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Background: Immunotherapy is considered as a powerful and promising clinical approach 
for the treatment of gastric cancer (GC). However, it is still challenging to precisely screen 
patients who potentially benefit from immune checkpoint therapy (ICT). Identification of 
potential biomarkers for selecting patients sensitive to immunotherapy was urgently needed.
Methods: Public sequence data and corresponding clinical data were used to explore the 
potential biomarkers for immunotherapy.
Results: We found that CSMD1 is the most frequently mutated gene and its mutation is 
highly correlated with prognosis in gastric cancer patients. Interestingly, patients with 
mutated CSMD1 exhibit a high mutation burden and upregulated PDL1 expression. The 
ratio of microsatellite instability (MSI) in the CSMD1 mutation cohort was higher than that 
in the cohort without CSMD1 mutation. Furthermore, patients with CSMD1 mutation have 
been found to possess a higher number of activated CD4+ T cells and neoantigens.
Conclusion: CSMD1 mutation may act as a novel biomarker for assessing the survival and 
immune therapy response in patients with gastric cancer.
Keywords: CSMD1, PDL1, tumor mutation burden, gastric cancer

Introduction
Gastric cancer (GC) is the fifth most prevalent cancer and the third leading cause of 
cancer-related deaths worldwide. Despite the advances in cancer treatment, the survival 
rates of GC patients have not improved significantly, as the 5-year survival rate is reported 
to be less than 30% worldwide.1 Immunotherapy offers a powerful and promising clinical 
approach for the treatment of GC patients. However, different clinical responses from 
different patients and the risk of side effects of immune-based therapies are still unclear. 
Moreover, the causes underlying different outcomes in patients with similar pathological 
and physiological characteristics need further research. Therefore, there is an urgent need 
to identify new biomarkers and therapeutic targets to predict the potential response of 
immune checkpoint therapy (ICT). Here, we report a gene, CSMD1, which may act as 
a potential biomarker for assessing the immune therapy response.

CSMD1 is a member of the CSMD gene family, which has two other structu-
rally similar proteins, including CSMD2 and CSMD3.2–4 CSMD1 is involved in the 
classical complement pathway.5,6 A large population study has shown that the 
variants of CSMD1 (SNP: rs10503253) are associated with cognitive function in 
Europeans.7 However, the function of this particular variant of CSMD1 is still 
controversial in other populations.8,9 CSMD1 gene variants have also been 
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associated with Parkinson’s disease.10 These results indi-
cated the involvement of CSMD1 in nerve system disease. 
Moreover, research on CSMD1 mainly focuses on carci-
noma. CSMD1 gene is located in the short arm of chromo-
some 8 (8p23) and is frequently found to be 
downregulated in several cancers. Knocking down 
CSMD1 increased the proliferation, cell migration, and 
invasiveness of breast cancer cell lines.11 A study revealed 
that the CSMD family genes were downregulated in colon 
cancer.12 The expression of CSMD1 and CSMD2 was also 
associated with overall survival. Furthermore, the expres-
sion of CSMD2 and CSMD3 was associated with differ-
entiation and lymphatic invasion. CSMD1 alterations were 
associated with earlier clinical presentation in colon can-
cer, which implied that CSMD1 is a tumor suppressor 
gene.13 Loss of CSMD1 was also found in several other 
cancer types, such as head and neck squamous cell carci-
noma (50%), lung (46%) and breast (55%) cancer, lung 
squamous cell carcinoma (29%) and lung basal cell carci-
noma (17%), which has been evaluated using array-based 
comparative genomic hybridization.14 In melanoma, 
CSMD1 exhibited antitumor activity both in vivo and 
in vitro, induced phosphorylation (p-Smad3), and activated 
the Smad pathway.15 In summary, these studies indicate 
that CSMD1 is associated with the immune and nervous 
systems. Loss of CSMD1 frequently occurs in several 
cancers; thus, it might be a potential tumor suppressor 
gene.

In this study, we systematically analyzed the exon 
sequence data of GC patients and found an association of 
CSMD1 with immune therapy biomarkers.

