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Background: The chemokine-like factor (CKLF)-like MARVEL transmembrane domain-containing 
(CMTM) family refers to a family of transcriptional repressor genes. CMTMs are closely associated with 
the epigenetic regulatory mechanisms and development of multiple malignancies, including gastric cancer. 
However, their specific biological functions and prognostic values in gastric cancer have yet to be elucidated.
Methods: Tumor sample datasets were retrieved and analyzed using databases including Oncomine, 
STRING, GEPIA2, cBioportal, and Kaplan-Meier plotter. To investigate the prognostic role of CMTMs in 
gastric cancer, we applied unsupervised hierarchical clustering analysis of CMTM gene expression patterns.
Results: While the mRNA levels of CMTM1/3/6/7/8 were upregulated in gastric cancer, CMTM2/4/5 
showed no statistically significant difference at the mRNA level in patients with gastric cancer. Moreover, 
the mRNA expressions of different CMTMs exhibited strong correlations with various clinical parameters of 
patients with gastric cancer, including tumor stage, metastatic lymph node status, H. pylori status, and tumor 
grade. Also, the results suggested that elevated levels of CMTM3/5 mRNA had a significant association 
(P<0.05) with poor overall survival, progression-free survival, and post-progression survival. Conversely, 
elevated expression of CMTM2/4/6 mRNA had a significant association with better overall survival, 
progression-free survival, and post-progression survival. Unsupervised hierarchical clustering analysis 
successfully identified 2 major clusters of patients as follows: signature #1: CMTM4/6/8 and signature #2: 
CMTM1/2/3/5/7. Signature #2 was closely correlated with poorer overall survival, which indicated that the 
expression pattern of the CMTM family could be a novel prognostic factor for patients with gastric cancer.
Conclusions: These results suggest that the expression levels of CMTM genes possibly have prognostic 
value as a biomarker of gastric cancer.
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Introduction

Since the cloning and reporting of the first member 
of the chemokine-like factor (CKLF)-like MARVEL 
transmembrane domain-containing (CMTM) family in 
2001 (1), continuous efforts have been put into investigating 
the biological functions of this gene family in malignancies. 
The structural characteristics of the encoded proteins of the 
CMTM family have similarities with those of chemokines 
and transmembrane-4 superfamily (TM4SF) members. 
Previous research showed that CMTM family members 
may have involvement in the progression of autoimmune (2)  
and cardiovascular diseases (3). Besides, mounting studies 
have pointed toward CMTM family members being 
pivotal players in tumor-related biological processes (BP). 
Differential expression of CMTM genes has been described 
between tumor and normal samples, which suggests that 
CMTMs have considerable potential to serve as active 
regulators of tumor development in various cancers (4-10). 
In addition, the roles CMTM family proteins carry out in the 
progression, spread, and immunity of several types of cancer 
have been well studied (11-14). CMTM family proteins are 
also important mediators of tumor clinical characteristics. 
For instance, they can exacerbate chemoinsensitivity 
i n  n o n - s m a l l  c e l l  l u n g  c a n c e r  ( N S C L C )  ( 1 5 ) ,  
and affect the prognosis of multiple cancers.

Gastric cancer (GC) is a major contributor to global 
malignancy-related mortality (16). Standard therapies 
for GC include surgical resection, chemotherapy, and 
chemoradiation in suitable cases (17); however, advanced 
cancers and metastasis are still a huge barrier to be 
overcome in the treatment of the disease (18). It is well 
known that a signature gene expression pattern could be 
utilized as a valuable biomarker to guide targeted therapy 
for GC. By combining global recognition of dysfunctional 
signaling pathways, the investigation of signature genes in 
cancer has the potential to support the individualization of 
cancer therapy. Analysis of molecular signatures and clinical 
parameters has shown there to be many different signature 
genes that can serve as valuable factors in GC patient 
stratification; however, the specific roles of the CMTM 
family remain to be elucidated. 

Although some members in CMTM family have been 
revealed to involve in tumor-related molecular pathway, 
the molecular details and prognostic values of the entire 
CMTM gene family remained to be interpreted. As far as 
we know, a comprehensive bioinformatics analysis method 
for exploration of the potential prognostic value of CMTM 

proteins in GC has yet to be presented. A study focusing 
on the correlation between CMTM genes expression and 
prognosis of gastric cancer patients may shed light on the 
clinical value of CMTM family genes especially in the 
areas of gastric cancer early diagnosis and targeted therapy 
selection. Novel tumor biomarkers that can be used to 
diagnose or as prognostic indicators of GC are urgently 
required to improve patient outcomes and facilitate effective 
individualized therapeutic management. It is therefore 
important to perform an in-depth study of all CMTM genes 
in GC in order to definitively improve our understanding of 
the molecular mechanisms of GC progression and bolster 
the discovery of novel prognostic and therapeutic targets.

