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MutS homolog 2 (MSH2) is a crucial participant in human DNA repair, and lots of the studies functionally associated with it
were begun with hereditary nonpolyposis colorectal cancer (HNPCC). MSH2 has also been reported to take part in the
progresses of various tumors’ formation. With the help of GTEx, CCLE, and TCGA pan-cancer databases, the analysis of
MSH2 gene distribution in both tumor tissues and normal control tissues was carried out. Kaplan-Meyer survival plots
and COX regression analysis were conducted for the assessment into the MSH2’s impact on tumor patients’ clinical
prognosis. In an investigation to the association of MSH2 expression with immune infiltration level of various tumors and
a similar study on tumor immune neoantigens, microsatellite instability was subsequently taken. It was found that high
expression of MSH2 is prevalent in most cancers. MSH2’s efficacy on clinical prognosis as well as immune infiltration in
tumor patients revealed a fact that expression of MSH2 in prostate adenocarcinoma (PRAD), brain lower-grade glioma
(LGG), breast-invasive carcinoma (BRCA), and head and neck squamous cell carcinoma (HNSC) posed a significant
correlation with the immune cell infiltration level of patients. Likewise as above, MSH2’s expression comes in a similar
trend with tumor immune neoantigens and microsatellite instability. MSH2’s expression in the majority of tumors is a
direct factor to the activation of tumor-associated pathways as well as immune-associated pathways. MSH2’s early
screening or even therapeutic target role for sarcoma (SARC) diagnosis is contributing to the efficiency of early screening
and overall survival in SARC patients.

1. Introduction

Protein MutS homolog 2 (MSH2, ENSG00000095002) is a
component of DNA damage repair by guiding the genera-
tion of critical relevant protein. This protein helps repair
errors arising when DNA is replicated for cell division pro-
teins (the MSH2 protein binds to one of the MSH6 or
MSHS3 (each produced by a different gene)) to form a dimer
of the two-protein complex [1], which recognizes the error-
occurring sites on DNA that begets in the course of DNA
replication. The MLH1-PMS2 dimer is formed with another
set of proteins, which subsequently combine with the MSH2
dimer to initiate the process of error repair by removing

mismatched DNAs and replicating a new fragment [2, 3].
DNA damage is an inducement of cancer genesis; hence,
the defection of DNA repair genes is primarily responsible
for many cancers’ initiation and development [4, 5]. Methyl-
ation in a promoter might contribute to a decline in DNA
repair via the 4 pathways where MSH2 is involved: the repair
to DNA loss of match, transcription-coupled repair, homol-
ogous recombination, and the repair to base excision [6-8].
This reduction in repair capacity might bring forth accumu-
lation of DNA damage and lead to carcinogenesis [9]. It was
reported in hereditary nonpolyposis colorectal cancer
(HNPCC) that 40% of the genetic variants are the disease-
associated ones of MSH2 and they are the primary
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inducements of HNPCC development [10]. A study on the
MSH2 in non-small-cell lung cancer (NSCLC) suggested
that although the gene was not mutated, 29% of NSCLC
cases were found with decline in epigenetic expression of
MSH2 [11].

Likewise in the case of no MSH2 mutation found, MSH2
promoter methylation was found in 43% patients and 86%
relapsed patients [12, 13]. Our study is the first attempt to
conduct a pan-cancer analysis on MSH2 by using databases
of The Cancer Genome Atlas (TCGA), Genotype-Tissue
Expression (GTEx), Cancer Cell Line Encyclopedia (CCLE),
and others integratedly with relevant factors including gene
expression, survival status, genetic alterations, immune infil-
tration, and associated cellular pathways, and we eventually
elucidated MSH2’s role in the pathogenesis or the prognosis
of cancers. We found that MSH2 expression was positively
correlated with the survival prognosis, the immune infiltra-
tion, and the tumor load of various tumors, whose correla-
tion with sarcoma (SARC) is more significant.

