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Abstract

Background: Previous study has shown that chemokine-like factor (CKLF)-like MARVEL transmembrane domain-
containing family member 4 (CMTM4) can bind and maintain programmed cell death ligand 1 (PD-L1) expression to
promote tumor progression by alleviating the suppression of tumor-specific T cell activity, suggesting its potential
role in tumor immunotherapy. However, the role of CMTM4 in tumor immunity has not been well clarified, especially
in hepatocellular carcinoma (HCC).

Methods: The protein expression of CMTM4/PD-L1/CD4/CD8 was detected by immunohistochemistry (IHC) detec-
tion in 90 cases of HCC tissues. The mRNA expression profiles and related prognosis data were obtained from The Can-
cer Genome Atlas-Liver Hepatocellular Carcinoma (TCGA-LIHC). Two immune therapy cohorts were from Imvigor210
and GSE176307.

Results: Though the single protein expression of CMTM4, PD-L1, CD4 or CD8 in HCC tissues by IHC detection didn't
show a significant relationship with the prognosis of HCC patients, we found that high co-expression of CMTM4/
PD-L1/CD4 showed a good prognosis of HCC patients. Further Timer 2.0 analysis identified that HCC patients with
high expression of CMTM4/PD-L1 and high infiltration of CD4™ T cells had a better overall survival than those with low
infiltration of CD4™ T cells. Moreover, a series of bioinformatics analyses revealed that CMTM4-related genes posed
important effects on prognosis and immunity in HCC patients, and CMTM4 had a positive correlation with infiltra-
tion of CD4™ and CD8™ T cells in HCC. At last, we used two immunotherapy cohorts to verify that the combination of
CMTM4 with PD-L1 could improve the prognosis of tumor patients underwent immunotherapy.

Conclusions: CMTM4 and PD-L1 co-expression with T cell infiltration shows prognostic significance in HCC, suggest-
ing combined effect from multiple proteins should be considered in HCC treatment.
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Introduction

As a common malignant tumor of digestive system, hepa-
tocellular carcinoma (HCC) has a high incidence in sub-
Saharan Africa and Asia. According to recent reports,
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to treatments and leading to the poor clinical prognosis
[2]. Unfortunately, at present, current treatment is con-
sidered extremely difficult to cure HCC metastasis. Over
the past decades, immunotherapy and targeted therapies
such as CAR-T, immune checkpoint therapy and vacci-
nation, have made significant advances in treating cancer,
especially melanoma [3]. However, the main obstacle of
immunotherapy is the low response in clinical [4]. There-
fore, it is vital to find valuable therapeutic markers for
HCC patients.

In recent years, with the deepening understanding of
limitations from tumor radiotherapy and chemotherapy,
tumor immunotherapy has been paid more attention
and clinical application to achieve better results from
immune regulation [5]. Programmed cell death 1 (PD-1)
and its ligand (PD-L1) have become one of the most stud-
ied receptors that brings a recent breakthrough in new
tumor immunotherapy for immune checkpoint. PD-L1
expresses in different tumor cells and can directly inhibit
the proliferation and function of T cells when combining
with PD-1 [6]. Most tumor cells take advantage of PD-1/
PD-L1 checkpoint regulation to inhibit immunity and
escape immune surveillance [7, 8]. PD-1/PD-L1 signaling
pathway is also involved in the process of HCC develop-
ment which has an impaired immune surveillance func-
tion in liver microenvironment [9]. In HCC patients,
PD-1 expression was found up-regulated in CD8" T cells
[10], and the high abundance of circulating and tumor
infiltrating PD-17CD8" T cells was positively correlated
with the prognosis of HCC patients under partial hepa-
tectomy and without any immunotherapy before [11].
High expression of PD-1 in tumor infiltrating lympho-
cytes of HCC patients could cause impaired phenotype
and effector function of lymphocytes [12]. Similarly, the
expression of PD-L1 in HCC cells can also inhibit the
function of T cells in tumor microenvironment. Studies
have reported that high PD-L1 expression in tumor cells
is an independent prognostic factor for the recurrence of
HCC patients [13]. Tissue samples showed the expres-
sion level of PD-L1 was high in HCC patients without
any immunotherapy before, and had a relationship with
the metastasis and poor prognosis of HCC patients [14,
15]. These studies suggest that blocking the interaction
between PD-1 and PD-L1 will bring a new dawn for HCC
treatment.

Chemokine-like factor (CKLF)-like MARVEL trans-
membrane domain-containing family (CMTM) members
are implicated in autoimmune diseases, male infertil-
ity and various tumors [16—18]. Recently, CMTM4 and
CMTMS6 are identified as PD-L1 regulators to regulate
PD-L1 stability during the immune process in many
tumor cells [19, 20], and thus expected to be a new tar-
get for tumor immunotherapy. Accumulated evidence
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has been explored to confirm the application potential of
CMTMS6 in tumor immunotherapy through its interac-
tion with PD-1/PD-L1 signaling pathway [21, 22]. How-
ever, the role of CMTM4 in tumor immunity has not
been well clarified, especially in HCC.

Our previous study had identified that the deregulated
expression of CMTM4 protein was correlated with HCC
prognosis [23]. To further explore the prognostic role of
CMTM4 in HCC immunotherapy, we did IHC and bioin-
formatics analysis to detect the co-expression of CMTM4
and PD-L1 in HCC patients, and evaluate the prognostic
significance and immune characteristics of CMTM4 and
PD-L1 co-expression combined with CD4" or CD8" T
cell infiltration. Our study may provide novel immuno-
therapy clues for HCC patients.

Methods

Tissue samples

Our HCC cohort included 90 cases of HCC tissues and
paired normal liver tissues from 2005 to 2015. Writ-
ten informed consent was obtained from each patient.
The baseline characteristics of these HCC patients were
shown in Table 1. Six PD-L1 samples were excluded due
to the loss of immunohistochemical (IHC) sites during
IHC quality control. One sample was lost to follow-up in
the progression free survival data (n=89). This study was
approved by the Institutional Ethical Boards of Guilin
Medical University (GLMC2014003).

IHC detection

HCC and paired normal liver tissues were made into tis-
sue chips for IHC staining. These tissue chips were incu-
bated by primary antibodies against CMTM4, PD-L1,
CD4 and CD8 (anti-CMTM4, ab254657; anti-PD-L1,
ab205921; anti-CD4, MABF569; anti-CD8, SAB5500074),
respectively at 4°C overnight. Then the chips were
washed three times and incubated with secondary anti-
bodies at 37°C for 30 min. After stained with 3,3’-diamin-
obenzidine tetrahydrochloride and hematoxylin, all chips
were observed under the Olympus microscope (BX53,
Japan).