During this  s tudy,  we performed a  systemat ic 
bioinformatics analysis of different CMTM family genes 
and their related clinical parameters in public databases, 
focusing on the expressive patterns, underlying biological 
functions, and prognostic values of individual CMTM 
genes in GC. Moreover, in our analysis, we also studied 
the predicted functions and signaling pathways of CMTM 
mutations and their co-expressed genes. Additionally, an 
unsupervised hierarchical clustering analysis of a cohort 
of patients with stomach adenocarcinoma (STAD) from 
The Cancer Genome Atlas (TCGA) was performed. We 
identified 2 major subgroups: the first with CMTM1, 
CMTM2, CMTM3, CMTM5, and CMTM7, and the other 
with CMTM4, CMTM6, and CMTM8. The former group 
displayed decreased overall survival (OS) compared with the 
latter group, and thus, its signature (CMTM1, CMTM2, 
CMTM3, CMTM5, and CMTM7) was indicated as being 
related to a poor prognosis of GC.

We present the following article in accordance with the 
Materials Design Analysis Reporting (MDAR) reporting 
checklist (available at http://dx.doi.org/10.21037/jgo-21-78).

Methods

This study was carried out with adherence to the 
stipulations of the Declaration of Helsinki (as revised 
in 2013). As the study did not include any experiments 
involving animal or human subjects performed by any of the 
authors, neither ethical approval nor patient consent were 
required.

Oncomine

Oncomine database (https://www.oncomine.org/resource/
login.html) was employed for the analysis of the expression 

http://dx.doi.org/10.21037/jgo-21-78
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levels of different CMTM family genes in various cancers. 
For the statistical analysis, Student’s t-test was used to verify 
expression differences. The threshold was set as a P value 
<0.01 and log2 fold change >2.

GEPIA2

Data of expression levels of CMTM family genes in 
GC were obtained from the GEPIA2 (Gene Expression 
Profiling Interactive Analysis) database (http://gepia2.
cancer-pku.cn/). GEPIA2 is an online resource containing 
RNA sequencing (RNA-Seq) data of 9,736 tumors and 
8,587 normal samples from The Cancer Genome Atlas 
(TCGA) and Genotype-Tissue Expression (GTEx) 
project, all of which were subjected to analysis according to 
standard processing pipelines (19). The RNA-Seq datasets 
were mainly downloaded from the UCSC Xena project 
(http://xena.ucsc.edu). Next, the differential expression of 
individual CMTM family genes between GC and healthy 
normal tissues was calculated. Statistical analysis was 
performed using the limma (20) package of R software. The 
calculation of P values was based on the Wilcoxon test, with 
the threshold set as a P value <0.01 and log2 fold change 
>2 to determine the statistically significant differences in 
the expression levels of target signature genes in tumor and 
normal samples.

Association of CMTM family proteins with 
clinicopathological features of GC

UALCAN (http://ualcan.path.uab.edu/) is an online public 
resource providing comprehensive cancer transcriptome 
data including from the TCGA and MET500. With 
UALCAN, the user can carry out tumor biomarker 
identification and verify genes that are potentially of 
interest. In the present research, we comprehensively 
analyzed the correlation between the expression of 8 
CMTM family genes in GC, and clinical and pathological 
parameters. The methods used for statistical analysis were 
similar or identical to those mentioned above. Student’s 
t-test was used to verify expression differences. The 
threshold was set as a P value <0.01. Due to the lack of 
conventional clinical information in UALCAN datasets, 
we additionally downloaded corresponding data of clinical 
parameters of GC patients from the TCGA database. 
Patients with incomplete data such as those lacking attribute 
values or with missing values within the records were 
deleted from the dataset. Thereafter, the remaining tumor 

samples with complete clinicopathological information 
were used to explore the statistically significant correlations 
of CMTM family protein levels with a variety of clinical 
features. The survival (https://cran.r-project.org/web/
packages/survival/index.html) package in R was used to 
perform the analysis.

Human Protein Atlas

Using the Human Protein Atlas (https://www.proteinatlas.
org/), a web-based database that includes transcriptomic 
and immunohistochemical profiling data of 17 specific 
cancers from at least 8,000 patients (21), we obtained the 
immunohistochemical images of different CMTM family 
genes in both GC and normal tissues in order to verify the 
protein expression level of each CMTM family member. 
Therefore, the protein expression patterns could be 
analyzed in depth.

Kaplan-Meier plotter

Kaplan-Meier plotter (http://kmplot.com/analysis/) is a 
web-based database which has the capability to analyze 
the survival effects of 54,000 genes in 21 different cancers. 
This database was used to evaluate the effect of individual 
CMTM family genes on the prognosis of GC, of which it 
contains 1,440 samples. The median expression value of 
each CMTM family member in GC was set as the threshold 
to stratify patients into low- and high-expression groups. 
During survival curve plotting, hazard ratios (HRs) with 
95% confidence intervals (CIs) and log-rank P values were 
simultaneously computed for statistical significance analysis. 
The association between the expressions of target genes 
and survival in GC was analyzed using the Kaplan-Meier 
method followed by the log-rank test to calculate the P 
value. The threshold for statistical significance was set as a 
P value <0.05.