In the present study, MSH2 expression levels in SARC
were significantly associated with genetic differences, tumor
immune cell infiltration, and so on, and are likely to be used
as target genes for early screening or even therapeutic targets
in SARC, which can help improve more than the efficiency
of early screening but also the overall survival of SARC
patients.

2. Materials and Methods

2.1. Acquisition of Transcriptional Information. Our analysis
to the gene expression patterns in 31 tissues was accom-
plished with the Genotype-Tissue Expression (GTEx) data-
set (https://http://commonfund.nih.gov/GTEx/). Then, the
subsequent analysis went along with the information from
the CCLE (Cancer Cell Line Encyclopedia) database
(https://portals.broadhttp://institute.org/ccle/), which was
downloaded for each tumor cell line. The gene expression
patterns in 21 tissues were subjected to the analysis accord-
ing to tissue origin. Then, mRNA information was down-
loaded from the database of TCGA (https://www.cancer
.gov/about-nci/organization/ccg/research/structural-
genomics/tcga), which was for an analysis to 31 tumor
samples.

The Kruskal-Wallis test was implemented through the R
language version 3.6.3 (R Foundation for Statistical Comput-
ing, Austria) (https://www.r-project.org/) to determine the
expression differences amid organs.

2.2. Differential Gene Expression Analysis. We downloaded
the datasets of TCGA pan-cancer and GTEx from the UCSC
Xena database (https://xena.ucsc.edu/) to figure out the dif-
ferences in MSH2 expression patterns within our tumor
samples and their control normal tissues. First of all, distinc-
tion of MSH2 expression patterns within tumor tissues and
their control normal tissues in 20 tumor samples was
obtained from TCGA database. Given the tiny amount of
normal tissue samples in TCGA, we only make an integra-
tion of the information about the normal tissues separately
from the GTEx database and TCGA tumor tissues, so that
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our analysis to the gene expression differences in 27 tumors
could be performed. Distinction with a threshold of P < 0.05
was calculated in R language.

2.3. Survival Analysis at the Pan-Cancer Level. To figure out
the association amid MSH2 expression patterns and the
prognosis of 33 tumors in TCGA cohort, taking into account
the possible presence of nontumor mortality factors during
follow-up, we performed univariate COX regression analysis
by using a threshold of COX (P < 0.05) for overall survival
(OS), disease-free survival (DFS), disease-specific survival
(DSS), disease-free interval (DFI), and progression-free
interval (PFI). Summary forest plotting was performed using
the R language forest plot package [14]. The tumors with a
significant correlation in the regression analysis were
selected, and our subjects were divided into two groups of
high and low expression on the basis of the median of
MSH?2 expressions. Our Kaplan-Meier survival analysis
was conducted with our R language packages of survival ver-
sion 3.2.3 and survminer version 0.4.8. A log-rank test with a
threshold of P < 0.05 was used to calculate the significance of
the differences in survival rates.

2.4. Relationship between MSH2 Expression Levels and
Immunity. Detectable level of tumor-infiltrating lympho-
cytes (TILs) in tumorous microenvironment suggests an
improvement in prognosis and an efficient treatment out-
come to different types of cancer [15]. We conducted an
investigation to the correlation within MSH2 expression
and the level of immune infiltration in different types of
tumors. And our exploration on the MSH2’s relationship
with the immune infiltration level within all the association
amid MSH2 expression and tumor-infiltrating lymphocytes
in TCGA tumors (B cells, CD4+ T cells, CD8+ T cells, mac-
rophages, neutrophils, and dendritic cells) was carried out by
using the Immune-Gene module at the TIMER2 (tumor
immune estimation resource, version 2, http://timer
.cistrome.org/) online. According to the relevant literature,
we chose different study methods for different TILs to
improve the accuracy. We used the EPIC method to calcu-
late the relative proportions of B cells, CD4+ T cells, and
macrophages of multiple tumors and the QUANTISEQ
method to calculate the relative proportions of CD8+ T cells
in multiple tumors. After that, we calculated the relative pro-
portions of neutrophils and dendritic cells with the
MCPCOUNTER method [16]. When our association analy-
sis came with the QMCPCOUNTER method, we used the
function of Purity Adjustment, which means the usage of
the partial Spearman’s correlation. When it came to the
EPIC and QUANTISEQ methods, we affirmed that the
parameters of tumor purity and immune infiltration would
be negatively correlated; hence, the adjustment to purity
became unnecessary [17]. Immune cell infiltration level
was estimated with the ESTIMATE method in R language,
which comprised the immune microenvironment score as
well as the stromal score of 33 tumorous cell samples from
TCGA cohort [18]. We determined the association within
MSH?2 and the immune cell scores above with the Spearman
correlation method.
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2.5. Relationship between MSH2 and Neoantigen, TMB, and
MSI. Point mutations, deletion mutations, gene fusions, and
so on are the primary reasons of genetic mutations in tumor
cells, and most of the mutated genes encode the nascent
antigen named neoantigen. New abnormal proteins differ
from the ones produced by normal cells. These proteins
are enzymatically cleaved to form peptide fragments that
are delivered to T cells, which facilitate T cells to be mature
activated T cells which could specifically recognize tumor
neoantigens and have themselves proliferate [19].

