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Abstract: The Chemokine-like factor (CKLF)-like MARVEL transmembrane domain-containing
(CMTM) family, comprising nine members, is involved in the tumorigenesis and progression of
various cancers. However, the expression profiles and clinical significance of CMTM family members
in hepatocellular carcinoma (HCC) are not fully clarified. In this study, the RN A-sequencing and
clinical data were downloaded from The Cancer Genome Atlas (TCGA) databases. The Kaplan—
Meier method and the Cox proportional hazards regression analysis were used to evaluate the
prognostic significance of CMTM family members. Single-sample gene set enrichment analysis
(ssGSEA) and ESTIMATE algorithms were employed to explore the relationship between CMTM
family genes and the tumor microenvironment in HCC. Finally, the prognostic CMTM family gene
expression was further validated by quantitative real-time polymerase chain reaction (qQRT-PCR)
and immunohistochemical (IHC) staining in clinical HCC tissue specimens. The results indicated
that, compared with normal tissues, the expression of CKLF, CMTM1, CMTM3, CMTM4, CMTM?7,
and CMTMS8 were significantly upregulated in HCC, while the expression of CMTM2, CMTMS5,
and CMTM6 were significantly downregulated in HCC. Univariate and multivariate Cox regression
analysis demonstrated that CKLF was an independent prognostic biomarker for the overall survival
(OS) of HCC patients. In HCC, the expression of CKLF was found to be correlated with immune
cell infiltration, immune-related functions, and immune checkpoint genes. The qRT-PCR and IHC
confirmed that CKLF was highly expressed in HCC. Overall, this research suggested that CKLF is
involved in immune cell infiltration and may serve as a critical prognostic biomarker, which provides
new light on the therapeutics for HCC.

Keywords: CMTM family member; hepatocellular carcinoma; immune infiltration; prognosis;
survival

1. Introduction

Liver cancer is one of the most common malignancies of the digestive system and the
fourth cause of death due to cancer worldwide [1]. Hepatocellular carcinoma (HCC) is the
main type of primary liver cancer, accounting for approximately 75-85% of all cases [2].
Hepatectomy, radiofrequency ablation (RFA), liver transplantation, transcatheter arterial
chemoembolization (TACE), and targeted therapy are the main treatments for HCC, but
the 5-year overall survival rate of HCC patients remains poor [3,4]. In addition, HCC is
usually asymptomatic in its early stages, leading to a poor prognosis for most patients
who are already in the middle and advanced stages at the time of diagnosis [5]. Therefore,
it is urgent to identify robust diagnostic biomarkers and effective therapeutic targets to
improve the prognosis and curative effect of HCC patients.

Chemokine-like factor (CKLF)-like MARVEL transmembrane domain-containing
(CMTM) is a novel gene family which consist of CKLF and CMTM1-8 [6]. The MAR-
VEL domain of the CMTM family comprises four transmembrane helices and is involved in
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vesicle trafficking and membrane linking [7]. The structural features of the encoded proteins
of the CMTM family are intermediate between the classical chemokines and the transmem-
brane 4-superfamily (TM4SF) [8]. CMTM family members have been associated with
tumor cell proliferation, apoptosis, invasion, and migration [9]. Furthermore, angiogenesis
and the recruitment of immune cells are also linked to CMTM family members [10,11].
Additionally, previous studies have revealed that the expression and prognostic roles of
CMTM family members are quite different in various tumors [12]. For instance, overex-
pression of CKLF was detected in HCC and was associated with poor survival in HCC
patients [13]. Research reported that high expression of CMTM1 in glioblastoma enhanced
aggressive tumor behavior, resulting in a worse prognosis [14]. Increased expression of
CMTMS3 in pancreatic carcinoma was correlated with lower pathological grade, higher
recurrence/distant metastasis rate, and poorer survival time [15]. Additionally, abnormal
expression of CMTM4 and CMTM6, which serve as a regulator of programmed death-
ligand 1 (PD-L1), has been reported to be associated with survival and they may be a new
target for prognostic biomarkers and immunotherapy [16-18]. Similarly, previous studies
found that CKLF had broad chemotactic activity on many cells, including lymphocytes,
macrophages, and neutrophils, and was involved in promoting the proliferation and differ-
entiation of human bone marrow cells [19]. In addition, CKLF expression was increased in
monocytes and activated CD4+ and CD8+ lymphocytes [20]. These studies suggest that
some CMTM family genes (CKLF, CMTM4, and CMTM6) might not only predict prognosis,
but also be considered as a potential immune target, which indicated its high prospect of
clinical application.

