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Abstract: Hepatocellular carcinoma (HCC) is a typically malignant tumor in the digestive system. The mortality of HCC ranks third place
in the world, second only to lung cancer and colorectal cancer. For the characteristics of high invasiveness, high metastasis, high recurrence
rate as well as short survival time, HCC treatment has always been difficult in clinical practice. Many causes have contributed to the
appearance of these features, including insidious onset, high degree of malignancy, lack of effective early molecular diagnostic markers, and
disease prediction models. The human chemokine-like factor superfamily (CMTMs) is a new gene family consisting of CKLF and CMTM1-
CMTM8. CMTMs have a marvel domain which can activate and chemotaxis immune cells. Many studies have reported that CMTMs are
involved in the regulation of cell growth and development, and play an important role in the malignant progression of the immune system
and reproductive system, especially in the development of tumors. In this review, we summarized the structure and function of the human
CMTMs, the relationship between its family members and HCC, the prognostic value, potential functions, and mechanisms in HCC.
CMTMs could provide a new diagnostic and therapeutic target in clinical practice for patients with HCC.
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Introduction
Hepatocellular carcinoma (HCC) is a prevalent malignant tumor of the digestive system with a high incidence in sub-Saharan
Africa and coastal zones of Asia. According to the recent announcements on “Global Cancer Statistics 2020 of the
International Agency for Research on Cancer (IARC), the cases and deaths of HCC in China account for 45.3% and 47.1%
of the global totals, respectively. In addition, the mortality rate of HCC in China ranks third among all cancers, behind lung
cancer and colorectal cancer.' There are three areas with high-incidence of HCC in China, two areas in Guangxi province
(Fusui and Long’an) and one area in Jiangsu province (Qidong). In Guangxi province, HCC is the main cause of tumor-related
deaths.? Although with the development of surgical resection, tumor-targeted therapy and immunotherapy, patients with HCC
still suffered unfavorable prognosis and low five-year overall survival rate.> One of the most important reasons is that a great
majority of patients were already in the middle to late stages of HCC when they were diagnosed. In comparison to stages C and
D, the five-year survival ratio is about 70% for patients with HCC at stages 0 and A, according to Barcelona Clinic Liver
Cancer (BCLC).* Nowadays, it is believed that the occurrence of HCC is the result of gene-environmental interaction. Hepatic
cirrhosis and fibrosis caused by chronic hepatitis virus infection are the most important risk factors to induce HCC.'->
However, the exact mechanism of HCC has not been fully clarified. Moreover, due to the high occult nature of early
symptoms, the lack of effective molecular markers for early diagnosis, the absence of an effective predictive model, and the
high degree of malignancy, HCC suffered from high invasiveness, high metastatic recurrence and low survival rates. These
problems have always been difficult to be solved in HCC clinical practice.

Chemokine-like factor superfamily (CMTM, formerly known as CKLFSF) is a new gene family which was first
discovered and reported by Professor Wenling Han from Peking University in 2001.” In homo species, CMTM consists
of nine genes: CKLF (chemokine-like factor) and CMTM1-8 (chemokine-like factor-like MARVEL transmembrane
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domain-containing family member 1-8).” CMTMI1-8 are a new protein family with the structure of chemokine and
transmembrane 4 superfamily (TM4SF) (Figure 1). The MARVEL domains have been important functions in membrane
molecular transport.” With the advancement of structural and functional study, CMTM has been found to participate in
the regulation of cell proliferation and migration by activation and chemotaxis of immune cells. In particular, CMTM
proteins play a critical role in the progression of tumors such as HCC, glioma cancer, non-small cell lung carcinoma, and
breast cancer (Figure 1).¥'? In this review, we summarized the current developments between HCC and the CMTM
family.

