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Background: EGFR frequently accumulates and mutates simultaneously in various cancers. Ubiquitinated EGFR proteins can be
degraded by the endosomal sorting complex required for transport. Among them, ESCRTIII is mainly composed of CHMP family
members.
Methods: A total of 424 samples from the TCGA-LIHC data set were used to explore the relationship between CHMPs and liver
hepatocellular carcinoma (LIHC). Oncomine, the Human Protein Altas, cBioPortal, TISIDB, TIMER, Metascape, and R software were
used to facilitate analysis of the role played by CHMPs in the pathogenesis of LIHC. The role of CHMPs in the development of LIHC
was analyzed in terms of differential expression, survival, mutation, immunoinfiltration, functional enrichment, and drug sensitivity.
Results: Differential expression analysis showed that CHMPs were significantly more expressed in LIHC tumor tissue, and the high
expression of some CHMPs was closely correlated with clinicopathological stage. The prognosis was worse in the group with high
expression of CHMPs. Among them, CHMP4C was considered to play a major role. Gene-mutation analysis and DNA promoter–
methylation analysis further revealed possible mechanisms for the aberrant amplification of CHMPs. Immunoinfiltration analysis
indicated that CHMPs were closely associated with multiple immune cells and exhibited resistance to various drugs when highly
expressed.
Conclusion: CHMPs were found to be significantly elevated in LIHC and strongly associated with immune-cell infiltration, poor
prognosis, multiple star pathways, and drug resistance.
Keywords: hepatocellular carcinoma, ESCRT, EGFR, CHMP4C

Introduction
Liver cancer is one of the most common malignancies worldwide, especially in Asia, Africa, and southern Europe.1–3

Liver hepatocellular carcinoma (LIHC) accounts for a majority of primary liver cancers, is the fourth-leading cause of
cancer-related deaths, and ranks sixth in terms of number of new cases globally.4,5 Several current treatments for LIHC,
such as surgery and hepatic artery embolization, have rather limited effects. Molecularly targeted drugs have also failed
to reach expected targets, due to the lack of drug-producing properties of major LIHC mutations (such as TP53, TNNB1,
and TERT promoter).6–9 Recently, the article “EGFR activation limits the response of hepatocellular carcinoma to
lenvatinib” was published online as a cover paper in the prestigious international journal Nature.10 It showed that the
combination of an EGFR inhibitor and lenvatinib had a significant killing effect on a model of HC with high expression
of EGFR. Inspired by this study, we tried to explore the association between genes affecting EGFR degradation and
LIHC.

EGFR frequently accumulates and is concomitantly mutated in a variety of cancers.11–13 Besides the classical
degradation pathway that relies on EGF induction, EGF-independent proteasomal degradation plays a major regulatory
role in maintaining EGFR protein homeostasis.14,15 The EGF–EGFR complex is internalized into the cell and passes
through early endosomes, late endosomes, and multivesicular bodies (MVBs) before reaching the lysosome, where it is
degraded, thereby attenuating the EGFR-mediated signal.16,17 Endosomal sorting complexes required for transport
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(ESCRT) are involved in this process, sorting the ubiquitinated receptor at the MVB to facilitate lysosomal degradation.18

The main function of the ESCRT system is to promote the degradation of ubiquitin-labeled membrane proteins,19 and it is
also involved in cell division, virus germination, cellular autophagy, and fungal pH sensing.20–22 ESCRT consists of
multiple protein complexes, most of which have been structurally resolved. Among them, ESCRT-III is responsible for
shearing the neck of the budding body, thereby releasing the vesicles into the lumen of the endosome and completing the
budding process.

ESCRT-III is composed of two parts — a core subunit and a regulatory subunit — and its function is essential for
ESCRT to sort ubiquitinated proteins.23 That is why the proteins involved in the composition of ESCRT-III were selected
as the target of this paper to explore the effects played by their abnormal expression or mutation in LIHC. Unlike yeast,
its human-derived proteins mainly include 12 species: CHMP1A, CHMP1B, CHMP2A, CHMP2B, CHMP3 (VPS24),
CHMP4A,CHMP4B, CHMP4C, CHMP5, CHMP6, CHMP7, and IST1 (CHMP8). In oncological studies, CHMP1A is
implicated as a tumor-suppressor gene with antiproliferative effects in pancreatic cancer.24,25 CHMP4A is suspected to be
associated with ovarian cancer and prostate cancer.26,27 CHMP4C plays an important role in the development of cervical
cancer and is associated with the radiosensitivity of lung cancer tumor cells.28,29

In this paper, with the help of bioinformatic techniques, patient samples from the Cancer Genome Atlas (TCGA)
database were selected for analysis. The relationship between ESCRT-III components and HC was analyzed in terms of
differential expression, survival analysis, functional enrichment, and tumor drug resistance.

