the objective of predicting the potential for achieving a residual 
tumor of 0 (RT=0).27 Although many advances have been made in current treatment technology, such as the combination 
of BRAF inhibitor and MEK inhibitors for ovarian cancer,28 it remains the most lethal cancer in female gynaecology. 
Ferroptosis is a new type of RCD, which is the result of oxidative damage and subsequent cell membrane damage caused 
by the accumulation of iron-dependent lipid hydroperoxide to a certain level.29 Existing researches demonstrate that 
ferroptosis is strongly related to the occurrence and development of ovarian cancer, which can bring new hope to patients 
with ovarian cancer.30

In this study, we found that 180 DEGs in ovarian cancer tissues had 2-fold or more changes in expression levels 
compared with normal ovarian tissues, and established a new prognostic model using 9 independent prognostic genes. 

Figure 7 Immune correlation analysis box plot. The adjusted p-value is shown as: ns, not significant; * p<0.05; ** p<0.01; *** p<0.001.

Figure 8 qPCR assay was performed to detect the expression of 9 genes (A) SLC7A11, (B) FURIN, (C) SOX2, (D) GLRX5, (E) KLHDC3, (F) FH, (G) MYCN, (H) 
ALOX12, and (I) GCH1 in tissue samples from ovarian cancer patients and normal people. (N) normal; (T) tumor.
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Among them, the up-regulated expression of multiple risk genes led by ALOX12, and the down-regulated expression of 
multiple protective genes led by SLC7A11 promotes the process of tumor ferroptosis. Inhibition of GLRX5 causes tumor 
cells of cisplatin-resistant head and neck to enter the ferroptosis process of ferroptosis.31 ALOX12 is on the short arm of 
chromosome 17 of 13.1, which is abnormally expressed in a variety of tumors. It has a variety of mechanisms including 
participating in amino acid metabolism to induce inflammation and promote lipid synthesis. And it is a potential marker 
of many cancers.32 As a protective gene, its deletion is sufficient to accelerate tumor growth. In the generally accepted 
mechanism of ferroptosis, ACSL4 is indispensable, but the ALOX12 can be independent of ACSL4 and mediate p53- 
dependent tumor inhibition of ferroptosis.33 KLHDC3 inhibits ferroptosis in vitro by removing the p14ARF-mediated 
SLC7A11 transcriptional inhibition process to support tumor growth in vivo.34 SLC7A11 is located in the q28-q32 
position of the human chromosome 4’s long arm, with a length of 78 kbp, containing 31 introns and 32 exons. SLC7A11 
can promote the biosynthesis of glutathione (GSH) by introducing cysteine, thereby promoting GPX4-mediated lipid 
peroxide decomposition to inhibit the process of ferroptosis.29 Cancer cells inhibit ferroptosis by overexpressing 
SLC7A11, thereby promoting tumor growth, but at the same time, cancer cells are also responsible for the large 

Figure 9 Effects of RSL3 in ovarian cancer cells. (A) Different concentrations of RSL3 were added to Skov3 cells and then cell viability was detected by MTT assay. (B and C) 
RT-qPCR assay of ALOX12, GLRX5 expression after induction using RSL3. Shows fold change in expression relative to control. (D) RSL3 was added to Skov3 cells and cell 
invasion was observed microscopically. (E) Transwell results were calculated by ImageJ software. (F) Cell healing of each group was imaged using a microscope at 0 h and 
12 h. (G) The healed area was calculated by ImageJ software at different time points. The adjusted p-value is shown as: ** p<0.01; *** p<0.001; **** p<0.001.
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consumption of glucose and glutamine in the SLC7A11-mediated metabolic process, this metabolic weakness provides 
new ideas for targeted therapy of cancer.35

The immunocyte enrichment analysis we performed reveals that ferroptosis has a close relationship with tumor 
immunity, and the view that immunity promotes or inhibits tumors has been widely accepted. Therefore, we found that 
ovarian cancer patients’ immune status between the two groups of data obtained by clustering the prognostic genes 
ALOX12 and GLRX5 is significantly different, including the degree of tumor immune infiltration of central memory 
CD4+ T cell, effector memory CD8+ T cell, eosinophil, immature B cell, memory B cell, plasmacytoid dendritic cell, 
regulatory T cell, and Th2 cell. In addition, we found that DEGs were related to HCMV infection through KEGG 
enrichment analysis.

