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Introduction: As a highly aggressive tumor with a poor prognosis, esophageal cancer (ESCA)’s
relationship with gene mutations is unclear. Therefore, we tried to explore the role of gene mutation
in ESCA progression and its relationship with immune response, clinical treatment, and prognosis.
Methods: In addition to copy number variation (CNV) situations of common genes obtained
from 2 public databases, the relationship between mutations and prognosis/tumor mutational
burden (TMB) was also analyzed. Kaplan—Meier survival and Cox regression analysis were used
to identify the CSMD1 mutation status as an independent predictor of prognosis. We also
enriched related functions and pathways. Next, the relationship between 22 immune cells and
CSMD1 mutation status was analyzed. In addition to the differences in the expression levels of
immune checkpoint inhibitors (ICIs)-related genes between the high TMB and low TMB groups,
the differences in the expression levels of ICIs/m6a/multi-drug resistance-related genes and the
sensitivity of three chemotherapeutic drugs between CSMD1 mutant and the wild group were
also compared. In addition to differences and prognostic analysis of CSMD1 expression, the
correlation analysis between the expression of these genes/immune cells and the expression of
CSMD1 was also performed. Finally, a nomogram that could efficiently and conveniently predict
the survival probability of ESCA patients was constructed and verified.

Results: We obtained 17 frequently mutated genes distribution. Mutation and loss of
CSMD1 are frequent in ESCA. Only CSMDI1 mutation can be used as an independent
predictor of poor prognosis. Patients in the high TMB group have a lower survival prob-
ability. Wild CSMD1 may be involved in immune-related pathways. More helper T cells and
fewer resting state dendritic cells were found in the CSMDI mutant group. The PD-1
expression in the high TMB group showed higher. Paclitaxel sensitivity and ABCCl1
expression were higher in the wild CSMD1 group. Most cancers show differential expression
of CSMDI1. Except for the prognosis of ESCA, the expression of CSMDI1 is related to
immune cell content and the expression of ICIs/m6a/multi-drug resistance related genes.
Discussion: CSMD1 mutation could be used as an immune-related biomarker to predict
prognosis and treatment effect of paclitaxel. Mutation and loss of CSMD1 may promote the
progression of ESCA.
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Introduction
Esophageal cancer (ESCA) is one of the cancers with the highest morbidity and

mortality in the world." It is the most aggressive cancer among gastrointestinal
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malignancies, accounting for 2% of all malignancies.
ESCA is divided
esophageal squamous cell carcinoma and esophageal

into two histologic subtypes:
adenocarcinoma.” These two types of esophageal cancer
have different histological and pathological characteristics.
Esophageal squamous cell carcinoma is more common in
East Asia, East and South Africa, and Southern Europe. In
contrast, esophageal adenocarcinoma has a higher inci-
dence in North America and other parts of Europe.
Esophageal squamous cell carcinoma accounts for more
than 95% of ESCA patients in China. Now esophageal
resection is preferred for early-stage ESCA. However,
advanced ESCA is often difficult to cure, and this method
is highly invasive and easy to cause high morbidity and
mortality.® Therefore, the prognosis of advanced ESCA is
poor, with a five-year survival rate of 15-25%. To improve
the survival rate after resection of ESCA, adjuvant therapy
including radiotherapy and chemotherapy has been intro-
duced clinically.* But radiotherapy for ESCA may ser-
affect
patients’ quality of life.> In addition, due to the expression

iously cause pulmonary complications and
of multi-drug resistance genes, the efficacy of tumor che-
motherapy is poor.® Therefore, it is of great significance to
accurately predict the clinical outcome and prognosis of
patients with ESCA after esophagectomy and adjuvant
chemotherapy. Therefore, it is very necessary to establish
a nomogram combined model to accurately predict the
individual survival rate of patients with adjuvant che-
motherapy after esophagectomy.

The interaction of PD-L1/PD-1 can usually inhibit the
activation efficiency of T cells and induce cell apoptosis.
Thus, PD-1 and PD-L1 inhibitors enhanced the immune
response and reduced mortality by 45% compared with
chemotherapy.” In 2020, two PD-1 immune checkpoint
inhibitor drugs (pembrolizumab and carrelizumab) were
approved in China for the second-line treatment of meta-
static ESCA. And related clinical research results showed
that compared with European and American populations,
pembrolizumab treatment brings more survival benefits to
Chinese and Asian patients.®

Among the biomarkers studied in recent years, tumor
mutation burden (TMB), a biomarker reflecting somatic
mutation, is considered a good biomarker for predicting
immune checkpoint inhibitors (ICIs) response.’ In mela-
noma, non-small cell lung cancer, urothelial carcinoma,
and renal cell carcinoma,'® TMB response rate is higher
in patients with high TMB than in patients with low
TMB,"" which indicates high TMB is positively correlated

with the efficacy of immunotherapy. In addition, it is
found that TMB is beneficial to the expression of neoanti-
gens and can kill cancer cells by activating T lymphocyte
proliferation in further studies.'” The interactions between
T cells, dendritic cells, macrophages and tumor cells in the
tumor microenvironment and the inhibition of ligand-
receptor interactions strictly regulate T cell activation.
And the DC-mediated immune response can be achieved
by enhancing the cytotoxic T lymphocyte (CTL) response
to a variety of antigens.'”> Immune infiltrating cells have
played an increasingly important role in anti-tumor immu-
nity. Cancer stem cells are considered to be an important
factor in resisting multi-modal therapy. Cancer stem cells
have many specific characteristics such as drug resistance,
self-renewal and tumorigenicity.'*'?