Methods
Data Source
TCGAwas initiated by the National Cancer Institute and the National Human Genome Research Institute in 2006. It is an
important source of clinical data, genomic variation, mRNA expression, miRNA expression, methylation, and other data
for cancer researchers.30 LIHC samples from TCGA were included in the study.

Differential Expression Analysis
Oncomine (https://www.oncomine.com) takes tumor-related microarray data from various sources and processes them
with a standardized analysis process. The results of the data analysis can be queried and visualized through web services,
thus facilitating data utilization and tumor research.31 Oncomine and R software (version 3.6.3) were employed for
differential expression analysis. The eleven components of ESCRT were analyzed for differential expression at the
mRNA level in LIHC tumor tissue and normal tissue. The Human Protein Atlas (HPA) utilizes transcriptomic and
proteomic technologies to explore protein expression at the RNA and protein levels in different human tissue types and
organs. The HPA database is a convenient way to explore the expression of protein-coding genes in normal and tumor
tissue/organs.

Survival Analysis
R software was applied to preprocess the screened data for quality control, background correction, normalization, and
gene annotation. The Survival package of R software was implemented to perform survival analysis and plot Kaplan–
Meier curves and risk tables. Downloaded sample information was divided into high- and low-expression groups
according to the CHMP-expression percentile, and log-rank tests were performed to analyze whether there were any
differences in the overall survival (OS) and disease-free survival (DFS) of patients between the high- and low-expression
groups.

Mutation Analysis
The cBio cancer genomics portal (cBioPortal) facilitates the exploration of multidimensional cancer-gene data, allowing
visual analysis across genes, samples, and data types. Researchers can visualize patterns of genetic alterations across
numerous samples in a particular cancer study and compare the frequency of genetic alterations in multiple cancer studies
or summarize and summarize all relevant genomic alterations in a single tumor sample.32 cBioPortal was exploited for
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mutational analysis. The main mutation types and mutation frequencies of the 12 components of ESCRT-III in LIHC
were analyzed.

Methylation Analysis
DNA methylation is a form of chemical modification of DNA. Numerous studies have indicated that DNA methylation
induces changes in chromatin structure, DNA conformation, DNA stability, and the way DNA interacts with proteins,
which in turn controls gene expression.33,34 R software (version 3.6.3) was applied for methylation analysis and
visualization to compare whether there were significant differences in promoter-methylation levels of ESCRT-III–related
genes between tumor tissue and normal tissue.

Immunoinfiltration Analysis
TISIDB (http://cis.hku.hk/TISIDB) is a powerful website containing a wealth of tumor immunorelated data that
facilitates comprehensive study of immune cell–tumor interactions. The site collates 4,176 records from 2,530 publica-
tions, in which 988 genes associated with antitumor immunity are documented. For 30 TCGA cancer types, associations
between genes and immunounction (such as lymphocytes, immunomodulators, and chemokines) have been precomputed.
Tumor immunoinfiltration refers to the movement of immune cells from the blood to tumor tissue and exerting their
effects. Immunoinfiltration in tumors is closely related to clinical outcomes, and immune cells infiltrating tumors are
most likely to be used as drug targets to improve patient survival. The Tumor Immune Estimation Resource (TIMER;
https://cistrome.shinyapps.io/timer) can detect immunoinfiltration in tumor tissue using RNA-Seq expression-profiling
data.35

Functional Enrichment Analysis
Functional enrichment analysis is the process of grouping together genes with similar functions in a gene list and
associating them with biological phenotypes. Gene Ontology (GO) is a semantic vocabulary standard for qualifying and
describing the functions of genes and proteins for all species and can be updated as research progresses. The Kyoto
Encyclopedia of Genes and Genomes (KEGG) is a comprehensive database that integrates genomic, chemical, and
phylogenetic functional information. Selected genes coexpressed with CHMPs were screened for GO and KEGG
enrichment analysis using String and GEPIA. R software was employed to analyze the relationship of genes involved
in the formation of the ESCRT-III complex with some star pathways, such as apoptosis, cell cycle, and DNA-damage
response.

