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INTRODUCTION 
 

Hepatocellular carcinoma is one of the most common 

types of malignancies [1]. Although many advances  

in clinical and experimental research on LIHC have  

been made [2], the mechanisms underlying LIHC 

carcinogenesis and progression remain largely unknown. 

Recently, surgical resection has been the most effective 

treatment for patients with LIHC. However, the 

prognosis of these patients is dismal because of delayed 

diagnosis, intrahepatic metastasis, and recurrence, with a 

postsurgical 5-year survival of less than 20% [3]. 

 

TM4SF proteins are encoded by the tetraspanin 

superfamily genes, which are characterized by four 

highly conserved transmembrane domains (TM1–4), 

including two extracellular loops and an intracellular 

loop [4]. These transmembrane proteins are mainly 

located in the plasma membrane and are required for 

transmitting signals between the internal or external 
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ABSTRACT 
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TM4SFs-based risk model was constructed that could effectively classify LIHC patients into high and low-risk 
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low-risk patients. Moreover, the prediction module could predict patient responses to immunotherapy and 
chemotherapy. Finally, loss-of-function studies showed that TM4SF4 knockdown could substantially suppress 
the growth, migratory, and invasive abilities of LIHC cells. Targeting TM4SFs will contribute to effective 
immunotherapy strategies and improve the prognosis of liver cancer patients. 
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microenvironments [5]. The transmembrane 4 L6 

superfamily (TM4SF) spans over 200-300 amino acids, 

yielding a molecular size of 20-30 kDa. Several studies 

have demonstrated that TM4SF1 overexpression 

positively correlates with tumor grade and can increase 

the migration and invasion of tumor cells, including 

ovarian cancer, bladder cancer, and pancreatic cancer 

[6–8]. TM4SF4 was significantly up-regulated and 

involved in the maintenance of stemness and epithelial-

mesenchymal transition (EMT) in lung cancer [9]. Lee 

and colleagues showed that TM4SF5 could promote cell 

adhesion, migration, and invasion by interacting with 

integrins and actin cytoskeleton remodeling [10]. 

Furthermore, TM4SF5 could positively regulate EGFR 

and the classical downstream pathways by activating 

FAK-c-Src and STAT3 phosphorylation [11, 12]. Eunmi 

Kim suggested that TM4SF5 expression in MΦs and 

hepatocytes is critically involved in modulating the 

inflammatory environment during NAFLD progression 

[13]. TM4SF18 and TM4SF1 share 60% amino acid 

sequence homology [14]. Qin reported that TM4SF18 is 

a promising GC biomarker that promotes the 

proliferation, migration, and invasion abilities of GC 

cells and is associated with immune response [15]. 

TM4SF19, also known as OCTM4, was recognized to be 

associated with liver fibrosis and carcinomas [16]. The 

translocation of TM4SF20 has a close relationship with 

TM4SF4 involvement [17]. The exact role of TM4SFs in 

the occurrence of LIHC, however, is not very clear. This 

study set out to systematically identify the prognostic 

value and clinicopathological features of the TM4SF 

family gene for LIHC by bioinformatics analyses. 

 

RESULTS 
 

Elevated expression of TM4SFs in LIHC 

 

The flow chart of the study is shown in Figure 1. We 

first evaluated the transcription levels of TM4SFs in 33 

cancer types by analyzing the TIMER database and 

found that TM4SFs were abnormally expressed in 33 

cancer types from TCGA (Figure 2). TM4SF1 was 

highly expressed in the majority of tumor types namely, 

Cholangio carcinoma (CHOL), LIHC, THCA, 

Esophageal carcinoma (ESCA), and markedly lowly 

expressed in bladder cancer (BLCA), Kidney renal 

papillary cell carcinoma (KIRP) (Figure 2A). TM4SF4 

was up-regulated in CHOL, COAD, HNSC, PRAD, 

THCA and markedly lower in BRCA, KICH, KIRC, 

LUSC, and Rectum adenocarcinoma (READ) (Figure 

2B). The expression of TM4SF5 were markedly 

downregulated in the tissues of in CHOL, KICH, and 

KIRP (Figure 2C). TM4SF18 was substantially 

downregulated in BLCA, BRCA, KICH, LUAD, 

LUSC, PRAD, Skin Cutaneous Melanoma (SKCM) 

