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Background: Globally, ovarian cancer (OC), the deadliest gynecologic malignancy, remains 
a major cause of mortality, with a rising number of cases in many low- and middle-income 
countries. Immunotherapy has been proven to be promising for OC. There is increasing 
awareness of the vital role that tumor mutation burden (TMB) plays in predicting the efficacy 
of immunotherapy. Women with a family history of OC are at higher risk of the disease due 
to gene mutations. However, whether these gene mutations are related to immune response 
and TMB remains to be explored.
Methods: Our present work analyzed genetic mutation data of OC patients obtained from 
The Cancer Genome Atlas (TCGA) and International Cancer Genome Consortium (ICGC) 
cohorts, and we identified 11 frequently mutated genes, namely, APOB, CSMD3, DST, 
FAT3, FLG, HMCN1, MUC16, RYR1, TP53, TTN, and USH2A, in accordance with the 
overlap of two databases.
Results: A statistically higher TMB was detected by whole-exome sequencing in patients 
with OC with CSMD3 mutation than in those with mutations in the other frequently mutated 
genes. Prognosis analysis performed with patients from the TCGA cohort revealed that those 
with CSMD3 mutation had an overall survival (OS) that was inferior to that of those with 
wild-type CSMD3. Gene set enrichment analysis (GSEA) and CIBERSORT analysis indi
cated that OC samples with CSMD3 mutations had significant involvement of pathways 
related to the immune response.
Conclusion: In summary, we found that CSMD3 mutation is highly correlated with 
increased TMB and poor clinical prognosis and that it might function as a biomarker for 
predicting prognosis and choosing an immunotherapy regimen.
Keywords: ovarian cancer, CSMD3, tumor mutation burden, prognosis, tumor-infiltrating 
immune cells

Background
Globally, approximately 240,000 women are diagnosed with ovarian cancer (OC), 
which results in 150,000 deaths per year, making it one of the most common 
malignancies of the female genital tract.1 Because of the lack of effective early 
screening diagnostic methods and early symptoms, OC is detected in advanced 
stages in most patients, with five-year survival rates below 45%; the proportion of 
women who die from the disease has not improved substantially over time.2,3 

Nearly 50–70% of cases of OCs are epithelial OCs with the following histological 
subtypes: serous, endometrioid, mucinous and clear cell subtypes. Based on its 
clinicopathologic and molecular genetic characteristics, epithelial OC can be clas
sified into two different types: type I lesions, which are characterized by their less 
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aggressive clinical course and stable genomic profiles and 
typically involve low-grade serous, low-grade endome
trioid, mucinous and clear cell histologies; and type II 
lesions, which characterized by high-grade serous and 
high-grade endometrioid histologies (which are associated 
with a more aggressive clinical course).4,5 The current 
frontline treatment for OC consists of surgery with che
motherapy, as recommended by the NCCN Clinical 
Practice Guidelines in Oncology. Three or more cycles of 
neoadjuvant chemotherapy (NACT) prior to debulking 
surgery and adjuvant chemotherapy is an alternative option 
for selected patients. There is currently a lack of consensus 
about who are the best candidates for this approach, and 
how to best select them. Importantly, NACT offers the 
opportunity to test upfront chemosensitivity and to identify 
patients at higher risk of relapse.6 Although more than 
80% of patients initially respond to therapy, most even
tually relapse and ultimately develop chemotherapy- 
resistant disease, which contributes greatly to 
mortality.7,8 Therefore, there is a great need to search for 
new treatments for OC patients to achieve optimistic clin
ical outcomes.