There are eight types of human herpesviruses and HCMV is one of them. It can hide in a host lifelong time and may 
become active again.36 HCMV infection can induce T cell responses of some selected immunodominant epitopes. This 
immune response is named memory inflation, which is one of the most prominent features of HCMV infection. And the 
number of antigen-specific CD8+ T cells showing the effect is slightly increased or maintained for a long time.37–39 When 
the virus invades the human body and the immune is initiated, CD8+ T cells usually respond by active proliferation of 
effector cells driven by antigens. Researchers have shown that the introduction of heterologous antigen epitopes into 
recombinant HCMV vectors can efficiently control viral infection. The more the number of viral genomes in the latent 
period, the more the latent transcripts increase, which leads to more antigen expression with stronger CD8 activation.36 It 
is reported by recent studies have reported that HCMV protein and DNA exist in ovarian cancer tissues. HCMV acts as 
an inducer or promoter to promote carcinogenesis.40–42 By encoding viral proteins and inducing various immunosup-
pressive cytokines, HCMV allows tumors to escape immune surveillance, which is conducive to tumor growth and leads 
to HCMV-induced immune tolerance.43 HCMV will increase its adaptability in the weak immune environment of cancer 
cells, so HCMV superinfection can accelerate the development of cancer.44 Researchers have observed that some HCMV 
strains have direct carcinogenic effects on cell stress, polyploid tumor giant cells, stem cells, and epithelial-mesenchymal 
transition, which can explain the appearance of invasive cancer during the treatment of adenocarcinoma with poor 
prognosis, metastasis, and drug resistance.45

A significant correlation exists between the prognosis gene GCH1 and CD8+ T cells, showing how ferroptosis and 
immunity are intricately linked. The mysterious and complex relationship between immunity and ferroptosis is gradually 
being revealed46 with the development of in vivo and in vitro experiments. Researchers found that CD8+ T cells of tumor 
host can promote ferroptosis-specific lipid peroxidation and intensify ferroptosis by releasing interferon II, thus improv-
ing the immunotherapy’s efficacy.46 We found that there was a remarkable difference in CD8+ T cell content between the 
two groups of data obtained by previous clustering. We think the reason is that CD8+ T cells release signals (such as type 
II interferon) to activate ferroptosis.46 But it is still needed to confirm the above results by more work.

Since the DEGs are related to HCMV infection, the correlation heatmap indicates that the prognostic gene GCH1 is in 
connection with the role of CD8+ T cells, and HCMV infection will be inhibited by CD8+ T cells, the prognosis of 
ovarian cancer patients infected with HCMV can be predicted by the expression of the prognosis gene GCH1, thus 
putting forward a new scheme to diagnosis and cure ovarian cancer patients who are infected with HCMV.

On the basis of our work, we compared the gene expression of 13 immune checkpoints of the two groups of data after 
clustering ALOX12 and GLOX5. Among them, the p values of three immune checkpoints (such as LAG3, EGR1, etc.) were 
less than 0.001, indicating that the cases obtained by clustering the two prognostic genes had very obvious differences in the 
expression of some immune checkpoints. Furthermore, the expression of both ALOX12 and GLOX5 genes differed after 
induction of iron death using the GPX4 inhibitor RSL3, which further proved that there was a certain relationship between 
ferroptosis-related prognostic genes and immune checkpoints, and played an important role in tumor immunotherapy.

In recent years, with the rise of immune checkpoint blockade therapy, immune checkpoint inhibitors (ICIs) have 
significantly changed how tumors are treated.47 Lymphocyte-associated gene 3 (LAG3) is one of the immunoglobulin 
superfamilies, which is negative in the regulatory process of T cell activation and proliferation. It can be combined with 
major histocompatibility complex class II (MHC-II), which is conducive to tumor immune escape.48 The antibody 8F- 
6 has great affinity with LAG3, which can block the combination of MHC-II and LAG3 so that T cells can return to the 
normal level, enhance immunity, and kill tumor cells. Early growth response 1 (EGR1) is a transcription factor containing 
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a zinc finger domain that can specifically recognize and bind to target genes and regulates their transcription.49 

Researches have shown that EGR1 is absent in a variety of malignant tumors. Nevertheless, in ovarian cancer tissue 
samples, EGR1 can promote the progress of ovarian cancer.50 However, it is necessary to point out that the research on 
EGR1 immune blockers is still unclear and needs further in-depth exploration.

In conclusion, we utilized ferroptosis-related 9-gene signatures and immune infiltration patterns to construct a new 
prognostic model. Compared with previous prognostic models, this model has more significant prognostic ability, 
provides more accurate risk prediction and survival analysis, and can predict the survival time of patients more 
comprehensively, which would positively benefit the clinical application.
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