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Background: Charged multivesicular body protein 7 is briefly referred to as CHMP7, and it 
plays a significant role in the endosomal sorting pathway. CHMP7 can form a complex with 
ESCRTIII to jointly complete the process of contraction, shear bud neck and final membrane 
shedding.
Methods: TCGA, GEO and CPTAC were chosen for the analysis of the role of CHMP7 in 
pan-cancer. Role of CHMP7 in pan-cancer was analyzed using R software and tools such as 
TIMER, GEPIA, UALCAN, String and DiseaseMeth. It includes differential expression 
analysis of CHMP7, survival analysis, genetic variation analysis, DNA methylation analysis, 
post-translationally modified protein phosphorylation analysis and functional enrichment 
analysis.
Results: CHMP7 presents low expression in the majority of tumor tissues and the prognosis 
is poor in the low expression group. The common gene mutation in CHMP7 is deep deletion, 
which may lead to frameshift mutations, resulting in a poor prognosis. Functional alterations 
due to DNA methylation and post-transcriptional protein modifications may be closely 
associated with tumors. GO analysis revealed that CHMP7-related genes are involved in 
the composition of the various ESCRT complexes. In terms of molecular function, they 
mainly bind to GTP, exert GTPase activity and promote multivesicular bodies assembly. In 
the KEGG enrichment analysis, the main pathways expressed by CHMP7 and related genes 
were endocytosis, gap junction and phagosome.
Conclusion: Pan-cancer analysis showed that CHMP7 expression was statistically corre-
lated with clinical prognosis, DNA methylation, protein phosphorylation and immune cell 
infiltration, which may provide new ideas or targets for the diagnosis or treatment.
Keywords: pan-cancer, CHMP7, endosomal sorting complex required for transport, ESCRT, 
prognosis

Introduction
Charged multivesicular body protein 7 is briefly referred to as CHMP7, and it plays 
a significant role in the endosomal sorting pathway.1–3 The endosomal sorting 
complex required for transport (ESCRT) system is the molecular machinery that 
completes the invagination of endosomal membranes to form multivesicular bodies 
(MVBs) in eukaryotic cells, and its main function is to promote the degradation of 
membrane proteins tagged with biquitin.4–6 CHMP7 can form a complex with 
ESCRTIII to jointly complete the process of contraction, shear bud neck and final 
membrane shedding.2

The ESCRT system is an important molecular machinery for membrane protein 
sorting in eukaryotic cells.7,8 It has been shown that ubiquitin-tagged membrane 
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proteins are first transported to the endosomal membrane 
by cytokinesis and then invaginated by the ESCRT sys-
tem, which releases membrane components containing 
these proteins into the endosomal lumen to form intralu-
menal vesicles (ILVs). The endosomes at this point are 
called MVBs. Later, through fusion with lysosomes, the 
endosomal vesicles and their membrane-bound proteins 
are degraded.9,10 Epidermal growth factor receptor 
(EGFR), for example, is degraded through this pathway. 
In addition to the formation of MVBs, ESCRT is also 
involved in cellular life activities such as cytoplasmic 
segregation, budding of vesicular viruses such as HIV,11 

and cellular autophagy.12 Thus, aberrant expression of 
CHMP7 in various tissues may lead to dysfunction of 
the ESCRT system, resulting in impaired protein degrada-
tion and consequent disease. Malik et al13 performed 
a transcriptome analysis of primary embryonic motor 
neurons from mice with spinal and bulbar muscular atro-
phy (SBMA) and concluded that CHMP7 may play 
a causal role in disease pathogenesis by disrupting the 
endosomal-lysosomal system. In addition, Huntington’s 
disease and Parkinson’s disease are characterized by the 
accumulation of intracellular ubiquitinated protein aggre-
gates, a characteristic lesion that may be associated with 
the accumulation of MVB due to loss of ESCRT 
function.14,15

Regarding tumor research, due to the key role of 
ESCRT in cell surface receptor degradation, various stu-
dies have been conducted to demonstrate the oncogenic or 
tumor suppressor function of ESCRT members. Among 
those whose expression was upregulated were Hrs in col-
orectal adenocarcinoma (COAD) and melanoma;16 

TSG101 in breast cancer17 and papillary thyroid 
cancer;18 and CHMP4C in ovarian cancer.19 In contrast, 
Vps37A was decreased in hepatocellular carcinoma;20 

UBAP1 expression levels were decreased in nasopharyn-
geal carcinoma and CHMP1A in pancreatic ductal 
adenocarcinoma.21

The tumor microenvironment (TME) is a complex inte-
grated system formed by the interaction of tumor cells 
with surrounding tissues and immune cells.22 The exis-
tence of TME can enhance tumor cell proliferation, migra-
tion and immune escape ability, thereby promoting the 
occurrence and development of tumors.23 As a part of 
TME, infiltrating immune cells have been paid more and 
more attention by researchers. The immune infiltration of 
TME provides us with clues to understand the progress of 
cancer diseases, which is of great significance for tumor 

prognosis or prediction, and can even become a means of 
cell therapy.24

As an instrumental member involved in the comple-
tion of ESCRT, CHMP7 has been the subject of very few 
studies in oncology. The rapid development of bioinfor-
matics and microarray technologies are widely used for 
mutation screening at the genomic level, which allows us 
to use large data in online databases to investigate 
whether the role of CHMP7 in tumorigenesis develop-
ment is angelic or demonic. In the article, R software 
and databases such as UALCAN, PrognoScan and 
GEPIA were used to analyze the data from TCGA to 
visualize the differences in CHMP7 expression in tumor 
tissues and normal tissues. Then, TIMER and GEPIA 
databases were used to explore the potential relationship 
between CHMP7 expression and immune infiltration 
levels. R software was used to further analyze the corre-
lation of CHMP7 with immune checkpoint molecules 
and mismatch repair genes in various tumor tissues. It 
is shown that CHMP7 is lowly expressed in a variety of 
tumors, and may contribute to poor prognosis of cancer 
patients through interaction with infiltrating immune 
cells.

