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The present study evaluates the value of mitochondrial antiviral signaling (MAVS)
expression as a potential diagnostic biomarker and therapeutic target for ovarian
cancer (OC) and analyses the underlying biological mechanism in this pathology.
First, the association between MAVS expression determined by immunohistochemical
(IHC) and clinical characteristics was systematically investigated. Overexpression of
MAVS was associated with advanced clinical factors and poor survival of OC patients.
Second, bioinformatics analyses, namely, gene expression, mutation analysis, gene set
variation analysis (GSVA), gene set enrichment analysis (GSEA), and weighted gene
co-expression network analysis (WGCNA), were performed to evaluate the potential
biological functions of MAVS in OC. The results showed that MAVS may play a critical
role in immune cell infiltration. CIBERSORT was applied to assess the infiltration of
immune cells in OC. CD8+ T cells, y8T cells, and eosinophils had significantly negative
correlations with MAVS expression. Finally, sensitivity analysis found that patients with
high MAVS expression were predicted to be significantly less responsive to cisplatin
and paclitaxel. In conclusion, these findings suggested that MAVS influences biological
behavior by regulating the immune response and that it can be used as a predictive
marker for poor prognosis in OC.

Keywords: MAVS, immunohistochemistry, immune cells, sensitivity analysis, ovarian cancer

INTRODUCTION

Ovarian cancer (OC) represents the leading cause of death from gynecologic malignancies. It is
estimated that 21,410 new cases of OC are expected in 2021 with more than 13,770 deaths in the
United States (Siegel et al., 2021). Recent progress in understanding the role of the immune system
in cancers has simultaneously promoted the development of immunotherapies for specific cancer
types. However, limited analysis of immunotherapy for ovarian cancer has been reported in recent
years. Therefore, identification of a novel immune indicator to predict prognosis or development
of targeted therapy for OC patients will contribute to the application of immunotherapy for OC.
Mitochondrial antiviral signaling (MAVS) protein, also known as virus-induced-signaling
adapter (VISA) or IFN-f promoter stimulator protein 1 (IPS-1), is located on the mitochondrial
membrane and is critical to innate immune defense against viral infection. It has also been
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suggested that MAVS is highly related to apoptosis in cancer
cells (Matsushima-Miyagi et al., 2012; Kaneda, 2013; Pythoud
et al., 2015). In colon cancer, MAVS activation exhibits tumor-
suppressive activity by regulating p53 protein stability (Zhang
W. et al,, 2020). However, there is no evidence showing the
correlation between MAVS and OC based on clinical data.
Therefore, the detailed biological functions of MAVS need
systematic investigation.

In the present study, the correlation between MAVS
expression and clinical characteristics was analyzed based on
128 OC tissues. The underlying functions and mechanisms of
MAVS in OC were then further investigated by performing gene
expression analysis, mutation analysis, gene set variation analysis
(GSVA), gene set enrichment analysis (GSEA), weighted gene co-
expression network analysis (WGCNA), immune infiltration, and
chemosensitivity prediction based on the OC dataset downloaded
from The Cancer Genome Atlas (TCGA).

MATERIALS AND METHODS

The Cancer Genome Atlas Data

Download

mRNA and miRNA expression profile and clinical sample data
of ovarian cancer were downloaded from TCGA official website'.
Totally, the data of 379 ovarian cancer patients were analyzed.

Tissue Microarrays and

Immunohistochemistry

Tissue microarrays contained 128 ovarian cancers with clinical
characteristics were purchased from Alenabio and Shanghai
Outdo Biotech Company. Immunohistochemical (IHC) staining
was carried out as previously described (Chen et al., 2021). All
samples were scored by three independent pathologists. Staining
intensity and staining area percentage were used as the criteria
for evaluation. Staining intensity was scored as: no staining, 0;
slight staining, 1; moderate staining, 2; and strong staining, 3.
Staining area percentage was scored as: negative, 0; <10% positive
cells, 1; 11-50% positive cells, 2; 51-80% positive cells, 3; and
>80% positive cells, 4. By multiplying the two scores above, we
got the final score. Staining for MAVS was considered as negative
when the score is less or equal to 2; otherwise, the expression
was noted positive.