The Structure and Function of the CMTM Gene Family

CKLF, located on chromosome 16q21, is the first member of the CMTM family discovered by Han.” There are at least four RNA
splice variants in CKLF: CKLF1, CKLF2, CKLF3, CKLF4, of which CKLF?2 is the full-length cDNA product."> CMTMI is
located on chromosome 16g21, composed of 23 subtypes (CMTM1 v1-v23), and the protein of CMTM v1-16 and CMTM v17-
23 are encoded by open reading frame 1 and open reading frame 2, respectively.” On chromosome 16q22, separated by only 311
base pairs (bp), CMTM2 gene is tightly linked with CMTMI gene. Their amino acid sequences are extremely similar."* The
CMTM3 gene and CMTM4 gene are closely located on tumor suppressor locus 16¢q22.1. The CMTM3 promoter has a classic
CpG island. Aberrant CpG methylation may be the source of CMTM3 silence. Different from other members of the CMTM
family, alternatively spliced transcript variants of CMTM3 contain a different 5’UTR but encode the same protein.'> CMTM4 is
the most conserved member of the CMTM family, including three transcriptional variants: CMTM4-V1, CMTM4-V2, and
CMTM4-V3.” CMTMS, independently located on chromosome 14q11.2, contained at least six alternative splice variants
spanning from CMTM5-V1 to CMTM5-V6.” The primary form of human CMTMS5 is CMTMS5-v1, an evolutionarily conserved
protein, shares 42% homology with CMTM3 and can secrete related proteins via the vesicle-mediated secretory route.'®

CMTM family
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Figure | CMTM family and human tumors. CMTM family is a new protein family with the structure of chemokine and transmembrane 4 superfamily.” And it is closely related
with various tumors by regulating cancer cell proliferation, apoptosis and migration.®~'2 The figure is created by authors through using software Adobe lllustrator 2023.
Abbreviation: CMTM, Chemokine-like factor superfamily.
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CMTMEG is located on chromosome 3p22.3. It shares 55% amino acid identity with CMTM4 and extensively expressed in the
plasma membrane of many normal tissues.'” CMTM7 has a typical CpG island in the promoter and has been identified on the
oncogene-rich chromosome 3p22. This gene is naturally conserved and encode two alternative splice variants.” CMTMS is an
evolutionarily conserved product of cDNA. It shares 39.3% homology with TM4SF and have 95.4% amino acid similarity
between homo species and Mus musculus specie.” In summary, CMTM family members have different spliced variants. Their
encoded products have MARVEL structural domains which can attract and trigger immune cells as well as playing significant
roles in membrane molecular protein transport.'®'™!'* Additionally, the CMTM family also contributes significantly to the

pathogenesis of various cancers such as HCC, gliomas, non-small cell lung carcinoma, breast cancer.® 2

CMTM Family and HCC

CKLF

CKLF is located on the chromosome 16q21, including four subtypes: CKLF1, CKLF2, CKLF3, CKLF4."* CKLF1 and
CKLEF3 are secreted isoforms while CKLF2 and CKLF4 are transmembrane proteins. Nowadays, numerous studies have
confirmed that CKLF plays an important role in inflammation, auto-immune diseases and tumors.?>*' Liu et al found that
CKLF1 was overexpressed in HCC tissues.*” Further analyses have shown that CKLF1 was associated with tumor stages,
vascular invasion, and patient survival. It could promote the growth and metastasis of HCC in biological function
analysis. Further experiments demonstrated that CKLF1 could prevent Adriamycin-induced apoptosis and promote the
malignant development of HCC by activating the IL6/STAT3 pathway. Based on these findings, CKLF1 might inhibit
apoptosis via the IL6/STAT3 pathway, encourage malignant cell transformation, and eventually promote hepato-
carcinogenesis and metastasis. For this, we speculate that CKLF1 is an important prognosis factor of HCC, expected
to become a potential target for advanced diagnosis and clinical prognosis. Chen et al examined the potential synergistic
effect of Kanglaite (KLT) and cisplatin (CDDP) on HepG2 cells.”® It was found that CKLF1 participated in NF-
kB-mediated inflammatory response and chemotherapy resistance, as well as drug efflux transporters. Furthermore,
they discovered that KLT preconditioning may have a synergistic effect on HepG2 cells, enhancing CDDP’s impact on
HepG2 cells. It is suggested that inflammation of the tumor microenvironment and chemotherapy resistance of CDDP in
HepG2 cells may be affected by inhibition of the CKLF1-mediated NF-kB pathway. Sadly, up to now, there are few
pieces of researches on the relationship between CKLF and HCC, and more studies and discussions are still needed to
understand its impact and function mechanism.