Although OC cases are traditionally considered unre
sponsive to immunotherapy, increasing evidence indicates 
that OC tumors are actually immunogenic. Vascular 
endothelial growth factor (VEGF) has been proven to be 
a crucial factor mediating developmental angiogenesis and 
regulating the vascularization of tumors.9 Anti-VEGF anti
body therapy has been reported to be effective in color
ectal cancer, non-small-cell lung cancer, glioblastoma, 
renal cancers and many other tumors.10 Bevacizumab is 
a humanized monoclonal antibody that binds to all isomers 
of the VEGF receptor ligand.11,12 VEGF therapy is 
a promising candidate for OC. The results of the Phase 
III AURELIA trial showed that the addition of bevacizu
mab to single-agent chemotherapy could increase the over
all response rate (ORR) and progression-free survival 
(PFS). Unfortunately, intent-to-treat analysis has not yet 
proven the efficacy of this approach in terms of overall 
survival (OS).13–15

Accumulating evidence has shown the relationship 
between the tumor mutation burden (TMB) and immu
notherapy reaction.16,17 The TMB generally refers to the 
number of somatic nonsynonymous mutations per mega
base (Mb) in a specific region of the genome and can 
indirectly reflect the degree and ability of a tumor to 
generate new antigens. Specifically, the accumulation of 
gene mutations can lead to the occurrence of tumors and 

the production of neoantigens.18 Neoantigens can activate 
CD8+ cytotoxic T cells, which function in an antitumor 
role by recognizing target antigens on tumor cells.19 It has 
been verified that a high TMB presents a favorable clinical 
outcome in melanoma and non-small-cell lung cancer.20,21 

In addition, TMB has also been identified as a biomarker 
that plays an important role in the prediction of biological 
behavior and the immunological reaction of tumors.16,22 In 
recent years, several susceptibility-related genetic variants 
that affect the relative risk of familial OC have been 
identified. These include detrimental mutations in BRCA1 
and BRCA2 that cause increased risk of OC;23 MLH1, 
MSH2 and MSH6 mutations that affect DNA mismatch 
repair;24–26 and rare mutations in RAD51C, BRIP1 and 
RAD51D, which suggest a medium risk of OC.27–30 The 
discovery that inhibitors of poly (ADP-ribose) polymerase 
(PARPi) selectively kill BRCA1- or BRCA2-deficient or 
homologous recombination deficient (HRD) cells has led 
to new synthetic lethal therapies in clinical oncology. 
PARP plays a key role in the removal and repair of single 
stranded DNA bases. In HRD tumor cells, DNA double- 
strand cannot be repaired, and PARP inhibitors block 
single-strand repair, resulting in a “synthetic lethal” effect, 
leading to the death of tumor cells.31 A series of clinical 
evidence-based medical studies have demonstrated that 
PARPi significantly prolong PFS in patients with OC in 
both the first-line and platinum-sensitive, relapsed, main
tenance therapy settings.32 PARPi has been reported to 
lead to the upregulation of PD-L1. Additionally, tumors 
harboring BRCA1/2 mutations demonstrated a higher 
neoantigen burden, as well as CD3+ and CD8+ tumor- 
infiltrating lymphocytes in high grade serous ovarian 
cancer.33 However, it remains controversial of the relation
ship between gene mutations and immune response in OC.

In the present study, we first analyzed somatic mutation 
data of American and British OC patients from The 
Cancer Genome Atlas (TCGA) database and 
International Cancer Genome Consortium (ICGC) data
base, respectively. Eleven common gene mutations were 
identified from the two datasets. Next, analysis of the 
relationships between the 11 common mutated genes, 
TMB and survival outcomes was conducted employing 
Kaplan-Meier analysis and Cox regression. Finally, path
way enrichment analysis and the CIBERSORT algorithm 
were implemented to investigate whether there were cor
relations between the mutated genes and the immune 
response. Through comprehensive investigation of the 
OC data from the TCGA database, our study determined 
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the utility of CSMD3 mutation for predicting prognosis 
and selecting immunotherapy in OC.

Methods
Data Collection
Somatic mutation data of American OC patient samples 
(n=436) and British OC patient samples (n=93) were 
acquired from the TCGA database (http://portal.gdc.can 
cer.gov/projects) (up to May 20, 2019) and the ICGC 
database (http://dcc.icgc.org/releases/current/Projects) (up 
to July 10, 2019), respectively. The associated clinical 
information for 410 OC samples was obtained from 
TCGA. Only OC patients with integrated clinical data 
(n=561), including survival time, age, stage and grade, 
were included. We listed the basic information of the 
samples from TCGA database in Table 1. MAF files con
taining somatic mutation data of American OC patient 
specimens were evaluated with VarScan, and the “maf
tools” package in R language was applied to visualize 
the results. Similarly, we annotated the TSV files regarding 
somatic variants of British OC patient samples in line with 
the hg19 reference genome, and the “GenVisR” package 
was used to visualize them.