In this study, the expression and prognostic value of CMTM family members in HCC
were comprehensively investigated through public resources and multiple bioinformatics
analyses. Furthermore, we discuss the correlation of CMTM family member expression
with immune cell infiltration, immune-related functions, and immune checkpoint genes in
HCC. Finally, we conducted quantitative real-time polymerase chain reaction (GQRT-PCR)
and immunohistochemistry (IHC) experiments to validate the prognostic CMTM family
gene expression in HCC. Collectively, the purpose of this experiment was to determine
whether the CMTM gene could be a new potential prognostic biomarker for HCC and
hopefully contribute to the screening of a prognostic indicator that could be used to predict
survival and guide immunotherapy in HCC patients.

2. Materials and Methods
2.1. Data Sources

This study obtained the RN A-sequence data of 374 HCC tumor tissues and 50 normal
tissues from The Cancer Genome Atlas (TCGA) (https:/ /portal.gdc.cancer.gov, accessed
on 20 April 2022) [21]. RNA-sequence data in fragments per kilobase million (FPKM)
format were converted to transcripts per million (TPM) formats, and then log?2 transformed
for analysis. Meanwhile, the clinical data were also acquired from the TCGA database,
including age, gender, histological grade, tumor (T) stage, node (N) stage, metastasis (M)
stage, survival time, survival status, and so on.

2.2. Differential Expression Data of CMTM Family Members in HCC

The differential expression of CMTM family between HCC tissues and paired normal
tissues was identified using the limma package [22] in R 4.0.2 software. CMTM family
gene expression in tumor and normal tissues was analyzed by Wilcoxon rank sum test.
The results were plotted as pairwise boxplot and heatmap, which were visualized by the
ggplot2 [23] and pheatmap packages [24].

2.3. Clinicopathological Characteristics Analysis of CMTM Family Members in HCC

UALCAN (http:/ /ualcan.path.uab.edu, accessed on 25 April 2022) database was used
to investigate the association between the mRNA expression of CMTM family members
and clinicopathological features (cancer stage and tumor grade) in patients with HCC [25].
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Additionally, TCGA database was used to complement the association between the mRNA
expression of CMTM family members and clinicopathological characteristics of HCC
patients, such as age, gender, AFP, and vascular invasion status. Expression differences
were verified by Student’s t-test or Wilcoxon signed-rank test, and p < 0.05 was considered
statistically significant.

2.4. Survival and Prognostic Analysis of CMTM Family Members in HCC

The diagnostic receiver operating characteristic (ROC) curves and the time-dependent
receiver operating characteristic (ROC) curve were performed using the “pROC” and
“timeROC” R packages [26] to evaluate the predictive value of CMTM family members
expression for diagnosis and prognosis of HCC. An AUC of 0.5-0.7 was indicative of low
diagnostic accuracy, an AUC of 0.7-0.9 was indicative of moderate diagnostic accuracy, and
an AUC higher than 0.9 was indicative of high diagnostic accuracy.

Kaplan—-Meier plotters (http://kmplot.com/analysis/, accessed on 25 April 2022)
were used to evaluate the prognostic significance of the expression of CMTM family genes
regarding OS (overall survival) and progression-free survival (PFS) [27]. Based on the
median expression value of CMTM family members, HCC patients were divided into
high- and low-expression groups and verified by Kaplan-Meier survival curves and log-
rank tests. The number-at-risk cases, log-rank p-value, and hazard ratio (HR) with 95%
confidence intervals (Cls) were presented in every survival curve plotting.

Cox proportional hazards regression analyses was used to assess the potential of
CMTM family members as independent prognostic factors in patients diagnosed with
HCC. First, the relationship between CMTM members and clinicopathological parame-
ters (including clinical stage, grade gender, and age) and survival of HCC patients was
evaluated using univariate Cox proportional hazards regression analysis. Subsequently,
clinical characteristics with a p-value < 0.05, including CMTM expression, were included for
multivariate analysis. Similarly, HCC clinical samples were performed to validate whether
CKLF was an independent predictive factor for the prognosis of HCC patients by the same
method mentioned above. A p < 0.05 was considered statistically significant.

2.5. The Investigation of CMTM Family Members with Tumor Microenvironment and Immune
Checkpoint Genes in HCC

The GSVA packages [28] in R language was applied to estimate the correlation between
the expression of the CMTM family members and 24 types of immune cell infiltration.
The single-sample gene set enrichment analysis (ssGSEA) algorithm was used to assess
16 types of immune cell infiltration and 13 immune functions between the high and low
expressions of CMTM family members [29]. Afterwards, we used the ESTIMATE algorithm
to calculate the ImmuneScore, StromalScore, and ESTIMATEScore in HCC samples, which
analyzes the tumor microenvironment (TME) status of HCC [30]. In addition, we obtained
a heatmap presenting the correlation between the immune checkpoint genes and CMTM
family members [31]. We also compared the expression of immune checkpoint genes
between the high and low expressions of CMTM family members, and the results were
presented as a box chart.