Not only the distribution of mutations in ESCA but
also the influence of gene mutations on ESCA progression,
the clinical treatment and prognosis of patients are still
unclear. Therefore, in this study, we will use the somatic
mutation data in the The Cancer Genome Atlas (TCGA)
dataset and the International Cancer Genome Consortium
(ICGC) dataset to summarize the mutations in ESCA
patients. We will also identify some common mutant
genes in both cohorts and summarize these genes’ copy
number variation (CNV) status. The interaction between
them has also been further analyzed. Other than the rela-
tionship between these genes mutations and TMB, we also
analyzed the relationship between TMB and prognosis.
The mutant gene that can independently predict the prog-
nosis of ESCA patients was screened out as biomarkers to
evaluate their predictive value for immune infiltrating cell
content, Cell stemness, immunotherapy response, che-
motherapeutic drug sensitivity and the multi-drug resis-
tance of chemotherapeutics. Finally, we combined our
and previous results to explore the possible role of
CSMD1 mutation and loss in ESCA development.

Materials and Methods

The Data Source

The workflow of the study is shown in Figure 1. Other
than the somatic mutation data of Chinese ESCA patients
from the ICGC database (daco.icgc.org/), the RNA
sequencing, somatic mutations, copy number variations
(CNV) and corresponding clinical data of American
ESCA patients from the TCGA database (portal.gdc.can-
cer.gov/) were downloaded On April 15, 2021. Invalid
samples with no survival information were excluded.
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Figure | Workflow chart of this research.

Data is extracted and collated by Perl software for further
analysis in R software. Table 1 shows the clinical char-
acteristics of the ESCA samples in TCGA. Since the local
ethics committee had already approved the data from the
TCGA and ICGC databases, this study did not need to be
approved again by the local medical ethics committee.

Somatic Mutation and CNV Landscape in ESCA

Perl obtained the top 30 genes with the highest mutation
frequency in ESCA samples from TGCA and IGGC data-
bases. After excluding synonymous mutation data, 30 gene
states of all samples were labeled as wild or mutant. The
R package “GenVisR” was used to visualize the mutation of
these genes. The top 30 genes in the two databases were

Kaplan—Meier analysis

Cox regression analysis

Correlation analysis between
expression and immune cells/

treatment-related genes

ICIS and M6A related genes
expression analysis

Nomogram

intersected to obtain the common genes. The CNV data of
17 common genes in 185 ESCA samples were used in our
analysis. After statistics of the CNV frequency of these
genes, the corresponding results were visualized. The posi-
tion of the CNV changes of these 17 genes on the chromo-
some was also visualized in the circle diagram.

Construction of Regulatory Networks of 17
Common Genes

The STRING database produced a protein-protein interac-
tion network (PPI) consisting of 12 common genes after
the minimum required interaction score was set at confi-
dence (0.15), famous for searching known protein interac-
tion relationships online. Besides, R package “reshape2”
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Table | Clinical Characteristics of the ESCA Samples in TCGA

TCGA Set (n=183)

Gender (%)

Male 156 (85.2%)

Female 27 (14.8%)
Age (median, range) Unknown
Survival status

OS-days (median, range) 393 (0-3714)

OS-state (alive (%)/dead (%)) 108 (59.1%)/75 (40.9%)
Stage (%)

| 18 (9.8%)

I 78 (42.6%)

1] 55 (30.1%)

v 9 (4.9%)

Unknown 23 (12.6%)
T (%)

0 | (0.6%)

| 31 (16.9%)

2 43 (23.5%)

3 86 (47.0%)

4 5 (2.7%)

Unknown 17 (9.3%)
M (%)

0 134 (73.2%)

| 9 (4.9%)

Unknown 40 (21.9%)
N (%)

0 76 (41.4%)

| 68 (37.2%)

2 12 (6.6%)

3 8 (4.4%)

Unknown 19 (10.4%)

Abbreviations: TMB, tumor mutational burden; ESCA, esophageal cancer; CNV,
copy number variation; CTL, cytotoxic T lymphocyte; GO, Gene Ontology analysis;
KEGG, Kyoto Encyclopedia of Genes and Genomes; GSEA, gene set enrichment
analysis; NES, normalized enrichment score; 1C50, maximum half inhibitory con-
centration; GDSC, Cancer Drug Sensitivity Genomics; ICIS, immune checkpoint
inhibitors; TFH, follicular helper T cells; PD-1, programmed cell death protein I.

and “igraph” were used for correlation analysis of 12
genes and visualization of related networks.

Analysis of TMB Differences Between Wild Samples
and Mutant Samples

Tumor mutation burden (TMB) is defined as mutation per
Megabyte of tumor tissue.'® (Only mutations that cause
changes in amino acids, such as genetic coding errors, base
substitutions, substitutions, and gene insertion or deletion
errors, can be used by Perl to calculate TMB.). According to
the mutation status of 17 genes, ESCA patients from the

TCGA cohort were divided into wild and mutant groups,
respectively. TMB differences between wild and mutated sam-
ples based on each common gene were assessed using the
R-package “ggpubr”. After dividing all patients into high and
low TMB groups according to the optimal cutoff value of
TMB, KM analysis was used to compare the survival differ-
ences between the two groups to explore the impact of TMB on
survival.

Obtain Mutated Genes Associated with Prognosis
Kaplan—Meier has compared survival differences between
cases of wild-type and each shared gene mutation.
Univariate and multivariate Cox regression analyses of
variables from TCGA (sex, T, M, N, mutational status of
common genes) were performed to determine whether the
mutational status of common genes could be used as an
independent prognostic indicator. After Kaplan—-Meier and
Cox regression analysis, only CSMDI mutation status
showed a statistical difference (P < 0.05).