TCGA and cBioPortal

The Cancer Genome Atlas (https://www.cancer.gov/tcga) 
database aims to understand the molecular basis of cancer 
by characterizing different aspects of the cancer genome, 
including copy number, epigenetic alterations, mutations, 
and gene expression. As a landmark global cancer genome 
project, the TCGA database offers RNA-seq data with 
complete clinical data of both tumor and normal tissue, 
covering 33 cancer types. The cBio Cancer Genomics 

http://gepia2.cancer-pku.cn/
http://gepia2.cancer-pku.cn/
https://cran.r-project.org/web/packages/survival/index.html
https://cran.r-project.org/web/packages/survival/index.html
https://www.proteinatlas.org/
https://www.proteinatlas.org/
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Portal (cBioPortal) represents a pivotal online platform 
with open-access for visualization and analysis of over 
5,000 tumor samples from 105 cancer studies (22,23). A 
STAD (TCGA, Firehose Legacy) dataset (24) was selected 
for analysis of the mutational profiles of CMTM family 
members in GC, as well as the co-expression correlations 
of each CMTM family member. Analysis of the co-
expression associations among the 8 CMTM genes was 
performed with the Corrplot package (https://cran.r-project.
org/web/packages/corrplot/index.html) of R software, 
and Spearman’s correlation was adopted to calculate the 
difference significance index. A statistically significant 
difference was defined as P value <0.05. The FactoMineR 
package in R studio was used to perform principal 
component analysis (PCA) and unsupervised hierarchical 
clustering (HC). Additionally, HCPC in the FactoMineR 
package was used to determine the number of clusters. After 
patient clustering, an analysis of survival was performed 
using the survival and SurvMiner packages. The cluster 
with the highest relative loss of inertia was identified as the 
default partition in 3 clusters. Major clusters #1 and #2 were 
used for subsequent analysis, while cluster #3 was excluded 
due to the low number of cases (only 1 patient).

Gene Ontology (GO) and Kyoto Encyclopedia of Genes and 
Genomes pathway analyses (KEGG)

The functional enrichment of CMTM family members 
and their related co-expressed genes was examined through 
GO and KEGG analyses performed in the Database 
for Annotation, Visualization and Integrated Discovery 
(DAVID, https://david.ncifcrf.gov/) (25,26). In the GO 
analysis, genes were analyzed with respect to 3 aspects: 
BP, cellular components (CC), and molecular functions 
(MF). To illuminate the molecular mechanisms underlying 
the involvement of the CMTM family in GC, we also 
performed a protein-protein interaction (PPI) network 
analysis using the STRING database (http://string-db.org/).

Statistical analysis

Chi-square, ANOVA, and Student t-test statistical analyses 
were conducted based on R script. All analysis results were 
considered to be statistically significant at P value <0.05. 
The GEPIA and Oncomine databases also provided t-test 
analysis. Kaplan-Meier plotter online tool was applied for 
statistical analyses of hazard ratios and survival rates. A log-
rank test was performed to evaluate the equality of survival 

curves between different patient groups. 

Results

CMTMs at the transcriptional level in patients with GC

Using the Oncomine and GEPIA2 databases, we identified 
8 CMTM family members in a variety of tumors, including 
GC. The results of the Oncomine database analysis 
revealed CMTM family genes to be highly expressed in 
multiple tumors (Figure 1), including 2 family members 
which were differentially expressed in GC. With respect 
to CMTM3, a high expression level was found in both 
the Wang Gastric dataset (FC =2.130, P=3.69E-5) and 
the Cho Gastric dataset (FC =8.470, P=1.83E-4). We also 
identified the upregulation of CMTM3 in the Derrico 
Gastric dataset (FC =5.055, P=2.39E-6). More specifically, 
the comparison between diffuse gastric adenocarcinoma 
and normal samples showed that CMTM3 was significantly 
upregulated in the tumor tissues (FC =2.562, P=4.00E-3), 
while CMTM3 was highly expressed in intestinal-type GC 
compared with normal samples (FC =2.690, P=1.47E-5) 
in the Derrico Gastric dataset. Contrastingly, we found 
low expression of CMTM4 in multiple datasets, including 
the Allander Gastric dataset (FC =−3.026, P=1.84E-5), 
Wang Gastric dataset (FC =−2.193, P=3.24E-4), Derrico 
Gastric dataset (FC =−3.211, P=1.41E-4), and Cho Gastric 
dataset (intestinal-type adenocarcinoma vs. normal: FC 
=−2.336, P=4.27E-5, diffuse type vs. normal: FC =−2.157, 
P=1.56E-4). However, no significant differential expression 
of the other CMTM family members was identified over 
the Oncomine GC datasets. To verify these findings, further 
analysis of the transcript levels of the 8 CMTM family 
genes was performed using the GEPIA2 database, which 
contains RNA-seq data and clinical information of over 31 
different cancers (Figure 2). The mRNA expression levels 
of CMTM1/3/6/7/8 were demonstrated to be significantly 
upregulated in GC tissues compared with healthy samples, 
whereas no statistically significant difference was identified 
for the expression of CMTM2/4/5.