(Figure 2D). TM4SF19 was moderately up-regulated in 

the tissues of UCEA, KIRP, CHOL, STAD, HNSC, 

KIRC and PRAD compared with normal adjacent 

tissues (Figure 2E). And TM4SF20 exhibited a 

moderate expression in multiple human malignancies 

(Figure 2F). 

 

We further evaluated the expression level in LIHC 

using LIHCDB (Integrative Molecular Data base  

of Hepatocellular Carcinoma, http://lifeome.net/ 

datebase/hccdb/home.html) and found that TM4SF1, 

TM4SF4, TM4SF5, TM4SF18, and TM4SF19 were all 

significantly more highly expressed in LIHC from 

most cases of GEO and TCGA data than in normal 

adjacent tissues (Figure 2G–2L). In particular, the 

mRNA expression of TM4SF20 was markedly higher 

in all GEO microarray datasets than in normal adjacent 

tissues (Figure 2L). All these results indicated that 

TM4SFs were highly expressed in LIHC. 

 

TM4SF overexpression was associated with 

clinicopathological characteristics in LIHC 

 

Then, we investigated the association between TM4SFs 

expression and the clinicopathologic characteristics of 

LIHC, which suggested that TM4SF1 was positively 

related to advanced pathological grade, lymph node 

metastasis, and TP53 mutation status (Supplementary 

Figure 1A). TM4SF4 was markedly associated with 

race and sex and histological type, which suggested that 

Caucasian women and patients with fibrolamellar 

carcinoma displayed markedly higher TM4SF4 

expression (Supplementary Figure 1B). The expression 

of TM4SF5 and TM4SF18 were associated with 

advanced pathological grade and TP53 mutation 

(Supplementary Figure 1C). Then, TM4SF19 and 

TM4SF20 were positively associated with pathological 

grade and TP53 mutation (Supplementary Figure 1D, 

1E). Overall, these results suggested that TM4SF family 

member expression was markedly associated with 

clinical tumor progression (grade, stage, histological 

subtype, and TP53 mutation). 

 

The prognostic significance for TM4SFs in LIHC 

 

To investigate the prognostic significance for TM4SFs 

LIHC, Kaplan‒Meier plotter was applied. We found that 

patients with higher expression of TM4SF1, TM4SF5, 

TM4SF19, and TM4SF20 had shorter survival than 

those with low expression. In contrast, lower expression 

of TM4SF18 predicts a poor prognosis in various types 

of cancers (Figure 3A). From the above data, we found 

that TM4SFs showed significant prognostic value in 

cancers. Then, Figure 3. Kaplan‒Meier survival curve 
analysis for TM4SF family members in pan-cancer and 

liver cancer. We investigate the prognostic significance 

of TM4SFs in LIHC. The results revealed that higher 

http://lifeome.net/datebase/hccdb/home.html
http://lifeome.net/datebase/hccdb/home.html
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levels of TM4SF1, TM4SF19, and TM4SF20 were 

associated with poor OS (Figure 3B), RFS, PPS, and 

DSS (all P < 0.05). Higher TM4SF20 expression in 

LIHC was also related to RFS, PPS, and DDS (P < 

0.05). In contrast, lower expression of TM4SF4, 

TM4SF5, and TM4SF18 were found to be associated 

with poor survival (Supplementary Figure 2). These 

results indicated that the expression of TM4SFs was 

related to the survival of LIHC patients. Importantly, 

higher expression of TM4SF1, TM4SF19, and 

TM4SF20 can be invoked as potential prognostic 

markers for LIHC. 