Drug-Sensitivity Analysis
The Cancer Therapeutics Response Portal (CTRP) bridges genetic, genealogical, and other cellular characteristics of
cancer cell lines with small-molecule sensitivity to support future patient-matched drug discovery based on predictive
biomarkers.36 The Genomics of Drug Sensitivity in Cancer (GDSC) database characterizes 1,000 human cancer cell
lines, screens them with >100 compounds, and tags drug-response data with sensitivity genomes.37 The CTRP and
GDSC are employed to collect small molecules.

To analyze the correlation between gene expression and drug sensitivity, we downloaded the area under the dose–
response curve values of drugs and gene-expression profiles of all cancer cell lines from the CTRP and GDSC and
performed resistance analysis of the gene sets from GDSC/CTRP drug data. Spearman correlation analysis indicates the
correlation between gene expression and drug sensitivity. A positive correlation implies that high gene expression confers
resistance to the drug and a negative one that it does not.

Data Analysis
The log-rank test was chosen to analyze differences in OS between high and low gene–expression groups. Spearman
analysis was employed to analyze correlations of gene-expression levels with drug sensitivity. All the data analysis in the
article, such as the differential expression of each gene, correlations of gene-expression levels with pathological staging,
and correlations with immunoinfiltration, were considered significant at P<0.05.
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Results
Differential Expression Analysis
A total of 424 samples from the TCGA-LIHC data set were selected for this study: 50 of normal tissue and 374 of HC
tissue. The Wilcoxon rank-sum test was used to compare differences in expression of CHMPs between normal and tumor
tissue, and the results showed that CHMP1A, CHMP2A, CHMP2B, CHMP3 (VPS24), CHMP4A, CHMP4B, CHMP4C,
CHMP5, CHMP6, CHMP7,andCHMP8 (IST1) were all highly expressed in tumor tissue (P<0.05, Figure 1A). Paired
sample t-tests were used for paired-sample analysis, and 50 normal-tissue and the matched 50 HC-tissue samples were
retained. The results showed that the CHMPs remained highly expressed, except for CHMP4A (P<0.05; Figure 1B).
Further analysis of the correlation between differences in expression of CHMPs and clinicopathological staging revealed
that the higher the CHMP1A, CHMP2B, CHMP3, CHMP4B, CHMP5, and CHMP7 expression, the more advanced the
clinical staging of the patients (P<0.05, Figure 1C–H). In contrast, there was no significant correlation between
CHMP1B, CHMP2A, CHMP4A, CHMP4C, and CHMP6 expression content and clinicopathological stage (P>0.05).
The HPA database contains proteomic, transcriptomic, and system-biology data covering normal and tumor tissue.
Differential expression data at the protein level of CHMPs were obtained from the HPA database, and immunohisto-
chemical results demonstrated a significant increase in CHMP expression in tumor tissue, consistent with the results of
differential gene-expression analysis (Figure 2).

Survival Analysis
Data from TCGA-LIHC were divided into high- and low-expression groups based on the percentage of CHMPs
expressed. Log-rank tests were employed for survival analysis to compare whether there was a discrepancy in OS and
DFS between the groups. As shown in Figure 3A, in terms of OS, CHMP1A (P=0.008), CHMP2B (P=0.013), CHMP3
(P=0.012), CHMP4A (P=0.004), and CHMP4B (P=0.002) expression levels significantly correlated with prognosis, with
shorter OS in the high-expression group. Regarding DFS, high expression of CHMP2B (P=0.036), CHMP3 (P=0.031),
CHMP4A (P=0.01), and CHMP4B (P=0.002) were associated with poor prognosis (Figure 3B). This result was generally
consistent with the differential gene-expression results.