The IHC scoring was assessed by two professional
pathologists independently and they were blinded to the
clinicopathological and survival information of patients.
Three different stained visual fields in per tissue sample
were detected for the percentage of positive cells and
the score was estimated by the mean of three percent-
ages. The score in percentage of positive stained cells
was defined as 0 for <5%, 1 for 6-19%, 2 for 20-49%, 3
for 50-74%, and 4 for 75-100%, respectively. Cell stained
intensity was assessed as follows: 0 indicated no staining;
1 indicated weak staining; 2 indicated moderate stain-
ing; 3 indicated strong staining. The final scores were
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Table 1 The association of clinicopathological parameters with expression of CMTM4 and PD-L1 in HCC cohort

Variables CMTM4 PD-L1
n High Low Pvalue n High Low Pvalue

Age (years)® 0.085 0.880
<60 68 36 32 63 14 49
>60 22 7 15 21 5 16

Gender 0.881 0310
Male 80 38 42 74 18 56
Female 10 5 5 10 1 9

HBV 0.259 0473
Positive 70 36 34 66 14 52
Negative 19 7 12 17 5 12

AFP (ng/mL) 0.045 0456
<400 57 23 34 54 " 43
>400 32 20 12 29 8 21

Cirrhosis 0401 0.578
Yes 80 40 40 74 " 43
No 9 3 6 9 8 21

Cirrhosis number 0.196 0477
<3 56 30 26 51 13 38
>3 33 13 20 32 6 26

Tumor number 0.261 0.250
Single 79 36 43 73 18 55
Multiple " 4 7 " 1 10

Tumor size® 0329 0.898
<5cm 56 29 27 52 12 40
>5cm 34 14 20 32 7 25

Differentiation 0.202 0.112
Well 44 18 26 40 6 34
Moderate-poor 46 25 21 44 13 31

TNM stage 0334 0.198
| 63 28 35 61 16 45
-V 27 15 12 23 3 20

Tumor capsule 0.330 0.040
Complete 42 18 24 38 15 30
Incomplete 47 25 22 45 4 34

TB (umol/L) 0.679 0.027
<14.053 56 28 28 52 16 36
>14.053 33 15 18 31 3 28

ALT (U/L) 0.996 0436
<48.360 60 29 31 55 14 41
>48.360 29 14 15 28 5 23

ALB (g/L) 0.742 0.077
<4.296 43 20 23 42 13 29
>4296 46 23 23 41 6 35

GGT (U/L) 0.809 051
<77.101 61 30 31 56 14 42
>77.101 28 13 15 27 5 22

CD4 expression 0451 0.228
Low 20 6 14 54 10 44
High 70 37 33 30 9 21

CD8 expression 0.847 0.001
Low 21 n 10 41 3 38
High 69 32 37 43 16 27

2, median age; °, median tumor size;
P value <0.05 in bold is statistically significant
Notes: AFP a-fetoprotein, HBV Hepatitis B virus infection
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obtained by multiplying the percentage of positive cells
and the stained intensity. Final score >3 was defined as
positive expression and <3 was negative expression.
The median of four IHC scoring genes was defined as
the cut-off value to classify the samples as low or high
expression groups, which were determined using previ-
ously described methods [24, 25]. Total score (CMTM4/
PD-L1, CMTM4/PD-L1/CD4 or CD8) was calculated by
adding the every stained intensity score.

RNA sequencing and data analysis

Total RNA from CMTM4 knockdown (KD) Hep3B cells
was extracted using TRIzol (Invitrogen, #15596026).
The total RNA concentration and purity were tested by
NanoDrop 2000 and Aglient 2100 Bioanalyzer (Thermo
Scientific, MA, USA). GeneChip from PrimeView (Affy-
metrix, #902487) was used for the RNA sequencing and
data analysis was provided by GeneChem (Shanghai,
China).

Bioinformatics analysis

Data collection

The mRNA expression profiles and related prognosis
data were obtained from The Cancer Genome Atlas-
Liver Hepatocellular Carcinoma (TCGA-LIHC). Two
immune therapy cohorts were included in this study
from Imvigor210 and GSE176307. For TCGA-LIHC
cohort, RNA sequencing data (fragments per kilobase
of exon per million fragments mapped, FPKM) were
downloaded (https://portal.gdc.cancer.gov/). 424 samples
were included in this cohort. For Imvigor210 cohort, 348
patients treated with the PD-L1 inhibitor (atezolizumab)
were used for validation of the combined immunothera-
peutic effect of CMTM4 and PD-L1 [26]. 90 patients
treated with immune checkpoint inhibition (GSE176307)
were used for further analysis in immunotherapy.

Classification of CMTM4 related mRNAs
ConsensusClusterPlus is a common tool for identify-
ing the number and membership of clusters for cancer
datasets by the K-means method, such as HCC [27, 28].
In order to find significant CMTM4 subgroups, we used
ConsensusClusterPlus package (R package) with 50 inter-
actions to get 4 clusters (resample rate of 0.8) according
to the differential expressed mRNAs from CMTM4 KD
RNA sequencing data. Furthermore, cluster 1-4 was ana-
lyzed and visualized by heatmap package and survival
package.

Identification of CMTM4 related prognostic genes in HCC

In order to construct an efficient CMTM4 prediction
model, we used the Least Absolute Shrinkage and Selec-
tion Operator (LASSO) Cox regression to select the
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significant independent prognostic markers with P value
less than 0.05 for overall survival (OS) in TCGA-LIHC
[29]. Then, we got 40 significant prognostic genes. The
risk score (RS) of those genes was calculated by the fol-
lowing formula.

RS = ) Coef ()X (i)

i=1

The “n” means 40 genes in this group. Coef (i) represents
the coefficient of each gene (Supplementary Table 1). The
365 HCC samples (LIHC) were divided into two groups
by the median of risk scores. Then, the prognostic value
was analyzed by the Kaplan Meier (KM) method, and
sensitively and specificity values were calculated by the
receiver operating characteristic (ROC) curve.

Relationship between CMTM4 related genes and tumor
immunity

To explore the relationship between CMTM4 related
differential expressed genes (DEGs) and HCC tumor
microenvironment, we used the ESTIMATE (estimation
of stromal and immune cells in malignant tumor tissues
using expression data) to assess immune score and stro-
mal score for understanding the immune status in HCC
patients [30]. Furthermore, Wilcoxon method was used
to compare the difference between two immune infiltra-
tion scores for clinical information. And to identify the
optimal score cutoff in HCC prognostic analyses, “sur.
cut” was employed to divide into high and low immune
groups by using a “survival” R package. “ggsurplot” func-
tion from a R package of “survivmine” was used to draw
KM survival curve.

To explore the differences of immune cell subtypes,
CIBERSORT package and TIMER2.0 (http://timer.cistr
ome.org/) were used based on the TCGA-LIHC data
[31]. The perm value was set in 1000. The filter condi-
tion was set in P value <0.05. Because genes with somatic
mutations and somatic copy number variations (sCNVs)
could influence immunotherapy response and survival,
TIMER2.0 was used to display CMTM4 sCNVs module
and related mutation plots for understanding of CMTM4
immune effect. Furthermore, when combined CMTM4
and PD-L1, the outcome module in high and low CD4/
CD8 groups was analyzed by CIBERSORT algorithm.