GO and KEGG Enrichment Analysis

Gene set enrichment analysis (GSEA) software (V4.1.0)
was used to perform Gene ontology analysis (GO) and
Kyoto encyclopedia of genes and genomes (KEGG)
enrichment analysis based on CSMDI mutation and
expression matrix data“c2.cp.kegg.v7.4.symbols.gmt” and
“c5.go.v7.4.symbols.gmt” was selected as the gene sets
database. Normalized enrichment score (NES) was calcu-
lated by setting the permutation value to 1000, and sig-
nificant enrichment pathways and functions were screened
using a P-value <0.05 or an FDR Q value <0.05."”

Difference and Correlation Analysis of
Tumor-Infiltrating Immune Cells

The filtering condition was set to p <0.05. The Cibersort
deconvolution algorithm was used to obtain matrix data of
22 immune cell ratios for each tumor sample based on RNA
sequencing data.'® The R software package “Corrplot” was
used to visualize the matrix data and perform correlation
analysis on the immune cells and visualize the results.
According to the mutation status of CSMD1, ESCA samples
from TCGA were divided into wild and mutant groups. The
difference analysis of infiltrated immune cells between the
two groups was performed with the R package “Limma” and
visualized with the R package “Vioplot”.

Cell Stem Analysis
We downloaded the accurately calculated tumor cell
stemness index (mDNAsi and mRNAsi) from related
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research. The stemness index in the research was calcu-
lated based on the OCLR algorithm trained on the types
of stem cells (ESCs, embryonic stem cells; iPSCs,
induced pluripotent stem cells) and their differentiated
ectoderm, mesoderm and endoderm progenitor cells."”
OCLR-based transcriptomic and epigenetic signatures
were applied to TCGA datasets to calculate the
mRNAsi and mDNAsi.'” Each mDNAsi/mRNAsi ranges
from low (zero) to high (one)."” We firstly compared the
differences of mRNAsi/mRNAsi between ESCA sam-
ples and normal adjacent samples, respectively. To
explore the correlation between the CSMDI1 mutant
and the mRNAsi/mRNAsi, we used the
Wilcoxon rank-sum test to compare the differences in
the mRNAsi/mRNAsi between the CSMDI1 mutant
group and the CSMDI1 wild group. In addition, the

status

Wilcoxon rank-sum test was used to compare further
the difference in mRNAsi/mRNAsi between different
subgroups of each clinicopathological feature.

Differential Expression Analysis of
ICIS-Related Genes, méa-Related Genes,
Multi-Drug Resistance Genes of
Chemotherapy Drugs and Predicted IC50

of Chemotherapeutics

The R package “GGPUBR” was used to compare the
differences in the expression levels of ICIS related
genes such as PDCD1 (PD-1), CD40, CD96, CTLAA4,
HAVCR2, LAG3 and TIGIT not only between the
CSMDI1 mutation and the wild population but also
between the high TMB and low TMB groups. In addi-
tion, we also compared the differences in the expression
of 12 common méa-related genes and multi-drug resis-
tance genes of chemotherapy drugs between the CSMD1
mutant group and the CSMDI1 wild group. R package
“pRophetic” was used to predict the maximum half
inhibitory concentration (IC50) of the chemotherapy
drugs recommended by the NCCN guidelines for
ESCA patients for each sample. The cell line expression
data in Cancer Drug Sensitivity Genomics (GDSC) data-
base and RNA-sequencing transcriptome data in the
TCGA database were used to construct the ridge regres-
sion model to predict the IC50 of the drug in this
R package.”® We also compared the IC50 differences
between the CSMD1 mutation and the wild population
of these drugs.

Construction and Verification of the

Nomogram

To create a quantitative tool more suitable for clinical pre-
diction of 1,2, and 3-year survival in ESCA patients,
a multivariate Cox regression model with CSMD1 mutation
status and clinical factors was constructed and was visualized
in the R package “rms”. The calibration curves were used to
evaluate the accuracy of the survival prediction in the nomo-
gram by comparing the predicted and actual survival. Multi
indicator ROC curves were also used to evaluate the accu-
racy of the nomogram in predicting survival. In addition, we
plotted nomogram ROC curves for 1-year, 2-year and 3-year
survival probability and compared nomogram ROC curves
with CSMD1 mutations and other clinical factors to verify
the nomogram’s best prognostic performance.

CSMDI Expression Difference and

Prognostic Analysis

The RNA sequencing data of 18 human cancers were
obtained from the UCSC Xena (https://xena.ucsc.edu/) data-
base. These annotated RNA sequencing data were used for

the differential analysis of CSMD1 expression between can-
cer tissues and normal tissues. The results of the difference
analysis were displayed in a histogram. In addition, we
divided the esophageal cancer samples into high expression
and low expression groups according to the optimal cutoff
value of CSMDI expression. The Kaplan—Meier survival
curve was used to visualize the difference in survival of
esophageal cancer patients between the two groups.

Correlation Analysis Between CSMD |
Expression and Immune Infiltrating Cell
Scores or ICls/mé6a/Multi-Drug

Resistance Related Genes

We extracted the RNA sequencing data of CSMDI in
ESCA. The correlation analysis was run between
CSMD1 expression and immune cell content or ICIs/
moéa/multi-drug resistance-related genes. The correlation
results are visualized using bubble charts.

Statistical Analysis

R (v4.0.3) and Perl (5.32.1.1) were used for statistical ana-
lysis. The ¢-test or Mann—Whitney test was used to compare
differences between continuous variables based on distribu-
tion characteristics, and the chi-square test or Fisher’s exact
test was used to compare differences between categorical
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variables. Kaplan—Meier survival analysis was evaluated
using the Log rank test. Univariate and multivariate Cox
regression analyses were used to determine independent
prognostic factors. Multivariate Cox regression was used to
construct the nomogram. Receiver operating characteristic
(ROC) curves were used to evaluate the predictive power of
each factor. For all comparisons, an FDR Q or P value <0.05
was considered statistically significant.