Relationship between CMTM family members and the 
clinicopathological parameters of GC

Using the UALCAN database  (TCGA data  were 
processed by unified standards), the associations between 
the expression levels of 8 CMTM family genes and the 
clinical features of patients with GC were further analyzed, 

https://cran.r-project.org/web/packages/corrplot/index.html
https://cran.r-project.org/web/packages/corrplot/index.html
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and the results are shown in Figures 3 and 4. All selected 
gastric cancer patient samples reported clinical parameters 
included cancer stage, tumor grade, lymph node metastasis 
status, and H. pylori status. 42.4% of patients (188 of 443)  
reported available data regarding H. pylori status. Of 
these, 37.9% of patients showed no H. pylori infection 
whereas 4.5% of patients reported H. pylori infection. 
Lymph node metastases were identified in 65.9% patients 
(292 of 443), involving 26.8% patients with N1 stage, 
19.1% patients with N2 stage, 7.2% patients with N3 
stage, 11.0% patients with N3a stage and 1.5% patients 
with N3b stage. For distal metastasis, 6.8% of patients 
(30 of 443) reported cancer metastasis. The distribution 
of gastric cancers by tumor stage was: T1, 5.1%; T2, 
20.9%; T3, 44.6%; and T4, 26.8%, whereas tumor grade 
distribution was: G1, 2.7%; G2, 35.8%; and G3, 59.3%. 
The ten most frequently mutated genes in selected TCGA 
samples were: TP53, 48.1%; LRP1B, 26.3%; ARID1A, 
25.8%; FAT4, 21.5%; PCLO, 20.3%; KMT2D, 17.5%; 

PIK3CA, 16.5%; ACVR2A, 14.9%; LRRK2, 14.9%; and 
KMT2C, 13.9%. A statistically significant correlation was 
found between the expression of CMTM family genes and 
most clinicopathological features of GC. The expression 
of half of the CMTM family members (CMTM1/3/6/7) 
was associated with a more advanced tumor stage. In 
contrast, tumors with CMTM2/5/8 expression tended to 
be of a lower stage. Meanwhile, no statistically significant 
relationship was discovered between CMTM4 expression 
and clinicopathological parameters of GC.

Protein expression of the CMTM family

We analyzed the protein expressions of CMTM family 
genes in GC using the Human Protein Atlas, and the 
results were shown in Figure 5. The protein expression of 
CMTM1/3/6 was upregulated in tumor samples, whereas 
CMTM4/5/8 protein was highly expressed in healthy tissue 
samples. However, we failed to find immunohistochemical 

Figure 1 The expression levels of CMTMs in 20 different cancer types (Oncomine). Student’s t-test was applied to compare the differences 
of expression levels. The threshold was defined as P<0.05 and fold change: 1.5. The gene rank was set as “all”. CMTM genes, chemokine-
like factor-like MARVEL transmembrane domain-containing family genes.
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images of CMTM2 and CMTM7 on the Human Protein 
Atlas. Except for CMTM4, these results are in line with the 
outcomes of CMTM family mRNA expression analysis in 
the present study.

Values of the CMTM family in prognosticating GC 
survival

To determine the value of each CMTM family member as 
a prognostic factor, we applied the Kaplan-Meier plotter to 
calculate the statistical correlation between the expression 
of CMTM genes and the survival time of GC patients, and 
the results are shown in Figure 6. Significant correlations 
were found between most CMTM family members and 
GC prognosis. Kaplan-Meier curve analysis combined 

with the log-rank test indicated a significant correlation 
between upregulation of CMTM 3 or CMTM5 and poor 
overall survival (OS), progression-free survival (PFS), and 
post-progression survival (PPS) (P<0.05). High levels of 
CMTM2/4/6 mRNA were remarkably correlated with 
longer OS, PFS, and PPS. High CMTM1 or CMTM7 
mRNA expression was significantly correlated with poor 
PPS, but not with PFS or OS. A high level of CMTM8 
mRNA displayed a close association with longer OS, but 
not PFS or PPS.