CMTM4 related pathways and prognostic genes

To identify important pathways that CMTM4 related
genes participate in, we used a “clusterProfiler” R pack-
age to analyze Gene Ontology (GO) and KEGG pathway
with P<0.05 [32]. Then, the relationship of proteins from
CMTM4 significant DEGs were analyzed by STRING
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(https://string-db.org/). Protein-protein interaction (PPI)
analysis was performed by using Cytoscape software. The
proteins in the PPI network were transformed into nodes
and the degree of each node was related with the num-
ber of its interactions. The degree analysis was selected
for counting each node and ClusterONE function in
Cytoscape was used to screen modules of the PPI net-
work. 32 significant proteins were listed in the barplot
(count>12 and P value <0.05). Cox regression was used
to test CMTM4 related DEGs, and 16 proteins of them
were important prognostic markers. Then, venn plot was
used to find important prognostic markers from PPL
And KM analysis was used to show the prognostic value
in those two genes.

Immunotherapy analysis

Based on the related studies, the “GSVA” R package was
used to quantify the immune infiltration of 28 related
cells in HCC microenvironment. ssGSEA classified
genes included common biological functions, chromo-
somal localization, and physiological regulation [33, 34].
Normalized two immunotherapy cohorts (Imvigor210
and GSE176307) data were compared genes by “GSVA”
R package. The relative abundance of each immune cell
was listed by an enrichment score in ssGSEA analysis.
C4P1 (CMTM4+PD-L1) score was calculated by add-
ing CMTM4 value and PD-L1 value. Based on the mean
of C4P1 score, the patients were divided into high and
low level groups to assess the immunotherapeutic effect.
Patients who got complete response (CR) or partial
response (PR) were considered as responders, compared
with those non-responders who displayed stable disease
(SD) or progressive disease (PD). KM analysis was used
to assess the prognostic effect of CD4™ T cell in high
C4P1 group.

Statistical analysis

Continuous variables were analyzed using Student’s t-test
or Wilcoxon-test. Categorical variables were assessed
by Chi-squared test. Patients’ prognostic analyses were
showed by KM survival analysis, univariate and multi-
variate Cox analyses. Survival results were showed using
“forestplot” (R package). P values <0.05 was considered
as statistically significant. All data were analyzed by R
4.0.5, GraphPad Prism 8 and Cytoscape 3.7.2.

Results

Expression of CMTM4/PD-L1/CD4/CD8 in HCC cohort

We first detected the expression of CMTM4/PD-L1/
CD4/CD8 in a total of 90 HCC tissues from patients
who underwent surgical treatment by IHC method. As
shown in Fig. 1A, CMTM4, PD-L1, CD4 and CD8 were
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all expressed in HCC tissues. Based on the IHC score, we
found that the positive rate of CMTM4, PD-L1, CD4 and
CD8 was 35.56% (32/90), 33.33% (28/84), 40.00% (36/90),
and 21.11% (19/90), respectively (Fig. 1B). Then we chose
62 HCC samples that had CMTM4 positive cells above
50% to examine the correlation between CMTM4 and
PD-L1 protein expression by Pearson method. As shown
in Fig. 1C, there was a same trend between CMTM4 and
PD-L1 protein expression in HCC tissues, but the rela-
tionship was not significant (r=0.1183, P=0.3637). The
mRNA expression of CMTM4 was found to have a weak
positive relationship with PD-L1 in TCGA-LIHC data-
base (tho=0.116, P=0.00249, Fig. 1D), which was con-
sistent with recent studies in head and neck squamous
cell carcinoma and undifferentiated pleomorphic sar-
coma [35, 36].

The relationship between CMTM4/PD-L1 expres-
sion and clinicopathological characteristics of HCC
patients was then analyzed (Table 1). Based on the
median of quantitative analysis from IHC, we divided the
cohort into high and low groups according to CMTM4
and PD-L1 expression. As a result, we found that high
CMTM4 expression was only significantly related with
high AFP level (P=0.045), but not was associated with
other factors (all P>0.05). High PD-L1 expression was
significantly correlated with complete tumor capsule
(P=0.040), low total cholesterol level (TB) (P=0.027),
and high CDS8 level (P=0.001).

Prognostic significance of CMTM4/PD-L1/CD4/CD8 in HCC
cohort
To further explore the clinical value of CMTM4/PD-L1/
CD4/CD8 in HCC, we conducted KM survival analysis,
univariate and multivariate Cox regression to elaborate
the prognostic significance of CMTM4/PD-L1/CD4/CDS8.
KM analysis revealed that only CD8 expression had a sig-
nificant relationship with the overall survival (OS) of the 90
HCC patients (Fig. 2D, P=0.07). CMTM4, PD-L1 or CD4
expression did not showed meaningful results (Fig. 2A-
C, P>0.05). When we further analyzed the co-expression
of CMTM4/PD-L1 with CD4 or CD8, we found that high
co-expression of CMTM4/PD-L1 with high CD4 expres-
sion was significantly related with better OS and progres-
sion-free survival (PFS) of HCC patients in a five-year
survival period (Fig. 2E, P=0.016; Supplementary Fig. 1E,
P=0.062), but high co-expression of CMTM4/PD-L1 with
high CD8 expression did not show the significance (Fig. 2F,
P=0.50). What’s more, high co-expression of CMTM4/
PD-L1 group with high CD4 expression was significantly
correlated with better OS of HCC patients in a ten-year
survival period (Supplementary Fig. 1G, P=0.022).

In the univariate Cox regression, moderate to poor differ-
entiation, high TNM stage and high glutamine transferase
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Fig. 1 Expression of CMTM4/PD-L1/CD8/CD4 in HCC tissues by IHC detection. A Representive positive and negative expression of CMTM4/PD-L1/
CD8/CD4 in HCC tissues by IHC detection. B Statistical analysis of IHC results in 90 cases of HCC tissues. C Correlation between CMTM4 and PD-L1
protein expression from IHC results in HCC cohort. D Correlation between CMTM4 and PD-L1 mRNA expression from TCGA-LIHC database
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(GGT) level increased the risk of OS (Supplementary
Fig. 1H, P=0.01, P=0.021, P=0.018). High CD8 level
decreased the risk of OS, but this did not reach significance
(P=0.077). After adjusting age, gender and other signifi-
cant OS factors (cirrhosis, differentiation, TNM stage and
GGT), high CMTM4 level decreased the risk of OS and
PFS (Fig. 2G, P=0.076). On the contrary, moderate to poor
differentiation increased the risk of OS (P=0.041).

At the end, we used nomogram to predict the 3-year and
5-year OS in the HCC cohort (Fig. 2H). Based on the multi-
variate Cox analysis, we used five significant factors, includ-
ing differentiation level, CMTM4 expression and common
HCC markers (age, gender, AFP) for this prediction. Each
subgroup of the five factors corresponded to a point and
total point scores were added from each subgroup point.
Using the corresponding total point scores, we could pre-
dict someone’s 3-year and 5-year prognostic survival rate.
For example, one HCC patient aged 60 (points: 1.5), female
(points: 0) with well differentiation level (points: 0), had
0-20ng/ml AFP level (points: 1) and low CMTM4 expres-
sion (points: 2.75). The suspected 3-year survival rate of
this HCC patient was almost 95% and the 5-year survival
rate was 91%.