Results
Overview of Somatic Mutations and CNV

in Esophageal Carcinoma

Firstly, relevant data of 183 American ESCA samples
from TCGA and 331 Chinese ESCA samples from ICGC
were downloaded for subsequent analysis. The cumulative
mutation frequency of each gene was counted and
arranged in descending order, and the top 30 mutated
genes with mutation frequency were selected. We found
that the common type in American and Chinese patients
was missense mutation. The five most frequently mutated
genes from the TCGA cohort were TP53 (77.0%), TTN
(39.3%), MUC16 (20.8%), CSMD?3 (15.8%) and SYNE1
(15.3%) (Figure 2A). The five most frequently mutated
genes from the ICGC cohort were TP53 (67.4%), TTN
(24.8%), MUC16 (13.9%), CSMD3 (11.8%) and Notchl
(11.8%) (Figure 2B). We crossed the 30 genes with the
highest mutation rates in the two cohorts. High mutation
cross gene has 17 respectively is TP53, TTN, MUCI6,
CSMD3, PCLO, LRP1B, KMT2D, PIK3CA, SYNEI,
RYR2, DNAHS, USH2A, PKHDIL1, FAT3, CSMDI,
SPTA1 and FLG (Figure 2C). After a separate statistics
on the mutations of the CSMDI1 gene, it was found that the
ratio of all non-silent mutations (17) and silent mutations
(8) from the TCGA database was 17:8, while the ratio of
all non-silent mutations (141) to silent mutations (49) in
the ICGC database is 141:49. TP53 was only observed to
own CNV loss (Figure 2D). Except for CSMD1, MUC16,
KMT2D, and LRP1B, which have a higher frequency of
CNV loss (Figure 2D), the remaining 12 genes have
a higher frequency of CNV gain (Figure 2D). Figure 2E
shows the corresponding positions of these 17 genes on
the chromosome and the comprehensive status of CNV.

Construction of Regulatory Networks of

|7 Common Genes
Seven hub genes, including CSMD3, MUC16, SYNEI,
PIK3CA, KMT2D, TP53 and TTN, were indicated in the

interaction network consist of 17 PR-DE-FRGs
(Figure 3A). In PPI, we also found that LRP1B, SYNEI,
TP53, PIK3CA, RYR2, FAT3, PKHDLI1 and other genes
have protein interaction relationships with CSMDI. The
correlation network diagram shows the correlation results
of 12 PR-DE-FRGs with correlation (Figure 3B).

Differences in TMB Between Wild

Samples and Mutant Samples

After calculating the TMB for each TCGA sample, the
TMB ranged from 0.05 to 41.5/MB, with a median of
2.26/MB. To further investigate whether these 17 common
mutated genes were associated with TMB, we divided
ESCA patients in the TCGA cohort into wild and mutant
groups according to the mutation status of the 17 genes
and calculated their TMB. Interestingly, TMB in TTN,
MUC16, CSMD3, PCLO, LRPIB, SYNEI, RYR2,
USH2A, CSMDI1 and SPTAl mutant groups were all
higher than normal (P < 0.05, Figure 4A). And it can be
observed that the survival probability of low TMB samples
is significantly higher (Figure 4B).

Obtaining Mutated Genes Associated

with Prognosis

Previous studies have shown that high TMB is positively
associated with the outcome of immunotherapy. So consider-
ing the association between 17 mutated genes and TMB, we
speculate that these mutated genes associated with elevated
TMB are also associated with the prognosis of patients with
ESCA. To this end, patients in the TCGA database were
divided into two groups according to their genetic mutations:
wild type and mutant type. After Kaplan—Meier analysis of
survival data, it was found that only CSMDI1 was associated
with a negative prognosis (P<0.05) (Figure 5). Based on
these results, cox regression analysis was performed to deter-
mine further whether CSMD1 mutation was an independent
prognostic factor for ESCA. After adjustment for survival-
related clinical information and TMB obtained through uni-
variate Cox regression analysis, the CSMDI mutation
remained significantly associated with overall survival, sug-
gesting that the CSMD1 mutation is an independent predictor
of prognosis in ESCA patients (Figure 6).

Enrichment of Pathways and Functions
Related to the Mutation Status of CSMD |

To explore the biological processes involved in CSMD1
mutation, patients were divided into mutant and wild
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groups according to CSMD1 mutation status and GSEA
enriched related pathways and functions. Eventually,
many pathways, such as basal cell carcinoma, dilated
cardiomyopathy, ECM receptor interactions, focal adhe-

sion, hedgehog signaling pathway mapk signal pathway,

melanogenesis, melanoma, pancreatic cancer, pathways
in cancer, renal cell carcinoma, TGF beta signaling
pathways, toll-like receptors signaling pathways and
WNT signaling pathways were enriched into CSMDI

wild group (p < 0.05, Figure 7A). The CSMDI1 mutant
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Figure 5 CSMDI gene mutation was associated with clinical prognosis. Kaplan—-Meier survival analysis was used to reflect the curve of the relationship between gene
mutation and the survival prognosis of patients with esophageal cancer.
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Figure 6 After univariate (left) and multivariate (right) cox regression analysis, only CSMD| mutation could be used as independent predictors of ESCA pr'ognosis.z‘1

group only enriched into maturity onset diabetes of the
young.