 

 
 

Figure 1. The flow chart of this study. 
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Figure 2. The transcription levels of TM4SF family members in LIHC. (A–F) The expression of TM4SFs in different human tumor types 

(TIMER). (G–L) Elevated expression of TM4SFs in LIHC (LIHCDB). 
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Figure 3. Kaplan‒Meier survival curve analysis for TM4SF family members in pan-cancer (A) and liver cancer (B). 
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Alteration in the frequency of TM4SFs in LIHC 

patients 

 

We also analyzed the mutational landscape of the 

TM4SF family among LIHC patients from the 

cBioPortal database. The results implied that the 

mutation frequency involving TM4SFs was not high in 

most cancers, excluding SKCM, UCEC, and COAD 

(Figure 4A, 4B). The most common type of genetic 

alteration was genetic missense mutation in the 

TM4SF family. The mutation frequencies of TM4SFs 

were 12%, 12%, 11%, 9%, and 8% (Figure 4C). 

Somatic copy-number alteration (SCNA) is an 

essential type of structural variation involved in 

tumorigenesis and tumor prognosis. Therefore, we 

further explored the relationship between the SCNA of 

TM4SF family members. The results suggested that 

genetic alterations were most frequently identified in 

TM4SF20, all deep-loss mutations. More specifically, 

genetic alterations in TM4SF1 only included gain 

mutations in LIHC (Figure 4D). Moreover, we 

explored the prognostic impact of TM4SF mutational 

status on OS in patients with LIHC. The results 

suggested that patients with TM4SF1 and TM4SF18 

mutations exhibited a markedly shorter OS than 

patients without mutations (Figure 4F, 4G). 

 

 
 

Figure 4. Different alternation frequencies of TM4SFs and survival analysis in LICH. (A) Chromosomal distributions of TM4SFs are 

clustered based on their physical locations on the chromosome. (B, C) Mutation ratio of TM4SFs in LIHC and pan-cancers. (D, E) Genetic 
alteration of TM4SFs in LIHC. (F, G) Kaplan–Meier plots comparing OS in patients with/without TM4SFs alterations in LICH. 



www.aging-us.com 599 AGING 

DNA methylation of TM4SFs correlated with 

prognosis in LIHC 

 

DNA methylation is the principal epigenetic 

modification in humans, and changes in methylation 

levels are regarded as an indication of tumor 

progression. Low genome methylation is closely related 

to tumor invasion, metastasis, and prognosis. As shown 

in the previous subsection, the mutation frequency 

involving the TM4SFs was low. Therefore, we 

hypothesized that the hypomethylation events of 

TM4SFs resulted in gene expression changes. The 

results demonstrated that the promoters of TM4SF1, 

TM4SF4, TM4SF5, TM4SF19, and TM4SF20 were 

hypomethylated in LIHC tissue compared with adjacent 

normal tissue. The expression levels of the TM4SF1, 

TM4SF4, TM4SF18, and TM4SF19 correlate inversely 

with DNA methylation (Figure 5A), which suggests that 

 

 
 

Figure 5. DNA methylation of TM4SFs expression levels correlated with prognosis in LIHC. (A) The promoter of TM4SFs was 
hypomethylated in LIHC tissue compared with adjacent normal tissue. (B–F) The correlation between DNA methylation and the clinical 
characteristics of LIHC patients. 
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genes hypomethylated may be directly responsible for 

the upregulation of these genes in LIHC. Furthermore, 

we found that the levels of genomic DNA methylation 

in TM4SFs negatively correlated with tumor grade. 

More specifically, TM4SF1 methylation was associated 

with tumor grade and lymph node metastasis  

(Figure 5B). The methylation levels of TM4SF4 and 

TM4SF19 were lower in p53 mutant tumors than in 

wild-type p53 tumors (Figure 5C–5E). In addition, 

TM4SF20 promoter methylation in tumors was closely 

associated with tumor stage: stage I tumors in LIHC 

patients were markedly more likely to have lower 

methylation levels (Figure 5F). All these results 

demonstrated that the promoter methylation levels of 

TM4SFs affect gene expression and are involved in 

LIHC progression. 