Mutation Analysis
A total of 814 samples from TCGA PanCancer Altas LIHC (372 samples) and TCGA Firehose Legacy LIHC (442
samples) were included in the study, and the mutation with the highest frequency in CHMPs was found to be
amplification (Figure 4A). Further detailed analysis of mutations in each gene in the LIHC samples demonstrated that
CHMP4C mutations had the highest frequency of 10% and were primarily amplification mutations. The next-highest
frequency of CHMP7 mutations was 7%, which were mainly deep deletion (Figure 4B). Taking the survival analysis
further, it was found that the mutation group had a poorer prognosis (Figure 4C, P=0.0465). The heterozygous and
homozygous copy-number variation (CNV) statistics for LIHC are displayed as pie charts in Figure 4D.

Methylation Analysis
Methylation analysis was performed with the R software to analyze the differences in promoter-methylation levels of
CHMPs between LIHC normal and tumor tissue (Figure 5A–J). The results showed that CHMP1A (P=1.62–12),
CHMP1B (P=1.83–12), CHMP2A(P=1.62–12), CHMP3(P=6.7–7), and CHMP4C (P<1–12) tumor tissue had lower pro-
moter-methylation levels, while CHMP2B, CHMP4A, CHMP4B, CHNMP5, and CHMP6 did not differ significantly
(P>0.05).

Immunorelated Analysis
“The immune landscape of cancer”,38 an article published in the journal Immunity in April 2018, based on differences in
macrophage or lymphocyte characteristics, Th1:Th2 cell ratio, degree of tumor heterogeneity, aneuploidy, degree of
neoantigen load, cell proliferation, expression of immunoregulatory genes, prognosis, and other indicators among
different subtypes, classified all tumors into six immunosubtypes, namely wound healing (C1), IFNγ-dominant (C2),
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inflammatory (C3), lymphocyte depleted (C4), immunologically quiet (C5), and TGFβ-dominant (C6). The distribution
of CHMP expression in immunosubtypes of LIHC was analyzed as depicted in Figure 6. Correlations between the
expression of CHMPs in tumor tissue and the infiltration of immune cells were assayed with the help of RNA-Seq
expression-profiling data. The results obtained are shown in Figure 7, where CHMP expression was positively correlated
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Figure 1 Differential expression of CHMPs. (A) Differential expression analysis of CHMPs in TCGA-LIHC data set in 424 samples (normal 50, cancer 374); (B) differential
expression analysis of CHMPs in paired samples of the TCGA-LIHC data set; (C–H) Correlations of CHMP expression with clinicopathological staging. *P<0.05; **P<0.01;
***P<0.001.
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with immune-cell infiltration (B cells, CD4+ T cells, CD8+ T cells, neutrophils, macrophages, and dendritic cells; P<0.05)
and insignificantly correlated with tumor purity (P>0.05).

Functional Enrichment Analysis
The top 100 genes that were coexpressed with CHMPs were screened using GEPIA and the results visualized and
analyzed with a looping plot. The purple curves link identical genes (Figure 8A) and the blue curves connected genes that
belong to the same enriched ontology term (Figure 8B). To further catch the relationships between terms, we selected an
enriched subset of terms and presented it as a network graph, where terms with similarity >0.3 are connected by edges.
We selected terms with the best P-value from each of the 20 clusters, with the restriction that there were no more than 15
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Figure 2 Differential expression analysis of CHMPs in the HPA database. (A–D) Immunohistochemistry was employed to analyze differences in expression of CHMP1B,
CHMP3, CHMP4B, and CHMP4C in normal and tumor liver tissue.
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terms per cluster and no more than 250 terms in total. The network was visualized using Cytoscape 7, with each node
representing an enriched term, colored first with its cluster ID (Figure 8C) and then with its P-value (Figure 8D). The
network of enriched terms are represented as pie charts and color-coded based on the identities of the gene lists
(Figure 8E). Combined with P-value analysis, CHMPs and their coexpressed gene GO were enriched for MVB assembly,
proteolysis involved in cellular protein catabolic processes, cell division, and autophagy. KEGG enriched pathways were
membrane trafficking, metabolism of RNA, and cell cycle (Table 1).