2.6. Gene Set Enrichment Analysis (GSEA)

To investigate the molecular mechanisms by which CMTM family members were
involved in the development and progression of HCC, we explored the signal pathways
related to CMTM members in HCC via GSEA (version 4.0.1; http:/ /software.broadinstitute.
org/gsea/index.jsp, accessed on 1 May 2022) [32]. The c2.cp.kegg.v7.5.symbols.gmt was
utilized as the reference gene set. The results with a false discovery rate (FDR) < 0.05 and
p < 0.05 were considered statistically significant.
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2.7. Patients and Tumor Tissues

The HCC tissues and adjacent normal tissues of 41 patients with HCC were collected
from the Second Affiliated Hospital of Nanchang University. Patients with HCC confirmed
by histopathological diagnosis and without adjuvant anticancer treatment such as TACE,
radiotherapy, and chemotherapy prior to surgery were selected for the study. The ex-
periments were approved by the Ethics Committee of the Second Affiliated Hospital of
Nanchang University and conducted following the Declaration of Helsinki. All participants
signed an informed consent form.

2.8. qRT-PCR

HCC tissue samples were extracted for total RNA according to the product manual of
TRIzol Reagent (Invitrogen). RNA was inversely transcribed into complementary DNA
(cDNA) using PrimeScript™ RT Kit (TaKaRa, Kusatsu, Japan; RR047A). TB Green® Premix
Ex Taq™ II kit (TaKaRa, RR820A) was used to conduct qRT-PCR. Additionally, all PCRs
were amplified by the CFX96 real-time PCR detection system with the following reaction
conditions: an initial step of 94.0 °C for 30 s, followed by 40 cycles of 94.0 °C for 4 s, 58.0 °C
for 15 s, and 72 °C for 15 s. The results were analyzed by 2-A4Ct, The primer sequences of
genes are provided in Table 1.

Table 1. Sequences of qRT-PCR primers.

Gene Name Sequence (5'-3")

F: CAGCAGTATGCTGTCTTGCCGA;

R: TTTTTCATGCACAGGCTTTTTCTGG
F: GGAGCGAGATCCCTCCAAAAT;

R: GGCTGTTGTCATACTTCTCATGG

qRT-PCR, quantitative real-time reverse transcription polymerase chain reaction. F forward primer. R,
reverse primer.

CKLF

GADPH

2.9. Immunohistochemistry Staining

IHC analysis of CKLF procedures was performed as described previously [33]. An-
tibodies used were as follows: rabbit antibody CKLF (1:200 primary antibody dilution,
abs138894, Absin, Shanghai, China).

2.10. Statistical Analysis

All statistical analyses were performed in R software version 4.0.2 and GraphPad Prism
software version 7.0 and SPSS software version 22.0. Paired t-test, Wilcoxon rank sum test,
or one-way ANOVA was used to analyze the differences between groups. Spearman corre-
lation analysis was applied to evaluated correlations. Survival rates were assessed using
Kaplan—-Meier (K-M) curves and the log-rank test. Univariate and multivariate analyses
were conducted by Cox proportional hazards regression model. Variables with prognos-
tic significance from univariate analysis were incorporate into subsequent multivariate
analysis, and a p < 0.05 was considered statistically significant.

3. Result
3.1. The Expression of CMTM Family Members in HCC

First, we used the TCGA database to analyze the expression of CMTM family members
in paired HCC tissues and normal tissues. The paired data (50 case) results found that
the mRNA expression of CKLF, CMTM1, CMTM3, CMTM4, CMTM7, and CMTMS8 was
significantly increased in HCC tissues compared with normal tissues. However, the mRNA
expression of CMTM2, CMTMS>5, and CMTM6 was evidently decreased in HCC tissues
compared to normal tissues (Figure 1A). The heatmap displayed the differential expression
of CMTM family members between the HCC tissues and normal tissues (Figure 1B).
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Figure 1. The expression profile of CMTM family members in HCC tissues based on TCGA database.
The pairwise boxplot shows the mRNA expression of CMTM family in 50 paired HCC tissues and
normal tissues (A). The heatmap shows the expression of CMTM family members between HCC
tissues and normal tissues (B). The darkness of color indicates the expression level of the gene (red
indicates high and blue low). * p < 0.05, ** p < 0.01, *** p < 0.001. HCC, hepatocellular carcinoma.
CMTM, Chemokine-like factor-like MARVEL transmembrane domain-containing family.
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3.2. Relationship between the mRNA Expression of CMTM Family Members and
Clinicopathological Parameters of HCC Patients