 

CpG methylation data of TM4SF family members were 

extracted from MethSurv, and the significant prognostic 

values of CpG in the TM4SFs were investigated by 

multivariable survival analysis, which suggested that two 

CpGs of TM4SF1, four CpGs of TM4SF4, three CpGs of 

TM4SF19, and five CpGs of TM4SF20 were associated 

with significant prognosis (Table 1). Then, we identified 

one critical CpG of TM4SF1, two critical CpGs of 

TM4SF4, two critical CpGs of TM4SF5, and three 

critical CpGs of TM4SF19. Then, K-M analysis revealed 

that the critical CpGs were positively correlated with the 

OS of patients (Supplementary Figure 3A–3H). 

 

Construction of TM4SFs-based prognostic risk model 

 

To further examine the prognostic value of TM4SFs, we 

constructed a TM4SF-based model using the random 

forest method. All patients were divided into low and 

high-risk groups depending on the risk model. We found 

that patients in the high-risk group died earlier and had 

less survival probability than those in the low group 

(Figure 6A, 6B). Multivariate Cox regression analysis 

suggested that the risk signature was a novel predictor of 

prognosis for LIHC patients (HR = 1.92, 95% CI = 1.3–

2.8, P < 0.05) (Figure 6C). Then, we constructed 

nomograms using the multivariable analysis results  

(age, sex, stage, and risk score) to visualize the model 

(Figure 6D). In addition, the calibration plots for 3- and 

5-year OS were shown in Figure 6E, which suggested 

that this module had an excellent prediction value in the 

TCGA cohort. Time-dependent ROC curves showed that 

the nomogram based on the best model showed good 

stability for 3 and 5 years survival (Figure 6F). 

 

Association of the risk signature with immune cell 

infiltration in LIHC patients 

 

Then, we explore the difference in the proportion of 

immune cell infiltration between different risk groups. 

The results suggested that immune cells showed 

differential infiltration patterns in the different groups. 

The high-risk group was associated with high immune 

infiltration status compared to the low-risk group 

(Figure 7A). In addition, the risk scores were more 

positively associated with central memory CD4 T cells, 

regulatory T-cell MDSCs, and type 17 T helper cells 

(Figure 7B). These demonstrated that LIHC patients 

with different risk scores may have different immune 

statuses and diverse outcomes. Figure 8C shows the 

association between the risk score and immunotherapy-

relevant pathways. Furthermore, we found that the risk 

score was positively correlated with MDSC levels but 

negatively correlated with microsatellite instability 

(MSI) (Figure 7C, 7D). 

 

Then, we analyzed the TIDE score between the different 

groups, and the results suggested that the low-risk group 

patients were more sensitive to immune checkpoints. 

(Figures 7E, 8A, 8B). Figure 8C, 8D showed that  

our risk score could predict the response to small 

molecule kinase inhibitors and commonly used 

chemotherapy drugs. The above findings suggest that 

tumor mutation load might be a novel indicator for 

LIHC patients. 

 

Enrichment analysis of TM4SF family members in 

LIHC patients 

 

We next applied GSEA to investigate the potential 

biological processes and pathways between the two risk 

groups. The bubble plot was to visualize enriched GO 

terms and KEGG pathways as shown in Figure 9A, 9B. 

GO terms were mainly enriched in receptor-mediated 

endocytosis, stem cell differentiation, ERBB pathway, 

cell adhesion mediated by integrin, regulation of G0 to 

G1 transition, regulation of EGFR activated receptor 

activity, and mature B-cell differentiation. KEGG 

analysis revealed that these genes were mainly enriched 

in the PI3K−Akt pathway, endocytosis, focal adhesion 

tight junction, cell adhesion molecules, lysosome, cell 

cycle, ErbB pathway, EGFR inhibitor resistance, and 

VEGF pathway (Figure 9A, 9B). To further evaluate the 

biological function of the differentially expressed 

TM4SFs and the protein interactions and co-expressed 

genes, a GENE network was constructed to explore the 

association between the differential expression of 

TM4SF family genes. We established a network of 

enriched terms colored by ID. GO and KEGG 

enrichment analysis results showed that these related 

genes were mainly enriched in GO:0030335: positive 

regulation of cell migration, GO:0002526: acute 

inflammatory response, GO:0031589: cell-substrate 
adhesion, GO:0043405: regulation of MAP kinase 

activity; ko05204: chemical carcinogenesis, hsa04151: 

PI3K-Akt signaling pathway, M255: PID HIF1 
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Table 1. The significant prognostic values of CpG in the TM4SFs family members. 