Co-expression Analysis and Nomogram
Prediction Analysis

The limma package in R program was performed to screen
genes that were co-expressed with MAVS. The thresholds for co-
expression were a correlation coefficient >0.4 and P < 0.001.
Correlation plots of top genes positively and negatively associated
with MAVS were carried by the heat map and corrplot
package in R. Besides, nomogram prediction analysis with
three features achieved the favorable prediction efficacy for OC
following R analysis.

Uhttps://portal.gdc.cancer.gov/

Mutation Analysis

We downloaded the SNP-related data of ovarian cancer, and the
mutation genes were obtained from the SNP data of VarScan.
The genes with top 30 mutation frequency were selected as
the display. The difference of mutation genes between the two
groups with positive or negative MAVS expression was compared,
and the landscape map of mutation was drawn with R package
complex heat map.

Gene Set Variation Analysis and Gene
Set Enrichment Analysis

Gene set variation analysis is a non-parametric unsupervised
method for evaluating the enrichment of transcriptome gene
sets, which was used to find the pathways most associated
with MAVS. Based on the expression of MAVS, samples were
divided into high and low expression groups. The gene set was
downloaded from the Molecular Signature Database. GSEA 4.0
software was used to explore the signal pathway differences
between the positively and negatively MAVS expression groups,
where [NES| > 1 and FDR < 0.05 were defined statistically
significant, to explore the possible molecular mechanism of
prognosis differences between the two groups.

Weighted Gene Co-expression Network
Analysis

The WGCNA R package was used to construct a weighted gene
co-expression network and the top 5,000 genes were screened
for further study. The weighted adjacent matrix was transformed
into a topological overlap matrix (TOM) to estimate the network
connectivity and hierarchical clustering was used to construct
the clustering tree structure of the TOM matrix. Different
gene modules were represented as different color branches
of the cluster. Based on the weighted correlation coefficient
of genes, genes with similar expression patterns are classified
into one module.

Analysis of Immune Infiltration

Ovarian cancer samples with positive and negative expression
of MAVS were divided into two groups. The CIBERSORT was
used to analyze RNA-seq data, and the relative proportion of
22 kinds of immune infiltrating cells was obtained. Spearman
analysis was performed on MAVS expression and immune cell
content. P < 0.05 was considered statistically significant.

Prediction of Chemosensitivity

Genomics of Drug Sensitivity in Cancer (GDSC) is the largest
publicly available pharmacogenomics database which can be
used to predict response to anti-cancer drugs’. Base on this
database, R package “pRRophetic” was carried to predict the
chemosensitivity of each tumor sample. The regression method
was used to estimate the IC50 of each specific chemotherapy drug.
The prediction accuracy of IC50 was verified by 10-fold cross-
validation with the GDSC training set. All parameter settings
are default values.

Zhttps://www.cancerrxgene.org/
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FIGURE 1 | Positivity expression of MAVS is associated with advanced clinical factors and poor survival of OC patients. (A) Representative images of IHC staining of
MAVS on tissue microarray of ovarian cancer specimens. (B) Overall survival (OS) of OC patients was analyzed by the Kaplan—Meier plotter analysis.

(C) Progression-free survival (PFS) of OC patients was analyzed by the Kaplan—-Meier plotter analysis. (D) MAVS expression in different clinical stages of OC was
detected by IHC analysis. (E) MAVS expression OC patients with different status of recurrence was detected by IHC analysis.
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Statistical Analysis

Continuous variables were described as the mean =+ SD.
Categorical variables were reported using proportions. To
compare the differences between the experimental groups,
bilateral t-test, W2 test, or Kruskal-Wallis test as appropriate
was adopted. Univariate analysis was used to assess the
prognostic significance of the different variables. Variables with
P value < 0.05 were further analyzed by Cox multivariate
regression models. The relationship between overall survival
and MAVS expression was presented with Kaplan-Meier
survival curve and compared with a log-rank test. Data
analysis and statistical evaluations were carried out by SPSS$22.0
and GraphPad Prism 6. P value < 0.05 was considered
statistically significant.