The role of CHMP members in influencing the star pathway in tumorigenesis development was further specifically
analyzed (Figure 9A and B). Included were TSC–mTOR, RTK, RAS–MAPK, PI3K–Akt, hormone ER, hormone AR,
epithelial–mesenchymal transition, DNA-damage response, cell cycle, and apoptosis pathways. These are all famous
cancer-related pathways. RBN RPPA data were median-centered and normalized by standard deviation across all samples
for each component to obtain the relative protein level. The pathway score was the sum of the relative protein level of all
positive regulatory components minus that of negative regulatory components in a particular pathway.

Gene expression was divided into two groups (high and low) by median expression, differences in pathway activity
score (PASs) between groups were defined using Student’s t-test, P-value was adjusted by FDR, and FDR ≤0.05 was
considered significant. When PAS (gene A, high group) > PAS (gene A, low group), we considered that gene A may have
an activating effect on a pathway and otherwise an inhibiting effect. The results demonstrated that CHMP4C affected

A

B

Figure 3 Survival analysis with risk tables. (A) Correlation analysis between CHMP expression and OS; (B) correlation analysis between CHMP expression and DSS.
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A B

C
D

Figure 4 Mutation analysis. (A) Mutation frequency and types of CHMP in LIHC tumor tissue; (B) separate presentation of mutation type and frequency of CHMP members
in LIHC tumor tissue; (C) OS of CHMP-altered group was significantly lower than that of unaltered group; (D) CNV of CHMPs.
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several pathways, the most significant of which was inhibition of epithelial–mesenchymal transition. CHMP4B inhibit
RTK, and CHMP2B inhibit DNA-damage response.

Drug-Sensitivity Analysis
We analyzed gene-set drug resistance from GDSC/CTRP IC50 drug data. The Spearman correlation represents gene-
expression correlation with the drug. A positive correlation means that high gene expression confers resistance to the
drug and a negative one that it does not. Analysis of CTRP and GDSC source data revealed that CHMP4C, CHMP4B,
CHMP2B, and CHMP2A showed resistance to multiple drugs when highly expressed (Figure 10A and B). GO and
KEGG enrichment analysis was performed on CHMP4C and its coexpressed genes (Table 2). They were primarily
enriched in viral budding via the host ESCRT complex, viral budding, midbody abscission, MVB organization, and MVB
assembly in biological processes (BPs; Figure 11A), while genes in molecular function (MF; Figure 11B) were mainly
enriched in purine-nucleotide binding, GTPase activity, purine-ribonucleoside binding, GTP binding, and structural
constituents of the cytoskeleton. Genes in cellular component (CC) were mainly enriched in late endosome membrane,
endosome membrane, microtubules, ESCRT complex, and ESCRT-III complex (Figure 11C). KEGG pathway-enrich-
ment analysis showed that the main enrichment pathways that made up this modular gene were endocytosis, Salmonella
infection, phagosome, and gap junction (Figure 11D).

Discussion
EGFR accumulates abnormally in multiple diseases, and its downregulation is mediated through the ESCRT system.
Mutations in the cCbl binding region of EGFR can lead to impairment of its ubiquitination and thus prevent its

A B C D

E F G H

I J K L

Figure 6 Immunological subtypes. (A–L) Differential expression analysis of CHMPs in immunologic subtypes of LIHC.
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Figure 7 Immunoinfiltration analysis. (A–J) Correlations between gene expression of CHMPs in LIHC and infiltration of immune cells (B cells, CD4+ T cells, CD8+ T cells,
neutrphils, macrophages, and dendritic cells).
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Figure 8 Functional enrichment analysis of CHMPs. (A) The top 100 genes coexpressed with CHMPs were screened using GEPIA and the results were visualized and
analyzed with a loop plot. At the gene level, where purple curves link identical genes; (B) blue curves link genes that belong to the same enriched ontology term; (C) colored
by cluster ID, where nodes with the same cluster ID are usually close to each other; (D) colored by P-value, where terms containing more genes tend to have greater
significance; (E) network of enriched terms represented as pie charts, where pies are color-coded based on the identities of the gene lists.
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degradation through the ESCRT system, leading to accumulation.39 Several EGFR mutants associated with cancer lack
their cCbl binding region and are thus not regulated by the ESCRT system.40 The ESCRT system is an essential
molecular mechanism for membrane protein sorting in eukaryotic cells.41 It has been demonstrated that ubiquitin-tagged
membrane proteins are first transported to the endosomal membrane by cytokinesis and then invaginated by the ESCRT
system, which releases membrane components containing these proteins into the endosomal lumen to form intraluminal
vesicles. The endosomes at this point are called MVBs. Afterward, through fusion with lysosomes, the endosomal
vesicles and the proteins on their membranes are degraded and the protein-bound ESCRT complex proteins degraded and
recycled for reuse. The ESCRT complex mediates cell-membrane remodeling and fission responses. The pathway
comprises five core complexes: ESCRT-0, ESCRT-I, ESCRT-II, ESCRT-III, and Vps4.42