We hence had an estimation to the neoantigen amount
in each tumor sample and conducted an analysis on the
MSH2 expressions with immune neoantigens in a way of
using the Spearman correlation method gene marker corre-
lation [20]. Tumor mutational burden is a parameter usually
presented as the somatic mutation amount (nonsynon-
ymous mutations) begetting in an average of 1Mb bases
within the coding region (episomal region) in tumor
genomes, which is even straightly shown as the total number
of nonsynonymous mutations, as well as the types of muta-
tions which mainly include single-nucleotide variants (SNV)
and the insertions/deletions of small fragments’ various
forms of mutations. Here, we made a calculation separately
to the tumor mutational burden (TMB) of each tumor sam-
ple and an analysis on the association amid MSH2 expres-
sion and TMB with correlation coeflicient of Spearman’s
rank.

Microsatellite instability (MSI) is a term to describe any
change in microsatellite length resulting from the insertion
or the deletion of repeat units in the particular microsatellite
of tumors versus normal tissue. Furthermore, emergence of
a new microsatellite allele could be deemed as a genetic phe-
nomenon [21]. We made use of the R data package “Pre-
MSIm” for the prediction on MSI from the gene
expression profiles of 33 cancers and commenced an analy-
sis to the relationship within gene expression and MSI by the
way of using the Spearman rank correlation coefficient [22].

2.6. Mutation Patterns of the MSH2 Gene in TCGA Tumor
Samples. Our mutation data were downloaded from TCGA
database for 33 malignant tumors, and the changes of the
MSH2 gene in these tumors were analyzed. We used the R
data package “maftools” to visualize the tumors with the
most MSH2 mutations [23].

2.7. Gene Enrichment Analysis of Pan-Cancer Patients in
TCGA. We first used the STRING website (https://string-
db.org/) to query the name “MSH2” using a single protein
and “organism” selected from “Homo sapiens.” We then
set the following main parameters: minimum required inter-
action score “low confidence (0.150),” meaning of network
edges “confidence,” max number of interactors to show
“no more than 50 interactors” in the 1st shell, and active
interaction sources “experiments.” Finally, the available
MSH2-binding proteins for the experimental assays were
obtained.

We used the “Similar Gene Detection” model of Gene
Expression Profiling Interactive Analysis 2 (GEPIA2,
http://gepia2.cancer-pku.cn/#index) to obtain the top 100

MSH2-related target genes based on data from all TCGA
tumors and associated normal tissues. We also performed
the Pearson correlation analysis of MSH2 by “correlation
analysis” mode of GEPIA2, and the scatter plots were
obtained using log2 TPM, P value, and the correlation coef-
ficient (P value). Value and the correlation coefficient (R)
have been represented in the graph. In addition, we used
the “Gene_Corr” model of TIMER2 to obtain heat map data
for the selected genes, including partial correlation (cor) and
purity-adjusted Spearman’s rank correlation test (s rank cor-
relation test).