RESULTS

Mitochondrial Antiviral Signaling
Expression and Its Correlation With
Clinical Parameters According to
Immunohistochemical Analysis in

Ovarian Cancer

The expression of MAVS in 128 ovarian cancer tissues
was examined by immunohistochemistry (IHC). IHC staining
indicated that MAVS expression was positive in 62 cases,
accounting for 48.4% of ovarian cancers. The representative
images of IHC staining of MAVS on tissue microarray of

ovarian cancer specimens (Figure 1A). Table 1 presents the
correlation between MAVS expression and clinicopathological
characteristics. Positive MAVS expression was correlated with
advanced International Federation of Gynecology and Obstetrics
(FIGO) stage (55.7 vs. 32.5%, P = 0.015; Figure 1D), high
Ki67 expression (61.2 vs. 34.0%, P = 0.003), high recurrence
rate (55.2 vs. 29.6%, P 0.017; Figure 1E), and PD-L
expression (57.0 vs. 35.4%, P = 0.019). Univariate analysis
found that the factors associated with both overall survival
and progression-free survival were MAVS protein expression,
FIGO stage, pathological grade, and tumor size (Table 2).
Positive MAVS staining was correlated with lower OS and PFS
compared to negative MAVS staining (P = 0.002; P = 0.016;
Figures 1B,C).

Data Acquisition

We downloaded the original mRNA expression data of ovarian
cancer from the TCGA database. All samples were divided into
high or low expression groups based on the expression of the
MAVS gene with the median as a cutoff point.

Co-expression Analysis and Prognostic
Nomogram Construction of
Mitochondrial Antiviral Signaling in
Ovarian Cancer According to the Cancer

Genome Atlas Data
According to the co-expression analysis, the top 15 genes
positively and negatively associated with MAVS were identified
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TABLE 1 | Correlation between MAVS expression and clinicopathological
characteristics of OC patients.

Variables MAVS expression Total x?2 pvalue
Negative Positive

Age (year) 0.975 0.323
<50 34 27 61
>51 31 35 66

FIGO stage 5917 0.015
/1 27 13 40
v 39 49 88

Metastasis 1.824 0176
No 8 13 21
Yes 58 49 107

Recurrence 4.078 0.043
No 18 8 26
Yes 48 54 102

Pathological grade 0.071 0.79
/1l 16 18 34
1l 31 39 70

PD-L1 expression 5547 0.019
Negative 31 17 48
Positive 34 45 79

Ki67 expression 8.78  0.003
Negative 35 18 53
Positive 26 41 67

Maximum size 1.208 0.272
<12cm 33 25 58
>12.cm 33 37 70

Statistically significant (P < 0.05).

using a heat map. In addition, the top five genes positively
and negatively associated with MAVS were plotted in a circular
plot. The results showed that MAVS was positively related to

STK35, PANK2, CDS2, ZNF343, and TBC1D20 but negatively
related to ATP6VOEL, RNF181, OST4, RPL26L1, and TMSB10
(Figures 2A,B). Furthermore, we conducted a nomogram
prediction model according to the clinical symptoms and MAVS
expression of patients. Five-year and 8-year survival rates for OC
were predicted based on the nomogram score. The results showed
that the model better predicted the survival rate of patients
(Figures 2D,E).

Mutation Analysis

The differences in mutated genes between groups with positive or
negative MAVS expression were compared, and a landscape map
of mutations was constructed (Figure 2C).

Gene Set Enrichment Analysis and Gene

Set Variation Analysis

To explore the potential molecular mechanism and biological
functions of MAVS in OC, GSVA, and GSEA were performed
for pathway analysis. The results of GSVA revealed that the
mitotic spindle, Wnt/pB-Catenin signaling, and UV-responsive-
Dn were the most significant pathways in the MAVS-
positive expression group. Correspondingly, the most involved
pathways negatively related to MAVS expression were heme
metabolism, apoptosis, and adipogenesis. In addition, the GSEA
results showed that phosphatidylinositol signaling, inositol
phosphate metabolism, and glycerophospholipid metabolism
were statistically significant in the MAVS-positive expression
group. Eight KEGG pathways were significantly enriched
in the MAVS-negative expression group, namely, oxidative
phosphorylation, proteasome, ribosome, and other pathways
(Figure 3). These enriched KEGG pathways revealed that MAVS-
related molecular changes included phospholipid metabolism
and oxidative stress, primarily participating in the membrane
state and immune response.