Methods
Data Sources
The Cancer Genome Atlas (TCGA, https://www.cancer. 
gov/about-nci/organization/ccg/research/structural- 
genomics/tcga)25 is a cancer research project jointly estab-
lished by National Cancer Institute (NCI) and National 
Human Genome Research Institute (NHGRI). Gene 
Expression Omnibus (GEO)26 is a gene expression data-
base created and maintained by the National Center for 
Biotechnology Information (NCBI, https://www.ncbi.nlm. 
nih.gov/geo/). It was founded in 2000 and contains high- 
throughput gene expression data submitted by research 
institutions around the world.

Analysis of CHMP7 Expression 
Differences
The Tumor Immune Estimation Resource (TIMER, https:// 
cistrome.shinyapps.io/timer/)27 database uses high- 
throughput sequencing (RNA-Seq expression profile) 
data to analyze the infiltration of immune cells in tumor 
tissues. The TIMER database was used to analyze the 
expression levels of CHMP7 in tumor tissues and to com-
pare them with the corresponding normal tissues.
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The Gene Expression Profilling Interactive Analysis 
(GEPIA, http://gepia.cancer-pku.cn/) database integrates 
current cancer genomics data, making it easier and faster 
to mine data and perform dynamic analysis of gene 
expression profile data. The GEPIA database was selected 
to analyze the differential expression of CHMP7 in blad-
der urothelial carcinoma (BLCA), esophageal carcinoma 
(ESCA), prostate adenocarcinoma (PRAD), thyroid carci-
noma (THCA), uterine corpus endometrial carcinoma 
(UCEC), lymphoid neoplasm diffuse large B-cell lym-
phoma (DLBC), acute myeloid leukemia (LAML) and 
lung adenocarcinoma (LUAD). At the protein level, the 
UALCAN database was employed to visualize the differ-
ences in CHMP7 expression between normal and tumor 
tissues. The Human Protein Atlas provides immunohisto-
chemical evidence of differential expression of CHMP7 in 
normal and tumor tissues at the pathological level.28–30 

R software (version 3.6.3) was employed to further 
explore the correlation between CHMP7 expression levels 
and clinicopathological features.

Survival Analysis
The SURVIVAL package in the R software (version 3.6.3) 
was used to analyze the correlation between CHMP7 
expression and survival in pan-cancer with a risk table. 
In addition, the Prognoscan database contains a subset of 
available datasets from the GEO database and related 
prognostic information. CHMP7 expression levels were 
looked up in the available microarray datasets of 
Prognoscan to determine its relationship with prognosis. 
Cox P-value < 0.05 was considered significant. We ana-
lyzed the correlation between CHMP7 expression and 
prognosis in breast invasive carcinoma (BRCA), ESCA, 
head and neck squamous cell carcinoma (HNSC), kidney 
clear cell carcinoma (KIRC), LAML, sarcoma (SARC), 
glioblastoma multiforme (GBM) and low-grade glioma of 
the brain (LGG), and skin cutaneous melanoma (SKCM), 
calculating hazard ratios (HR) with 95% confidence inter-
vals (CI) and log-rank P values.

Mutation Analysis
The cBioPortal for Cancer Genomics (https://www.cbiopor 
tal.org/)31 provides a web resource for exploring, visualiz-
ing and analyzing multidimensional cancer genomic data. 
The portal reduces cancer tissues and cell lines into mole-
cular expression profiling data to understandable genetic, 
epigenetic, gene expression and protein events. The inter-
active query interface integrates user data and allows 

researchers to interactively explore genetic alterations in 
different samples, genes, and pathways.

The cBioPortal website was queried for the mutation 
characteristics of CHMP7 in different cancers and to 
observe the mutation types and alteration frequencies in 
all TCGA tumors. The “Comparison” module provides 
data on whether CHMP7 mutations have an impact on 
the prognosis of patients with TCGA cancers.

Methylation Analysis
The correlation between CHMP7 methylation and tumors 
was analyzed using R software (version 3.6.3) and visua-
lized by choosing the ggplot2 package (version 3.3.3).

The DiseaseMeth (/bio-bigdata.hrbmu.edu.cn/disease 
meth/) is an abnormal methylation database focusing on 
human diseases. By integrating public disease methylation 
big data including TCGA, IHEC, etc., the abnormally 
methylated genes in diseases are re-identified, and new 
abnormally methylated genes reported in the literature in 
recent years are manually searched, including a total of 
32,701 sample numbers of methylation profiles, 88 dis-
eases, and 679,602 pairs of methylation-related disease 
gene relationships. The website was used to explore the 
correlation between CHMP7 methylation and cancer.