Materials and Methods
Data Collection and Processing
The somatic mutation data was downloaded from The 
Cancer Genome Atlas (TCGA° data portal (https://portal. 
gdc.cancer.gov/). TCGA provided genome mutation data 
analyzed using four different software packages. Here, we 
selected the file analyzed using mutect2, parts of the gatk 
workflow (https://software.broadinstitute.org/gatk/). In this 
study, we included all the small variants present in the 
downloaded somatic mutation file. ICGC (International 
Cancer Genome Consortium) mutation data, which we 
excluded from the TCGA data, were analyzed through 
the website (https://icgc.org/). The gene expression data 
(FPKM, Fragments Per Kilobase Million) and clinical data 
were downloaded from Xena (https://xena.ucsc.edu/). The 

neoantigen data of stomach cancer in TCGA were down-
loaded from TCIA (https://tcia.at/). All the data used in 
this study were obtained from public databases, and thus, 
it was not required to obtain additional informed consent. 
All the data were downloaded from a public database that 
has was allowed to be used in other studies (https://www. 
cancer.gov/about-nci/organization/ccg/research/structural- 
genomics/tcga/using-tcga/citing-tcga). Thus, the research 
was exempt from approval by the local ethics review 
board.

Association of CSMD1 Mutation and 
Clinical Factors
We used GenVisR,16 an R package, to analyze the muta-
tion data and calculated the tumor mutation burden for 
each patient. All patients were classified into the CSMD1 
mutation group or the no-mutation group based on the 
status of CSMD1. Tumor mutation burden (TMB) was 
compared between the two groups using the Wilcoxon 
rank sum test. The expression of PDL1 was compared 
using the Student’s t-test. Meanwhile, the chi-square test 
was used to compare the ratio of high microsatellite 
instability (MSI-H). Kaplan–Meier analysis was used to 
analyze the survival of the two groups. The TMB correla-
tive factors were analyzed using a general linear model 
and the survival-related factors by multivariate Cox pro-
portional regression. All data were analyzed using R.

Association of CSMD1 Mutation with 
Tumor Immune Microenvironment
The TIMER database was used to analyze the infiltration 
of immune cells based on the transcriptomics data. 
Neoantigens were calculated using the R package, neopep-
tides. We compared the difference in the number of neoan-
tigens and dissimilarity in mutated CSMD1 (MC) and 
wild-type CSMD1 (WC).

Results
Mutation Pattern of CSMD1
We analyzed the overall mutation pattern in GC and listed 
the top 17 mutated genes (Figure 1A). CSMD1 was one of 
the most frequently mutated genes ranked 13th in GC 
(Figure 1A). ICGC data also showed a similar mutation 
pattern in GC (Supplementary Figure S1). Among the 
stomach cancer samples with CSMD1 mutations, the 
genes related to the maintenance of genomic integrity, 
DNA replication proofreading, and mismatch repair, such 
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as POLE, MLH3, and BRCA1/2 were also found to be 
mutated (Figure 1B).

Association of CSMD1 Mutation with 
TMB, and PDL1 Expression and Survival
The main response indicators to immune checkpoint inhi-
bitors involved TMB, deficient mismatch repair (dMMR), 
and high expression of PDL1. We examined whether 
CSMD1 mutation correlated with these factors. We initi-
ally divided patients into two groups based on CSMD1 
mutation status as follows: mutated CSMD1 (MC) and 

wild-type CSMD1 (WC). Interestingly, we found TMB 
in CSMD1 mutated group was higher than that in the wild- 
type group (Figure 2A). The average TMB of MC and WC 
was 29.91 (95% confidence interval [CI], 21.60, 38.22) 
and 7.96 (95% CI, 6.53, 9.40), (Wilcoxon test, P < 2.2e- 
16), respectively (Figure 2A). We also compared the 
expression of PDL1 between the two groups: MC 1.56 ± 
1.25, WC 1.23 ± 0.73 (Figure 2B). The ratio of MSI-H in 
MC (40%) was much higher than that in the WC group 
(12%) (Figure 2C, χ2 test, P = 1.293e-07). Furthermore, 
patients with MC had a better survival outcome than WC 
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Figure 1 The mutation pattern of CSMD1 in gastric cancer. (A) CSMD1 was 13th mutated gene in gastric cancer. (B) Mutation pattern of CSMD gene family and genes 
associated with genomic instability TCGA.
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(Figure 2D; median overall survival, 56.2 [95% CI, 
31.3-NA] vs 26.4 [95% CI, 21.1–46.9] months; Log rank 
test, P = 0.0015).

Association of CSMD1 Mutation with 
TMB and Survival Outcome
We treated CSMD1 mutation status as an independent 
factor. A general linear model was applied to analyze the 
relationship between TMB and other clinical factors, 
including CSMD1 mutation status. The results are shown 
in Figure 3A. Here, TMB was associated with age (P = 
0.003), number of lymph nodes (P < 0.003), and CSMD1 
status (P < 0.001) in this study. It has been shown in 
Figure 3B that age and the number of lymph and 
CSMD1 mutation status (hazard ratio: 0.63, 95% CI: 
0.41. 0.96, P = 0.03) were correlated with survival.