CMTMI

CMTMI is located on chromosome 16q21 with 23 isoforms (CMTMI1 v1-v23).** Current studies have revealed that
CMTMI abnormal expression was closely correlated with HCC,?® non-small cell lung carcinoma,?® lymphoma,’ breast
cancer,”® stomach adenocarcinoma, and other tumors. CMTMI over expression in HCC was detected by Song using
immunohistochemistry (IHC) and the Cancer Genome Atlas (TCGA) database.”> According to an IHC assay, CMTM1
protein was extensively expressed in both paraneoplastic non-tumor tissues and HCC tissues. TCGA analysis indicated
that CMTM1 mRNA expression was upregulated in HCC tissues and that low CMTM1 expression was associated with
longer patients’ disease-free survival. HCC patients with CMTM1 over expression usually had a family history of HCC.
Cox survival analysis showed that CMTM1 could be used as an independent prognostic factor in HCC.

CMTM2

The CMTM2 gene is closely linked to CMTM1 on chromosome 16¢22."'* In recent years, a large number of studies have
proven that CMTM2 is a mutated gene with an inhibitory effect on tumor cell migration and invasion, especially in
stomach cancer.>* % More importantly, CMTM2 can be used as a prognostic biological indicator of stomach cancer,
playing a key role in the progression of the disease, particularly in diffuse gastric cancer.’*>? By utilizing ELISA, some
researchers realized that CMTM2 values were considerably lower in chronic hepatitis B patients than in healthy controls.
As well, serum CMTM?2 levels were inversely associated with HBV DNA levels, but not related to serum ALT and AST
levels. Further ROC curve analysis displayed a clear connection between CMTM?2 levels and the diagnostic usefulness of
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HBV-related diseases. It was also found that CMTM2 expression was decreased by HBV infection through stimulation of
the ubiquitin-proteasome system. Consequently, serum CMTM2 levels may serve as a reliable predictor of the pathogen-
esis of HBV-related illness.>® Guo et al found that the expression of CMTM2 in HCC tissues was notably lower than that
in para-cancerous tissues.> They also noticed that it was profoundly associated with tumor grade in HCC patients. Low
expression of CMTM2 was generally associated with poor prognosis. These results were also consistent with bioinfor-
matics analysis. Through using knockdown of CMTM2 in Huh-7 and SMMC7721 cells, Zhang et al verified that low
expression of CMTM2 could improve the proliferation ability of HCC cells.>* Further experiments had shown that the
knockdown of CMTM?2 significantly down-regulated the expression of E-cadherin and B-catenin while up-regulated the
expression of Vimentin, N-cadherin, ZEB1, and ZEB2. Taken together, they proposed that down-regulation of CMTM2
expression might induce the epithelial-mesenchymal transformation (EMT) process, promoting the invasion and migra-
tion of HCC cells.

CMTM3

CMTMS3 is a member of the CMTM family found at 16q22.1.%7® Recent data have suggested that CMTM3 was closely
associated with malignant progression in a variety of tumors. For instance, it was discovered that the expression of
CMTMS3 was downregulated in various tumors including prostate cancer,®’ testicular cancer,*® gastric cancer, esopha-
geal cancer,”” and other tumors. On the one side, CMTM3 was regarded as a tumor suppressor gene which was crucial
for the development and spread of tumors.>” *° On the contrary, it was also believed that in some tumors, CMTM3 could
promote tumor growth and be proposed as an oncogene. In one case, inhibition of the expression of CMTM3 can be
a new therapeutic target for prostate cancer (PC).*' *® In HCC, the relationship between CMTM3 and HCC has also been
investigated. Li et al reported that CMTM3 was low-expressed in HCC.*” In vitro experiments have shown that
overexpression of CMTM3 greatly inhibited the proliferation, invasion and EMT process of HCC. Besides, the
phosphorylation of JAK2 and STAT3 in HepG2 cells was drastically lowered by overexpression of CMTM3 in vivo.
It was also confirmed that tumor growth in Balb/c nude mice was reduced by CMTM3 overexpression. Yu et al found
that CMTM3 was tightly related to m6A-IncRNAs, when elucidating the interactions of N6 methyladenosine (m6A) long
non-coding RNAs (IncRNAs) and immune cell infiltration in HCC.*® It is possible to use m6A-IncRNAs in tumor tissues
as an HCC prognostic independent biomarker due to its partially high expression. Moreover, a new therapeutic target for
HCC may be provided by m6A-IncRNAs and associated immune cell infiltration in the tumor microenvironment,*’ but
more examination is necessary.