In addition, biological processes, cellular components
and molecular functions significantly related to CSMD1
mutation status were also enriched (P < 0.05, Figure 7B).
These biological processes include ionotropic glutamate
receptor signaling pathway, negative regulation of the
execution phase of apoptosis and stabilization of mem-
brane potential in the mutant group, cell migration
involved in heart development, linoleic acid metabolic
process and stem cell division in the wild group (P <
0.05). In the enrichment analysis of the molecular func-
tion domain, the activities related to CSMDI1 mutation
were potassium ion leakage channel activity, solute pro-
ton symporter activity and taste receptor activity. In
addition, wild CSMD1 was also involved in fibroblast
growth factor binding, frizzled binding and growth factor
binding. Finally, we also found in cell composition
enrichment analysis that mutant CSMD1 played a role
in pole plasm. In contrast, wild CSMDI played a role in
the sodium channel complex and voltage-gated sodium
channel complex.

Difference and Correlation Analysis of

Tumor-Infiltrating Immune Cells

It can be seen from the histogram that the proportion of
these immune infiltrating cells varies from sample to sam-
ple, and T cells and macrophages accounted for the highest
proportion (Figure 8A). By difference analysis, we found
that the CSMD1 mutant group had more follicular helper
T cells and fewer resting state dendritic cells (Figure 8B,
P < 0.05). Finally, correlation analysis showed that

follicular helper T cells had the strongest positive correla-
tion with T cell CD8 and a negative correlation with
resting T cell CD4 memory (Figure 8C). It was also
observed that eosinophils, juvenile B cells, plasma cells
and mast cells were activated most closely associated with
dendritic cell resting.

Cell Stem Analysis

Firstly, both mDNAsi and mRNAsi in ESCA samples
were observed to be significantly higher (Figure 9A and
B). By comparing the differences in mRNAsi and
mRNAsi between the CSMDI mutant group and the
CSMD1 wild group, we found that the mRNAsi of the
CSMDI1 mutant group was significantly higher (p<0.05,
Figure 9D). Although there was no significant statistical
significance, we also found that mRNAsi was higher
among the patients who were Dead, Male, Stage III-IV
and M1 (Figure 9E). Meanwhile mDNAsi was also higher
in patients with Dead, Male, Stagelll-IV, M1 and N2-3
(Figure 9F).

Differential Analysis of ICIS Related
Genes, méa Related Genes and
Multi-Drug Resistance Genes of

Chemotherapeutics
At present, the detection of ICIS related genes (such as
the expression of PD-1) has gradually become a key
method to predict the efficacy of immunotherapy. In
addition, Opdivo, a PD-1 inhibitor, and other 1CIs have
been used clinically for the second-line treatment of
advanced ESCA and have been

shown to have
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Figure 7 Enrichment analysis of GO and KEGG based on CSMDI| mutation status. (A) Pathways significantly enriched in CSMDI wild group and CSMD| mutant group,
respectively. W and M represents CSMD| wild group and CSMD| mutant group, respectively. (B) BPs, MFs and CCs were significantly enriched in the CSMDI wild group

and CSMDI| mutant group, respectively.
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Figure 8 CSMD| mutation is associated with tumor invasion of immune cells. (A) Stacked bar chart shows 22 immune cell distributions in each sample. (B) A violin chart is
showing the difference in immune cell infiltration between the CSMD| mutant group and the CSMDI wild group. (C) Correlation matrix between immune cells. Red

represents positive correlation, while blue represents negative correlation.

a significant effect in extending survival. As we expected,
the expression of PDCD (PD-1) in the high TMB group
be (p<0.05,
Figure 10A). Since the corresponding results were not

was found to significantly  higher
statistically different, we cannot predict the efficacy of
ICIS in ESCA patients based on CSMD1 mutation status
(Figure 10B). In addition, we also obtained the different
analysis results of 12 mé6a-related genes, such as
ZC3H13, METTL3, ALKBHS, YTHDC2, HNRNPC,
RBM15, METTL14, FTO, YTHDF2, YTHDF1, WTAP
and YTHDCI1 (Figure 10C). Unfortunately, there was no
significant difference. It is worth mentioning that we also

found that the expression of the drug resistance gene

MRP1 (ABCCl1) in the CSMDI1 mutant group was
lower (Figure 10D).

Prediction of Chemotherapeutic Drug
Sensitivity

We predicted the IC50 of three chemotherapeutic agents
(paclitaxel, cisplatin and docetaxel) for ESCA patients”
treatment based on the NCCN guidelines of 2021. It was
observed that the IC50 of the three chemotherapeutic
drugs in the CSMDI mutation group was higher (only
paclitaxel (P<0.05)), indicating that patients with wild
CSMD1 were more sensitive to paclitaxel (Figure 10F).
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Figure 9 mDNAsi/mRNA:si associated with CSMD | mutant status and clinicopathological characteristics. (A and B) Differences in mDNAsi/mRNAsi between tumor and
normal group. (C and D) Differences in mDNAsi/mRNAsi between the CSMD| mutant group and the wild group. (E/F) Differences in mDNAsi/mRNAsi between different

subtypes of each clinicopathological.

Construction and Evaluation of the

Nomogram

Independent predictors of survival (M, N, TMB and CSMD1
mutations) obtained by Cox regression analysis were used to
construct the nomogram (Figure 11A). From the calibration
curves, we found that the 1-year, 2-year, 3- year OS predicted
by the nomogram was basically consistent with the actual ones
(Figure 11B). All ROC curves confirmed that our nomograms
not only had good predictive value (AUC values were > 0.7 for
all), but also had the best predictive power of 1-year, 2-year and
3-year survival among all predictive variables (Figure 11C).