TABLE 2 | Univariate and multivariate analysis of the factors correlated with (A) overall survival

Variables Univariate analysis Multivariate analysis

HR 95% CI p value HR 95% CI p value
Expression 2.220 1.8335-3.691 0.002 1.156 0.5692-2.259 0.671
Grade 2.166 1.383-3.391 0.001 1.154 0.382-3.484 0.8
Age 1.407 0.852-2.325 0.182
FIGO stage 8.539 3.194-22.829 0.000 5.768 1.343-24.78 0.018
Maximum size 4.92 2.683-9.024 0.000 3.097 1.453-6.601 0.003
Kie7 1.941 1.125-3.349 0.017 0.866 0.419-1.79 0.698
(B) Progression-free survival of OC patients.
Expression 1.588 1.074-2.35 0.021 0.981 0.614-1.568 0.936
Grade 1.458 1.085-1.958 0.012 0.98 0.549-1.749 0.945
Age 1.71 1.147-2.548 0.008 1.168 0.700-1.932 0.561
FIGO stage 4.199 2.570-6.862 0.000 2.706 1.390-5.265 0.003
Maximum size 2.234 1.472-3.39 0.000 1.954 1.151-3.318 0.013
Kie7 1.386 0.921-2.086 0.118
Statistically significant (P < 0.05).
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FIGURE 2 | Significant MAVS-related genes or mutation genes in OC obtained by co-expression analysis and mutation analysis. (A) Heat map shows the top 10
genes that are differentially expressed in groups with positive or negative MAVS expressions of OC patients. (B) Network visualization of significant MAVS-related
genes in groups with positive or negative MAVS expressions of OC patients. (C) Heat map of the MAVS-related mutation genes in OC obtained by mutation analysis.
(D) Nomogram for predicting the 3- and 5-year survival rates of OC patients. (E) Calibration curve based on the 3-year OS of the nomogram.

Construction of the Weighted Gene
Co-expression Network Analysis and
Functional Enrichment Analysis

Weighted gene co-expression network analysis was applied to
explore the co-expression network of MAVS in ovarian cancer.
For such analysis, a suitable soft threshold was selected according
to the “sft$power Estimate” function. Twenty-four modules were
identified based on TOM matrix detection gene modules. Among

all modules, dark green, which represented 69 genes, was the
most relevant for MAVS expression (cor = 0.69, P = 7e-54),
suggesting that genes in the dark green module are highly
correlated with MAVS (Figure 4 and Supplementary Table 1).
GO and KEGG pathway enrichment analyses were performed to
identify the functions of these 69 genes. The results showed that
the genes were enriched in the following biological processes:
insulin resistance, positive regulation of immune response, and
negative regulation of proteolysis involved in cellular protein
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FIGURE 3 | Significant MAVS-related biological pathways in OC obtained by GSEA and GSVA. (A) Significant MAVS-related biological pathways in OC obtained by
GSVA. (B-D) Top three oncological signatures significantly enriched in the MAVS positive expression group identified by GSEA analysis. (E-G) Top three oncological
signatures significantly enriched in the MAVS negative expression group identified by GSEA analysis.

catabolic process (Figure 5). This finding was consistent with the
GSEA and GSVA results, suggesting that MAVS participates in
the immune response.

Mitochondrial Antiviral Signaling
Expression Is Correlated With the
Immune Infiltration Level in Ovarian
Cancer

We performed a synthetic evaluation to explore the role of
immune cell infiltration in ovarian cancers using CIBERSORT.
The correlation heat map of MAVS expression with immune
infiltration levels in ovarian cancers revealed that CD8+ T
cells, gamma delta T cells, and eosinophils had a significantly
negative correlation with MAVS expression. No association
was discovered between MAVS expression and immune cell
infiltration (Figure 6A). The linear relationship between
MAVS and immune cells is shown in Figure 6B and
Supplementary Figure 1.