We combined the two sets of data from the relevant tar-
get genes and the binding protein genes for Kyoto Encyclo-
pedia of Genes and Genomes (KEGG) pathway analysis.
Briefly, we selected identifier (“OFFICIAL_GENE_ SYM-
BOL”) and species (“Homo sapiens”) in the DAVID (Data-
base for Annotation, Visualization, and Integrated
Discovery) website to obtain functional annotation chart
data. The final visualization of the enrichment pathways
was obtained through the Sangerbox website (http://
sangerbox.com), where we also performed GO (Gene Ontol-
ogy) enrichment analysis, biological process (BP), cellular
component (CC), and molecular function (MF) data visual-
ized as centplots, and two-tailed P <0.05 was considered sta-
tistically significant.

3. Results

3.1. Gene Expression Analysis Data. We analyzed the differ-
ences in gene expression between cancer and paracancer in
individual tumor samples obtained from TCGA database,
as shown in Figure 1(c). In bladder urothelial carcinoma
(BLCA), BRCA, cholangiocarcinoma (CHOL), colon adeno-
carcinoma (COAD), esophageal carcinoma (ESCA), HNSC,
kidney chromophobe (KICH), liver hepatocellular carci-
noma (LIHC), lung adenocarcinoma (LUAD), lung squa-
mous cell carcinoma (LUSC), rectum adenocarcinoma
(READ), stomach adenocarcinoma (STAD), uterine corpus
endometrial carcinoma (UCEC) (P value <0.001), LGG,
and thyroid carcinoma (THCA) (P value <0.05), the tumors
in TCGA cohort did not show MSH2 expression levels lower
than those of the relevant control normal tissues.

After using normal tissues from the GTEx dataset as
controls, we further evaluated the differences of MSH2
expression in adrenocortical carcinoma (ACC), cervical
squamous cell carcinoma and endocervical adenocarci-
noma (CESC), acute myeloid leukemia (LAML), ovarian
serous cystadenocarcinoma (OV), testicular germ cell
tumors (TGCT), and uterine carcinosarcoma (UCS). As
shown in Figure 1(d), the MSH2 expression levels in
ACC, CESC, OV, TGCT, and UCS (P value <0.001) were
higher than those in the relevant control normal group
tissues.

In addition, the Kruskal-Wallis test showed significant
differences in MSH2 expression levels among organs
(Figures 1(a) and 1(b)), while MSH2 expression levels were
significantly higher in bone marrow tissues with a value of
log2 (TPM + 1) > 6.
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FIGURE 1: MSH2 expression level in 31 normal tissues across (a) the GTEx dataset and (b) the CCLE database. We downloaded the

information of the distinction samples from (c) TCGA database and (d) GTEx datasets on individual gene expression between cancer

and paracancer.
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FIGURE 2: The relationship between expression and OS (a), DSS (b), DFI (c), and PFI (d) in 33 tumors of TCGA. Outcomes of univariate

COX regression analysis were shown through the forest plot.

3.2. Survival Analysis Data. We investigated the relationship
between MSH2 expression levels and survival prognosis in
patients with different tumors. We first analyzed the rela-
tionship between expression and prognostic OS in 33
tumors of TCGA using gene expression profile data and
univariate survival analysis. The forest plots in 33 tumors
are shown in Figure 2(a), and among the significant
tumors, ACC, BLCA, KICH, kidney renal clear cell carci-
noma (KIRC), kidney renal papillary cell carcinoma
(KIRP), LGG, LIHC, mesothelioma (MESO), pancreatic
adenocarcinoma (PAAD), READ, SARC, thymoma
(THYM), and UCEC are selected as prognostic KM
curves. We divided cancer cases into high- and low-
expression groups according to the median expression
level of MSH2 and mainly applied the databases of TCGA
and GEO to investigate the relationship between MSH2
expression and prognosis of patients with different tumors.
According to Figure 3(a) high expression of MSH2 was

associated with poorer prognosis in ACC, BLCA, KICH,
KIRP, LGG, LIHC, MESO, PAAD, SARC, and UCEC,
while low expression of MSH2 was associated with poorer
prognosis in KIRC, READ, and THYM.