CMTM4

CMTM4, located on chromosome 16¢22.1, is one of the most conserved members of the CMTM family.” There is the
MARVEL transmembrane domain found in CMTM4, whose loci contains many tumor suppressor genes.” CMTM4 was
successfully identified by Kittler et al as one of the 37 genes required for HeLa cell division through short interfering
RNA technology prepared by endonuclease.’’ This indicates that CMTM4 is involved in the process of cell cycle and
affects the occurrence and development of disease, especially in the progression of tumors.”* >

In order to better understand the part played by CMTM4 in the progression of HCC, Bei et al examined tissue
samples from HCC patients through THC staining.’® When compared to matched neighboring non-tumor tissues, they
noticed that the expression of CMTM4 was down-regulated in HCC tissues. Depending on a Kaplan—Meier survival
analysis, HCC patients with CMTM4 negative expression had a lower overall survival rate. All of this implies that
CMTM4 plays a tumor-suppressive role in HCC, and its negative expression is a risk factor for bad prognosis. In HCC
tissues, CMTM4 expression was downregulated, according to Juan et al.’®’ They also found out that CMTM4
expression was largely linked to clinical stage, distant tumor metastasis, tumor size, and TNM stage in HCC patients.
They concluded that patients with HCC had an abnormal expression of CMTM4 and had a poor clinical prognosis. On
this basis, further in vitro cell function experiments have shown that the proliferation, invasion, migration, and metastasis
ability of HCC cell line Huh-7 were decreased after CMTM4 overexpression. Similarly, the proliferation, migration,
invasion, and metastasis of Hep3B cells were enhanced after the CMTM4 knockdown. It was suggested that CMTM4
was a liver cancer suppressor gene. Meanwhile, the EMT-related proteins were also verified, and it was found that
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CMTM4 knockdown promoted the protein expression levels of epithelial factors B-catenin and E-Cadherins in hepato-
cellular carcinoma cells. Interstitial factors such as N-Cadherins, Vimentin, and zinc finger E box binding homeobox
protein 1 (ZEB1) were reduced. But after CMTM4 overexpression, the opposite occurred. All in all, these findings
suggest that the CMTM4 gene can inhibit the EMT process of HCC cells, and then affect the occurrence and
development of liver cancer.