ESCRT-III is composed of two parts — the core subunit and the regulatory subunit — whose main function is to
complete the shearing of the budding neck to expel MVBs out of the cell. Humans express 12 related ESCRT-III proteins:

Table 1 Top 20 Clusters with Their Representative Enriched Terms of CHMPs

GO Category Description n % Log10
(P)*

Log10
(q)#

R-HSA-199991 Reactome gene sets Membrane trafficking 86 9.47 −31.27 −26.91

R-HSA-9716542 Reactome gene sets Signaling by Rho GTPases, Miro GTPases, and
RHOBTB3

76 8.37 −20.65 −16.77

R-HSA-8953854 Reactome gene sets Metabolism of RNA 72 7.93 −20.01 −16.25

GO:0051603 GO biological processes Proteolysis involved in cellular protein catabolic
process

75 8.26 −19.08 −15.42

GO:0006914 GO biological processes Autophagy 57 6.28 −16.10 −12.85

R-HSA-1640170 Reactome gene sets Cell cycle 64 7.05 −14.75 −11.53

GO:0036258 GO biological processes Multivesicular body assembly 14 1.54 −13.39 −10.28

R-HSA-5663202 Reactome gene sets Diseases of signal transduction by growth factor
receptors and second messengers

46 5.07 −12.84 −9.80

GO:0016570 GO biological processes Histone modification 48 5.29 −12.84 −9.80

R-HSA-162906 Reactome gene sets HIV infection 33 3.63 −12.76 −9.75

GO:0051301 GO biological processes Cell division 56 6.17 −12.72 −9.72

M164 Canonical pathways PID ERBB1 downstream pathway 22 2.42 −12.24 −9.29

WP4352 WikiPathways Ciliary landscape 30 3.30 −11.34 −8.48

GO:1903047 GO biological processes Mitotic cell-cycle process 59 6.50 −11.23 −8.38

GO:1903827 GO biological processes Regulation of cellular protein localization 48 5.29 −10.93 −8.11

GO:0006974 GO biological processes Cellular response to DNA-damage stimulus 62 6.83 −10.92 −8.11

WP3888 WikiPathways VEGFA–VEGFR2 signaling pathway 43 4.74 −10.87 −8.07

R-HSA-3700989 Reactome gene sets Transcriptional regulation by TP53 38 4.19 −10.45 −7.67

R-HSA-163200 Reactome gene sets Respiratory electron transport, ATP synthesis by

chemiosmotic coupling, and heat production by
uncoupling proteins

9 11.11 −10.21 −6.68

R-HSA-9006934 Reactome gene sets Signaling by receptor tyrosine kinases 46 5.07 −10.05 −7.31

Notes: *P-value in log base 10; #multitest-adjusted P-value in log base 10.
Abbreviation: GO, Gene Ontology.
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CHMP1A, CHMP1B, CHMP2A, CHMP2B, CHMP3, CHMP4A, CHMP4B, CHMP4C, CHMP5, CHMP6, CHMP7, and
IST1 (CHMP8). Unlike Saccharomyces cerevisiae, some human protein families contain several homologous gene
products (such as CHMP2A-B, CHMP4A-C). At least one member of the CHMP4 and CHMP2 families is required
for the inside-out ESCRT-dependent response in human cells, while other subunits play secondary or more specific roles,