Also, considering the possibility of non-tumor-related
deaths during follow-up, we analyzed the relationship
between gene expression and DSS in 33 tumors of TCGA
cohort (Figure 2(b)); among the significant tumors, ACC,
KICH, KIRC, KIRP, LGG, LIHC, PAAD, PRAD, SARC,
THYM, and UCEC are selected as prognostic KM curves.
Cancer cases were divided into high- and low-expression
groups according to the median expression level of MSH2
for prognostic KM curves. As shown in Figure 3(b) MSH2
was expressed in ACC, KICH, KIRP, LGG, LIHC, PAAD,
PRAD, SARC, and UCEC in which high expression levels
were significantly associated with their poorer DSS, while
in KIRC and THYM, low MSH2 expression levels were asso-
ciated with poorer DSS.
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FIGURE 3: A log-rank test was conducted for the determination on the significance of the overall survival differences (a), DSS differences (b),
DFI differences (c), and PFI distinctions (d) with a threshold of P < 0.05, whose results were presented by the way of Kaplan-Meier survival
curves versus the patients’ survival rates of low and high MSH2 expression in tumors.

We further analyzed the relationship between gene
expression and DFI (Figure 2(c)) and PFI (Figure 2(d)) in
the 33 tumors of TCGA cohort. Significant tumors (ACC,
CESC, KIRP, LIHC, LUSC, PAAD and ACC, CESC, KICH,
KIRC, KIRP, LGG, LIHC, PAAD, and UCEC) were selected
in DFI and PFI survival analysis, and cancer cases were
divided into high- and low-expression groups according to
MSH2 expression levels for prognostic KM curves. As
shown in Figure 3(c), in the DFI survival analysis, high
expression of MSH2 was all associated with poorer progno-
sis in ACC, CESC, KIRP, LIHC, LUSC, and PAAD. As
shown in Figure 4 (d), in the PFI survival analysis, high
expression of MSH2 was associated with poorer prognosis
in ACC, CESC, KICH, KIRP, LGG, LIHC, PAAD, and
UCEC. And low expression of MSH2 was associated with a
worse prognosis for KIRC patients.

3.3. Relationship between Gene Expression and Immunity in
Individual Tumors. Tumor-infiltrating lymphocytes are

independent predictors of anterior lymph node status and
survival in cancer [24]. We investigated whether this gene
expression correlated with the level of immune infiltration
in different types of cancers.

The results showed that MSH2 expression levels were
significantly correlated with the level of B cell infiltration
in 18 cancers, CD4+ T cell infiltration in 23 cancers, CD8+
T cells in 10 cancers, macrophages in 12 cancers, neutrophils
in 26 cancers, and dendritic cells in 12 cancers. The three
most significantly correlated tumors in each immune cell
were selected. B cell infiltration levels were significantly cor-
related with MSH2 expression levels in LGG, KIRP, and
PRAD. CD4+ T cell infiltration level was significantly corre-
lated with MSH2 expression levels in THCA, HNSC, and
KIRC. CD8+ T cell infiltration level was significantly corre-
lated with MSH2 expression levels in THYM, LIHC, and
SARC. Macrophage infiltration levels were significantly cor-
related with MSH2 expression levels in LIHC, glioblastoma
multiforme (GBM), and SARC. Neutrophil infiltration levels
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FIGURE 4: Correlation of MSH2 expression with the stromal score, immune score, and ESTIMATE score in SARC, LUSC, UCEC, TGCT,

and BRCA.

were significantly correlated with MSH2 expression levels in
THYM, KIRC, and PRAD. Dendritic cell infiltration levels
were significantly correlated with MSH2 expression levels
in BRCA, HNSC, and LIHC.