Relationships Between Chemosensitivity
and Mitochondrial Antiviral Signaling

Expression in Ovarian Cancer

Chemotherapy is one of the most used treatments for ovarian
cancer, and chemosensitivity is an important prognostic factor
in OC. In the present study, a predictive model of commonly
used chemo drugs in ovarian cancer was performed to investigate
whether patients with positive MAVS expression are more

sensitive to chemotherapy. The results confirmed that the high
MAVS expression group was significantly less responsive to
cisplatin (P = 0.000; Figure 7A) and paclitaxel (P = 0.0056;
Figure 7B) compared to the low MAVS expression group.

DISCUSSION

Mitochondrial antiviral signaling is known to be essential for
antiviral innate immunity, but it has not been widely studied. In
the present study, we identified MAVS as a potential indicator
for predicting the prognosis of OC based on 128 ovarian
cancer tissues by IHC. We discovered for the first time that
high expression of MAVS is closely related to Ki67 expression,
pathological stages, and recurrence rate in OC. Moreover, the
Kaplan-Meier method indicated a negative correlation between
MAVS expression and OC prognosis, namely, overall survival
and disease-free survival. Univariate analysis indicated that
MAVS expression was negatively associated with overall survival.
Together, these results implied that MAVS expression may be a
prognostic indicator or a marker for targeted therapy. Based on
these observations, we further analyzed underlying functions and
mechanisms of MAVS in OC.

First, data from 379 OC samples were downloaded from
TCGA database. All samples were divided into high or
low expression groups based on the expression of MAVS.
A nomogram prediction model further confirmed the prognostic
effect of MAVS in OC. According to co-expression analysis, the
top five genes positively associated with MAVS were STK35,
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showed maximum correlation with positive MAVS expression traits. (F) Intramodular analysis of 69 genes that has the most significant correlations with MAVS
expression in the dark green module (correlation = 0.69, P = 7e-54).

PANK2, CDS2, ZNF343, and TBC1D20. STK35 belongs to
new kinase family 4 (NKF4) in the kinome and regulates the
cell cycle transition of endothelial cells. It has been reported
that the downregulation of STK35 promotes apoptosis and
decreases proliferation by activating caspase 3 and caspase 7
in osteosarcoma cells (Wu et al,, 2018). Additionally, STK35
inhibits apoptosis and influences chemoresistance in colorectal
cancer (Yang et al., 2020). Moreover, STK35 protein promotes
caspase-independent cell death in response to oxidative stress
(Yasuda et al, 2012). PANK2 has been reported to be a
potential therapeutic target in thyroid cancer (Iacobas et al.,
2018). In addition, similar to STK35, PANK2 increases cell
death by enhancing oxidative stress in leukemic cells (Liu et al.,
2019). In tumor models, CDS2 deficiency suppresses tumor
growth by regulating tumor-secreted VEGFA (Zhao et al., 2019).
KRAB-containing zinc protein, encoded by ZNF343, is related
to cell apoptosis, proliferation, and neoplastic transformation
(Urrutia, 2003). TBC1D20 is a negative regulator of Rabl and
is involved in vesicle-mediated transport and metabolism of
proteins (Haas et al., 2007). The top five genes negatively
related to MAVS were ATP6VOE1, RNF181, OST4, RPL26L1I,
and TMSBI10. It has been reported that some of these genes
play a role in tumor proliferation and chemotherapy resistance.
However, the potential mechanism has not yet been established,

indicating the need for additional research (Thorp et al., 1994;
Baroy et al,, 2016; Zeng et al., 2020). The results of the co-
expression analysis indicated that MAVS participates in tumor
progression by regulating genes involved in oxidative stress and
metabolic pathways.