We analyzed the relationship between the mRNA expression of CMTM family mem-
bers and clinicopathological parameters (cancer stage and tumor grade) of HCC patients
based on the UALCAN database. As presented in Figure 2, the mRNA expression of CKLF,
CMTM1, CMTM3, CMTM4, and CMTM?7 was correlated with the cancer stage, revealing
that patients with more advanced cancer stages tended to have higher mRNA expression
of the CMTM family. As for the relationship between mRNA expression of CMTM fam-
ily members and tumor grade, as shown in Figure 3, the results indicated that mRNA
expressions of CKLF, CMTM1, CMTM3, and CMTM?7 was significantly related to tumor
grade. As tumor grade increased, the mRNA expression of CKLF, CMTM1, CMTM3, and
CMTM?7 tended to be higher. Following that, we used the TCGA database to explore the
relationship between the expression of CMTM family members and clinicopathological
features of HCC, including age, gender, APF, and vascular invasion status. The results
showed that the expressions of CMTM3 and CMTM?7 were significantly lower in HCC
patients over 60 years of age (Supplementary Figure S1). We found that the expressions
of CMTM1, CMTM3, and CMTM4 were significantly higher in the females compared to
males (Supplementary Figure S2). Additionally, the patients with a high expression of
CMTM3, CMTM4, CMTMé6, CMTM?7, and CMTMS were associated with a higher AFP level
(>400 ng/mL vs. <400 ng/mL) (Supplementary Figure S3). However, the expressions of
CMTM family members were not associated with vascular invasion status in HCC patients
(Supplementary Figure 54).

3.3. Diagnostic Capacity of CMTM Family Members in HCC

Receiver operator characteristic (ROC) curves were utilized to assess the diagnostic
efficacy of CMTM family members in HCC. The area under ROC curve (AUC) was used to
illustrate the results of the ROCs. As can be observed in Figure 4, CMTM4 and CMTM5
were found to have a high predictive power (AUC > 0.8). Of them, the AUC of CMTM4 was
the highest, with a value of 0.892. Unfortunately, the time-dependent ROC curve analysis
revealed that the AUC values for the predicted 1-year OS and PFI of HCC patients based on
the expression of CMTM family members has a low diagnostic accuracy, with an AUC < 0.7
(Supplementary Figure S5).

3.4. Prognostic Value of CMTM Family Members in HCC

We first used the Kaplan—-Meier plotter online database to analyze the associations
between CMTM family expressions and patients’ survival. The result from the Kaplan—
Meier survival curves revealed that high mRNA expressions of CKLF (p = 0.013), CMTM1
(p = 0.0028), and CMTM?7 (p = 0.0079) were significantly associated with a worse OS in
patients with HCC, while high mRNA expressions of CMTM?2 (p < 0.001) and CMTM5
(p < 0.001) were remarkably associated with a better OS (Figure 5A). Furthermore, patients
with high expressions of CKLF (p = 0.0069), CMTM1 (p = 0.0019), CMTM4 (p < 0.001),
and CMTM? (p = 0.0032) were correlated with shorter PFS. However, high expression of
CMTMS5 (p = 0.0024) in HCC patients was correlated with longer PFS (Figure 5B).
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Figure 2. Association of mRNA expression of CMTM family members with cancer stage of HCC
patients in UALCAN database (A-I). * p < 0.05, ** p < 0.01, *** p < 0.001. HCC, hepatocellular
carcinoma. CMTM, Chemokine-like factor-like MARVEL transmembrane domain-containing family.
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Figure 3. Association of mRNA expression of CMTM family members with tumor grade of HCC
patients in UALCAN database (A-I). * p < 0.05, ** p < 0.01, ** p < 0.001. HCC, hepatocellular
carcinoma. CMTM, Chemokine-like factor-like MARVEL transmembrane domain-containing family.
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Figure 4. Diagnostic capacity of CMTM family members in HCC. ROC curves of CMTM family
members in HCC (A-I). ROC, receiver operating characteristic. AUC, area under the curve. TPR,

true-positive rate. FPR, false-positive rate. HCC, hepatocellular carcinoma. CMTM, Chemokine-like
factor-like MARVEL transmembrane domain-containing family.
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Figure 5. Prognostic value of CMTM family members in HCC patients. Kaplan—-Meier survival curves
of OS (A) and PFS (B) for the expression of CMTM family members in patients with HCC. * p < 0.05,
**p <0.01, ** p < 0.001. HCC, hepatocellular carcinoma. OS, overall survival. PFS, progression-free
survival. CMTM, Chemokine-like factor-like MARVEL transmembrane domain-containing family.
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To investigate whether CMTM family members had independent predictive power for
the prognosis of HCC patients, we included CMTM family gene expression and clinical
information of HCC patients, including age, gender, tumor grade, and cancer stage in
univariate and multivariate Cox analyses. Univariate Cox analysis revealed that the
expression of CMTM1, CMTM4, CMTM?7, and cancer stage were significantly associated
with poor prognosis in patients with HCC (p < 0.05). However, multivariate Cox regression
analysis showed that CMTM family members were not an independent prognostic factor for
predicting PFI (p > 0.05, Supplementary Table S1). Next, Univariate Cox analysis revealed
that CKLF, CMTM?, and pathological stage were risk factors for OS in patients with HCC
(p < 0.05). Multivariate Cox regression analysis verified that CKLF was an independent risk
factor that affected the OS in HCC patients (Table 2). Thus, we focused on CKLF for our
subsequent analysis.