Gene mutations and co-expressed genes of the CMTM 
family

Using cBioPortal, mutation analysis of CMTM the family 

Figure 2 The CMTMs expression levels of gastric cancer in GEPIA2 database. The CMTMs expression levels of gastric cancer compared 
with those in normal healthy tissues (box plot). *, P<0.05. STAD, stomach adenocarcinoma. CMTM genes, chemokine-like factor-like 
MARVEL transmembrane domain-containing family genes.
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Figure 3 Correlation between CMTM1-4 expression and clinical parameters of gastric cancer. Clinical parameters included cancer stage, 
tumor grade, lymph node metastasis status, and H. pylori status. (A) Association of mRNA expression levels of CMTM1 with clinical 
parameters. (B) Association of mRNA expression levels of CMTM2 with clinical parameters. (C) Association of mRNA expression levels of 
CMTM3 with clinical parameters. (D) Association of mRNA expression levels of CMTM4 with clinical parameters. (*, P<0.05; **, P<0.01; 
***, P<0.001). Norm, normal. CMTM genes, chemokine-like factor-like MARVEL transmembrane domain-containing family genes.
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Figure 4 Correlation between CMTM5-8 expression and clinical parameters of gastric cancer. Clinical parameters included cancer stage, 
tumor grade, lymph node metastasis status, and H. pylori status. (A) Association of mRNA expression levels of CMTM5 with clinical 
parameters. (B) Association of mRNA expression levels of CMTM6 with clinical parameters. (C) Association of mRNA expression levels of 
CMTM7 with clinical parameters. (D) Association of mRNA expression levels of CMTM8 with clinical parameters. (*, P<0.05; **, P<0.01; 
***, P<0.001). Norm, normal. CMTM genes, chemokine-like factor-like MARVEL transmembrane domain-containing family genes.
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in GC was performed. The result showed that mutations 
of CMTM genes were observed in 194 out of 369 GC 
patients, with the mutation rate exceeding 53% (Figure 7).  
Furthermore, the associations among the CMTM family 
members were analyzed based on their mRNA expression 
levels. Pearson’s correction was introduced into this 
calculation. As exhibited in Figure 7B, the most significant 
positive correlations (Pearson correlation ≥0.2, P<0.05) 
were: CMTM1 with CMTM6 (Pearson correlation =0.21, 
P<0.01), CMTM3 with CMTM7 (Pearson correlation 
=0.26,  P<0.01) ,  CMTM6 with CMTM7 (Pearson 
correlation =0.56, P<0.01), CMTM6 with CMTM7 
(Pearson correlation =0.61, P<0.01), and CMTM7 with 

CMTM8 (Pearson correlation =0.55, P<0.01). The CMTM 
genes with the most significant negative correlations 
(Pearson correlation ≤−0.2, P<0.05) were: CMTM3 
with CMTM4 (Pearson correlation =−0.31, P<0.01), 
and CMTM4 with CMTM5 (Pearson correlation =−0.2, 
P<0.01). Subsequently, the interconnections between 
CMTM family genes and their co-expressed genes were 
analyzed through the construction of a PPI network using 
the STRING database (Figure 7D). Subsequently, the 
corresponding biological functions of CMTMs and their 
co-expressed genes related to tumor progression were 
investigated using the DAVID database (Figure 8). In GO 
analysis, these genes were analyzed with respect to 3 aspects: 

Figure 5 Immunohistochemical images of CMTM family members from the Human Protein Atlas database. (A) Immunohistochemical 
images of CMTM1 protein in tumor and normal tissues. (B) Immunohistochemical images of CMTM3 protein in tumor and normal tissues. 
(C) Immunohistochemical images of CMTM4 protein in tumor and normal tissues. (D) Immunohistochemical images of CMTM5 protein 
in tumor and normal tissues. (E) Immunohistochemical images of CMTM6 protein in tumor and normal tissues. (F) Immunohistochemical 
images of CMTM8 protein in tumor and normal tissues. The scale for each image is 200 μm. N, normal. T, tumor. CMTM genes, 
chemokine-like factor-like MARVEL transmembrane domain-containing family genes.
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Figure 8 Results of functional enrichment of CMTM family genes and their related co-expressed genes in GO analysis. In GO analysis, 
all genes were analyzed with respect to biological processes BP, CC, and MF. CMTM genes, chemokine-like factor-like MARVEL 
transmembrane domain-containing family genes; GO, Gene Ontology; BP, biological processes; CC, cellular components; MF, molecular 
functions.

BP, CC, and MF. The results of functional annotation 
analysis suggested 8 CMTM family members and their 
related co-expressed genes to be significantly enriched in 
signaling pathways including macroautophagy, regulation 
of autophagy, TOR signaling, cytokine activity. The KEGG 
pathways related to the genes were further analyzed, and 
the results are shown in Table 1.

Unsupervised hierarchical clustering of the STAD cohort

For the purpose of stratifying patients with similar CMTM 
expression characteristics, we applied an algorithm of 
unsupervised hierarchical clustering to analyze the STAD 
cohort data. As a result, 3 different groups of patients 

were successfully achieved, as shown on the dendrogram 
in Figure 9A. Cluster #1 (red) contained 232 patients and 
cluster #2 (yellow) contained 153 patients. We also obtained 
a group that contained only 1 patient (cluster #3). Thus, 
we focused on the in-depth analysis of clusters #1 and #2. 
Cluster #1 was distinguished by CMTM4/6/8 upregulation, 
while cluster #2 was characterized by extensive upregulation 
of CMTM1/2/3/5/7 (Figure 9B). Except for that of 
CMTM6, these differential expressions were calculated 
to be statistically significant (all P<0.05). Additionally, 
on the Kaplan-Meier plot, cluster #2 was found to be 
correlated with poorer OS than cluster #1 (Figure 9C). 
The clinicopathological characteristics of the patients in 
2 different clusters were also analyzed, and the results are 
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Table 1 The functions of CMTM family members and genes significantly associated with CMTM alterations in gastric cancer predicted through 
KEGG pathway analysis