An increasing number of reports suggest that the tumor
immune microenvironment has an important role in tumor
development [25]. We observed the relationship between
gene expression and the immune score, stromal score, and
ESTIMATE score in 33 tumors and selected the three
tumors with the most significant relationship among each
score as shown in Figure 4. The results showed that the
expression levels of MSH2 in SARC, TGCT, and BRCA were

significantly and negatively correlated with the stromal
score. The MSH2 gene expression levels in SARC, UCEC,
and LUSC were significantly and positively correlated with
the immune score. In SARC, LUSC, and UCEC, MSH2 gene
expression levels were significantly and positively correlated
with the ESTIMATE score.

Under normal conditions, immune cells can recognize
and remove tumor cells from the tumor microenvironment
[26]. Tumor immunotherapy approaches control and elimi-
nate immune cells by restarting and maintaining the tumor
immune cycle as a means to repair the normal antitumor
immune response in the body. Immune checkpoint genes
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FIGURE 5: MSH2’s relationship with immune checkpoint gene expression was presented in a way of a heat map. The horizontal coordinates
indicate the 33 selected tumors, and the vertical coordinates indicate the relevant immune checkpoints, where * indicates correlation
(P <0.05), *=* indicates high correlation (P < 0.01), and *=*x indicates significant correlation (P < 0.001).

include monoclonal antibody-based immune checkpoint
inhibitors, therapeutic antibodies, cancer vaccines, cell
therapy, and small-molecule inhibitors [27]. As shown in
Figure 5, the horizontal coordinates indicate the 33
selected tumors and the vertical coordinates indicate the
relevant immune checkpoints. We found that the expres-
sion of MSH2 was positively correlated with the expres-
sion levels of immune checkpoint genes in KICH, KIRC,
and LICH, while the expression of MSH2 was negatively
correlated with the expression levels of immune check-
point genes in SARC.

3.4. Relationship between Gene Expression and Immune
Neoantigens, TMB, and Microsatellite Instability. The
immune activity of tumor neoantigens and neoantigen vac-

cines can be designed and synthesized according to the
mutation of tumor cells and immunized to patients to
achieve therapeutic effects [28]. Here, we counted the num-
ber of neoantigens in each tumor sample separately to ana-
lyze the relationship between MSH2 expression and the
number of antigens. As shown in Figure 6, the expression
levels of MSH2 in LUAD, LUSC, BRCA, STAD, THCA,
BLCA, PRAD, and LGG were found positively correlated
with the number of immune neoantigens.

TMB is used to reflect the number of mutations con-
tained in tumor cells and is a quantifiable biomarker. Here,
we counted TMB for each tumor sample separately using
Spearman’s rank correlation coeflicient and analyzed the
relationship between gene expression and TMB as shown
in Figure 7(a). MSH2 gene expression level results such as
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FIGURE 6: MSH2’s correlation with neoantigens. Expression of MSH2 was positively correlated with the immune neoantigens’ amount in

LUAD, LUSC, BRCA, STAD, THCA, BLCA, PRAD, and LGG.

BLCA, BRCA, LAML, LGG, LUAD, LUSC, PRAD, skin
cutaneous melanoma (SKCM), and STAD were significantly
and positively correlated with TMB, while ESCA, KIRC,
KIRP, THCA, and THYM showed a negative correlation
between MSH2 gene expression levels and TMB.

We analyzed the correlation between gene expression
and MSI using the Spearman rank correlation coefficient as
shown in Figure 7(b). The results were as follows: MSH2
gene expression levels in KIRC, LUSC, STAD, and UCEC
were positively correlated with MSI, while lymphoid neo-
plasm diffuse large B cell lymphoma (DLBC), PRAD, and

THCA showed a negative correlation between MSH2 gene
expression levels and MSL

3.5. Mutation Patterns of Genes in Individual Tumor
Samples. We obtained mutation data from TCGA database
for 33 tumors and analyzed the mutations of MSH2 in these
tumors. As shown in Figure 8, MSH2 was observed to
mutate in BLCA, BRCA, COAD, GBM, LUAD, OV, PRAD,
SKCM, STAD, and UCEC. The top three tumors with the
highest MSH2 mutation rate were UCEC (rate =7.36%),
COAD (rate =4.51%), and BRCA (rate =2.43%).
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FiGUure 7: MSH2’s correlation separately with TMB (a) and microsatellite instability (b).