CMTM5

The first description of CMTMS5 was published in 2003, and its genomic location is 14q11.2.” Similar to TM4SF in
structure, CMTMS can create a network of four transmembrane proteins by assembling a range of other molecules (such
as AKT and EGFR). Therefore, CMTMS5 mediates cell proliferation, apoptosis, migration, invasion, and differentiation,
and is closely related to malignant progression.'®”* > Gene polymorphisms may affect CMTMS5 expression and alter an
individual’s susceptibility to cancer. Bei et al investigated the relationship between CMTM family gene polymorphism
and HCC in Southern China.®® They genotyped 10 selected single nucleotide polymorphisms (SNPs) from the CMTM
family of genes in 315 patients with HCC and 315 controls without HCC, and they evaluated the association of selected
SNPs with HCC risk. According to the findings, individuals with the rs164207 AA genotype had a noticeably higher risk
of HCC than people with the CC genotype. Those with the rs3811178 GG genotype were significantly associated with
a higher chance of HCC than those with the AA genotype. An increased risk of HCC was observed by gene interactions.
Accordingly, it is suggested that rs3811178 in CMTMS and rs164207 in CMTM6 may be related to genetic susceptibility
to HCC in southern China. It was demonstrated that proliferation, migration, and invasion of HCC were restricted by
overexpression of CMTMS. By targeting CMTMS, the malignant progression of HCC cells was evaluated by miR-10b-
3p upregulation. Nonetheless, many studies have concluded that CMTMS expression was decreased greatly in HCC
tissues and cell lines, which was significantly correlated with poor overall survival of patients. The growth of
transplanted tumors in mice was also delayed by CMTMS5 overexpression. Furthermore, CMTMS5 was found to inhibit
the tumor growth of hepatoma cells by down-regulating the PI3K-AKT signal.** Therefore, the interaction among
CMTMS, tumor microenvironment and immune infiltration in HCC need to be well elucidated which will provide new
strategies and ideas for the immunotarget therapy of CMTMS5 in HCC.

CMTMé6

CMTMB6 is located on human chromosome 3p22.3, and its encoded protein product contains MARVEL domain and
potential quaternary transmembrane structure which is essential for the transport of transmembrane proteins and secreted
proteins.'” Recent studies have shown that CMTM6 was contributed to the occurrence and development of diseases,
especially the malignant progression of tumors.*'**>" In 2017, two articles were published in Nature in the same day.
They both considered CMTMS6 as a key protein controlling the stability of PD-L1, which attracted much attention from
many scientists. Among them, Burr et al found out that CMTMG6 kept PD-L1 stable in a variety of cancer cells.® They
also discovered that by co-localizing with PD-L1 in the plasma membrane and the cyclostome, the important regulator
CMTMG6 prevented PD-L1 from becoming a target for lysosomal-mediated breakdown. Besides that, they figured out that
CMTMG6 was particular to PD-L1 by quantitatively examining the complete plasma membrane proteome. These findings
serve as a standard for a thorough understanding of PD-L1’s immunobiological function. Since CMTM6 has been
a noteworthy immune checkpoint regulator, we propose that CMTMG6 as a possible therapeutic target could help combat
tumor cells” immune evasion. At the same time, Mezzadra et al reported that CMTM6 could increase the content of PD-
L1 protein in cells, and strengthen the ability of PD-L1 to inhibit T cells in the tumor microenvironment through binding
with PD-L1 protein.'" In addition, in glioma studies, the abnormal expression of CMTM6 was closely linked to its
prognostic function. Among them, CMTM6 upregulated the signal transduction function of T cells and promoted antigen
presentation, further activating macrophages and decreasing T cell function."' According to the previously mentioned
studies, CMTMB®6 plays an important role in immune system diseases by regulating T cell activation and maintaining the
stability of PD-L1. It is expected to become a new target for immunotherapy.