CMTM4 related four clusters from consensus clustering

and its significant prognostic markers

In order to investigate the effects of CMTM4 in HCC,
RNA-sequencing was performed using CMTM4 KD
Hep3B cells. A total of 1189 differentially expressed genes
(DEGs) were selected, including 413 up-regulated and 776
down-regulated genes (|log2FC|>0.5 and P value <0.05,
Fig. 3A). Based on the expression of these 1189 DEGs, we
clustered the 374 TCGA-LIHC tumor samples to identify
CMTM4 prognostic significance using consesus cluster-
ing method. The interference between clusters could be
reduced to the minimum when K=3 or 4 (Fig. 3B left). At
the same time, when K value is 4, the middle segment of
CDF curve is the flattest (Fig. 3B right). Combined with
the above two points, we used 4 as K value. Then, the 374
HCC patients were divided into four categories, cluster 1
(m=100), cluster 2 (n=53), cluster 3 (n=159), and clus-
ter 4 (n=62). We then explored the expression of those
DEGs among cluster 1-4 and found that there was a low-
est level of total gene expression in cluster 1. On the con-
trary, there was a highest level of overall gene expression
in cluster 2. Moreover, when we analyzed the relationship
between CMTM4 regulated genes and clinicopathological
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characteristics of HCC patients, we found that HCC
patients in cluster 2 were associated with high T stage and
high TNM stage, and instead, HCC patients in cluster 4
were associated with low T stage (Fig. 3D). Further sur-
vival analysis indicated that the OS of HCC patients was
significantly shorter in cluster 2 than in cluster 4 (Fig. 3D,
P<0.05), which may result from its association with high T
stage.

We performed univariate Cox regression analysis based
on the TCGA-LIHC RNA-sequencing and prognostic data
of 374 HCC samples to search valuable CMTM4-related
prognostic genes. As a result, 285 genes showed a signifi-
cant relationship with OS of HCC patients (P<0.05). To
identify the most powerful prognostic markers, LASSO
Cox regression analysis was used to screen out 21 up-reg-
ulated and 19 down-regulated genes (Fig. 3E and F). The
coefficient of each gene was showed in Supplementary
Table 1. The risk score of the differential expressed 40 genes
was calculated based on the coefficient of each marker from
LASSO analysis. Based on the median of the risk score, the
TCGA-LIHC HCC samples were divided into high and low
risk groups. High risk score group (high RS) was shown to
have a significant poorer prognosis than the low risk score
group (low RS) after the Kaplan-Meier analysis (Fig. 3G). In
order to assess the sensitivity and specificity of the predic-
tion, the AUC value was 0.886 from time-dependent ROC
curve, suggesting its well prediction ability (Fig. 3H).

CMTM4 regulates tumor immune environment in HCC

As the workflow shown in Fig. 4A, we intersected the RNA
sequencing data from CMTM4 KD HCC cells and TCGA-
LIHC to assess the exact effect of CMTM4 in tumor micro-
environment (TME) of HCC patients. There were 1105
CMTM4-related DEGs included in the HCC TME estima-
tion (Fig. 4B). The top 50 DEGs from immune score included
CYP3A4, CYP2A7, and FNDCS5, while top 50 DEGs from
stormal score included MYH7B, CRYBB1, and TWIST1
(Fig. 4C and D). In order to find relationship between
immune score or stormal score and clinical characteristics
of HCC patients, we analyzed TNM stage and pathological
stage. The results showed that the immune score increased
with the tumor grade of HCC patients, especially in grades
I-III (Fig. 4E, P<0.05). Though stroma score also had an
increase trend in grades I-III, it was not significant (Fig. 4F,
P>0.05). At the same time, KM analysis was used to find its
prognostic value from significant TME genes. The results
showed HCC patients with high immune score had poor

(See figure on next page.)

Fig. 2 Kaplan-Meier survival curves for overall survival (OS) of HCC patients based on CMTM4/PD-L1/CD4/CD8 protein expression from IHC
detection. A OS based on CMTM4 expression. B OS based on PD-L1 expression. C OS based on CD4 expression. D OS based on CD8 expression. E
OS based on the combination of CMTM4, PD-L1 and CD4. F OS based on the combination of CMTM4, PD-L1 and CD8. G Cox regression analysis of
HCC OS factors. H Nomogram to predict the 3-year and 5-year OS survival in HCC cohort
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survival compared to low immune score (Fig. 4G, P<0.05),
but there was no difference of survival rate between high and
low stroma score groups (Fig. 4H, P>0.05).

We used GO, KEGG and PPI to analyze the biological
processes among CMTM4-related DEGs. As GO result
shown in Fig. 5A, these CMTM4-related DEGs were
involved in extracellular matrix organization, lympho-
cyte differentiation, regulation of lymphocyte activation,
T cell activation and T cell differentiation. These five
pathways included a few same regulated genes, such as
CCR2, NLRP3, and JAK3. Chemokine signaling pathway,
cytokine-cytokine receptor interaction, hematopoietic
cell lineage, primary immunodeficiency and viral protein
interaction with cytokine and cytokine receptor were
found by KEGG analysis (Fig. 5B). CCR4, TNFSF13B,
and CXCR3 were the same regulated genes in the KEGG
pathways. Further PPI analysis showed LPAR1, LPARS5,
and CXCL5 were the most important proteins, which
were involved in regulating cytokines (Fig. 5C). Then
top 30 hub genes were enriched in the above significant
pathways (Fig. 5D). At the same time, we conducted mul-
tivariate Cox regression to further screen the prognostic
markers from these CMTM4-related DEGs. As a result,
16 CMTM4-related DEGs were found to have an associa-
tion with HCC prognosis, including 13 genes with high
hazard ratio (HR) and 3 genes with low HR (Fig. 5E).
When further intersected these 16 CMTM4-related
DEGs with the top 30 hub genes in PPI (Fig. 5D), GPR84
and CXCL5 were screened out (Fig. 5F), which showed
both important prognostic value and involvement in reg-
ulating the CMTM4-related pathways. In our CMTM4
KD RNA-sequencing data, GPR84 was increased, but
CXCL5 was decreased in CMTM4 KD HCC cells. Fur-
thermore, we used Pearson method to find the relation-
ship of CMTM4 with CXCL5 or GPR84. The results
showed that CXCL5 and GRP84 were positively related
with CMTM4 (Supplementary Fig. 2C and D). Then,
Oncomine and four liver cells were used to test CXCL5
and GPR84 expression. The results showed that CXCL5
was up-regulated in HCC cells and tissues, which was
consistent with the RNA sequencing result (Supplemen-
tary Fig. 2E and G). On the contrary, GPR84 was down-
regulated in HCC cells, but was up-regulated in HCC
patients (Supplementary Fig. 2F and H). The results of
KM analysis showed that HCC patients with high expres-
sion of GPR84 or CXCL5 had poorer survival than the
low expression group (Fig. 5G and H, P<0.05). These
results indicated that CMTM4-related DEGs had both
immune and prognostic values in HCC.