Phosphorylation Analysis
The UALCAN (http://ualcan.path.uab.edu/index.html) is 
an effective website for online analysis and mining of 
cancer data, mainly based on relevant cancer data from 
the TCGA database. The CPTAC dataset was picked to 
compare the differences in CHMP7 phosphorylation levels 
in normal and tumor tissues.

Immuno-Infiltration Analysis
R software (version 3.6.3) was employed to analyze the 
correlation of CHMP7 with immune checkpoint molecules 
and mismatch repair genes in various tumor tissues, and 
the ggplot2 package (version 3.3.3) was chosen for 
visualization.

Enrichment Analysis
The GEPIA and the String were employed to screen for 
genes associated with CHMP7 expression or function. The 
resulting gene sets were subjected to functional clustering 
analysis. Gene Ontology analysis (GO) is an internation-
ally standardized gene function classification system that 
provides a set of dynamically updated controlled vocabu-
lary to comprehensively describe the attributes of genes 
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and gene products in organisms.32 KEGG is a database 
based on human pathways.

Statistical Analysis
The Log rank test was applied to compare survival differ-
ences between high and low expression groups, univariate 
Cox analysis was performed to determine the prognostic 
impact of low CHMP7 expression on COAD patients, and 
Spearman correlation was used to evaluate the correlation 
of gene expression. The statistical analyses involved in 
this article, such as differential expression of CHMP7 in 
normal and tumor tissues, survival analysis of CHMP7 
high and low expression groups, and the correlation of 
CHMP7 with immune checkpoint and mismatch repair 
genes with p-values <0.05 were considered significant.

Results
Gene Expression
The expression of CHMP7 in different TCGA tumor data-
bases was analyzed in TIMER2, as shown in Figure 1A. 
The results demonstrated that in BLCA, COAD, KICH, 
KIRC, KIRP, LUSC, PRAD, THCA and UCEC, the 
CHMP7 expression levels in tumor tissues were signifi-
cantly lower than those in normal tissues (p < 0.05). In 
contrast, in CHOL, HNSC and LIHC, the CHMP7 expres-
sion levels in tumor tissues were markedly higher than 
those in normal tissues (p < 0.05).

Considering the small amount of information on normal 
samples included in the TCGA database, the data of GTEx 
were counted together. The GEPIA was employed for the 
analysis and CHMP7 was significantly low expressed in 
tumor tissues in BLCA, ESCA, PRAD, THCA and UCEC, 
while the opposite results were observed in LUAD, LAML 
and DLBC (P < 0.05; Figure 1B–I).

At the protein expression level, the CPTAC dataset 
revealed that CHMP7 was lowly expressed in tumor tis-
sues in BRAC (P = 3.38e-05), COAD (P = 1.49e-05) and 
UCEC (P = 3.61e-03), while it was highly expressed in 
LUAD (P = 4.57e-03), which was consistent with the 
results of the above gene expression analysis 
(Figure 1J–M).

The HPA database is based on proteomic, transcrip-
tomic and systems biology data and includes protein 
expression in tumor and normal tissues. CHMP7 is gen-
erally medium expressed in normal tissues such as sto-
mach, kidney, testis and lung, while it is highly expressed 
in colon tissues. In STAD, TGCT, COAD, LUAD and 

KIRC, CHMP7 is lowly expressed (Figure 2A–E). The 
low expression level of CHMP7 is closely associated 
with the staging of many tumors. In BLCA, COAD, 
KIRC, SKCM, THCA and UCS, patients with lower 
CHMP7 levels showed more advanced tumor staging (P 
< 0.05; Figure 3A–F).

Survival Analysis
The tumor data in TCGA were divided into low and high 
expression groups according to CHMP7 expression level 
to explore the correlation between CHMP7 expression 
level and prognosis, and OS served as an observational 
index. In BRCA (P = 0.018), ESCA (P = 0.037), HNSC (P 
= 0.031), KIRC (P = 0.004), SARC (P = 0.03), GBM 
+LGG (P = 0.003) and SKCM (P = 0.03), CHMP7 low 
expression group had poorer prognosis and shorter OS. In 
reverse, in LAML (P = 0.029), the prognosis was better in 
the CHMP7 low-expression group (Figure 4A–H).

The Prognoscan website was used to explore the cor-
relation between tumor prognosis and CHMP7 in the GEO 
database. Some of the results are shown in Figure 2. In 
BLCA (GSE5287; cox P = 0.008926), BRCA (GSE3143; 
cox P = 1.3e-03 and GSE7390; cox P = 0.01934), COAD 
(GSE12945; cox P = 0.035903) and LUAD (jacob-00182- 
CANDF; cox P=0.026792), low CHMP7 expression was 
significantly associated with poor prognosis of patients 
(Figure 4I–N).