According to Zhu et al, the expression of CMTM6 in HCC was different in various studies.”” Depending on the
multivariate Logistic regression analysis, tumor staging, metastasis, and a-fetoprotein (AFP) were significantly correlated
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with CMTM6 expression. By Kaplan—Meier survival analysis, CMTM6 expression was linked to HCC metastasis and
other clinicopathologic features, as well as poor clinical prognosis in HCC patients. Huang et al noted that the expression
of CMTM6 in HCC was significantly reduced, which predicted a good prognosis for patients with HCC.”' Through
in vitro and in vivo tests, CMTM6 down-regulated HCC cell proliferation by blocking the G1/S phase transition. Other
experiments showed that CMTMBG6 stabilized P21 protein by interacting with P21 and blocking its ubiquitination mediated
by SCFSKP2, CRL4CDT2, and APC/CCDC20 in a non-cell cycle-dependent manner. This resulted in the pRB/E2F
pathway being inactivated. In addition, CMTM®6 sensitized HCC cells to adriamycin and cisplatin, which was positively
correlated with the clinical outcome of postoperative recurrence after trans-arterial chemoembolization (TACE). It is
speculated that CMTM6 can stabilize P21, confirming that the CMTM6-P21 axis plays a key role in inhibiting the
progression of HCC and sensitization of patients with postoperative recurrence to TACE therapy. In some other studies,
CMTM6 was decreased in HCC. Ryo Muranushi et al found that the expression of CMTM6 was favorably correlated
with the expression of membrane B7 family ligand and CTL infiltration in HCC samples.”* High expression of CMTM6
in HCC was associated with the expression of proliferative marker Ki-67 and shorter relapse-free survival. A decrease in
the membrane B7 family ligand and proliferation potential in human hepatoma cell lines with CMTM6 knockout was
shown in vitro analysis. Nevertheless, elevated expression of CMTM6 was linked to tumor proliferation and recurrence
by controlling the expression of membrane B7 family ligands. Therefore, CMTM6 may be a biomarker to predict the risk
of liver cancer recurrence and a therapeutic target to inhibit tumor growth. Huang et al found that compared with
neighboring non-cancerous tissues, CMTMG6 levels in HCC tissue samples were higher expressed.”® Further experiments
showed that silencing CMTM6 stopped HCC cells from proliferation, migration, and invasion. On the contrary, CMTM6
overexpression enhanced the invasion, migration, and proliferation of HCC cells. In addition, CMTM®6 interacted with
Vimentin and stabilizes vimentin, thereby inducing epithelial-mesenchymal transformation (EMT) and promoting the
proliferation, migration, and invasion of HCC cells. CMTM6 overexpression was significantly associated with a poor
prognosis in HCC. Because of this, we indicated that CMTM6 expression played an important role in the malignant
progression of HCC.

CMTM4 and CMTMé6 with PD-LI

In recent years, new hope is offered by Immune checkpoint inhibitors for the treatment of liver cancer patients.
Programmed cell death protein 1 (PD-1) is an immunosuppressive receptor present on T cells that interacts with
programmed death ligand 1 (PD-L1), a ligand on cancer cells. T-cell survival, proliferation, and cytotoxicity are
enhanced by blocking PD-1/PD-L1 binding, thereby increasing their anti-tumor activity. Many studies have found that
CMTM4 and CMTM6 were identified as a regulator of PD-L1 protein stability in tumor tissues, which can successfully
protect PD-L1 from lysosomal-mediated degradation.®''**"*77 The inhibition ability of T lymphocytes on tumor cells
was attenuated by inhibition of CMTM4 and CMTM6 expression. It was suggested that CMTM4 and CMTM6 may
contribute to the stability of PD-L1 and are expected to become an exciting new target for tumor immunotherapy. In
HCC, CMTM4 and CMTM6 were known to be key PD-L1 regulators and patient survival outcomes were positively
associated with CMTM4 and CMTM6 expression. This might be a result of CMTM4’s and CMTM®6’s capacity to
regulate PD-L1 expression, helping tumor cells in escaping T cell-mediated killing (Figure 2).”® Further experiments
showed that the expression of CMTM4 was decreased with the treatment of CMTM4 inhibitors, the growth of liver
cancer tumors in mice with normal immune function was also inhibited, and the infiltration level of CD8 T cells was
increased. Furthermore, CMTMG6 could also improve PD-L1, EMT, and stemness phenotype prognostic value in various
tumors.”” However, silencing of CMTMG6 results in inhibition of IFNy-induced PD-L1 expression. This is further
increased by concurrent targeting of CMTM4. CMTM4 can, in a nutshell, serve as a backup regulator of PD-L1
expression, and ectopic expression of CMTM4 completely recovered IFN-induced PD-L1 expression in CMTMo6-
knockout cells.'" Considering these, it is possible that the expression level of CMTM4 and CMTM6 can be used as
a predictor of patients’ response to PD-L1 treatment. Additionally, for patients with HCC, CMTM4 and CMTM6
deficiency may be used to increase the clinical effectiveness of anti-PD-L1 immunotherapy.

At present, the mechanism of CMTM4 and CMTM6 in tumor immunity still needs to be further studied to provide
more safe and effective treatment for HCC patients. In addition, the expression and molecular regulatory mechanism of

1416 "= Journal of Hepatocellular Carcinoma 2023:10

Dove!