Table 2. Univariate and Multivariate Cox proportional hazards regression analysis of CMTM family
members and clinical characteristics for overall survival in HCC.

Univariate Analysis Multivariate Analysis

Characteristics
Hazard Ratio (95% CI) p Value Hazard Ratio (95% CI) p Value
Age
<60 Reference - - -
>60 1.286 (0.876-1.887) 0.199 - -
Gender
Female Reference - - -
Male 0.816 (0.552-1.206) 0.307 - -
Histologic grade
Gl Reference - - -
G2 1.229 (0.668-2.261) 0.507 - -
G3 1.234 (0.656-2.320) 0.515 - -
G4 1.767 (0.625-4.992) 0.283 - -
Pathologic stage
Stage I Reference - Reference -
Stage II 1.511 (0.905-2.523) 0.114 1.482 (0.887-2.477) 0.133
Stage III 2.708 (1.742-4.211) <0.001 2.734 (1.756-4.255) <0.001
Stage IV 5.612 (1.722-18.292) 0.004 4.886 (1.495-15.963) 0.009
CKLF 1.985 (1.348-2.922) 0.001 1.879 (1.237-2.855) 0.003
CMTM1 1.047 (0.716-1.530) 0.813 - -
CMTM2 1.156 (0.789-1.697) 0.458 - -
CMTM3 1.053 (0.720-1.539) 0.791 - -
CMTM4 1.258 (0.859-1.842) 0.238 - -
CMTM5 1.124 (0.767-1.648) 0.549 - -
CMTM6 1.373 (0.936-2.015) 0.105 - -
CMTM7 1.659 (1.164-2.363) 0.005 1.289 (0.876-1.898) 0.198
CMTMS 1.060 (0.725-1.550) 0.765 - -

Bold values stand for p < 0.05. HR, hazard ratio. CI, confidence interval. HCC, hepatocellular carcinoma. CMTM,
Chemokine-like factor-like MARVEL transmembrane domain-containing family.

3.5. Association of CKLF Expression with Tumor Microenvironment in HCC

To explore the effects of the CKLF expression in the tumor microenvironment, we
first analyzed the correlation between the expression of CKLF and immune cell infiltration.
We found that CKLF expression correlated with most immune cells (Figure 6A). Then, we
used the ssGSEA algorithm to analyze the expression levels of immune infiltrating cells in
different CKLF expression groups. The results found that the high-CKLF-expression group
had higher levels of infiltration of aDCs, DCs, pDCs, iDCs, CD8+T cells, Macrophages, Tth,
TIL, Thl_cells, Th2_cells, and Treg cells than the low-CKLF-expression group (Figure 6B).
As can be observed in Figure 6C, compared with the low-CKLF-expression group, the
high-CKLF-expression group revealed higher scores in multiple immune functions, such as
checkpoint and Cytolytic activity. In contrast, type II IFN response showed higher activity
in the low-CKLF-expression group than in the high-CKLF-expression group. Addition-
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ally, ESTIMATE analysis demonstrated that the Inmune and ESTIMATE scores in the
high-CKLF-expression group were higher than those in the low-CKLF-expression group

(Figure 6D).
A B
CKLF
2 cells 4 —‘ CKLF E3 low E3 high
NK CD36bright cells 4 e L
aDC 4 ™ 100] = i ceew e
Thi cells ———0e . .
T cells ——— g i . .
Mirophages —_— pe00s " : <
.
TFH —® o 0754 8 . ol . .
nc | i 7 value ~ ot it N i
pXC o — H 0K [ ]
B cells —e - R ! o
4 e I g
: i oz S 0.50
Tem P 3
NK CDS6dim cells 4 - )
Comebwicn
Cytotonic cells 9 - P 8
T helper cells 4 - 8 o2 = *
TRep 4 le O i 0.25 .e
Mast cells 4 — %
Ted 4 — . . 2
CDS T cells 4 {—
Neutrophils W — 0.00 :
NK cells 4 &*—
. B O O (D D B O ® © P O L @ o D
Tem 4 R — 00 De"\\ (;q}\ 0() \QQ 'b& P § bq}\ Q() ()q}\ A& 0§ 0& QD @
Eosisophils —_ ¥ Qs As F o & 9 ous %
" 7 K FF T o NS
Thi7 cells 4 . D ! ! Oo"b ‘gb(‘ <~ \3‘2’ .59
02 Do 02 04 N
Correlation
C D
CKLF E3 low E3 tigh CKLF [ Low ] High
10 . % 5000
. H - whw -
. ] i . 1
L] . 1 L]
08{ * ¢ .o 25001
LI @
@ . & 6
: . =3 0
',—
0.6 .
]
2 .
* -25001
.
v . T : .
{\\é\ ,-\\o“ 062* &Q\ @\.c\ Q\\y 6\@0.' o q__g,o &00 \\o“ &o 5)@ .
¥ ¥ R & ¥ & §@F L L @ @ &
& & N > S < & & & (%) & (o) (8) Q'
R & & o & 5SS 9K f of o
&7 007 o & & ‘s‘\b é\(“\ g <<\>’ &é/ @% & &
L7 2 o & P 00\\/ NN & ((\\) \a
v <Q 6‘6\ &7 & Qq,/ o’ & \((\ «\
¥ & «7 A8 K &
N