Mutation Analysis
We analyzed the CHMP7 genetic mutations in the TCGA 
dataset. The results showed that the frequency of CHMP7 
mutation was higher in PRAD, OV, and LIHC, 7% and 
8%, respectively. The most common mutation was deep 
deletion, which is shown in blue in Figure 5A. Mutation 
also occurred more frequently in UCEC. In PCPG, the 
main type of mutation in CHMP7 was amplification. In 
Figure 5B, the common mutation types and sites of 
CHMP7 are shown. Missense mutations were found to 
be the main type of CHMP7 mutations, mainly occurring 
in the Snf7 region. The three-dimensional structure of the 
protein is also shown schematically in the Figure 5C. To 
further explore the correlation between CHMP7 gene 
mutations and prognosis of patients with different tumors. 
The results demonstrated that in patients with COAD and 
UCEC, the CHMP7 gene mutation group resulted in poor 
DFS (log P = 0.0170; log P = 4.41e-08) without significant 
effect on OS (log P = 0.176; log P = 0.982). In the 
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Figure 1 CHMP7 expression level. (A) the differential expression of CHMP7 in tumor tissues and adjacent tissues; (B–I) Differential expression of CHMP7 in BLCA, ESCA, 
PRAD, THCA, UCEC, LUAD, LAML and DLBC in the TCGA merged GTEx dataset; (J–M) Differential expression of CHMP7 protein in BRCA, LUAD, KIRC and UCEC and 
corresponding normal tissues in the CPTAC dataset(*: P < 0.05; **: P < 0.01; ***: P < 0.001).

International Journal of General Medicine 2021:14                                                                             https://doi.org/10.2147/IJGM.S337876                                                                                                                                                                                                                       

DovePress                                                                                                                       
7911

Dovepress                                                                                                                                                             Guo et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


Figure 2 Differential expression of protein levels of CHMP7 in the HPA database. (A) CHMP7 was moderately expressed in normal gastric tissues and lowly expressed in 
STAD tissues; (B) CHMP7 was moderately expressed in normal kidney tissues and lowly expressed in KIRC tissues; (C) CHMP7 was moderately expressed in normal 
testicular tissues and lowly expressed in TGCT tissues; (D) CHMP7 was highly expressed in normal colon tissues and lowly expressed in COAD tissues; (E) CHMP7 was 
moderately expressed in normal lung tissues and lowly expressed in LUAD tissues.
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remaining tumor patients, CHMP7 gene mutation had no 
significant effect on prognosis (P >0.05; Figure 5D and E).

Methylation Analysis
R software (version 3.6.3) was deployed to investigate the 
potential correlations between CHMP7 DNA methylation 

and different tumor pathogenesis. Significant negative cor-
relation was observed between CHMP7 DNA methylation 
and probe cg00140501 in multiple tumor tissues of TCGA. 
As shown in Figure 6A–J, CHMP7 DNA methylation was 
significantly negatively correlated with probe cg00140501 
in ACC (R = −0.250; P = 0.028), BLCA (R = −0.140; P = 

Figure 3 Correlation analysis of CHMP7 expression levels with clinicopathological staging. (A–F): In BLCA, COAD, KIRC, SKCM, THCA and UCS, patients with lower 
CHMP7 levels showed more advanced tumor staging (*P < 0.05; **P < 0.01; ***P < 0.001).
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0.003), BRCA (R = −0.170; P < 0.001), COAD (R = 
−0.200; P = 0.001), LIHC (R = −0.190; P < 0.001), 
LUAD (R = −0.093; P = 0.048), LUSC (R = −0.180; 
P < 0.001), PRAD (R = −0.180; P < 0.001), SKCM (R = 
−0.280; P < 0.001) and STAD (R = −0.230; P < 0.001).

The DiseaseMeth database was used to explore the 
relationship between CHMP7 DNA methylation and 

different tumor tissues. In COAD (P = 1.14e-06), 
LGG (P = 3.79e-09), KICH (P = 4.22e-05), ACC (P 
= 2.11e-06) and UCS (P = 1.60e-03), CHMP7 DNA 
methylation was significantly negatively correlated 
with probe NM_001317899; in TGCT (P = 1.32e-15), 
it was negatively correlated with probe NM_152272 
(Figure 6K).

Figure 4 Survival analysis. (A–H) In BRCA (P = 0.018), ESCA (P = 0.037), HNSC (P = 0.031), KIRC (P = 0.004), SARC (P = 0.03), GBM+LGG (P = 0.003) and SKCM (P = 
0.03), CHMP7 low expression group had poorer prognosis and shorter OS. In reverse, in LAML (P = 0.029), the prognosis was better in the CHMP7 low expression group; 
I-N: In BLCA (GSE5287; cox P = 0.008926), BRCA (GSE3143; cox P = 1.3e-03 and GSE7390; cox P = 0.01934), COAD (GSE12945; cox P = 0.035903) and LUAD (jacob- 
00182-CANDF; cox P=0.026792), low CHMP7 expression was significantly associated with poor prognosis of patients.
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Phosphorylation Analysis
Protein phosphorylation is one of the most prevalent and 
important post-translational modifications of proteins in 
biology, and has been viewed by biologists as a dynamic 
biological regulatory process since the 1950s. The levels 
of CHMP7 phosphorylation in BRCA, COAD, OV, KIRC, 
LUAD and UCEC were analyzed with the CPTAC dataset, 
and the phosphorylation sites were summarized as in 
Figure 7A. The most common phosphorylation sites were 
S307 and S417, both located in the Snf7 region 
(Figure 7B–H). The results revealed that CHMP7 phos-
phorylation levels were higher in BRCA (P = 2.30e-13) 
and KIRC (P = 2.76e-19) than in normal tissues, and lower 
in COAD (P = 1.53e-09), OV (P = 1.36e-03), LUAD (P = 
4.15e-13) and UCEC (P = 2.94e-20). Snf7 acts 

a component of the ESCRT-III complex required for the 
sorting and concentration of proteins resulting in the entry 
of these proteins into the invaginating vesicles of 
the MVB.