Regulation of immune cell infiltration by CMTM4 in HCC
We analyzed the infiltrating immune cell components in
374 TCGA HCC tumor samples by using CIBERSORT
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algorithm. The calculation was repeated 100 times and
HCC samples with P value <0.05 was chosen for further
analysis. As a result, the majority of HCC samples showed
four kinds of main immune infiltrating cells, including B
cells, T cells, NK cells, and macrophages (Fig. 6A). Fur-
ther Pearson analysis was employed to find the relation-
ship among the 22 immune cells (Fig. 6B). The results
showed that there was a positive correlation between NK
cells resting and eosinophils (r=0.88), T cells CD8 and T
cells follicular helper (r=0.62), T cells CD4 memory acti-
vated and neutrophils (r =0.49), NK cells activated and T
cells CD4 native (r=0.40). In contrast, macrophages MO
were negatively correlated with T cells CD8 (r=—0.70)
and other 8 kinds of immune cells (neutrophils, T cells
CD3 memory active, and etc). Macrophage M2 had a
negative relationship with Macrophages M1 (r=—0.43)
and other 7 kinds of immune cells. And T cells CD4
memory resting were also negatively related with T cells
CD4 memory activated (r=-—0.49) and other 8 kinds
of immune cells (Fig. 6B). Then based on CMTM4 risk
score (RS) from LASSO regression, high RS group was
characterized with elevated infiltration of CD8' T cells,
memory resting CD4% T cell, activated NK cells (P<0.05)
and decreased infiltration of MO macrophages (P<0.001,
Fig. 6C). Further TIMER2.0 predicted that CMTM4 had
a negative correlation with CD8*1 T cells (Rho=—0.191,
P<0.05), but a positive correlation with CD4" T cells
(Rho=0.244, P<0.05, Fig. 6D). CNV analysis found
that arm-level deletion and arm-level gain alterations
of CMTM4 mRNA affected immune genes, especially
CD4™ T cell expression (Fig. 6E), suggesting a close rela-
tionship between CMTM4 and CD4" T cell expression
in HCC. Meanwhile, analysis of common gene muta-
tions also revealed that TP53, RYR2, LRP18 gene muta-
tions can affect CMTM4 expression (Fig. 6F). Prognostic
analysis confirmed that patients with high levels of CD4"
T cells in the high CMTM4 and PD-L1 group (high C4P1
group) had good prognostic survival (Fig. 6G). In con-
trast, this was not found in CD8" T cells (Fig. 6H). These
results showed that the effect of CMTM4 on immune cell
infiltration posed prognostic significance in HCC.

Roles of CMTM4 in tumor cohorts underwent
immunotherapy

Because of the important effects of CMTM4-related
genes on prognosis and immunity in HCC patients, we
used two immunotherapy cohorts to verify whether the
combination of CMTM4 with PD-L1 could improve the
prognosis of tumor patients underwent immunotherapy.
The IMvigor immune cohort found that immunotherapy
patients with high total score had higher immunother-
apy correspondence as compared to the low total score
group (high 28.4% vs low 17.8%, Fig. 7A). Consistent
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results were found in another immunotherapy cohort
(GSE176307) (high 21.4% vs low 15.5%, Fig. 7C). Further-
more, in both immune cohorts, the results of KM prog-
nostic analysis showed that patients with high total score
did have better survival when combined with high CD4
infiltration compared to low CD4 infiltration (Fig. 7B
and D, P<0.05), suggesting that CMTM4 combined with
PD-L1 could affect CD4" T cell immune infiltration to
improve the immunotherapy effect and prognosis of
tumor patients.

Discussion

In this study, we firstly explored the prognostic sig-
nificance of CMTM4 and PD-L1 co-expression in HCC
combined with CD4 and CD8 T cell infiltration data
both from IHC detection and TCGA database. High
co-expression of CMTM4/PD-L1 with high CD4 T cell
immune infiltration was found to show a favorable prog-
nosis of HCC patients. Our study provides a promising
role of CMTM4 in HCC immunotherapy and a further
theoretical foundation for the application of PD-1/PD-L1
inhibitors in HCC treatment.

As one of the key regulators of PD-L1, the potential
role of CMTMS6 in tumors has been extensively stud-
ied in recent years [37-39]. Its closet family member
CMTM4 shares this function that maintaining PD-L1
protein expression [20]. Ectopic expression of circular
RNA CDR1-AS can both increase expression levels of cell
surface PD-L1, and CMTM4/CMTM6 in SW620 cells
[40]. Due to high expression of PD-1/PD-L1 in tumor-
infiltrating T cells, CMTM4 and CMTM6 are thought
to be important players in the tumor microenvironment
and anti-tumor immunity [41]. However, there are only
a few studies to clarify the relationship between CMTM4
and tumor immunity. CMTM4 expression was found
to have a positive correlation with CD8" and PD-17
cell density in the stroma of head and neck squamous
cell carcinoma [35]. Three immune molecular subtypes
of renal clear cell carcinoma based on CTLA-4, PD-1/
PD-L1, CMTM6 and CMTM4 were found with different
clinical and immunological characteristics [42]. CMTM4
can stabilize the surface expression of PD-L1 in HCC and
intrahepatic cholangiocarcinoma (ICC) cell lines through
preventing PD-L1 from endosome-lysosomal and protea-
somal degradation [43]. In this study, though we failed to
find the significance of single CMTM4, PD-L1, CD4 or
CD8 expression in the prognosis of HCC patients due to
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small HCC sample size for IHC detection, the high co-
expression of CMTM4 and PD-L1 combining with high
CD4 expression showed a better HCC prognosis, further
supporting that CMTM4 as a regulatory factor in HCC
TME could control the immune effect of PD-L1. There-
fore, the interaction between CMTM4 and PD-L1 made a
significant impact on tumor microenvironment through
targeting CD4 T cells, and then promoted the malignant
progression of HCC.

HCC development is often accompanied by the accu-
mulation of immune tolerance signals and immune
escape. PD-1/PD-L1 is an important inhibitory path-
way that involved in immune escape of various tumors
through regulating T lymphocytes, which play an impor-
tant role in the tumor-specific immune response. On
the locally infiltrated effector cells in HCC tissues, the
increase of PD-1/PD-L1 expression level was found posi-
tively correlated with AFP level, vascular invasion, dif-
ferentiation degree and histological type of HCC patients
[14]. Researchers over-expressed PD-1 plasmids in ani-
mal HCC tissues and confirmed that PD-1 could enhance
the immune response. High expression level of PD-1/
PD-L1 in cells could inhibit the effector cells to make
HCC immune escape. Moreover, they found that the pro-
gression of HCC can be controlled after blocking PD-1/
PD-L1 pathway [44]. In consistent with these studies, our
immune cell infiltration results also showed that CMTM4
expression had a positive relationship with CD4 and CD8
T cell infiltration levels, and co-expression of CMTM4/
PD-L1 combined with CD4 T cell infiltration posed a
positive effect on HCC prognosis, suggesting CMTM4
as a trigger combined with PD-L1 could improve tumor
microenvironment of HCC by targeting T lymphocyte
infiltration.