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

Dove Pei et al

CMTM6

N\

Vimentin

Cancer Cells

v
B7 family ligand

-
| Liver Cancer 9 »
| o
i o)

CMTMe6

' . 7
|
K%

Figure 2 How CMTM4/6 perform in Hepatocellular carcinoma. CMTM4/CMTM6, and PD-L| interact to make PD-L| ubiquitinated and non-degradable, upregulating T-cell
signaling and promoting antigen presentation, further activating macrophages and reducing T-cell function.!' Furthermore, CMTM6 interacts with P2l to block P21
ubiquitination, block the G1/S phase transition, and inhibit tumor cell proliferation;75 Knockdown of CMTM6 results in decreased B7 ligand expression and inhibits tumor
cell proliferation;76 However, when CMTMé interacts with Vimentin, inducing EMT and promoting the proliferation of HCC cells.”’

Abbreviations: CMTM, Chemokine-like factor superfamily; PD-LI, programmed cell death-ligand |; M@, macrophages; P21, aioncogene p2l protein; EMT, epithelial-
mesenchymal transformation; HCC, Hepatocellular carcinoma.

CMTM4 and CMTM6 in HCC have not been fully clarified. It was speculated that CMTM4 and CMTM6 may participate
in the regulation of the immune cell cycle and it is related to the co-expression of PD-L1 protein. Hence, it is necessary to
further explore the role and regulatory mechanism of CMTM4 and CMTM6 in HCC immunotherapy, providing the
theoretical basis for whether it can be a new target of tumor immunotherapy.

CMTM7
CMTM?7, located on chromosome 3p22.3, is a tumor suppressor gene with a MARVEL domain.” CMTM?7 is involved in

a variety of cell biological processes, such as tumorigenesis and transporter vesicles.'>'? In addition, CMTM?7 decreased
the growth of tumor cells by stifling epidermal growth factor receptor protein kinase B (EGFR-AKT) signaling due to
promoter hypermethylation and deletion.®® As a result, it was suggested that CMTM?7 played an important anticancer role
in the development of tumors. In HCC tissues, CMTM?7 expression was significantly decreased, and its low expression
was negatively correlated with TNM staging and tumor metastasis.®' ®* In vitro studies have shown that the cell growth
and migration of live cancer cells were inhibited by CMTM?7 expression. Further analysis revealed that AKT signaling
and GO/G1 cell cycle arrest in HCC cells were also influenced by CMTM?7, to act as a tumor suppressor. Li et al found
that CMTM7 was downregulated or absent in tumor tissues of the esophagus, stomach, pancreas, liver, lung, and cervix
by immunostaining of protein tissue microarray.*> When the loss of promoter CpG methylation and heterozygous
contributed to the downregulation of CMTM?7, it was necessary to indicate that CMTM7 had tumor-inhibitory effects.
Other studies demonstrated that CMTM?7’s tumor suppressor function was connected to its role in G1/S cell cycle arrest.
It could promote epidermal growth factor receptor (EGFR) internalization and further inhibit AKT signaling by up-
regulating p27 and down-regulating cycle-dependent kinases 2 and 6 (CDK2). G1/S transition and EGFR/AKT signaling
were modulated during tumor pathogenesis.*® Therefore, CMTM7 could be used as a potential biomarker to predict the
possibilities of HCC invasion and metastasis. Larger samples from multiple centers are necessary for pertinent
confirmation of the function and regulatory mechanism of CMTM?7 in HCC.
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CMTMS