Immuno-Infiltration Analysis
The tumor microenvironment (TME) is a complex inte-
grated system formed by the interaction of tumor cells 
with surrounding tissues and immune cells. The existence 
of TME can enhance tumor cell proliferation, migration 
and immune escape ability, thereby promoting the occur-
rence and development of tumors.

The correlation of different tumor types with each 
immune checkpoint molecule and mismatch repair gene 
in the TCGA dataset was analyzed. The results showed 

Figure 5 Genetic variation analysis. (A) The main types and frequency of CHMP7 mutation occurrence in each tumor tissue; (B) The main types and loci of CHMP7 
mutations; (C) Three-dimensional model of CHMP7 protein; (D) Prognosis of CHMP7 mutations on patients with COAD;(E) Prognosis of CHMP7 mutations on patients 
with LUSC.
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that most of the tumors were significantly correlated with 
immune checkpoint molecules and mismatch repair genes 
(Figure 8). Some of the correlation information is sum-
marized in Table 1.

Enrichment Analysis
To further investigate the molecular mechanism of CHMP7 
gene in tumorigenesis, we tried to screen the proteins interact-
ing with CHMP7 and CHMP7 expression-related genes for 
functional enrichment analysis. The protein–protein interac-
tion (PPI) network of Figure 9A presents the experimentally 
confirmed proteins included in the String database that interact 
with CHMP7. 100 genes associated with CHMP7 were 
obtained from the GEPIA website. GO and KEGG enrichment 

analysis were performed on the 150 genes (Table 2). They were 
mainly enriched in viral budding, multivesicular body assem-
bly and multivesicular body organization (BP) while genes in 
molecular function (MF) was mainly enriched in GTP binding, 
GTPase activity and structural constituent of cytoskeleton. 
Genes in cellular component (CC) were mainly enriched in 
ESCRT I complex, late endosome membrane and ESCRT 
complex (Figure 9B). A venn diagram was performed to 
represent the CHMP7 co-expressed genes shared in GEPIA 
and String and correlation analysis was performed (R = 0.500; 
P < 0.001; Figure 9C). KEGG pathway enrichment analysis 
showed that the main enrichment pathway that make up this 
modular gene was endocytosis, gap junction and phagosome 
(Figure 9D; Table 3).

Figure 6 Methylation analysis. (A–J) CHMP7 DNA methylation was significantly negatively correlated with probe cg00140501 in ACC (R = −0.250; P = 0.028), BLCA (R = 
−0.140; P = 0.003), BRCA (R = −0.170; P < 0.001), COAD (R = −0.200; P = 0.001), LIHC (R = −0.190; P < 0.001), LUAD (R = −0.093; P = 0.048), LUSC (R = −0.180; P < 
0.001), PRAD (R = −0.180; P < 0.001), SKCM (R = −0.280; P < 0.001) and STAD (R = −0.230; P < 0.001); (K) The DiseaseMeth database was used to explore the 
relationship between CHMP7 DNA methylation and different tumor tissues.
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Figure 8 Heat map of CHMP7 correlation analysis with immune checkpoint molecules and mismatch repair genes in multiple tumor tissues. Darker colors represent more 
significant differences, red represents positive correlation and blue represents negative correlation.

Figure 7 Phosphorylation analysis. (A) Common sites of CHMP7 protein phosphorylation; (B–H) Differential expression of CHMP7 protein in tumor tissues and 
corresponding normal tissues. IN BRCA and KIRC, tumor tissues were high in phosphorylated proteins; the opposite was true for COAD, LUAD, OV and UCEC.
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Table 1 The Relationship Between CHMP7 and Different Cell Markers of Immune Cells in COAD and LAML