3.6. Enrichment Analysis of MSH2-Related Partners. To fur-
ther understand the molecular mechanisms of MSH2 in
tumorigenesis, we screened for MSH2-binding proteins
and MSH2 expression-related genes for a series of enrich-
ment analyses. Based on the STRING website, we obtained
a total of 50 MSH2-binding proteins supported by experi-
mental evidence. The network diagram of the interactions
of these proteins is shown in Figure 9(a). Using the GEPI
A2 website, we combined the expression data of all tumor
and normal tissues in TCGA to obtain the top 100 genes
associated with MSH2 expression. As shown in
Figure 9(b), MSH2 expression levels were positively corre-
lated with MSH6, WDHD1, CDC25A, ERCC6L, and RCC2

(all P<0.001). The corresponding heat map data also
showed a positive correlation between MSH2 and the above
five genes in most cancer types (Figure 9(d)). The intersec-
tion of the above two datasets showed three common genes,
MSH6, FANCD?2, and EXO1 (Figure 9(c)).

We combined these two datasets to perform KEGG and
GO enrichment analysis, as shown in Figure 10, where the
KEGG data suggest that the “cell cycle” may be involved in
the influence of MSH2 on tumor pathogenesis, and the GO
enrichment analysis data further suggest that the molecular
mechanisms of these genes are mostly related to DNA met-
abolic pathways or chromosomal cell biology, such as “regu-
lation of DNA metabolic process” and “DNA replication.”
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FIGURE 8: MSH2 gene mutation patterns in several tumors.

4. Discussion and Conclusions

China is the country with the most population worldwide;
with the rising amount of its aging population, the burden
of cancer in China comes to be severe [29]. Meanwhile, since
the novel coronavirus pandemic in 2019, studies have shown
that cancer patients in a state of systemic immunosuppres-
sion are considered highly vulnerable to the COVID-19 epi-
demic [30, 31].

We made a comprehensive examination on the MSH2
gene with a total of 33 different tumors in TCGA cohort

based on data from TCGA, CCLE, UCSC Xena, and GTEx
databases, as well as gene expression, gene variants, methyl-
ation, immune infiltration, and enrichment analysis [32].
Then, it turned out that expression of MSH2 was signifi-
cantly related to prognosis and immunity in several different
tumors. Therefore, we could assume that MSH2 might be a
screening indicator and a possible factor for multiple tumors
in the future.

We observed differences in MSH2 expression within
cancers and its control normal tissues. Moreover, MSH2
was significantly more highly expressed in sarcoma,
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FIGURE 9: Enrichment analysis of MSH2-binding proteins and MSH2 expression-related genes. (a) We obtained the result of the
experimentally available determination to the MSH2-binding proteins with the STRING tool. (b) We obtain 100 of the genes with the
closest association with MSH2 expression. MSH2 expression levels were most positively correlated with MSH6, WDHD1, CDC25A,
ERCC6L, and RCC2. (¢) The intersection of the above two datasets showed three common genes, MSH6, FANCD?2, and EXOI. (d)
Information of the corresponding heat map also presented us a positive relationship amid MSH2 and the five genes above in most

cancer types.