As an essential CMTM family member, CMTMS is initially isolated and cloned from PHA-stimulated lymphoma cells."
CMTMS with MAL protein was associated with vesicle transport and membrane binding domain MARVEL. This implied that
CMTMS may play a vital role in membrane protein transport and binding events.'® Previous studies have shown that
overexpression of CMTMS and its variants can not only inhibit cell growth but also induce apoptosis of various tumor

cells, B0 88

playing a significant part in the occurrence and development of lung cancer, gastric cancer, breast cancer, and other
tumors.®*~*? Furthermore, in HepG2 cells, epithelium-mesenchymal (EMT) transition was achieved by CMTMS knockout
cells. But EMT-like changes and cell motility were limited by CMTMS overexpression.”” The real-time quantitative
polymerase chain reaction was used to further explore the expression of CMTMS in multiple solid tumors. It was found
that CMTMS was widely expressed in many normal human tissues and was down-regulated or absent in multiple solid tumors
(such as liver, lung, colon, rectum, esophagus, and stomach). It was suggested that CMTMS8 may have a potential role as
a novel tumor inhibitor.”* Unfortunately, studies on CMTMS in HCC are relatively few, so the functional mechanism of
CMTMBS needs to be studied by scholars to further explore the potential and role of CMTMS in the diagnosis and treatment of

liver cancer.

Discussion

HCC has always been a difficult issue and front research field in clinical practice. With the deepening of basic and clinical
research on HCC, there are a lot of good results have been achieved in early diagnosis and treatment, as well as clinical
prognosis. However, the clinical cure rate and long-term survival rate of patients with HCC are still very low, but the
metastasis and recurrence rate within 5 years is high. In recent years, immunotherapy has become a new hotspot after
molecular targeted therapy. In particular, after extensive clinical practice, PD1/PD-L1 immunosuppressant has found its good
application prospect in the treatment of various tumors, which is expected to bring a new era for the treatment of tumor
patients, especially those with advanced tumors. The CMTM family is a new gene family first discovered and reported by
Professor Han Wenling from Peking University in 2001. The protein products encoded by the CMTM family can activate and
chemotaxis immune cells, and then participate in the regulation of cell growth and development. This is crucial in the immune
system and reproductive system, especially in the occurrence and development of tumors. CMTM family proteins are
differently expressed in hepatocellular carcinoma, but all of them are associated with the prognosis of HCC patients as
prognostic factors. For example, CMTMI1 is high expression in HCC, and its low expression is associated with longer disease-
free survival in HCC patients. However, CMTM2, CMTM3, CMTM4, CMTMS5, and CMTM?7 are down-regulated, and the
overall survival rate for HCC patients is lower. It is suggested that tumor growth is suppressed by these CMTM families,
resulting in poor prognosis. In addition, numerous studies have verified that CMTM6, CMTM4, and PD-L1 have a synergistic
relationship. In fact, CMTM6 plays an important role in immune system diseases by regulating T cell activation and
maintaining the stability of PD-L1. It is predicted to become a new target for immunotherapy. A number of results have
shown that compared with CMTM6 expression was significantly associated with shorter overall survival (OS) and progres-
sion-free survival (DFS) in both the overall HCC and MTM-HCC patient populations. In addition, co-expression of CMTM6/
PD-L1 was associated with a high density of inflammatory cells (Figure 2). Patients with CMTM6/PD-L1 co-expression of
macro trabecular massive (MTM-HCC) have a higher risk of HCC progression and death, which provides strong evidence for
the combination of immune status assessment and anti-CMTM6 and anti-PD-L1 therapy in patients with MTM-HCC.””*> The
above results also indicate the role of the co-expression of CMTM6 and PD-L1 in tumor immunotherapy. But the specific
molecular regulation mechanism is still not fully understood. At present, the research on the CMTM family in HCC is not in-
depth enough. Most of the studies only reported the expression and prognostic value of CMTM family members while not
investigating the in-depth mechanism in HCC. Thus, there is still a long way to applying CMTMs in tumor immunotherapy.
Moreover, not all clinical studies on HCC have yielded consistent results due to the different enrolled sample sizes, different
stages of HCC patients, different races, and different detection methods. Therefore, a series of in-depth studies are required to
explore the molecular mechanism of CMTMs in the malignant progression of HCC. This will provide a new clue for seeking
potential diagnosis and therapeutic targets for HCC. It is expected that CMTMs could serve as a novel and effective target for
immunotherapy and improve the overall survival of HCC patients.
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