Cell Type Gene Marker COAD LAML

Cor P Cor P

B cell CD19 0.150 <0.001 0.294 <0.001

CD79A 0.192 <0.001 0.247 0.002

CD8+T cell CD8A 0.313 <0.001 0.414 <0.001

CD8B 0.189 <0.001 0.410 <0.001

Dentritic celll ITGAX 0.162 <0.001 0.143 0.080

NRP1 0.180 <0.001 0.071 0.384
CD1C 0.107 0.019 0.158 0.053

M1 Macrophage PTGS2 0.097 0.034 0.163 0.045
IRF5 0.031 0.496 0.166 0.041

NOS2 0.164 <0.001 −0.004 0.959

M2 Macrophage MS4A4A 0.134 0.003 0.180 0.027

VSIG4 0.148 0.001 0.159 0.051
CD163 0.214 <0.001 0.197 0.015

Monocyte CSF1R 0.181 <0.001 0.151 0.064
CD86 0.208 <0.001 0.045 0.584

Neutrophils CCR7 0.206 <0.001 0.495 <0.001
ITGAM 0.148 0.001 0.140 0.086

CEACAM8 0.138 0.002 0.102 0.213

T cell CD3D 0.244 <0.001 0.238 0.003

CD3E 0.260 <0.001 0.493 <0.001

CD2 0.282 <0.001 0.386 <0.001

T cell exhaustion LAG3 0.321 <0.001 0.224 0.006

HAVCR2 0.188 <0.001 0.192 0.018

GZMB 0.059 0.196 0.374 <0.001

PDCD1 0.319 <0.001 −0.051 0.531

TAM CCL2 0.036 0.436 0.222 0.006

IL10 0.079 0.082 0.207 0.011

CD68 0.303 <0.001 −0.031 0.710

Tfh BCL6 0.113 0.013 0.151 0.065

IL21 0.159 <0.001 0.022 0.793

Th1 TBX21 0.304 <0.001 0.421 <0.001
STAT4 0.198 <0.001 0.277 <0.001

STAT1 0.277 <0.001 0.140 0.087

IFNG 0.223 <0.001 0.277 <0.001

Th2 GATA3 0.087 0.057 0.378 <0.001

STAT6 0.097 0.033 0.140 0.086
STAT5A 0.129 0.005 0.070 0.390

Th17 STAT3 0.241 <0.001 0.070 0.394
IL17A 0.011 0.814 0.023 0.782

(Continued)
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Discussion
CHMP7 plays a significant role in the endosomal sorting 
pathway.1–3 The ESCRT system is the molecular machin-
ery that completes the invagination of endosomal mem-
branes to form MVBs in eukaryotic cells, and its main 
function is to promote the degradation of membrane pro-
teins tagged with biquitin.4–6 CHMP7 can form a complex 
with ESCRTIII to jointly complete the process of contrac-
tion, shear bud neck and final membrane shedding.2 The 

ESCRT system consists of five core complexes: ESCRT-0, 
ESCRT-I, ESCRT-II, ESCRT-III and Vps4-Vta1.3,33 

CHMP7 is mainly involved in the formation of the 
ESCRT III, which shear the neck of the budding body, 
thereby releasing the vesicles into the lumen of the endo-
some and completing the germination process.

Regarding tumor research, various studies have been 
conducted to demonstrate the oncogenic or oncogenic func-
tions of ESCRT members due to their key role in cell 

Figure 9 Functional enrichment analysis. (A) PPI network for CHMP7; (B) GO analysis histogram of CHMP7 and its related genes; (C) Venn diagram of genes associated 
with CHMP7 from GEPIA and String; (D) Scatter plot of KEGG analysis of CHMP7 and its related genes.

Table 1 (Continued). 

Cell Type Gene Marker COAD LAML

Cor P Cor P

Teg FOXP3 0.140 0.002 0.384 <0.001
CCR8 0.166 <0.001 0.247 0.002

TGFB1 0.144 0.002 0.041 0.614

MMR related genes MLH1 0.218 <0.001 0.121 0.138

MSH2 0.001 0.980 0.036 0.659

MSH6 0.143 0.002 −0.068 0.407
PMS2 0.064 0.164 0.166 0.042

EPCAM 0.040 0.381 0.044 0.592
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surface receptor degradation. However, few studies have 
been conducted on CHMP7 in oncology. In this article, 
we selected TCGA, GEO and CPTAC datasets to explore 
the expression level of CHMP7 in tumor tissues. The results 
showed that CHMP7 was lowly expressed in most tumors, 
and survival analysis by plotting KM curves revealed that 
the low CHMP7 expression group was associated with poor 
prognosis in most tumor patients. We also performed 
CHMP7 genetic mutation analysis, DNA methylation ana-
lysis, protein phosphorylation analysis, and immune infiltra-
tion analysis to explore the possible mechanisms of 
CHMP7 low expression in tumor progression.

The analysis of CHMP7 expression in different tumor 
tissues showed that in most tumor tissues, CHMP7 expres-
sion levels were lower than those in normal tissues. 
Combined with the function of ESCRT-III, which is 
involved in the formation of CHMP7, it is suggested that 

the deletion of CHMP7 expression may affect the normal 
function of ESCRT, leading to impaired inactivation of 
cytokines or ubiquitinated proteins, further leading to 
tumorigenesis. Nevertheless, for hematologic malignan-
cies, such as DLBC and LAML, CHMP7 presents high 
expression. Accordingly, survival analysis of the TCGA 
and GEO dataset revealed that in most tumor patients, the 
CHMP7 low-expression group was significantly associated 
with poor prognosis, while for LAML patients, the 
CHMP7 high-expression group had a worse prognosis. 
This result is consistent with the previous analysis of 
expression differences. Our study also revealed that 
CHMP7 expression levels were closely correlated with 
patient tumor stage, and in a variety of solid tumors, 
patients with lower CHMP7 expression levels showed 
more advanced tumor stage.