As the dominant immune response in anti-tumor
immunity, cellular immune response is mainly com-
posed by T lymphocytes, especially CD4 and CD8 regu-
latory T lymphocytes. The CD4 and CD8 regulatory T
lymphocytes are immune cells with negative regulating
role in anti-tumor immunity through participating in
tumor cell escape, immune surveillance and defense [45,
46]. Studies showed that the intratumoral infiltration of
CD4 and CD8 T lymphocytes was associated with post-
operative recurrence rate and overall survival rate of
colorectal cancer patients [47], and patients with a high
infiltration of CD8 T lymphocytes in HCC tissues had a
better prognosis [48]. Moreover, Langhans B et al. found

(See figure on next page.)

Fig. 6 Immune cell infiltration analysis in HCC from TCGA-LIHC database. A The proportion of 22 kinds of tumor immune cells (TICs) in HCC. B
Relationships between the 22 kinds of TICs in HCC. The number in boxes means values of correlation between two kinds of TICs. C Violin plots for
the ratio differentiation of TICs associated with based on LASSO regression risk score. D Relationship between CMTM4 and CD8/CD4 T cells. E CNV
analysis of CMTM4 gene. F Common gene mutation analysis. G and (H) OS based on the co-expression of CMTM4 and PD-L1 combined with CD4/

CD8 expression from TCGA-LIHC database
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Fig. 7 Roles of CMTM4 in tumor cohorts underwent immunotherapy. A and B IMvigor immune cohort. C and (D) GSE176307 cohort

that there were a higher proportion of CD4 and CD8 T
lymphocytes in the peripheral blood of HCC patients
than the healthy controls [49]. Zhong et al. confirmed
that the overall survival and tumor-free survival rate of
HCC patients with high infiltration of CD4 and CD8 T
lymphocytes were significantly higher than those in low
infiltration group, and their multivariate analysis showed
that high infiltration of CD4 and CD8 T lymphocytes
was a protective factor for HCC tumor recurrence and
prognosis [50]. We found a favorable prognosis of HCC
patients with high CMTM4/PD-L1 expression and high
CD4 T lymphocyte infiltration in HCC tissues, which
was consistent with above studies. Moreover, our bioin-
formatics analysis also identified that CMTM4-related
DEGs were involved in HCC immunity regulation and
showed prognostic value in HCC, further providing a
possible theoretical evidence for the prognostic signifi-
cance of CMTM4 and PD-L1 co-expression combined
with T cell infiltration in HCC.

As an immune-based therapy, immune checkpoint
inhibitors (ICIs) are shown to have a systemic treatment
for malignant tumors [51, 52]. ICIs such as PD-1/PD-L1
or cytotoxic T-lymphocyte (CTLA-4) can produce robust
and durable response in several cancer patients, including

advanced HCC [53, 54]. However, only a minority of
HCC patients obtained benefit from single ICI treat-
ment. Researchers believed that HCC immunotherapies
combined with standard therapies would exert a higher
effect according to the clinical trials for ICIs in HCC
treatment [55]. Recent studies showed that ICI combi-
nation therapy and co-expression of two genes provided
a new strategy for treatment of HCC. In IMBRAVE150
trial, HCC patients who treated with the combination of
PD-L1 inhibitor with VEGF inhibitor had better survival
than patients who treated with single sorafenib [56, 57].
Luo et al. observed that co-expression of IL7 and CCL21
could enhance the effect of CAR-T cells in solid tumors
[58]. And then Peng et al. also showed similar results that
patients with high co-expression status of CMTM6 and
PD-L1 had the longest survival, suggesting CD4/CD8 T
cells provided an active immune microenvironment [59].
Notably, consistent with above studies, we also demon-
strated that co-expression of high CMTM4 and PD-L1
with high CD4 had better prognosis in two PD-L1/
PD-1 treatment cohorts. These results suggested the
HCC patients with co-expression of these genes might
boost immune response of immune cells in the HCC
microenvironment.
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Because of the small sample size and the different
sample source from previous studies, single protein
expression of CMTM4, PD-L1, CD4 or CD8 in HCC
tissues by IHC detection didn’t show a significant cor-
relation with the prognosis of HCC patients. The exact
mechanism for the co-expression of CMTM4/PD-L1/
CD4/CD8 in HCC tissues needs to be elaborated in a
larger HCC cohort from multiple sources. In addition,
the prognostic significance of CMTM4/PD-L1/CD4/
CD8 co-expression in HCC indicates that the effect of
a single protein in HCC microenvironment is relatively
weak, HCC progression is promoted by the combina-
tion and cooperation from multiple proteins. Our study
also explains the current difficulty in HCC treatment,
which may be improved through the combination of
various treatments.

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/512885-022-09999-y.

Additional file 1.
Additional file 2.
Additional file 3.

Acknowledgements
Not applicable.

Authors’ contributions

XZ and HT: conception, design, and writing the original draft. ST and XG:
formal analysis and writing the original draft. CB, DL and HZ: methodology. XZ
and ST: conceptualization, writing, review and editing. All authors have read
and approved the final manuscript.

Funding
This work was supported by the National Natural Science Foundation of China
(82060621, 81860602) for the design of the study and collection.

Availability of data and materials

Publicly available datasets were analyzed in this study. The RNA sequencing
data from CMTM4 knockdown (KD) Hep3B cells can be found here: https://
www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE186815.

Declarations

Ethics approval and consent to participate

The study was conducted according to the guidelines of the Declaration of
Helsinki, and approved by the Ethics Committee of Guilin Medical University
(GLMC2014003). Written informed consent was obtained from all subjects
involved in the study.

Consent for publication
Not applicable.

Competing interests
The authors declare no conflict of interest.

Received: 25 November 2021 Accepted: 11 August 2022
Published online: 19 August 2022

Page 16 of 17

References

1. Bray F, Ferlay J, Soerjomataram |, Siegel RL, Torre LA, Jemal A. Global
cancer statistics 2018: GLOBOCAN estimates of incidence and mor-
tality worldwide for 36 cancers in 185 countries. CA Cancer J Clin.
2018;68(6):394-424.

2. Forner A, Reig M, Bruix J. Hepatocellular carcinoma. Lancet.
2018;391(10127):1301-14.

3. Neureiter D, Stintzing S, Kiesslich T, Ocker M. Hepatocellular carcinoma:
therapeutic advances in signaling, epigenetic and immune targets. World
J Gastroenterol. 2019;25(25):3136-50.

4. Sun JY,YinT, Zhang XY, Lu XJ. Therapeutic advances for patients
with intermediate hepatocellular carcinoma. J Cell Physiol.
2019;234(8):12116-21.

5. YangY.Cancer immunotherapy: harnessing the immune system to battle
cancer. J Clin Invest. 2015;125(9):3335-7.

6. IwaiY, Hamanishi J, Chamoto K, Honjo T. Cancer immunotherapies target-
ing the PD-1 signaling pathway. J Biomed Sci. 2017,24(1):26.

7. Leach DR, Krummel MF, Allison JP. Enhancement of antitumor immunity
by CTLA-4 blockade. Science. 1996,271(5256):1734-6.

8. Dong H, Strome SE, Salomao DR, Tamura H, Hirano F, Flies DB, et al.
Tumor-associated B7-H1 promotes T-cell apoptosis: a potential mecha-
nism of immune evasion. Nat Med. 2002;8(8):793-800.