Category Term Count Adjusted P value

KEGG hsa04130-SNARE interactions in vesicular transport 4 ***

KEGG hsa04140-Autophagy-animal 5 ***

KEGG hsa04150-mTOR signaling pathway 5 ***

KEGG hsa04966-Collecting duct acid secretion 2 **

KEGG hsa04142-Lysosome 3 *

KEGG hsa00513-Various types of N-glycan biosynthesis 2 *

KEGG hsa04145-Phagosome 3 *

KEGG hsa00510-N-Glycan biosynthesis 2 *

KEGG hsa05110-Vibrio cholerae infection 2 *

KEGG hsa05152-Tuberculosis 3 *

KEGG hsa05120-Epithelial cell signaling in Helicobacter pylori infection 2 0.012

KEGG hsa04721-Synaptic vesicle cycle 2 0.013

KEGG hsa05323-Rheumatoid arthritis 2 0.017

KEGG hsa04611-Platelet activation 2 0.027

KEGG hsa00190-Oxidative phosphorylation 2 0.029

KEGG hsa04141-Protein processing in endoplasmic reticulum 2 0.043

*P<0.01; **P<0.001; ***P<0.0001. CMTM, chemokine-like factor (CKLF)-like MARVEL transmembrane domain-containing; KEGG, Kyoto 
Encyclopedia of Genes and Genomes. 

shown in Figure 10. We found an obvious trend of tumor 
grade (G3) enrichment in cluster #2 (P<0.05); however, 
differences in other clinicopathological features including 
tumor stage, metastatic lymph node status, and H. pylori 
status did not reach statistical significance. Therefore, the 
CMTM expression pattern might have the potential to be a 
valuable prognostic biomarker of GC.

Discussion

The CMTM family and its pathway members have 
previously been implicated in the regulation of disease 
development in various cancers, including GC. However, 
the individual roles of the CMTM genes have remained 
unclear. The chromosomal locations of genes in the 
CMTM family differ as follows: CMTM1–4 (chromosome 
16q), CMTM5 (chromosome 14q11.2), and CMTM6–8 
(chromosome 3p22.3) (27). Different alternative RNA 
splicing forms of CMTM genes produce CMTM protein 
isoforms in different organs and cellular locations, including 

cytomembrane and cytoplasm. Analysis of CMTM family 
genes and their encoded gene products provides insights 
into the functional characteristics of this community and 
reveals their unique association with classical chemokines 
and transmembrane 4 super family (TM4SF) members. 
The MARVEL domain of CMTM proteins, which has 
4 transmembrane helix-architecture, is associated with 
biological functions relating to vesicle transport and cellular 
membrane binding (2,28,29). To the best of our knowledge, 
this is the first time that bioinformatics methods have been 
applied to study the CMTM family with respect to their 
mRNA expression level, mutation status, and prognostic 
value in GC. This approach might help to advance our 
molecular understanding of GC, uncover new treatment 
targets, and more accurately predict the prognosis of 
patients with GC.

CMTM1, which consists of 23 isoforms (CMTM1 v1–
v23), is located at chromosome 16q21. A previous study 
indicated that CMTM1–v17 proteins encoded by open 
reading frame 2 were upregulated in various cancers, 
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including breast, kidney, lung, ovarian, and liver cancer (30). 
The same investigation also verified the involvement of 
CMTM1-v17 in the regulation of cellular proliferation and 
tumor necrosis factor-α (TNF-α)-induced apoptosis in breast 
cancer through activation of the nuclear factor kappa-B (NF-

κB) pathway. Si et al. reported CMTM1-v17 expression 
to be higher in non-small cell lung carcinoma samples 
compared to adjacent normal tissues, which might lead to 
a poor prognosis due to enhanced chemoresistance (15).  
To date, the role of CMTM1 in GC has remained elusive. 

Figure 9 An algorithm of unsupervised hierarchical clustering was applied to analysis the STAD cohort data based on the CMTMs gene 
expression levels. (A) Two different groups of patients were successfully achieved, as shown on the dendrogram: Cluster #1 contained 
232 patients and cluster #2 contained 153 patients. (B) The CMTMs gene expression levels in clusters #1 and #2 were shown by boxplot. 
An unpaired t-test was applied to compare the differences in expression levels (***, P<0.001; **, P<0.01). (C) The Kaplan-Meier curves 
of clusters #1 and #2. STAD, stomach adenocarcinoma. CMTM genes, chemokine-like factor-like MARVEL transmembrane domain-
containing family genes.
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In this research, CMTM1 was shown to be highly expressed 
in GC, which was significantly correlated with various 
clinical parameters, including cancer stage, lymph node 
metastasis status, and tumor grade. Also, a high expression 
level of CMTM1 was found to be closely correlated with 
poor PPS in GC patients in the survival analysis. These 
results suggest that CMTM1 has potential as a valuable 
molecular biomarker of GC, and its specific biological 
function and molecular mechanism in GC warrant attention 
in future.