Association of CSDM1 Mutation with 
Tumor Immune Microenvironment
We downloaded the immune infiltration status of GC 
patients from the TIMER database and compared the dif-
ferences between the two groups (MC vs WC). The cohort 
in MC exhibited higher infiltration of activated CD4+ 

T cells (Figure 4A). However, other immune cells were 
not statistically significant. Furthermore, we analyzed 
neoantigens in GC patients. We found that the number of 
neoantigen peptides in MC was significantly higher than 

that in WC (Figure 4B). The peptide of IEDB in MC was 
also significantly higher than that in WC (Figure 4C), and 
neoantigen dissimilarity showed a similar trend 
(Figure 4D).

Discussion
Recent reports have demonstrated that the concept of 
tumor mutation burden in cancers highlighted the fact 
that mutations in specific factors are associated with the 
development and progression of cancer, serving as impor-
tant biomarkers for assessing the survival, immunotherapy 
response, and even providing a set of valuable targets for 
cancer therapy. Several trials have shown a correlation 
between patients with high TMB and better responses to 
immunotherapy agents.17,18 According to previous studies, 
the main biomarkers for immune checkpoint inhibitor 
therapy response include TMB,19,20 expression of 
PDL1,21–23 dMMR,24,25 and CD8+ T-cell infiltration.26 

Thus, genes associated with TMB, the expression of 
PDL1, dMMR, and/or CD8+ T cell infiltration may act 
as potential biomarkers for assessing immune checkpoint 
inhibitor therapy response.

CSDM1 plays a crucial role in several cancers, such as 
head and neck carcinomas and colon cancers. Some stu-
dies have reported that CSMD1 can be considered as 
a tumor suppressor gene.

In our study, we analyzed TCGA cohort and found that 
CSMD1 was one of frequently mutated genes in GC, and 

Figure 2 Association of CSMD1 mutation with TMB, expression of PDL1, MSI and survival. (A) TMB of gastric cancer classified by CSMD1 mutation status. (B) Expression 
of PDL1 with CSMD1 mutation was upregulated. (C) The ratio of MSI-H in CSMD1 mutation group was increased in GC (D) patients with CSMD1 mutation had better 
survival than patients without CSMD1 mutation. (*p < 0.05, *** p < 0.001).
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patients with CSMD1 mutations often harbored other gene 
mutations, which played a crucial role in the maintenance 
of genomic integrity. In the ICGC dataset, we obtained 
similar results, which further indicated that CSMD1 may 
be an important gene in GC. CSMD1 mutation was not 

only associated with higher TMB but also with higher 
expression of PDL1 and MSI-H. CSMD1 may act as 
a potential biomarker for assessing immune therapy 
response in patients with GC. It might serve as 
a biomarker of anti-PDL1 drug response in clinical 
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Figure 3 Correlation of CSMD1 mutation and TBM and survival outcome. (A) TMB was related to CSMD1 mutation according to general linear analysis. (B) CSMD1 
mutation was associated with survival outcome through multivariate Cox regression analysis.

Figure 4 CSMD1 mutation was associated with neoantigens. Compared with non-CSMD1 mutation patients, the CSMD1 mutation group has more activated CD4+ T cells 
(A), more neoantigens (B and C) and dissimilarity (D). (*p < 0.05, **p < 0.01).
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practice. Therefore, immune checkpoint blockade-related 
drugs may be beneficial to patients with CSMD1 muta-
tions. Furthermore, patients with the CSMD1 mutation 
exhibit a better survival than those without the CSMD1 
mutation, implying that the CSDM1 mutation could be 
used as a potential biomarker of overall survival. The 
multivariate Cox regression model also indicated that 
CSMD1 is associated with overall survival.

We further analyzed the relationship between CSMD1 
mutation and TMB through a general linear model, which 
indicated the association of CSMD1 with TMB.

These results further implied that the CSMD1 mutation 
serves as a biomarker for assessing the response of immune 
checkpoint blockade-related drug. The potential ability of 
CSDM1 in GC as an immune block inhibitor should be 
taken into consideration. In this study, two limitations 
were noted. First, somatic mutation data were derived 
from a single dataset and are not validated in other inde-
pendent datasets. Second, we did not investigate the 
mechanisms underlying these results, and further experi-
ments are required to be performed to confirm them further.

Conclusion
CSMD1 mutation is associated with TMB, dMMR, and 
the expression of PDL1. Patients with CSMD1 mutation 
exhibit better survival and possess more neoantigens than 
patients without it.
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