9. Shrestha R, Prithviraj P, Anaka M, Bridle KR, Crawford DHG, Dhungel B,
et al. Monitoring immune checkpoint regulators as predictive biomarkers
in hepatocellular carcinoma. Front Oncol. 2018;8:269.

10. Wang BJ, Bao JJ, Wang JZ, Wang Y, Jiang M, Xing MY, et al. Immunostain-
ing of PD-1/PD-Is in liver tissues of patients with hepatitis and hepatocel-
lular carcinoma. World J Gastroenterol. 2011;17(28):3322-9.

11. ShiF, ShiM, Zeng Z, Qi RZ, Liu ZW, Zhang JY, et al. PD-1 and PD-L1 upreg-
ulation promotes CD8(+) T-cell apoptosis and postoperative recurrence
in hepatocellular carcinoma patients. Int J Cancer. 2011;128(4):887-96.

12. Kim HD, Song GW, Park S, Jung MK, Kim MH, Kang HJ, et al. Associa-
tion between expression level of PD1 by tumor-infiltrating CD8(+)

T cells and features of hepatocellular carcinoma. Gastroenterology.
2018;155(6):1936-50 e17.

13. Gao Q Wang XY, Qiu SJ, Yamato |, Sho M, Nakajima'Y, et al. Overexpression
of PD-L1 significantly associates with tumor aggressiveness and postop-
erative recurrence in human hepatocellular carcinoma. Clin Cancer Res.
2009;15(3):971-9.

14. Calderaro J, Rousseau B, Amaddeo G, Mercey M, Charpy C, Costentin
C, et al. Programmed death ligand 1 expression in hepatocellular carci-
noma: relationship with clinical and pathological features. Hepatology.
2016;64(6):2038-46.

15. JungHl,Jeong D, Ji S, Ahn TS, Bae SH, Chin S, et al. Overexpression of
PD-L1 and PD-L2 is associated with poor prognosis in patients with
hepatocellular carcinoma. Cancer Res Treat. 2017;49(1):246-54.

16. Duan HJ, Li XY, Liu C, Deng XL. Chemokine-like factor-like MARVEL trans-
membrane domain-containing family in autoimmune diseases. Chin Med
J.2020;133(8):951-8.

17. LiuF Liu X, Liu X, LiT, Zhu P, Liu Z, et al. Integrated analyses of phenotype
and quantitative proteome of CMTM4 deficient mice reveal its associa-
tion with male fertility. Mol Cell Proteomics. 2019;18(6):1070-84.

18. Wu J, LiL, Wu S, Xu B. CMTM family proteins 1-8: roles in cancer
biological processes and potential clinical value. Cancer Biol Med.
2020;17(3):528-42.

19. Burr ML, Sparbier CE, Chan YC, Williamson JC, Woods K, Beavis PA, et al.
CMTM6 maintains the expression of PD-L1 and regulates anti-tumour
immunity. Nature. 2017;549(7670):101-5.

20. Mezzadra R, Sun C, Jae LT, Gomez-Eerland R, de Vries E, Wu W, et al.
Identification of CMTM6 and CMTM4 as PD-L1 protein regulators. Nature.
2017,549(7670):106-10.

21. Koh YW, Han JH, Haam S, Jung J, Lee HW. Increased CMTM6 can predict
the clinical response to PD-1 inhibitors in non-small cell lung cancer
patients. Oncoimmunology. 2019;8(10):e1629261.

22. Liu LL, Zhang SW, Chao X, Wang CH, Yang X, Zhang XK, et al. Coex-
pression of CMTM6 and PD-L1 as a predictor of poor prognosis in
macrotrabecular-massive hepatocellular carcinoma. Cancer Immunol
Immunother. 2020.


https://doi.org/10.1186/s12885-022-09999-y
https://doi.org/10.1186/s12885-022-09999-y
https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE186815
https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE186815

Tan et al. BMC Cancer

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

(2022) 22:905

Bei C, Zhang Y, Wei R, Zhu X, Wang Z, Zeng W, et al. Clinical significance
of CMTM4 expression in hepatocellular carcinoma. Onco Targets Ther.
2017;10:5439-43.

Foroozan M, Roudi R, Abolhasani M, Gheytanchi E, Mehrazma M. Clinical
significance of endothelial cell marker CD34 and mast cell marker CD117
in prostate adenocarcinoma. Pathol Res Pract. 2017;213(6):612-8.

Roudi R, Madjd Z, Korourian A, Mehrazma M, Molanae S, Sabet MN, et al.
Clinical significance of putative cancer stem cell marker CD44 in different
histological subtypes of lung cancer. Cancer Biomark. 2014;14(6):457-67.
Zeng D, Li M, Zhou R, Zhang J, Sun H, Shi M, et al. Tumor microenvi-
ronment characterization in gastric Cancer identifies prognostic and
Immunotherapeutically relevant gene signatures. Cancer Immunol Res.
2019;7(5):737-50.

Wilkerson MD, Hayes DN. ConsensusClusterPlus: a class discovery

tool with confidence assessments and item tracking. Bioinformatics.
2010;26(12):1572-3.

Ma L, Wang L, Khatib SA, Chang CW, Heinrich S, Dominguez DA, et al.
Single-cell atlas of tumor cell evolution in response to therapy in hepa-
tocellular carcinoma and intrahepatic cholangiocarcinoma. J Hepatol.
2021,75(6):1397-408.

Tibshirani R. The lasso method for variable selection in the cox model.
Stat Med. 1997;16(4):385-95.

YueY, Zhang Q, Sun Z. CX3CR1 acts as a protective biomarker in

the tumor microenvironment of colorectal Cancer. Front Immunol.
2021;12:758040.

LiT, Fu J, Zeng Z, Cohen D, Li J, Chen Q, et al. TIMER2.0 for

analysis of tumor-infiltrating immune cells. Nucleic Acids Res.
2020;48(W1):W509-W14.

Yu G, Wang LG, Han'Y, He QY. clusterProfiler: an R package for comparing
biological themes among gene clusters. Omics. 2012;16(5):284-7.
Subramanian A, Tamayo P, Mootha VK, Mukherjee S, Ebert BL, Gillette MA,
et al. Gene set enrichment analysis: a knowledge-based approach for
interpreting genome-wide expression profiles. Proc Natl Acad SciU S A.
2005;102(43):15545-50.

Jiang W, Zhu D, Wang C, Zhu Y. An immune relevant signature for pre-
dicting prognoses and immunotherapeutic responses in patients with
muscle-invasive bladder cancer (MIBC). Cancer Med. 2020;9(8):2774-90.
LiH, Liu YT, Chen L, Zhou JJ, Chen DR, Li SJ, et al. CMTM4 regulates
epithelial-mesenchymal transition and PD-L1 expression in head and
neck squamous cell carcinoma. Mol Carcinog. 2021;60(8):556-66.
Ishihara S, Iwasaki T, Kohashi K, Yamada Y, Toda ¥, Ito Y, et al. The associa-
tion between the expression of PD-L1 and CMTM6 in undifferentiated
pleomorphic sarcoma. J Cancer Res Clin Oncol. 2021;147(7):2003-11.
ZhengY,Wang C, Song A, Jiang F, Zhou J, Li G, et al. CMTM6 promotes
cell proliferation and invasion in oral squamous cell carcinoma by inter-
acting with NRP1. Am J Cancer Res. 2020;10(6):1691-709.