A

B

Figure 9 CHMP function with activation or inhibition of the star pathway. (A) Heat map showing genes with function (suppression or activation); (B) global percentage of
cancers in which a gene has an effect on the pathway.
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such as maintenance of the shedding checkpoint (CHMP4C)43 and nuclear membrane closure (CHMP7).44 The ESCRT
system plays an instrumental role in several ways and is closely related to human health. It has been demonstrated to be
associated with several neurodegenerative diseases, eg, mutations in CHAP2B have been found to be associated with
frontotemporal dementia and hereditary spastic paraplegia.45

CHMPs have been sparsely studied in oncology. In this paper, the TCGA-LIHC data set was targeted and the role of
CHMPs in the development of LIHC analyzed from different aspects with the help of bioinformatic knowledge and
technology. We first performed differential expression analysis to compare whether CHMPs had meaningfully altered
expression in normal and tumor tissue, and the results revealed that the expression of CHMPs was significantly higher in
LIHC tumor tissue. Further analysis of the correlation between the difference in expression of CHMPs and clinicopatho-
logical staging revealed that the higher the CHMP1A, CHMP2B, CHMP3, CHMP4B, CHMP5, and CHMP7 expression,
the more advanced the clinical staging of the patients (P<0.05). Then, LIHC samples were divided into high- and low-
expression groups according to the expression percentage, and the KM curves displayed that the CHMP1A, CHMP2B,
CHMP3, CHMP4A, and CHMP4B high-expression group had a worse prognosis, which was consistent with the results of
differential gene-expression analysis. It is suggested that high expression of CHMPs may cause impaired degradation of
ubiquitinated proteins, which may contribute to the accumulation of suchcytokines as EGFR and induce neoplasms.

Mutation analysis was performed to explore correlations between mutations and changes in the expression of
CHMPs. The results revealed that the most frequent mutation of CHMPs in LIHC samples was amplification, with the
highest frequency of CHMP4C mutations at 10%. Patients in the mutation group had a worse prognosis. DNA
methylation is a major form of epigenetic modification that can alter genetic expression without altering the DNA
sequence.33 DNA methylation may silence genes and thus disable their functions. Analysis of promoter methylation in
CHMPs revealed that CHMP1A, CHMP1B, and CHMP4C promoters were significantly less methylated in tumor tissue.
Combined with the results of previous analyses, it was considered that the lower promoter methylation of CHMPs in
tumor tissue might lead to active DNA function, and in addition irregular CNV amplification, both of which led to
elevated expression of CHMPs and might be closely related to the occurrence and progression of LIHC. Mutation
analysis and DNA promoter–methylation analysis revealed possible mechanisms of abnormal amplification of CHMPs in

B

A

Figure 10 Drug-sensitivity analysis. (A) Gene-set drug-resistance analysis from GDSC IC50 drug data; (B) gene-set drug-resistance analysis from CTRP IC50 drug data.
Spearman correlations represent correlations gene expression with the drug. A positive correlation means that high gene expression confers resistance to the drug and a
negative one that it does not.
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tumor tissue. The impaired methylation of CHMPs in tumor tissue leads to persistent active DNA function, which affects
the implementation of normal ESCRT functions.

Possible reasons for the poor prognosis of LIHC patients when CHMPs are expressed abnormally were further
discussed. CHMPs were differentially expressed in different immunosubtypes, and the expression quantity was positively
correlated with the level of immune-cell infiltration. CHMPs may have a further impact on tumor progression and patient
prognosis by influencing tumor immunoinfiltration. Tumor-infiltrating lymphocytes (TILs) are lymphocytes that leave the
bloodstream and enter the tumor, constituting an important component of the tumor microenvironment. They are
independent predictors of cancer-outpost lymph-node status and survival.46 TILs can be divided into at least three cell
types: effector, regulatory, and inflammatory cell. They can every interact with one another through cytokines and soluble
factors. CD8+ T cells, also known as cytotoxic T lymphocytes (CTLs), are recognized as the major antitumor
immunoeffector cells. They can bind to tumor cells and produce perforin and other cytotoxins that kill cancer cells,
but do not affect normal cells. CD4+ Th cells provide cytokine mediation to help CTLs proliferate with enhancing its
virulence. Regulatory T cells make up only ~5% of the CD4+ Th-cell subpopulation, but play an important role in
regulating the in situ immunoresponse.