CSMD | Expression Difference and

Prognostic Analysis
The RNA sequencing data of Bladder Urothelial

Carcinoma (BLCA), Breast invasive carcinoma

(BRCA), Cholangiocarcinoma (CHOL), Colon adeno-
carcinoma (COAD), ESCA, Glioblastoma multiforme
(GBM), Head and Neck squamous cell carcinoma
(HNSC), Kidney Chromophobe (KICH)), Kidney renal
clear cell carcinoma (KIRC), Kidney renal papillary cell
carcinoma (KIRP), Liver hepatocellular carcinoma
(LIHC), Lung adenocarcinoma (LUAD), Lung squa-
mous cell carcinoma (LUSC), Prostate adenocarcinoma
(PRAD), Rectum adenocarcinoma Esophageal carci-
noma (READ), Stomach adenocarcinoma (STAD),
Thyroid carcinoma (THCA) and Uterine Corpus
Endometrial Carcinoma (UCEC) were used for the dif-
ference analysis of CSMDI1 expression. Except for
CHOL, ESCA, HNSC, LUSC and STAD, the expression
of CSMDI1 in the remaining 13 cancers was observed
significant differences (Figure 12A). Unfortunately, we
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Figure 10 Differential analysis of the expression levels of ICIS-related genes, méa-related genes, multi-drug resistance related genes and 3 commonly used chemotherapy
drugs. (A) ICIS-related genes between high TMB group and low TMB group (B) ICIS-related genes between the CSMD| mutant group and the wild group (C) M6éA-related
genes between the CSMD| mutant group and the wild group. (D) MRPI between the CSMD| mutant group and the wild group. (E) MRP3 between the CSMD| mutant
group and the wild group. (F) The IC50 of paclitaxel, cisplatin and docetaxel between the CSMD | mutant group and the wild group. ns: p > 0.05, not statistically significant;

*p < 0.05.

did not find a significant difference in the expression of
CSMD1 in ESCA. In addition to the higher expression
of CSMD1 in LIHC and THCA, lower expression levels
in BLCA, BRCA, COAD, GBM, KICH, KIRC, KIRP,
LUAD, PRAD, READ and UCEC were also found

(Figure 12A). In ESCA, no significant difference in
survival between the CSMDI high expression group
and the low expression group was observed, which
implies that the expression of CSMD1 is not related to
the prognosis of ESCA patients (Figure 12B).
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CSMDI Expression Associated with
Immune Cell and ICls/méa/Multi-Drug
Resistance Related Genes

The content of B cells native, Monocytes, Dendritic cells
resting, Mast cells resting and Eosinophils was positively
correlated with the expression of CSMD1. The expression
of CSMDI
Macrophages M2, NK cells activated and Neutrophils

was also negatively correlated with
content (Figure 13A). Not only that, but the expression
of CSMD1 has also been observed to be closely related to
(ABCC1 and ABCC3)

(Figure 13B). Similar conclusions were observed in ICIs

multi-drug resistance genes

and mé6a related genes (Figure 13B). These results all
indicate that CSMD1 may play a role in the immune
of esophageal and the effect of

process cancer

chemotherapy.

Discussion

Our study characterized the somatic mutation landscape of
183 US esophageal cancer samples from the TCGA data-
set and 331 Chinese esophageal cancer samples from the
ICGC dataset, respectively. We then found that CSMDI1
frequently mutated in the TCGA and ICGC cohort, and its
mutation was associated with higher TMB and worse
clinical prognosis. In addition, the CNV loss of CSMDI
was found to be much higher than the CNV gain in ESCA.
It was observed that the CSMDI1 mutant samples were
more infiltrated in the follicular helper T cells and less in
the resting state dendritic cells, which is consistent with
previous studies.’' > The CSMDI1 mutation status and

TMB in ESCA were found to have predictive significance
for the clinical treatment of patients. Not only that, we
found through analysis that CSMDI1 is differentially
expressed between most cancers and normal tissues. The
expression of CSMDI has been observed to be related to
the content of immune cells and the expression of ICIs/
mo6a/multidrug resistance related genes. Finally, we have
constructed a nomograph that includes CSMDI1 mutation
factors with good predictive performance to predict the
survival probability of ESCA patients simply and
efficiently.

The CUB and sushi multiple domains 1 (CSMDI)
encodes a type I transmembrane protein, which is consid-
ered to be a receptor or co-receptor involved in signal
transduction during cell migration.”* As a new candidate
tumor suppressor gene, CSMD1 has been proven to inhibit
tumor cell migration and proliferation and induce their
apoptosis.?>*¢ Escudero-Esparza et al found that in the
development of breast cancer, the expression of CSMDI1
in human breast tumor tissue is low, and the shortened
overall survival of breast cancer patients is related to the
low expression of CSMD1.%’ In the study of Tang et al, it
was found that in melanoma cells, the low expression of
CSMDI1 has a weaker effect on the migration and prolif-
eration of melanoma cells, and CSMDI1 can act as a tumor
suppressor gene in melanoma cells.”® In addition, Zhang
et al found that CSMDI expression is low in colorectal
cancer and is related to overall survival. It plays an impor-
tant role in the prognosis of colorectal cancer and can be
used as a predictor of colorectal cancer.?’ Our analysis

found that CSMDI is down-regulated in the expression
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*p < 0.05; *p < 0.01; ***p < 0.001.

of a variety of cancers, which implies that in these cancers,
the low expression of CSMDI1 may promotes the occur-
rence of cancer by weakening the effect of CSMDI1 on
inhibiting tumor cell migration and proliferation, thereby
inducing less tumor cell apoptosis. Unfortunately, there is
no research showing that the low expression of CSMDI1
will promote the development of ESCA. Although not
significant, we found that the expression of CSMDI in
the tumor group was lower than that in normal tissues. By
comparing the survival curves of ESCA patients with high
and low expression groups of CSMDI, no significant
difference was found in the survival rate of the two groups.
This indicates that the expression of CSMD1 may not be
significantly related to the progression and prognosis of
ESCA. But according to our analysis and previous
research results, it is shown that the CSMD1 mutation is
There is still important significance in the progress of
ESCA.