Figure 6. Association between the expression of CKLF and the tumor microenvironment in HCC. The
lollipop chart shows the correlation between CKLF expression and immune cell infiltration (A). The
expression of immune cells infiltration in high- and low-CKLF-expression groups (B). Inmune-related
functional analyses between high- and low-CKLF-expression groups (C). ESTIMATE algorithm was
performed to analyze the association between the two groups in Immune scores, Stromal scores, and
ESTIMATE scores (D). * p < 0.05, ** p < 0.01, *** p < 0.001. HCC, hepatocellular carcinoma. CMTM,
Chemokine-like factor-like MARVEL transmembrane domain-containing family.

3.6. Correlation Analysis of CKLF Expression with Immune Checkpoint Genes

We next performed a correlation analysis of CKLF expression and immune checkpoint
molecules. Our results demonstrated that CKLF was positively associated with some
immune checkpoint molecules, including CTLA4, HAVCR2, LAG3, PDCD1, and CD276
(all p-values < 0.05 Figure 7A,B). In addition, we also compared the expression of immune
checkpoint molecules between the high- and low-CKLF-expression groups. The results
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revealed that the expression level of most immune checkpoint genes in the high-CKLF-
expression group was higher than that in the low-CKLF-expression group (Figure 7C).
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Figure 7. Relationship between the expression of CKLF and immune checkpoint genes in HCC. The
correlation of CKLF expression with immune checkpoint genes (A,B). The expression of immune
checkpoint genes in different CKLF expression groups (C). * p < 0.05, ** p < 0.01, *** p < 0.001. HCC,
hepatocellular carcinoma. CMTM, Chemokine-like factor-like MARVEL transmembrane domain-
containing family.

3.7. Exploration of Molecular Mechanisms of CKLF in HCC

To clarify the possible molecular mechanisms of CKLF expression affecting the tu-
morigenesis of HCC, we performed a GSEA analysis. The results revealed that a high
expression of CKLF was positively associated with antigen processing and presentation,
base excision repair, cell cycle, DNA replication and spliceosome, and negatively related
to metabolism-related pathways, including drug metabolism cytochrome P450, fatty acid
metabolism, glycine serine and threonine metabolism, primary bile acid biosynthesis, and
tryptophan metabolism (Figure 8).
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Figure 8. Enrichment maps from KEGG pathways associated with CKLF based on GSEA, including
enrichment scores and gene sets. KEGG, Kyoto Encyclopedia of Genes and Genomes. GSEA, gene
set enrichment analysis.

3.8. Experiment Validation of the mRNA Expression and Protein Levels of CKLF in HCC

To further confirm the bioinformatics analysis results and determine the correlation
between CKLF expression and HCC, we first compared the expression of CKLF in cancer
tissues and adjacent tissues taken from 41 HCC patients. The qRT-PCR revealed that the
mRNA expression level of CKLF was elevated in HCC tissue samples compared with the
corresponding adjacent tissues (Figure 9A). Furthermore, immunohistochemistry (IHC)
results revealed that CKLF was highly expressed in HCC tissues compared to the adjacent
nontumor tissues and was mainly localized in the cytosol (Figure 9B). Then, we explored
the relationship between the CKLF expression and clinicopathological parameters. It was
found that there were significant differences in TNM stage between the high- and low-
CKLF-expression groups (p = 0.024, Supplementary Table S2). Kaplan-Meier survival
analysis showed that survival rate of patients with high CKLF expression was worse than
that of those with lower CKLF expression (p < 0.001, Supplementary Figure 56). Univariate
and multivariate Cox regression analyses were performed to investigate whether CKLF
was an independent predictive factor for the prognosis of HCC patients. The results of the
adjustment for conventional clinical patterns, including gender, diagnostic age, pathologic
stage, vascular invasion, and serum AFP level, HBV infection, Child-Pugh score, tumor
number, and liver cirrhosis status. Univariate analysis results showed that the CKLF and
TNM stage were associated with poor outcome in HCC patients. Subsequently, clinical
characteristics with a p-value < 0.05 were included for multivariate analysis, and the results
showed that CKLF and TNM stage acted as an independent prognostic factor of poor prog-
nosis for HCC patients (Supplementary Table S3). In conclusion, the findings demonstrated
that CKLF expression is upregulated in HCC and is implicated in the progression of HCC.
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Figure 9. CKLF is overexpression in human HCC tissues. CKLF mRNA expression was analyzed
by qRT-PCR assay in HCC tissues and the corresponding normal tissues of 41 patients with HCC
(A). IHC method was used to detect the expression of CKLF in cancer and the corresponding normal
tissues of 41 patients with HCC (B). ** p < 0.01. HCC, hepatocellular carcinoma. qRT-PCR, quantitative
real-time polymerase chain reaction. IHC, immunohistochemical.