Drug-sensitivity analysis revealed that LIHC tumor tissue showed resistance to multiple drugs when CHMP4C levels
were increased. Combined with the previous analysis, CHMP4C was found to be the most frequently mutated in tumor
tissue, mainly in the form of amplification. Its promoter methylation was significantly reduced, and patients in the

Table 2 Functional enrichment analysis of CHMP4C

Ontology ID Description Gene Ratio P Padjust

BP GO:0036258 Multivesicular body assembly 15/126 1.65–25 3.35–22
BP GO:0036257 Multivesicular body organization 15/126 3.19–25 3.35–22

BP GO:0061952 Midbody abscission 12/126 3.14–23 2.20–20

BP GO:0046755 Viral budding 13/126 1.55–22 8.16–20

BP GO:0039702 Viral budding via host ESCRT complex 12/126 1.46–21 6.14–19

CC GO:0000815 ESCRT III complex 8/126 9.88–17 2.48–14

CC GO:0036452 ESCRT complex 10/126 3.85–16 4.83–14

CC GO:0005874 Microtubule 23/126 1.98–15 1.66–13

CC GO:0010008 Endosome membrane 18/126 1.58–9 9.90–8

CC GO:0031902 Late endosome membrane 10/126 1.48–8 7.43–7

MF GO:0005200 Structural constituent of cytoskeleton 15/121 2.90–16 8.47–14

MF GO:0005525 GTP binding 15/121 4.01–8 2.57–6

MF GO:0032550 Purine-ribonucleoside binding 15/121 4.61–8 2.57–6

MF GO:0003924 GTPase activity 14/121 4.67–8 2.57–6

MF GO:0001883 Purine-nucleoside binding 15/121 5.11–8 2.57–6

KEGG hsa04540 Gap junction 14/85 2.33–13 3.30–11

KEGG hsa04145 Phagosome 15/85 3.81–11 2.71–9

KEGG hsa05132 Salmonella infection 18/85 6.55–11 2.84–9

KEGG hsa04144 Endocytosis 18/85 7.99–11 2.84–9

KEGG hsa05020 Prion disease 18/85 2.99–10 8.50–9

Abbreviations: BP, biological process; MF, molecular function; CC, cellular component; KEGG, Kyoto Encyclopedia of Genes and Genomes.
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CHMP4C high-expression group had a worse prognosis. Functional enrichment revealed that CHMP4C was able to
interact with multiple star pathways. CHMP4C is a key component of the cytokinesis checkpoint, a process required to
delay abscission to prevent both premature resolutions of intercellular chromosome bridges and accumulation of DNA
damage.43 Amplification mutations and reduced promoter-methylation levels of CHMP4C lead to abnormally high
expression, which may affect the normal function of ESCRT-III and lead to the accumulation of ubiquitinated proteins
or EGFR, and on the other hand also lead to tumor insensitivity to multiple drugs.

In this article, the TCGA-LIHC data set was targeted to explore the relationship between CHMPs and LIHC. The role
of CHMPs in the development of LIHC was analyzed in terms of differential expression, survival, mutation, immu-
noinfiltration, functional enrichment, and drug-sensitivity. CHMP4C was considered to play a major role. This may
suggest a new direction for future studies to discover new targets for the treatment of LIHC from the EGFR-degradation
pathway. The biggest limitation of this study is the lack of relevant experimental evidence, which will be the major
direction of our next work.

Conclusion
A multifaceted analysis revealed the critical role of CHMPs in the pathogenesis of LIHC and their close association with
poor prognosis and drug resistance. The properties exhibited by CHMP4C deserve our attention and may provide new
ideas or targets for further treatment.
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Figure 11 Functional enrichment analysis of CHMP4C. (A–D) GO and KEGG enrichment analysis of CHMP4C and its coexpressed genes
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Abbreviations
ESCRT, endosomal sorting complexes required for transport; MVBs, multivesicular bodies; TCGA, the Cancer Genome
Atlas; LIHC, liver hepatocellular carcinoma; OS, overall survival; DFS, disease-free survival; GO, Gene Ontology;
KEGG, Kyoto Encyclopedia of Genes and Genomes; CNV, copy-number variation; RTK, receptor tyrosine kinase; BP,
biological process; MF, molecular function; CC, cellular component; CTLs, cytotoxic T lymphocytes.
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