Calculation of TMB in OC Patients
TMB was defined as the number of insertion/deletion 
(indel) and replacement mutations per megabase in the 
evaluated coding regions of the genome. Cases with intro
nic mutations, silent mutations, mutations in the 3ʹ or 5ʹ 
untranslated regions, or small in-frame insertions or dele
tions failing to lead to an amino acid change were all 
removed. To compute the TMB score, we divided the 
absolute number of somatic mutations by the exome size.

Gene Set Functional Enrichment Analysis
Gene set enrichment analysis (GSEA) is generally used to 
assess whether a specific gene set is significantly 

differentially expressed between any two biological states. 
In the present study, GSEA was used to detect differential 
signaling pathways according to the mutation status of 
CSMD3 (mutated samples vs wild-type samples). The 
gene sets of c2.cp.kegg.v6.2.symbols.gmt were downloaded 
from the Molecular Signatures Database (http://software. 
broad.institute.org/gsea/msigdb/index.jsp) to serve as the 
targeted sets, and Broad Institute GSEA software 4.0 was 
used for the enrichment analysis. Normalized false discov
ery rate (FDR) < 0.05 was regarded as the cutoff criterion.

Profiling of Tumor-Infiltrating Immune 
Cells
The CIBERSORT algorithm is an analytical tool that calcu
lates the fractions of particular cell types in a bulk tumor 
sample using gene expression profiles. To calculate the 
relative fractions of infiltrating immune cells in the OC 
patient samples, the algorithm was run on the gene expres
sion datasets using 1000 permutations and the LM22 sig
nature with standard annotation files, and the data were 
ultimately uploaded to the CIBERSORT website. We 
divided the samples into two cohorts according to the muta
tion status of CSMD3 and acquired data on 22 different 
kinds of immune cells in each cohort. A P-value<0.05 was 
employed as the threshold to identify the immune cell 
populations possibly influenced by the mutation status of 
CSMD3. The “vioplot” package was employed to visualize 
the differences in 22 tumor-infiltrating immune cells (TICs) 
between CSMD3-mutated and CSMD3-wild-type samples. 
A correlation heatmap was produced to detect the associa
tions of each of the immune cells with the others in OC 
samples via the “corrplot” package.

Statistical Analysis
R software (version 3.6.0) and GraphPad Prism version 
7.0 (GraphPad Software Inc. LA, CA, USA) were applied 
for statistical analysis. Kaplan-Meier curves, which were 

Table 1 The Clinical Characteristics of the Samples from TCGA Cohort

Clinical Characteristics Type Total (561) %

Age ≤60 311 55.4%

>60 250 44.6%
Stage Stage I and Stage II 45 8%

Stage III and Stage IV 516 92%

Grade Grade I and Grade II 75 13.4%
Grade III and Grade IV 486 86.6%

Histology Serous 561 100%
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compared via the Log rank test, were obtained to deter
mine the relationship between gene mutations and OS. The 
associations between clinicopathologic characteristics 
(age, stage, grade, TMB and CSMD3 status) and survival 
outcomes were analyzed by univariate and multivariate 
Cox regression analyses. Notably, a P-value<0.05 was 
considered to indicate statistical significance in all 
analyses.