4. Discussion

With the rapid development of high-throughput sequencing technology, people have
reached a new level of understanding of genes or genomes [34]. Exploring the molecular
features of disease and individual genetic composition plays an important role in deter-
mining prognostic indicators and therapeutic targets for various malignancies [35]. Thus,
our research focused on revealing the expression pattern and prognostic value of CMTM
family genes in HCC through bioinformatics analysis, which is important to identifying
prognostic biomarkers and therapeutic targets for HCC patients.

The CMTM family genes play a crucial role in various physiological and pathological
processes [36]. Recently, aberrant expression of CMTM genes has been demonstrated in
a variety of tumors and has been implicated in tumorigenesis, progression, metastasis,
and prognosis [9]. For instance, previous studies have found that CKLF was upregulated
in HCC tissues and was associated with tumor stage and patient survival [13]. CMTM1
was upregulated in glioblastoma and CMTM]1 overexpression enhanced aggressive tumor
behavior, which was associated with worse overall survival in glioblastoma patients [14].
Other studies have revealed that CMTM?2 was downregulated in HCC tissues compared
to control tissues, and its expression was associated with pathological grades in HCC
patients [37]. Some studies have demonstrated that the overexpression of CMTM3 in
pancreatic carcinoma was correlated with high recurrence, distant metastasis rate, low
pathological grade, and poor survival times [15]. CMTM4 was upregulated in HCC; the
higher the expression was, the poorer patient survival was associated. The related function
may be that CMTM4 effectively escapes the T-cell-mediated cytotoxicity by stabilizing
the expression of PD-L1. Hence, CMTM4 expression could be instructive for future anti-
PD-L1 immunotherapy [17]. CMTMS5, which was lowly expressed in HCC, can inhibit
the proliferation, invasion, and migration of HepG2 cells in vitro and was suppressed
by the upregulated microRNA-10b-3p [38]. Additionally, CMTM6 knockdown could
significantly reduce PD-L1 expression and increase infiltration of CD8+ and CD4+ T-cells,
thereby enhancing the antitumor immunity in HNSCC [39]. CMTM? participated in EGFR-
AKT signaling in nonsmall-cell lung cancer; knocking down CMTM? could reduce Rab5
activation, which promoted tumor growth and metastasis [40]. CMTMS8 was found to
be downregulated in gastric cancer tissues rather than that in nontumor tissues, and the
expression of CMTMS8 was associated with metastasis of gastric cancer and prognosis of
GC patients [41]. In our study, we found that all the CMTM genes were highly expressed in
HCC except CMTM2, CMTM5, and CMTM6 according to data from the TCGA database.
The expression of CKLF, CMTM1, CMTM3, and CMTM?7 was correlated with cancer stage
and tumor grade. Kaplan-Meier curves showed that the overexpression of CKLF, CMTM]1,
and CMTMY predicted poor OS and PFS in patients with HCC. Further, univariate and
multivariate Cox regression analyses confirmed that CKLF was an independent factor for
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OS in HCC. Subsequently, we confirmed that the expression of CKLF was upregulated in
HCC clinical tissues by RT-qPCR and IHC. Clinical data further confirmed that the high
expression of CKLF was associated with poor prognosis. Multivariate Cox analysis also
indicated that CKLF as an independent prognostic factor which can predict prognosis in
HCC patients. Therefore, these results suggest that CKLF could be used as a predictive
biomarker of the diagnosis and prognosis of HCC patients.

Tumor-immune-infiltrating cells are an important component of the tumor microen-
vironment (TME) and have been shown to be associated with tumor development and
prognosis [42]. Our results revealed that CKLF expression was negatively correlated with
the levels of neutrophils and NK cells. Neutrophils play an important antitumor role by
activating an immune response against tumor cells and directly lysing tumor cells [43]. NK
cells are an essential antitumor immune cell that primarily mediates immune surveillance
of malignancies [44]. In addition, our data also demonstrated that CKLF expression was
positively correlated with dendritic cells, tumor-associated macrophages (TAMs), and
Th2 and Thl cells. Dendritic cells were the most effective antigen-presenting cells and
initiated antitumor immunity by activating CD8 T cells [45]. In the TME, tumor-associated
macrophages (TAMs) could be observed at all stages of liver cancer progression and may
mediate immune escape, indicating a key role for TAMs during tumor progression of
HCC [46]. Previous studies have shown that CKLF had broad spectrum of chemotactic ac-
tivity for many cells, including lymphocytes, macrophages, and neutrophils [47]. CKLF had
been reported to activate neutrophils through the mitogen-activated protein kinase (MAPK)
pathway and was highly expressed in activated CD8+, CD4+ T cells, and monocyte [19].
Additionally, CKLF plays a crucial role in the maturation of DCs as well as in the activation
of T-lymphocytes and is involved in humoral immune response and the formation of
germinal centers by acting on GC-Th cells [8,48]. Previous studies were consistent with
the results of immune infiltration analysis in our study, suggesting that CKLF is closely
associated with immune regulation, which may contribute to promote tumor proliferation
and metastasis of HCC.