CSMDI loss*®?!' and mutation®** often occur in
many cancers. In addition to the CSMD1 mutations asso-
ciated with poor prognosis of colorectal cancer,”* CSMD1
loss is also associated with poor prognosis of breast
cancer,” colorectal cancer,”” head and neck squamous
cell carcinoma,’® and prostate cancer.”” CSMDI may be
inactivated by deletion or mutation, thereby promoting
tumor progression.>* The high NS/S ratio (15:1) of the
CSMDI1 mutant allele in colorectal cancer is close to
clonal dominance, providing a proliferation advantage for
tumor cells.>* The appropriate combination of mutations is
likely to bring proliferation advantages to specific cell
clones. Mutations that cause or promote tumor progression
are often called drivers (non-synonymous), while muta-
tions that do not provide a selective advantage are often
referred to as passengers (synonymous).’*? Somatic
mutations with a high overall ratio of nonsynonymous to
synonymous (NS/S) mutations can provide statistical
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evidence for whether the mutated gene is the driving force
of tumor progression.*>*! If the NS/S ratio of genes with
non-synonymous mutations overexpressed is statistically
significantly higher than the expected 2:1, it can be
assumed that the tumor is under positive selection pressure
to change the amino acid sequence during tumor
evolution.** Our study not only found that CSMD1 muta-
tions and loss are very frequent in ESCA, but also that
CSMD1 mutations are associated with poor prognosis of
ESCA patients, which are consistent with other corre-
sponding conclusions in other tumors. In addition,We
found that the NS/S ratios of all CSMDI1 mutations
based on the somatic mutation data of TCGA and ICGC
database were greater than 2:1, suggesting that the muta-
tion combination with high NS/S ratio mutations may be
the part that promotes the progression of ESCA tumor
cells the reason. Therefore, we assume that the high NS/
S ratio of CSMD1 mutation in ESCA provides tumor cells
with a proliferation advantage, and the inactivation of
CSMDI caused by CSMD1 mutation and loss leads to
the failure of CSMDI1 to inhibit cancer cell migration
and proliferation and induce its apoptosis. These all pro-
mote the progress of ESCA and ultimately lead to the poor
prognosis of ECSA patients.

Studies have shown that the expression of ICIs-related
genes such as CTLA4, PDCD1 (PD-1) and CD40 can
enhance the immune response of cells. Anti-CTLA-4 anti-
bodies bind to CTLA-4 molecules with high affinity, lead-
ing to Treg depletion or functional arrest, thereby
activating T cells and enhancing the immune response to
tumors.*> CD40 can activate APC to induce antigen-
specific T cell immunity.** The multidrug resistance-
associated protein (MRP/ABCC) family comprises 13
members, among which MRP1 to MRP9 are the main
transporters indicated to result in multidrug resistance by
extruding anticancer drugs out of tumor cells.* Therefore,
the correlation with drug resistance genes including MRP1
(ABCC1) suggests that targeting the tumor drug resistance
gene MRP1 seems to have therapeutic potential for
patients with high CSMD1 expression (Figure 13B). In
addition, we also found that compared with the mutant
group, the expression of MRP1 in the CSMD1 wild group
was also higher, which undoubtedly supports the previous
results (Figure 10D). These results all indicate that
CSMDI1 can be used as a therapeutic target to overcome
drug resistance or assist drug sensitivity. TMB represents
the number of mutations in cancer cells and is positively
correlated with the efficacy of immunotherapy. Our results

also support this conclusion. Firstly, we find that CSMD1
mutation is associated with the high level of TMB in our
analysis. Patients with ESCA with high TMB were also
found to have higher expression of PD-1, which means
that patients with higher TMB may benefit more from PD-
1 inhibitor immunotherapy.

In recent years, more and more reports have been
published on the efficacy of paclitaxel, cisplatin, and doc-
etaxel in combination with chemotherapy in the treatment
of unresectable or metastatic esophageal cancer® By com-
paring the difference of IC50 of these three drugs in
patients, we found that the IC50 of paclitaxel in the
CSMDI1 mutant group was higher, indicating that the wild-
type CSMD1 gene was more sensitive to paclitaxel. Given
the high incidence of severe gastrointestinal toxicity, leu-
kopenia, radiation dermatitis and radiation pneumonitis
caused by paclitaxel chemotherapy, the screening for sen-
sitive populations is particularly important.***” Our ana-
lysis shows that CSMD1 mutation status can be used as
a biomarker to screen ESCA patients sensitive to pacli-
taxel chemotherapy.

In our study, the patients in the CSMDI mutation
group were observed to have a higher proportion of
Follicular helper T cells (TFH). Many previous studies
have confirmed the important role of TFH in anti-tumor
immunity. TFH was confirmed to contribute to anti-tumor
immune cells by assisting CDS effector T cells or directly
scavenging tumor cells as cytotoxic T cells in two
studies.***° B cells were humoral immune cells, which
play a role in the humoral immunity of the adaptive
immune system. The formation of germinal center, differ-
entiation of B cells and maturation of antibody affinity are
all dependent on the auxiliary role of TFH.>® Hollern et al
reported that induction of B-cell activation by T follicular
helper cells via immune checkpoint therapy promotes an
anti-tumor response in a mouse model of breast cancer.”’
We also found that CD8 T cells had the strongest positive
correlation with FTH. It was reported that TFH enhances
the effector function of CD8 T cells in colorectal cancer
through the IL-21 dependent pathway.’? Therefore, we
also deduce that the CSMD1 mutation in ESCA may
induce the increase of FTH to participate in anti-tumor
immunity. In addition, Ma et al found that FTH has char-
acteristic high programmed cell death protein 1 (PD-1)
expression,™ indicating that the increase of TFH caused
by CSMD1 mutation may increase the hope of ICIS treat-
ment. Goh et al have shown that tumors can inhibit
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dendritic cells by inducing PD-1 expression, which is
consistent with the results of our study.>*