Results
Overview of Somatic Mutations in OC
In this study, we downloaded the clinical information and 
somatic mutation data of OC patients from the TCGA and 

ICGC databases. The top 30 mutated genes and corre
sponding mutation profiles are shown in Figure 1A and 
B. We identified 30 frequently mutated genes in British 
OC patient specimens in the ICGC dataset, and the top five 
were as follows: TP53, TTN, MT-ND4, MT-CYB, and 
DST (Figure 1A). In addition, we determined 30 fre
quently mutated genes based on the American OC patient 
samples from the TCGA cohort, and TP53 was also the 
most frequently mutated gene, followed by TTN, MUC16, 
CSMD3, and TOP2A (Figure 1B). We found some gene 
mutations present not only in British OC patients but also 
in American OC patients. Hence, we conducted compara
tive analysis of 30 frequently mutated genes in OC 

Figure 1 Mutation profile landscape in OC patients. (A) The frequently mutated genes among OC specimens obtained from the ICGC dataset are shown in the waterfall 
plot. Genes ranked by mutation frequency are presented in the left panel. The right panel shows the variety of mutation types. (B) The frequently mutated genes of the OC 
samples from the TCGA dataset are depicted via a waterfall plot. The left panel demonstrates the mutation frequency and corresponding genes. The right panel reveals the 
multiple mutation types of these genes. (C) The common frequently mutated genes between the ICGC and TCGA cohorts are shown in the Venn diagram.
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samples from both the ICGC and TCGA cohorts. Finally, 
we identified 11 frequently mutated genes via construction 
of a Venn diagram detailing the intersection of the top 30 
most frequent mutations in the ICGC cohort and TCGA 
cohort, including APOB, CSMD3, DST, FAT3, FLG, 
HMCN1, MUC16, RYR1, TP53, TTN, and USH2A 
(Figure 1C). In the subsequent analysis, we decided to 
focus on these 11 common mutated genes.

CSMD3 Mutation Was Correlated with 
TMB and OS
We separated patients into two groups on the basis of the 
mutation status of the examined genes. Tissues harboring 
mutations in APOB, CSMD3, DST, FAT3, HMCN1, 
MUC16, RYR1, TP53, TTN, and USH2A had 
a significantly higher TMB than those in the respective wild- 
type groups (Figure 2). As previously described, a higher 
TMB was accompanied by a favorable clinical prognosis for 
the OC patients.34 Thus, we evaluated whether these gene 
mutations related to the elevated TMB also influenced the 

survival outcomes of patients with OC by performing Kaplan- 
Meier analysis. As shown in Figure 3, only CSMD3 mutation 
presented a significant relationship with OS (P=0.030). 
Patients with OC who carried CSMD3 mutations had 
a worse OS than noncarriers. Therefore, CSMD3 might be 
regarded as a novel biomarker that predicts the survival prog
nosis of patients with OC. In addition, the mutation rate of 
CSMD3 was 31% in serous ovarian cancer samples, with the 
majority having amplification mutations (Supplementary 
Figure 1 and Table 2). The results of the univariate regression 
analysis suggested that some clinicopathological parameters, 
such as age (HR=1.571, 95% CI: 1.218–2.025, P<0.001), 
stage (HR=2.472, 95% CI: 1.221–5.006, P=0.012), and 
CSMD3 mutation (HR=1.663, 95% CI: 1.051–2.631, 
P=0.030), showed a significant association with OS 
(Figure 4A). In the multivariate Cox regression analysis 
(Figure 4B), CSMD3 mutation remained a significant factor 
that affected prognosis after taking age, stage, grade, and TMB 
status into account, revealing that CSMD3 mutation might be 
an independent prognostic factor for the OS of OC patients.

Figure 2 Association between gene mutations and TMB. Most of the mutated genes (APOB, CSMD3, DST, FAT3, HMCN1, MUC16, RYR1, TP53, TTN and USH2A) were 
significantly correlated with an increased TMB. The p-value is marked in each plot.
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GSEA Based on CSMD3 Mutation
In previously published studies, TMB has been reported to 
be a prevalent biomarker for immune therapy. Our current 
analysis found that CSMD3 mutation was related to 
increased TMB. To further explore the correlation between 
CSMD3 mutation and the immune response, we conducted 
GSEA of the CSMD3 mutation group and the wild-type 
group. The GSEA results demonstrated that the terms 

PPAR signaling pathway, graft versus host disease, intestinal 
immune network for IgA production, primary immunodefi
ciency, allograft rejection, and systemic lupus erythematosus 
were differentially enriched in samples from the CSMD3 
mutation group (Figure 5A–F). These observations suggest 
that OC cases with CSMD3 mutation have enrichment of 
signaling pathways related to the immune system.