Genetic variation analysis revealed that the most com-
mon mutation in CHMP7 is deep deletion, which mani-
fests as missense mutations at the protein level. Most of 
the mutated sites were located in the Snf7 region, suggest-
ing that Snf7 may be a critical region for CHMP7 to 
perform its function. Snf7 acts a component of the 
ESCRT-III complex required for the sorting and concen-
tration of proteins resulting in the entry of these proteins 
into the invaginating vesicles of the MVB.34 Snf7 is the 
most abundant ESCRT-III subunit which forms mem-
brane-sculpting filaments with 30 Angstrom periodicity 
and an exposed cationic membrane-binding surface.35 

ESCRT-III is critical for late steps in MVB sorting, such 
as membrane invagination and final cargo sorting and 
recruitment of late-acting components of the sorting 
machinery.36 Protein phosphorylation analysis verified 
this conjecture. Protein phosphorylation is the most funda-
mental, pervasive, and important mechanism that regulates 
and controls protein viability and function.37 Analysis of 
the CPTAC dataset showed that the majority of the most 
frequent phosphorylation sites of the CHMP7 protein are 
also located in the Snf7 region. In summary, Snf7 should 
be the main region where CHMP7 performs its function, 
and the deep deletion that occurs in the Snf7 region leads 
to a frameshift mutation in the CHMP7-encoded protein. 
The post-transcriptional modification also occurs most fre-
quently in the Snf7 region, and phosphorylation prevents 
the protein from exercising its function properly, thus 
leading to tumor progression.

DNA methylation is a form of chemical modification 
of DNA that can alter genetic expression without altering 
the DNA sequence. DNA methylation refers to the 

Table 2 Genes Related to CHMP7 Obtained from GEPIA and 
String

Database Genes

GEPIA VPS37A, KIAA0232, HNRNPDL, ZNF596, CCDC25, 

YLPM1, ZNF263, HERC1, CTD-3113P16.11, ENTPD4, 

STRIP1, ZKSCAN5, COPS4, MLH1, UBTF, INTS9, 
PPP1R8, R3HCC1, VPS39, HNRNPM, MORF4L1, 

MATR3, BTN2A1, UBR7, NEIL2, USP47, EXOC4, 

FAM114A2, PPP2R2A, TP53BP1, ERCC3, PCM1, 
GNPDA2, ABL1, METTL14, MCPH1, ZFYVE1, 

ATP6V1B2, ZBTB49, DHX30, CTD-2530N21.4, 

LDOC1L, ARHGEF10, SDAD1P1, NUDCD3, PPP2CB, 
POLR3D, TTI2, ZNF510, POLDIP3, ACTR1A, EXTL3, 

SART3, ZC3H10, GEMIN5, CTCF, TATDN2, 

SMARCAL1, WDR82, MORF4L1P1, VPS41, ZNF197, 
AGGF1, XPO7, C11orf58, DPF2, DCTN6, KBTBD4, 

EPC2, EID1, TAOK2, FAM168B, LIX1L, C9orf156, 

SARAF, KDM3B, CSTF2T, CCAR2+A2:A145, 
C12orf43, HNRNPK, MFAP1, NEK9, FBXW11, 

GTF2F1, GPBP1, SAFB, ZBTB14, TRIM35, TNKS, 

RNF20, PPP3CC, RANBP3, FAM160B2, RAD17, NRF1, 
HNRNPUL2, BLOC1S6, RBM23, IP6K1, KCTD20

String VPS37A, CHMP3, PLIN2, CHMP1B, TUBB6, CHMP6, 

TUBB8B, CETN1, CHMP4A, TUBA4A, MAP1LC3A, 

VPS28, VPS37C, TUBB2A, TSG101, TUBA1C, 
TUBA1A, CHMP2A, TUBB2B, MAP1LC3B, UBAP1, 

MAP1LC3C, TUBAL3, STAM, VPS25, VPS37B, VPS36, 

PLIN3, HGS, IFT88, MVB12A, TUBB4A, TUBB4B, 
CHMP4B, TUBB1, CFTR, CHMP7, TUBA3E, TUBA8, 

BABARAPL2, HBB, PCNT, TUBA1B, BABARAPL1, 

HDAC6, MVB12B, BABARAP, CHMP2B, VPS37D, SNF8
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covalent bonding of a methyl group at the cytosine 5 
carbon position of a genomic CpG dinucleotide by the 
action of DNA methylation transferase. Numerous studies 
have shown that DNA methylation can cause changes in 
chromatin structure, DNA conformation, DNA stability 
and the way DNA interacts with proteins, thereby control-
ling gene expression.38 Analysis by the Diseasemeth data-
base and R software revealed that CHMP7 was negatively 
associated with methylation probes in a wide range of 
tumors. Methylation modifications may lead to 
a decrease in CHMP7 expression or altered protein func-
tion, which may be associated with tumorigenesis or 
progression.

Immune checkpoints are some inhibitory signaling path-
ways that exist in the immune system. Under normal anti- 
tumor immune response, the body maintains a balance of co- 
stimulatory and co-inhibitory signals to maintain immune 
tolerance by regulating the strength of autoimmune response. 
When the organism is attacked by tumor, it usually blocks the 
immune checkpoint signaling pathway and thus suppresses 
autoimmunity, providing opportunities for tumor cells to 
grow and escape. Tumor immunotherapy is to inhibit and 
kill tumor cells by mobilizing the body’s own immune sys-
tem, which has become the most promising research direc-
tion in the field of tumor therapy. We analyzed the correlation 
of CHMP7 with immune checkpoint molecules in 33 tumors 

of TCGA. The heat map demonstrates that CHMP7 expres-
sion is significantly associated with immune checkpoint 
molecules in a variety of tumors, such as CD19, CD79A 
and IL21 (Figure 6). Lymphocytes that infiltrate into the 
tumor are called tumor infiltrating lymphocytes (TILs), 
which include T lymphocytes, B lymphocytes, macrophages, 
natural killer (NK) cells, myeloid-derived suppressor cells 
(MDSC) and dendritic cells (DC) that play a role in antigen 
presentation. Lymphocytes infiltrating into the tumor med-
iate the immunosuppressive tumor microenvironment, help-
ing tumor cells to achieve immune escape and promoting 
tumor malignancy, with tumor infiltrating lymphocytes 
(TAM) and regulatory T cells (Tregs) playing a major role.