To further identify the molecular differences correlated with
MAVS expression, we performed GSVA and GSEA to identify
potential molecular mechanisms and biological functions.
According to the GSVA results, the MAVS-positive expression
group was enriched in the mitotic spindle, Wnt/B-Catenin
signaling, UV-response-Dn synapse pathway, Hh signaling
pathway, and Notch signaling pathway. The Hh pathway is a
signaling cascade that is essential for proper development in
animals. Recently, accumulating reports have suggested that
the Hh signaling pathway promotes tumor invasion, migration
and chemotherapy resistance in ovarian cancer (Steg et al.,
2012; Zhang H. et al, 2020). The Notch pathway and Wnt
pathway are highly conserved and play a biological role in
cell proliferation and apoptosis. Various pathway-associated
genes are epigenetically regulated in cancers and are related to
cancer proliferation, apoptosis and chemoresistance (Vinson
et al,, 2016; Li et al., 2017; Meurette and Mehlen, 2018; Taciak
et al.,, 2018). Although little is known about the upregulation
mechanisms of these pathways in the MAVS-positive expression

Frontiers in Cell and Developmental Biology | www.frontiersin.org

October 2021 | Volume 9 | Article 728061


https://www.frontiersin.org/journals/cell-and-developmental-biology
https://www.frontiersin.org/
https://www.frontiersin.org/journals/cell-and-developmental-biology#articles

Chen et al. Function of MAVS in OC

hsa04931: insulin resistance
] G0:0050778: positive regulation of immune response
] (G0:1903051: negative regulation of proteolysis involved in cellular protein catabolic process
| G0:0010564: regulation of cell cycle process
| GO:0006767: water-soluble vitamin metabolic process
] ko03008: Ribosome biogenesis in eukaryotes
] GO:0016788:
| 60:0032870:
] GO:0007249:
| G0:0031965:
] G0:0046434
| G0:0021543:

hydrolase activity, acting on ester bonds
cellular response to hormone stimulus
I-kappaB kinase/NF-kappaB signaling
nuclear membrane

organophosphate catabolic process
pallium development

T
2.0
-logl0(P)

insulin resistance
| | positive regulation of immune response
negative regulation of proteolysis involved in cellular protein catabolic process
|| regulation of cell cycle process
water—-soluble vitamin metabolic process
M Ribosone biogenesis in eukaryotes
hydrolase activity, acting on ester bonds
W cellular response to hormone stimulus
I-kappaB kinase/NF-kappaB signaling
M nuclear membrane
organophosphate catabolic process
M pallium development

FIGURE 5 | GO and KEGG pathway enrichment analysis of 69 genes in dark green module selected by WGCNA. (A) The most significantly enriched pathways of the
selected 69 genes (P < 0.05). (B) Network showed pathways enriched of the selected 69 genes. Different colors of nodes represent different enrichment pathways.

A

tsudent(282) = 2.19, p = 0.029, Frearson = 0.13, Clasy [0.01, 0.24], npys = 284
T cells CD4 memory resting

B cells naive
Macrophages M2
Macrophages M1

T cells follicular helper .
abs(correlation)

@ o004
@ oos
@ o
. 0.16

pvalue

NK cells resting
Mast cells activated
Monocytes

B cells memory
Macrophages MO
Plasma cells
Neutrophils

T cells regulatory (Tregs)

imucell

Dendritic cells activated
Dendritic cells resting
NK cells activated

Mast cells resting

T cells CD4 memory activated
T cells CD8
Eosinophils

T cells gamma delta

5

gene
loge(BFor) = 0.04, Bz’ = 0.13, Clgfy [0.01,0.24], r 25, =071

correlation
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linear relationship between MAVS expression and the delta gamma T cells is shown.

group, MAVS may influence the prognosis of ovarian cancer
by regulating these pathways. The MAVS-negative expression
group was significantly enriched in heme metabolism, apoptosis,
and adipogenesis. In addition, the GSEA results showed that the
phosphatidylinositol ~signaling system, inositol phosphate
metabolism, and glycerophospholipid metabolism were