TICs Were Related to CSMD3 Mutation 
in OC
To further explore whether the CSMD3 mutation affects 
TICs in the OC microenvironment, we used the 
CIBERSORT algorithm to calculate the proportions of 22 
immune cells in the CSMD3 mutation and wild-type 
groups. As shown in Figure 6A, the boxplot indicates 
that the infiltration of the twenty-two immune cells in 
each OC tissue sample varied significantly. The analytical 
results showed that the number of CD8 T cells was higher 
in the CSMD3 mutation group, while M0 macrophages 
were more highly enriched in the CSMD3 wild-type group 
(Figure 6B). According to the data from the correlation 
matrix, we found that CD8 T cells were most strongly 

Figure 3 Correlations of gene mutations with OS. Kaplan-Meier survival analysis of OC patients indicated the relationships between specific gene mutations and prognostic 
outcomes. The p-value is marked in each plot.

Table 2 The Mutation Rates for the 11 Genes

Gene Symbol Gene Alteration Frequency

APOB 6%
CSMD3 31%

DST 6%

FAT3 13%
FLG 12%

HMCN1 12%

MUC16 14%
RYR1 16%

TP53 88%

TTN 22%
USH2A 12%
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positively associated with activated memory CD4 T cells 
and showed a positive correlation with regulatory T cells 
(Figure 6C). However, CD8 T cells correlated negatively 
with M0 macrophages.

Discussion
The present study analyzed the whole-exome sequencing 
data of 410 American OC patients from a TCGA dataset 
and 93 British OC patients from an ICGC dataset. In this 

Figure 4 Cox regression analysis results. Univariate (A) and multivariate (B) overall survival analyses of OC patients revealed that CSMD3 mutation was significantly 
associated with survival status even after adjusting for age, stage, grade, and TMB.

Figure 5 Significantly enriched terms in CSMD3-mutated OC samples from the TCGA cohort identified with GSEA. The enrichment plots display the most enriched terms, 
including (A) the KEGG terms PPAR signaling pathway, (B) intestinal immune network for IgA production, (C) graft versus host disease, (D) allograft rejection, (E) primary 
immunodeficiency, and (F) systemic lupus erythematosus, in the CSMD3 mutation group.
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analysis, CSMD3 was shown to exhibit frequent mutations 
in both the ICGC and TCGA cohorts. In the CSMD3 
mutation group, TMB was significantly elevated, suggest
ing that CSMD3 mutation might be a vital predictor of 
TMB. CSMD3 mutation was also shown to be associated 
with inferior survival outcomes. Additionally, we found 
that signaling pathways involved in immune reactions 
were activated in the samples with CSMD3 mutation. 
Next, the results of TIC analysis indicated that the samples 
with CSMD3 mutation had increased infiltration of CD8 
T cells but decreased infiltration of M0 macrophages, and 
these results are consistent with previous findings showing 
that these immune cells and immune-related pathways 
play dominant roles in the immune response and tumor 
microenvironment.35

CSMD3 is a novel gene on human chromosome 
8q23.3-q24.1 encoding CUB and Sushi multiple domains 

3, a transmembrane protein with multiple CUB and sushi 
domains. It is a large protein composed of 3707 amino 
acid residues in mice, and its mRNA has been proven to 
exist in the embryonic and postnatal brain.36–38 It has also 
been reported to be a candidate gene related to familial 
myoclonic epilepsy. Subsequently, copy number variations 
in CSMD3 were found in schizophrenia and autism 
patients in previous reports.39–41 In addition, CSMD3 
mutations have been found in several cancers. Wolff 
et al used whole-exome sequencing data of colon ade
noma, colon carcinoma, and normal samples from 18 
individuals to estimate gene mutation ratios and found 
that CSMD3 contained mutations in more than 20% of 
the carcinoma samples.42 In a study of somatic mutations 
in 198 Chinese patients with lung squamous cell carci
noma, CSMD3 mutation was found to be related to early 
TNM stage.43 In an analysis of the sensitivity of 54 small- 