To further investigate the function of CHMP7 and its 
related genes, GO and KEGG functional aggregation ana-
lysis were performed. GO analysis revealed that CHMP7- 
related genes are mainly involved in the composition of 
the various ESCRT complexes. In terms of molecular 
function, they mainly bind to GTP, exert GTPase activity 
and promote MVB assembly. In the KEGG enrichment 
analysis, the main pathways expressed by CHMP7 and 
related genes were endocytosis, gap junction and phago-
some. The results obtained from the functional enrichment 
analysis were generally consistent with the above.

In this article, we focused on the correlation between 
CHMP7 and tumors. And we explored the possible 

Table 3 Functional Enrichment Analysis of CHMP7 and Its Related Genes

Ontology ID Description Gene Ratio p value p. Adjust q value

BP GO:0036258 Multivesicular body assembly 20/131 5.20e-37 8.70e-34 7.68e-34
BP GO:0036257 Multivesicular body organization 20/131 1.46e-36 1.22e-33 1.08e-33

BP GO:0046755 Viral budding 17/131 8.51e-32 4.75e-29 4.19e-29

BP GO:0039702 Viral budding via host ESCRT complex 16/131 2.64e-31 1.11e-28 9.75e-29
BP GO:0019068 Virion assembly 17/131 2.10e-27 7.03e-25 6.20e-25

CC GO:0036452 ESCRT complex 22/134 4.87e-45 1.29e-42 1.06e-42

CC GO:0031902 Late endosome membrane 20/134 1.72e-21 2.28e-19 1.87e-19
CC GO:0000813 ESCRT I complex 9/134 2.34e-19 2.07e-17 1.70e-17

CC GO:0005770 Late endosome 22/134 3.11e-18 2.06e-16 1.70e-16
CC GO:0000815 ESCRT III complex 8/134 1.64e-16 7.86e-15 6.46e-15

MF GO:0005200 Structural constituent of cytoskeleton 13/129 4.79e-13 1.42e-10 1.30e-10

MF GO:0003924 GTPase activity 13/129 7.16e-07 1.06e-04 9.72e-05
MF GO:0005525 GTP binding 13/129 3.51e-06 2.03e-04 1.87e-04

MF GO:0032550 Purine ribonucleoside binding 13/129 3.95e-06 2.03e-04 1.87e-04

MF GO:0001883 Purine nucleoside binding 13/129 4.30e-06 2.03e-04 1.87e-04
KEGG hsa04144 Endocytosis 21/76 6.56e-15 7.15e-13 6.42e-13

KEGG hsa04540 Gap junction 13/76 1.07e-12 5.84e-11 5.25e-11

KEGG hsa04145 Phagosome 15/76 6.96e-12 2.38e-10 2.13e-10

KEGG hsa05132 Salmonella infection 18/76 8.72e-12 2.38e-10 2.13e-10

KEGG hsa05014 Amyotrophic lateral sclerosis 19/76 6.03e-10 1.31e-08 1.18e-08
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mechanisms of CHMP7 action by survival analysis, 
CHMP7 mutation analysis, DNA methylation analysis, 
post-translational modification protein phosphorylation 
analysis, immune infiltration analysis and functional 
aggregation analysis. The results indicate that deletion of 
CHMP7 expression, genetic variants, DNA methylation, 
or post-transcriptional protein modifications resulting in 
functional alterations are closely associated with tumors.

Conclusion
Pan-cancer analysis showed that CHMP7 expression was 
statistically correlated with clinical prognosis, DNA 
methylation, protein phosphorylation and immune cell 
infiltration. In conclusion, CHMP7 plays an important 
role in the development of multiple tumors and may pro-
vide new ideas or targets for tumor diagnosis or treatment.

Highlight
In this article, TCGA, GEO and CPTAC were chosen to 
analyze the role of CHMP7 in pan-cancer. The role of 
CHMP7 in pan-cancer was analyzed using R software 
and tools such as TIMER, GEPIA, UALCAN, String 
and DiseaseMeth. This included differential expression 
analysis, survival analysis, genetic variation analysis, 
DNA methylation analysis, post-translational modifica-
tion protein phosphorylation analysis and functional 
enrichment analysis of CHMP7.

Abbreviation
CHMP7, Charged multivesicular body protein 7; ESCRT, 
endosomal sorting complex required for transport; MVBs, 
multivesicular bodies; ILVs, intralumenal vesicles; EGFR, 
Epidermal growth factor receptor; SBMA, spinal and bulbar 
muscular atrophy; TME, tumor microenvironment; HR, 
hazard ratios; CI, confidence intervals; TILs, tumor infiltrating 
lymphocytes; TAM, tumor infiltrating lymphocytes; Tregs: 
regulatory T cells.
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