The CMTM2 gene is located on chromosome 16q21 
and is closely clustered with CMTM1, with which it shares 
a high level of amino acid sequence identity. In a study 
of 240 patients with diffuse-type GC, higher CMTM2 
expression level was found to be associated with better  
OS (31) .  Guo e t  a l .  observed  that  CMTM2 was 
downregulated in HCC samples compared with paired 
adjacent normal tissues based on bioinformatics and 
immunohistochemistry (32). Their study also demonstrated 
the correlation between CMTM2 expression and HCC 
pathological grade. Further study provided verification 
that knockdown of CMTM2 in vitro was remarkably 
associated with downregulation of E-cadherin and β-catenin 
expression, and upregulation of N-cadherin, Vimentin, 
ZEB1, and ZEB2. Also, CMTM2 was demonstrated to be 
involved in the inhibition of the invasion and migratory 
abilities of HCC cells (Huh-7 and SMMC7721), which was 

realized through the suppression of epithelial–mesenchymal 
transition (EMT) (33). Our results showed that elevated 
CMTM2 expression was closely related to favorable 
prognostic outcomes in patients with GC in terms of OS, 
PFS, and PPS. Based on the existing evidence, more in-
depth study and investigation of CMTM2 are warranted.

CMTM3 and CMTM4 genes  are  c lustered on 
chromosome 16q22.1. Interestingly, the CMTM3 promoter 
differs from those of other CMTM family members due to 
its typical CpG island. CMTM3 is known to be involved 
in tumor suppression; however, the methylation of the 
CMTM3 promoter has been shown to suppress CMTM3 
expression in various cancer types, such as gastric, male 
laryngeal, esophageal, breast, nasopharyngeal, and colon 
carcinomas (8,34-36). In the study of Li et al., CMTM3 was 
demonstrated to trigger G2 cell-cycle arrest and apoptosis 
in a p53-independent manner, leading to inhibition of 
the proliferative and migratory abilities of testicular 
cancer cells (NCCIT) (37). Moreover, by suppressing the 
epidermal growth factor (EGF)-mediated tumorigenicity 
via promoting Rab5 activity, and inhibiting GC metastasis 
via the STAT3/Twist1/EMT pathway, upregulation 
of CMTM3 was shown to be correlated with a better 
prognosis in GC patients (38-40). In order to find out 
whether CMTM3 participates in regulation of the tumor 
microenvironment of HCC, Zhao et al. investigated the 
expressions of chemokines and chemokine-associated genes 

Figure 10 The CMTM-based stratification is an independent prognostic factor in GC patients and closely correlated with the STAD 
cohort mutation count. Percentage-staked bar plot showing sex distribution, tumor stage (T1/T1a/T1b/T2/T2a/T2b/T3/T4/T4a/T4b/
TX), metastatic lymph node status (N0/N1/N2/N3/N3a/N3b/NX/NA), differential tumor grade (G1/G2/G3/GX), and H. pylori status 
(No/Unknown/Yes/NA) in clusters #1 and #2. STAD, stomach adenocarcinoma. CMTM genes, chemokine-like factor-like MARVEL 
transmembrane domain-containing family genes.
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of suppressor subsets derived from myeloid cells (41).  
However, the correlation between CMTM3 and the 
clinical parameters of GC patients remained unclear and 
warranted further study. In this study, CMTM3 was found 
to be upregulated in GC samples. In addition, CMTM3 
expression was increased with advanced tumor stage, lymph 
node metastasis, high tumor grade, and H. pylori infection. 
The OS, PFS, and PPS were worse in GC patients with 
a high CMTM3 expression than in patients with a low 
expression. Together, our results suggest that CMTM3 
may serve as a potential biomarker for GC and a guide for 
clinical treatment.

Among the CMTM genes, CMTM4 is more conserved 
than its fellow family members. Kittler et al. used an 
endoribonuclease-prepared short interfering RNA 
technique to demonstrate that CMTM4 was 1 of 37 hub 
genes involved in the activation of cell division in HeLa 
cells (42). CMTM4 is known as a tumor suppressor, and its 
knockdown leads to cellular cleavage defects, resulting in 
binucleated cells following mitosis. The main underlying 
molecular mechanisms include the PI3K/AKT, ERK1/2, 
and STAT3 signaling pathways. In an important study by 
Mezzadra et al., CMTM4 was demonstrated to be a back-
up regulator of programmed cell death-ligand 1 (PD-L1) 
and was capable of inhibiting the ubiquitination of PD-
L1 protein (12). However, the difference in CMTM4 
expression at both the protein and mRNA levels remains to 
be tested and awaits further research. The mutation status, 
methylation, microRNA silencing, and posttranscriptional 
regulation of CMTM4 expression in HCC have not been 
well studied to date and also await more in-depth answers. 
Similarly, there is still a great need for research dedicated 
to determining the prognostic value of CMTM4 in GC. 
One of the aims of our study was to elucidate the role of 
CMTM4 in GC. We found that higher levels of CMTM4 
expression had an association with favorable OS, PFS, 
and PPS, indicating that CMTM4 could be a valuable 
biomarker for predicting GC prognosis.