hepatocellular carcinoma, lung cancer, bile duct cancer,
prostate cancer, gastric cancer, thyroid cancer, and common
genital tumors versus normal tissues, with MSH2 expression
being significantly higher in bone marrow tissues. The dele-
tion of MSH2 protein was associated with the inactivation of
MSH?2, high mutation, and high tumor-infiltrating lympho-
cyte density in high-grade primary tumors [33]. Because
MSH2 protein directs the production of proteins that mod-
ulates DNA repair, the MSH2 gene was also considered an

oncogene in past studies [34], which is consistent with our
analysis that high MSH2 expression was associated with
OS in ACC, BLCA, and KICH patients. KIRP, LGG, LIHC,
MESO, PAAD, SARC, and UCEC were associated with
poorer prognosis in OS, and only KIRC and READ were
associated with better prognosis in our analysis. Based on
previous clinical studies, MSH2 plays different roles in dif-
ferent cancers, and high MSH2 expression in early-stage
lung cancer is significantly associated with poorer prognosis
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[35], and high expression of MSH2 in NSCLC could be used
as a prognostic indicator for prolonged survival [36]. This
may be because the action of MSH2 protein depends on
the regulation of tumor microenvironment; for example,
both class IIb HDACsh and MSH2 may influence tumor
pathogenesis through the cell cycle, and the deacetylation
of MSH2 by HDACI10 may lead to DNA mismatch repair
activity [37].

Our analysis to MSH2 expressions and immunity
showed that the MSH2 expression in SARC showed a nega-
tive correlation with B cells, CD4+ T cells, CD8+ T cells,
macrophages, neutrophils, and dendritic cells; it was also
alike in the immune score, stromal score, and ESTIMATE
score of ESTIMATE analysis. Progress of tumor develop-
ment is complex, where the interplays within the cancer
cells, microenvironment, and immune system hold impacts
on tumorigenesis and progression [38]. Immune cells, by
eliminating pathogens, have an important secondary role
in maintaining tissue integrity and normal function in differ-
ent states of homeostasis, infection, and noninfectious dis-
turbances of the body and have an impact on the clinical
outcome of tumors [39]. In addition, it has been shown that
high or moderate immune scores in SARC can lead to better
DES or OS. Therefore, fortified MSH2 expression associated
with worse prognosis in SARC patients may be related to the
fact that MSH2 expression suppresses the infiltration of
immune cells in the tumor microenvironment and decreases
immune scores. Besides that, the MSH2 expressions in
SARC presented a significantly negative correlation with
most immune check genes, especially LGALS9 and VSIR.
Immune checkpoints are various immunosuppressive path-
ways that hold the balance of self-tolerance, regulating the
duration as well as the magnitude of immune responses in
the physical state [40]. Immune checkpoint blockade can
reduce immune escape of tumor cells and limit tumor
growth.

It was reported that the abnormal expression of MSH2 in
osteosarcoma cells has been proven a possible sign of drug
resistance to chemotherapeutic drugs [41], and case reports
have revealed the relationship between MSH2 variants and
the development of osteosarcoma, and the accumulation of
genetic damage due to MSH2 variants may contribute to
the development of osteosarcoma [42]. In a related study
on osteosarcoma tissue microarray, local expressions of
MSH6 and MSH2/6 were significantly related to shorter sur-
vival time, especially in chemotherapy-naive patients and
patients with metastatic tumors [43], which is consistent
with our findings. However, the study is limited in public
databases, and further investigation in MSH2 expression
affecting the diagnosis and prognosis of different cancer
types is needed. In particular, a potential role of MSH2 indi-
cates the SARC and contributes to the immunotherapy of
SARC. This inspirits the future research on verification of
the specific role of MSH2 expression on sarcoma and explor-
ing the mechanism of it. In conclusion, the present study
firstly conducted the pan-cancer analysis on MSH2 in gene
expression, survival status, genetic alterations, immune infil-
tration, and associated cellular pathways. The study revealed
that MSH2 may be an ideal prognostic indicator for SARC as

Journal of Oncology

well as a therapeutic target for immunotherapy in the clini-
cal setting to improve patient prognosis and increase sur-
vival rates.

Data Availability

All data generated or analyzed during this study are included
in this published article.

Additional Points

Highlights. (1 )The expression of MSH2 is found high in sar-
coma and low in normal tissues. (2) High MSH2 in tumors
accounts for unfavorable OS in SARC patients. (3) MSH2
may be used as a prognostic indicator for SARC or a thera-
peutic target for immunotherapy.
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