Nomogram can be the effects of several independent
clinical variables together, provide personalized risk
assessment for each patient.’> As a statistical prediction
model of cancer-specific survival probability, nomograph
is significant for predicting disease-free survival rate and
overall survival rate after esophageal squamous cell
surgery.”> Due to the heterogeneity of cancer cells, differ-
ent patients or the same patient will have other disease
states at different times, and the long-term results will be
different, and various countermeasures need to be taken.>®
Therefore, the accurate judgment of the patient’s prognosis
over time is conducive to precise treatment and maximize
the patient’s treatment benefit. Therefore, it is necessary to
construct a nomogram with high prediction accuracy to
predict the prognosis of patients with ESCA, and our
nomogram meets this requirement.

mDNAsi and mRNAsi in ESCA samples are signifi-
cantly higher. This indicates that ESCA cancer stem cell-
like cells have different DNA methylation patterns. These
differentially methylated genes may help maintain the stem
cell-like characteristics of cancer stem cells and play an
important role in regulating the differentiation of cancer
stem cells."* In addition, by comparing the differences of
mRNAsi and mDNAsi between the CSMD1 mutant group
and CSMDI wild group, we found that mRNAsi of the
CSMD1 mutant group increased significantly. Studies have
shown that the expressions of CD47 and CD133 in esopha-
geal cancer tissues are significantly higher than those in
normal tissues,’’ and anti-CD47 antibody or CD47 blocking
therapy can enhance macrophage phagocytosis, reduce
tumor load, and increase the survival rate of patients in
various transplanted tumor models. We speculate that
CSMD1 mutation may increase the potential of self-
renewal, invasion and metastasis of cancer stem cells, and
CSMD1 mutation may be a potential therapeutic target of
cancer stem cells in ESCA patients. CSMD1 mutation can
be used as an immune-related biomarker and a potential
predictor of cancer stem cells in esophageal cancer, and its
specific mechanism deserves further discussion.

In addition, genes associated with CSMDI, Low-
density lipoprotein receptor-related protein 1B (LRP1B),
which is a member of the LDL receptor family, are con-
sidered a putative tumor suppressor. Its mutations may
accelerate the proliferation, migration and invasion of
prostate cancer cells.”®>° Mutations in this SYNEI fre-
diseases termed

quently associated with diverse

laminopathies, which often affect the muscle tissue, have
been associated with autosomal recessive spinocerebellar
ataxia 8.°© Mutations in TP53 is associated with many
kinds of human cancers, including hereditary cancers.
PIK3CA is also an oncogene that has been linked to
cervical cancer and breast cancer. Although overexpres-
sion of PIK3CA was not sufficient to initiate tumorigen-
esis, but it markedly accelerated HNSCC progression.®'
By the PPI and correlation network of these genes, we
could find their close affection for each other. Suggesting
that they collectively influence the development of eso-
phageal cancer through responsible network relationships.
Multi-drug resistance is the main obstacle to the suc-
cess of chemotherapy in patients with esophageal cancer.
The overexpression of ABCB1, ABCCI1, and ABCG2 in
tumor tissues is key to anticancer drugs’ limited efficacy.®*
In small cell lung cancer, prostate cancer, breast cancer,
and childhood neuroblastoma, the overexpression of
ABCC]1 is associated with MDR.%* By analyzing the resis-
tance genes of the CSMDI wild group and the mutant
group, we found that the expression of MRP1 (ABCC1)
gene in the CSMDI1 mutant group is lower, which indi-
cates that the CSMD1 gene is of great significance for
predicting the sensitivity of chemotherapy drugs.
Although our analysis has found many valuable con-
clusions, there are still many limitations. Considering the
difficulty of experimental verification, in reality, all our
results have not been further experimentally verified, and
the sample size is not large enough. First, we analyzed the
relationship between CSMD1 mutation and infiltration of
immune cells. Still, we did not conduct basic experiments
to explore the regulatory mechanism of CSMD1 mutation
on immune cells at the cellular and molecular level. Then
we only made inferences and conjectures on the role of
CSMD1 mutation in ESCA progression based on the
results of our analysis and previous research conclusions.
In the future, these conjectures and conclusions will
inevitably require a lot of basic experiments to verify.
The analysis of the mutation site of CSMDI1 is of great
significance for the in-depth study of the role of CSMD1
mutation in the progress of ESCA. However, due to the
limitations of available data, we were unable to conduct
this analysis. Maybe further experiments can complete
this exploration in the future. Although our results have
yet to be verified, our analysis’s new perspectives and
conclusions may still provide new directions for the
effective treatment of esophageal cancer and provide
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some meaningful clues for related experiments in the
future.

Conclusion

In summary, our study shows that CSMDI is frequently
mutated in esophageal cancer, and CSMD1 mutation is asso-
ciated with higher TMB, suggesting a worse prognosis.
Mutation and loss of CSMD1 may promote the progression
of ESCA. In addition, CSMDI mutation may up-regulate
TFH to induce an anti-tumor immune response. It can be
used as a biomarker to screen patients with ESCA to obtain
better clinical benefits of chemotherapy. In addition, TMB in
ESCA can also be used as a biomarker to benefit from PD-1
inhibitor immunotherapy. However, the prediction accuracy
of CSMD1 mutation status as a marker still needs clinical
specimens and experiments to verify in the future.
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