Chen L, Yang QC, Li YC, Yang LL, Liu JF, Li H, et al. Targeting CMTM6
suppresses stem cell-like properties and enhances antitumor immu-
nity in head and neck squamous cell carcinoma. Cancer Immunol Res.
2020;8(2):179-91.

Li X, Chen L, Gu C, Sun Q, Li J. CMTM6 significantly relates to PD-L1 and
predicts the prognosis of gastric cancer patients. Peer J. 2020,8:€9536.
Tanaka E, Miyakawa Y, Kishikawa T, Seimiya T, Iwata T, Funato K, et al.
Expression of circular RNA CDR1TAS in colon cancer cells increases cell
surface PDL1 protein levels. Oncol Rep. 2019;42(4):1459-66.

Imamovic D, Vranic S. Novel regulators of PD-L1 expression in cancer:
CMTM6 and CMTM4-a new avenue to enhance the therapeutic benefits
of immune checkpoint inhibitors. Ann Transl Med. 2017;5(23):467.

Zhao W, Zhao F, Yang K, Lu'Y, Zhang Y, Wang W, et al. An immunopheno-
typing of renal clear cell carcinoma with characteristics and a potential
therapeutic target for patients insensitive to immune checkpoint block-
ade. J Cell Biochem. 2019;120(8):13330-41.

Chui NN, Cheu JW, Yuen VW, Chiu DK, Goh CC, Lee D, et al. Inhibition of
CMTM4 sensitizes cholangiocarcinoma and hepatocellular carcinoma to
T cell-mediated antitumor immunity through PD-L1. Hepatol Commun.
2022,6(1):178-93.

Huang F, Wang B, Zeng J, Sang S, Lei J, Lu Y. MicroRNA-374b inhib-

its liver cancer progression via down regulating programmed cell
death-1 expression on cytokine-induced killer cells. Oncol Lett.
2018;15(4):4797-804.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

Page 17 of 17

Liu X, Zhang Z, Zhao G. Recent advances in the study of regulatory T cells
in gastric cancer. Int Immunopharmacol. 2019;73:560-7.

Topalian SL, Drake CG, Pardoll DM. Immune checkpoint blockade:

a common denominator approach to cancer therapy. Cancer Cell.
2015;27(4):450-61.

Anitei MG, Zeitoun G, Mlecnik B, Marliot F, Haicheur N, Todosi AM, et al.
Prognostic and predictive values of the immunoscore in patients with
rectal cancer. Clin Cancer Res. 2014;20(7):1891-9.

Gabrielson A, Wu'Y, Wang H, Jiang J, Kallakury B, Gatalica Z, et al. Intratu-
moral CD3 and CD8 T-cell densities associated with relapse-free survival
in HCC. Cancer Immunol Res. 2016;4(5):419-30.

Langhans B, Nischalke HD, Kramer B, Dold L, Lutz P, Mohr R, et al. Role of
regulatory T cells and checkpoint inhibition in hepatocellular carcinoma.
Cancer Immunol Immunother. 2019;68(12):2055-66.

Jianhong Z, Xiao X, Honggui Q, Xuemei Y, Liang M, Feixiang W, et al.
Expression and prognostic significance of CD44-/CD8+ T lymphocytes
in patients with hepatocellular carcinoma. Chin J of Oncol Prev and Treat.
2017,9(4):311-5.

Giraud J, Chalopin D, Blanc JF, Saleh M. Hepatocellular carcinoma
immune landscape and the potential of immunotherapies. Front Immu-
nol. 2021;12:655697.

Ruf B, Heinrich B, Greten TF. Immunobiology and immunotherapy of HCC:
spotlight on innate and innate-like immune cells. Cell Mol Immunol.
2021;18(1):112-27.

El-Khoueiry AB, Sangro B, Yau T, Crocenzi TS, Kudo M, Hsu C, et al.
Nivolumab in patients with advanced hepatocellular carcinoma (Check-
Mate 040): an open-label, non-comparative, phase 1/2 dose escalation
and expansion trial. Lancet. 2017;389(10088):2492-502.

Zhu AX, Finn RS, Edeline J, Cattan S, Ogasawara S, Palmer D, et al.
Pembrolizumab in patients with advanced hepatocellular carcinoma
previously treated with sorafenib (KEYNOTE-224): a non-randomised,
open-label phase 2 trial. Lancet Oncol. 2018;19(7):940-52.

Roudi R, D'Angelo A, Sirico M, Sobhani N. Immunotherapeutic treatments
in hepatocellular carcinoma; achievements, challenges and future pros-
pects. Int Immunopharmacol. 2021;101(Pt A):108322.

Galle PR, Finn RS, Qin S, lkeda M, Zhu AX, Kim TY, et al. Patient-reported
outcomes with atezolizumab plus bevacizumab versus sorafenib in
patients with unresectable hepatocellular carcinoma (IMbrave150): an
open-label, randomised, phase 3 trial. Lancet Oncol. 2021;22(7):991-1001.
Finn RS, Qin S, Ikeda M, Galle PR, Ducreux M, Kim TY, et al. Atezolizumab
plus Bevacizumab in Unresectable Hepatocellular Carcinoma. New Engl J
Med. 2020;382(20):1894-905.

Luo H, SuJ, Sun R, SunY, Wang Y, Dong Y, et al. Coexpression of IL7

and CCL21 increases efficacy of CAR-T cells in solid tumors with-

out requiring preconditioned Lymphodepletion. Clin Cancer Res.
2020,26(20):5494-505.

Peng QH, Wang CH, Chen HM, Zhang RX, Pan ZZ, Lu ZH, et al. CMTM6
and PD-L1 coexpression is associated with an active immune micro-
environment and a favorable prognosis in colorectal cancer. Journal
Immunother. Cancer. 2021;9(2).

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.



	Prognostic significance and immune characteristics of CMTM4 in hepatocellular carcinoma
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Introduction
	Methods
	Tissue samples
	IHC detection
	RNA sequencing and data analysis
	Bioinformatics analysis
	Data collection
	Classification of CMTM4 related mRNAs
	Identification of CMTM4 related prognostic genes in HCC
	Relationship between CMTM4 related genes and tumor immunity
	CMTM4 related pathways and prognostic genes
	Immunotherapy analysis

	Statistical analysis

	Results
	Expression of CMTM4PD-L1CD4CD8 in HCC cohort
	Prognostic significance of CMTM4PD-L1CD4CD8 in HCC cohort
	CMTM4 related four clusters from consensus clustering and its significant prognostic markers
	CMTM4 regulates tumor immune environment in HCC
	Regulation of immune cell infiltration by CMTM4 in HCC
	Roles of CMTM4 in tumor cohorts underwent immunotherapy

	Discussion
	Acknowledgements
	References