statistically significant in the MAVS-positive expression group.
Phospholipids form membrane structures and are recognized in
cancers by innate-like T cells, which are essential for initiating
the immune response (Zhao et al., 2019). In addition, inositol
phosphate metabolism, phosphatidylinositol signaling and
glycerophospholipid metabolism are suggested to be essential
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to immune signaling (Fritsche, 2006; Zhong et al, 2008;
Okkenhaug, 2013). Furthermore, oxidative phosphorylation,
proteasome, and ribosome pathways were significantly abundant
in the MAVS-negative expression group. Inhibition of oxidative
phosphorylation (OXPHOS) has been demonstrated to respond
to the immune response (Boreel et al., 2021). The proteasome is
required for essential immune functions of activated CD4 (4) T
cells (Berges et al., 2008). Moreover, the link between ribosome
abundance and cell intrinsic immunity has been confirmed
(Bianco and Mohr, 2019). These findings revealed that MAVS-
related molecular alterations are an immune response. To detect
the critical modules most relevant to MAVS expression in OC,
WGCNA was performed. GO and KEGG pathway enrichment
analyses were performed to identify the functions of the dark
green module, comprising 69 genes, which was the most relevant
to MAVS expression. The results showed that the biological
processes involved in insulin resistance, positive regulation of
the immune response, and negative regulation of proteolysis
were involved in the cellular protein catabolic process. Initiating
insulin resistance is a common process reducing the immune
response (leronymaki et al., 2019). Similar to the GSEA and
GSVA results, these findings suggested that MAVS further
participates in the immune response.

Immunoediting is a concept in which the body responds
to malignant cells based on the immune system, which has
promoted cancer immunotherapy or chemoimmunotherapy
in recent years (Coosemans et al, 2015). However, unlike
lung cancer immunotherapy, OC immunotherapy is difficult
to achieve. A detailed understanding of the cellular immune
function of ovarian cancer will contribute to the development
of OC immunotherapy. Because MAVS is one of the key innate
immune adaptor proteins, we explored the role of MAVS in the
immune response in OC by performing a comprehensive analysis
using CIBERSORT. The results demonstrated that decreased
CD8+ T cells, gamma delta T cells, and eosinophils may be
related to MAVS expression in OC. Previous studies have shown
that activated eosinophils are essential for guiding T cells into the

tumor, leading to tumor eradication (Carretero et al., 2015). Our
results supported the possibility that cancers with high MAVS
expression have poor prognosis due to a decrease in the immune
response regulated by T cells. However, further studies are needed
to elucidate the potential mechanisms of these correlations.

Chemoresistance remains a challenge for the treatment of OC,
resulting in disease recurrence. Thus, chemosensitivity analysis
was performed to investigate the relationship between MAVS
expression and commonly used chemotherapeutic drugs in
OC. Because platinum-/paclitaxel-based chemotherapy following
tumor debulking surgery is still the gold standard treatment
for OC, we analyzed whether these drugs are related to MAVS
expression. The results indicated that OC with high MAVS
expression was significantly less responsive to paclitaxel and
cisplatin, suggesting that MAVS inhibitors may enhance the
sensitivity of OC to these drugs. Researchers have focused
on potential biological mechanisms underlying cisplatin or
cisplatin resistance in ovarian cancers, namely, the regulation of
chemical transport, DNA repair mechanisms, survival pathways
(e.g, MAPK pathway and PI3K/AKT pathway), and tumor
suppressors (Brasseur et al., 2017). In the MAVS-positive
expression group, the Notch pathway, Hh pathway, and Wnt
pathway were upregulated, which have been demonstrated
to be related to chemotherapy resistance in ovarian cancer
(Khalaf et al., 2021). In addition, MAVS participates in the
immune response by itself or via these signaling pathways,
which may lead to chemoresistance (Roy and Cowden Dahl,
2018). In wvivo and in vitro experiments are required to
validate our results.

CONCLUSION

The present study identified MAVS expression as a potential
clinical prognostic biomarker or therapeutic target for OC
according to immunohistochemistry and prognostic nomogram
analyses of OC cases. Bioinformatics analysis of OC within
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TCGA cohorts demonstrated that MAVS expression potentially
contributes to phospholipid-related pathways, which may play
a critical role in the immune response by regulating T cells
and decreasing the response to paclitaxel and cisplatin. Our
study is of great significance for performing MAVS-based
experimental validation.
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