As an evolutionarily conserved protein sharing 42% 
homology with CMTM3, CMTM5-v1 is the main 
alternative splicing form of CMTM5 in humans. The 
methylation status of the promoter in the CMTM5 gene 
mediates the activation of tumor-evading anticancer effects, 
which is similar to CMTM3 gene (9). CMTM5 has been 
discovered to be involved in a variety of cancers as a regulator 
of tumor suppression. For instance, a previous study 
showed that CMTM5-v1 has the ability to induce cancer 
cell apoptosis in various pancreatic cancer cells (AsPC-1, 

BxPC-3, PANC-1, and MIA PaCa-2) via activating caspase 
3, 8, and 9 (43). The same study also demonstrated that 
CMTM5-v1 has synergistic effects with TNF-α. Conversely, 
our study showed that a high CMTM5 level in GC patients 
was predictive of poor OS, PFS, and PPS. Therefore, a 
longitudinal study is necessary for further investigation of the 
molecular mechanism of CMTM5 in GC.

CMTM6 is one of the CMTM family genes located 
on chromosome 3p22.3, which shares 55% homology 
with CMTM4. Expression of CMTM6 is widely found 
in normal tissues, primarily in the plasma membrane. At 
present, the mechanism controlling this linkage is elusive. 
However, in recent studies, CMTM6 was indicated to 
be a pivotal regulator of PD-L1 expression and to be 
co-localized with PD-L1 (12,13). With the help of the 
CRISPR-Cas9 technique, Burr et al. demonstrated that 
CMTM6 was capable of protecting internalized PD-L1 
from lysosomal degradation. Furthermore, upregulation of 
CMTM6 could effectively recycle PD-L1 back to the cell 
surface (13). Additionally, Mezzadra et al. indicated that 
CMTM6 was able to stabilize PD-L1 via ubiquitination 
suppression, leading to T-cell inhibition (12). Another 
study suggested that overexpression of CMTM6 enhanced 
the therapeutic response to immune checkpoint inhibitors 
in advanced-stage non-small-cell lung cancer (44). Our 
study demonstrated that GC patients with high CMTM6 
expression achieved better OS, PFS, and PPS than those 
with low CMTM6 expression, as evidenced by the Kaplan-
Meier Plotter results. Since CMTM6 was highly expressed 
in cancer patients, it has the potential to be a prognostic 
marker in GC or to guide the administration of PD-1/PD-
L1 therapies.

The mRNA expression level of CMTM7 is extensively 
upregulated in healthy human tissues, and immune cells 
in particular. The CMTM7 protein is located in both 
the cytoplasm and cellular membrane. Some studies have 
suggested that CMTM7 is typically downregulated or 
absent in several cancer types, which could be ascribed 
to the abnormal methylation of CpG promoter and loss 
of heterozygosity. Through the induction of G1/S-phase 
arrest and suppressing the EGFR-PI3K/AKT pathway, 
upregulation of CMTM7 was able to inhibit cancer cell 
growth in KYSE410 and KYSE180 cancer cell lines (45). 
Some other studies suggested that the CMTM7 expression 
level could be adjusted dynamically with the help of 2 
different transcription factors (FLI1 and SOX10) during 
tumor progression (46,47). In another study, CMTM7 
was found to be a suppressor in Rab5 activation as well as 
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an activator of tumor growth and migration pathways in 
non-small cell lung cancer (48). In the current study, the 
CMTM7 expression level was found to be upregulated in 
GC and significantly associated with the clinical parameters 
of patients such as tumor stage, tumor grade, and lymph 
node metastasis status. Furthermore, we explored the 
correlation between survival of GC patients and the mRNA 
expression level of CMTM7. The results suggested that 
CMTM7 predicted poor PPS in patients with GC.

A previous study of Jin et al. showed that CMTM8 
exhibited tumor-suppressive activity in various cell lines 
(HEK293, HeLa, and PC3) (49). The mechanism of these 
suppressive effects is attributable to the internalization of 
epidermal growth factor receptor (EGFR) being accelerated 
by CMTM8 regulation, which led to the attenuation of 
EGFR-mediated signaling pathway. In another study, 
CMTM8 was demonstrated to induce cancer cell apoptosis 
via either caspase-dependent or caspase-independent 
pathway (50).  Similarly, upregulation of CMTM8 
expression in bladder cancer was shown to suppress the 
growth, migratory, and invasive abilities of cancer cells 
in vivo and in vitro (14). In our study, CMTM8 mRNA 
expression was upregulated in GC, and we also observed 
that an elevated level of CMTM8 was related to a favorable 
survival time. 

Conclusions

In the current study, we performed a comprehensive 
bioinformatics analysis to investigate the expression levels 
and prognostic value of CMTM family genes in GC, in an 
attempt to broaden our molecular understanding of GC, 
uncover novel therapeutic targets, and more accurately 
predict the prognosis of GC patients. Additionally, we 
performed an unsupervised hierarchical clustering analysis 
of a STAD cohort from TCGA. Two main subgroups were 
identified: the first with CMTM1/2/3/5/7 and the other 
with CMTM4/6/8. The first group exhibited shorter OS 
than the second group, suggesting that its signature was 
related to a poor prognosis. Thus, we suggest that a deeper 
knowledge of CMTM expression patterns could assist in 
diagnosing GC and improving individualized treatment 
strategies.
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