A growing body of research shows that immune checkpoint inhibitors (ICIs) have
made great progress in the treatment of various cancers, including HCC [49]. ICIs, such
as PD-1, PD-L1, and CTLA-4 antibodies, have been shown to promote the activity of
potent T-cells and inhibit immunosuppression in the tumor microenvironment [50]. In
the IMBRAVE150 trial, HCC patients treated with the combination of atezolizumab (PD-
L1 inhibitor) with bevacizumab (VEGF inhibitor) had a favorable prognosis compared
to patients treated with sorafenib alone [51]. In spite of these significant advances, only
a minority of HCC patients benefit from ICIs therapy [52,53]. Additionally, there are
no credible biomarkers for predicting immunotherapy response to guide personalized
therapy and improve clinical outcome [54]. Based on the exploratory endpoints of HCC
trials, several potential biomarkers have been proposed, such as PD-L1 expression and
specific genomic alterations [55,56]. The combined PD-L1 positive score positive score of
PD-L1 could predict the response to pembrolizumab and was associated with PFS of HCC
patients [57]. In this study, the expression of CKLF was significantly correlated with some
immune-related genes, which is of great significance. These findings suggest that CKLF
could be used as a therapeutic target to predict the therapeutic efficacy of ICIs for HCC.

Our study sheds light on the potential role of CKLF in tumor immunology and its
potential to serve as a tumor biomarker and a new therapy target of HCC. However, there
are limitations in this study. Firstly, this study was primarily based on data from several
public databases, and confounder factors might lead to biases. Secondly, although the
association between the expression of CKLF and immune cell infiltration was investigated
using bioinformatics, the molecular mechanisms and biological function needs to be verified
by in vivo and in vitro experiments. Finally, we also need to perform stratified analysis,
which is crucial for the need for more elaborate and individualized methods in well-
designed clinical trials.
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5. Conclusions

Taken together, we comprehensively analyzed the expression levels and prognostic
values of CMTM family members in HCC. We identified that CKLF is an important diagnos-
tic and independent prognostic biomarker in HCC patients. Additionally, we also revealed
that CKLF expression was associated with immune cell infiltration and immune checkpoint
genes in HCC. Our research provided new insight into the clinical application of CKLF as a
prognosis biomarker and therapeutic target in patients with HCC.

Supplementary Materials: The following supporting information can be downloaded at: https:
/ /www.mdpi.com/article/10.3390/curroncol30030202 /s1, Figure S1: Correlation of mRNA expres-
sion of CMTM family members with age of HCC patients in TCGA database. * p < 0.05. HCC,
hepatocellular carcinoma. CMTM, Chemokine-like factor-like MARVEL transmembrane domain-
containing family; Figure S2: Correlation of mRNA expression of CMTM family members with
gender of HCC patients in TCGA database. ** p < 0.01. HCC, hepatocellular carcinoma. CMTM,
Chemokine-like factor-like MARVEL transmembrane domain-containing family; Figure S3: Correla-
tion of mRNA expression of CMTM family members with AFP of HCC patients in TCGA database.
**p <0.01, ** p < 0.001. HCC, hepatocellular carcinoma. CMTM, Chemokine-like factor-like MAR-
VEL transmembrane domain-containing family; Figure S4: Correlation of mRNA expression of
CMTM family members with vascular invasion status of HCC patients in TCGA database. HCC,
hepatocellular carcinoma. CMTM, Chemokine-like factor-like MARVEL transmembrane domain-
containing family; Figure S5: Time-dependent survival ROC curves to predict 1-year OS (A) and
PFI (B) of HCC patients based on based on the expression levels of CMTM family members. OS,
overall survival. PFI, progression-free interval (PFI). ROC, receiver operating characteristic. HCC,
hepatocellular carcinoma. TPR, true-positive rate. FPR, false-positive rate. CMTM, Chemokine-like
factor-like MARVEL transmembrane domain-containing family; Figure S6: Kaplan—-Meier survival
curves indicated that high expression of CKLF was related to poor prognosis of HCC patients. HCC,
hepatocellular carcinoma. Table S1: Univariate and multivariate Cox proportional hazards regression
analysis of CMTM family members and clinical characteristics for progression-free interval in HCC;
Table S2: The relationship between CKLF expression and clinicopathological characteristics in HCC
patients; Table S3: Univariate and multivariate analyses of overall survival in HCC patients (Cox
proportional hazards regression model).
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