Figure 6 Correlation of CSMD3 mutation with the proportions of 22 TICs. (A) The stacked bar chart presents the proportions of 22 TICs for every sample. (B) The violin 
plot represents the different proportions of the 22 immune cell types in CSMD3-mutant and CSMD3-wild-type OC samples. Blue indicates the CSMD3-wild-type group, and 
red indicates the CSMD3-mutant group. (C) Correlations between different immune cell proportions are shown. Red denotes a positive correlation, while blue denotes 
a negative correlation.
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cell lung cancer cell lines to etoposide, the most signifi
cant gene mutation suggesting resistance to etoposide was 
CSMD3 mutation.44 However, mutations in CSMD3 have 
rarely been studied in OC. Our results lay a foundation for 
research on CSMD3 mutations in OC. The survival ana
lysis showed that patients with CSMD3 mutations had 
worse survival outcomes. CSMD3 is a member of the 
CSMD family, which also includes CSMD1 and 
CSMD2.36 All CSMD family proteins consist of 14 
CUB and 26–28 Sushi domains.36 Proteins containing 
CUB and Sushi domains generally mediate protein- 
protein interactions between transmembrane and extracel
lular proteins45,46 and are reported to regulate dendrite 
growth, neuronal migration, and synapse formation.47–49 

However, the function of CSMD3 remains to be demon
strated. CSMD1 is a possible suppressor of squamous cell 
cancers and is located in the 8p23 chromosomal region in 
humans. CSMD2 exists in a chromosomal region that 
contains a suppressor of oligodendrogliomas, but its 
expression is increased in some head and neck cancer 
cell lines.36 One possibility is that CSMD3 functions as 
an antitumor factor. Thus, CSMD3 mutation could result 
in dysfunction of the tumor suppressor ability of CSMD3, 
leading to the enhancement of tumor cell proliferation and 
metastasis and consequently contributing to adverse clin
ical manifestations in OC patients. We also observed 
a significant increase in TMB in the CSMD3 mutation 
group, indicating that CSMD3 might be a crucial predictor 
of TMB. The results of Birkbak et al suggested that total 
mutation load in combination with BRCA1 or BRCA2 
mutation in OC was a predictor of prognosis and treatment 
effect.22 However, the association between CSMD3 muta
tion and TMB in OC has not yet been investigated. Our 
study elucidated the relationship between CSMD3 muta
tion on TMB among OC patients for the first time. 
Moreover, we found that CSMD3 mutation was associated 
with a lower M0 macrophage load. Recent studies have 
shown that apoptotic SKOV3 cells stimulate M0 macro
phages to differentiate into M2 macrophages and promote 
the proliferative and migrative activities of OC cells by 
activating the ERK signaling pathway.50 CSMD3 mutation 
may promote the transformation of M0 macrophages into 
M2 macrophages, resulting in low infiltration of M0 
macrophages and the occurrence of tumors.51 

Additionally, high infiltration of CD8 T cells was observed 
in CSMD3-mutated cases. Terzic et al found that CCL5 
and CXCL9 were upregulated in samples with CSMD3 
mutation from the TCGA high-grade serous ovarian 

cancer cohort.52 It has been proven that upregulation of 
CCL5 and CXCL9 is correlated with the infiltration of 
CD8 T cells in various solid tumors.53 Therefore, we 
speculate that CSMD3 mutation might promote variation 
in infiltrating immune cells, resulting in the growth and 
development of OC cells.

However, there were some limitations in our study. We 
did not conduct experiments to verify our hypothesis and 
conclusion. Additionally, our sample size was not large 
enough. Therefore, further research with an increased 
sample size is needed.

Conclusion
In summary, our work notes the effect of CSMD3 muta
tion on TMB and the survival prognosis of OC patients 
and that determining the CSMD3 mutation status might 
aid screening for relevant therapeutic targets and improve 
the treatment process, thereby increasing the survival rate.
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