Gene symbol CpG name 
Hazard 

ratio 
CI P-value 

UCSC RefGene 

Group 

Relation to UCSC 

CpG island 

TM4SF1 
cg00244111 0.681 (0.466;0.995) 0.047 3'UTR Open_Sea 

cg16705300 1.423 (1.003;2.02) 0.048 TSS1500 Open_Sea 

TM4SF4 

cg08667024 0.485 (0.336;0.7) 0.0001 Body Open_Sea 

cg12874219 2.787 (1.672;4.643) 8.334E-05 Body Open_Sea 

cg16954508 1.489 (1.054;2.103) 0.024 3'UTR Open_Sea 

cg19422253 1.894 (1.307;2.745) 0.001 Body Open_Sea 

TM4SF5 

cg01487803 0.645 (0.449;0.926) 0.018 TSS1500 Open_Sea 

cg14208070 1.496 (1.049;2.132) 0.026 Body Island 

cg18363008 1.697 (1.196;2.407) 0.003 TSS200 Open_Sea 

TM4SF19 

cg05445326 0.634 (0.44;0.913) 0.014 TSS1500 Open_Sea 

cg13314965 0.66 (0.455;0.958) 0.029 TSS1500 Open_Sea 

cg21090033 0.604 (0.416;0.877) 0.008 TSS200 Open_Sea 

cg22496559 0.632 (0.437;0.913) 0.014 TSS200 Open_Sea 

cg27088176 0.632 (0.436;0.917) 0.016 3'UTR Open_Sea 

 

pathway, hsa03320: PPAR signaling pathway and so on 

(Figure 9C–9F). These results showed that the primary 

functions of TM4SFs were cell adhesion and stemness, 

the activation of immune cells, the inflammatory 

response, and EGFR-related pathways. 

 

The expression of TM4SF family members in LIHC 

 

We then determined the expression of TM4SF family 

members in LIHC cells and tissues. According to the 

GeneCard, TM4SFs are abundant in the hepatic 

pancreas and predominantly localize to the cell plasma 

membrane. Additionally, TM4SF5 was expressed well 

in the lysosome, and TM4SF18 was located in the 

nucleus and lysosome (Figure 10A). Expression Atlas 

revealed that TM4SF1, TM4SF4, TM4SF18, and 

TM4SF19 were expressed in various cancer cell  

lines (Figure 10B). Furthermore, we investigated the 

protein levels of TM4SFs in LIHC using the HPA 

database and found that TM4SF1, TM4SF4, 

TM4SF18, and TM4SF20 were highly expressed in 

LIHC tissues. As shown in Figure 10C, the protein 

levels of TM4SF1 and TM4SF20 were overexpressed 

in LIHC patients with medium staining. TM4SF18 and 

TM4SF20 were remarkably up-regulated with solid 

staining. Overall, these results suggested that the 

TM4SF family members were all highly expressed in 

LIHC patients. 

 

TM4SF4 regulates tumor growth and stemness 

maintenance of CSCs in LIHC 

 

To probe the function of TM4SFs, we silenced the 

expression of these genes in HepG2 and HuH7 cells 

using targeted siRNA. Two shRNAs targeting the coding 

regions of TM4SF4 were tested for their knockdown 

efficiency (Figure 11A). Then, colony and sphere 

formation were applied to determine the effect of 

TM4SF4 on LIHC cells. The colony analysis suggested 

that the viability of clone formation was remarkably 

suppressed after TM4SF4 silencing (Figure 11B). Sphere 

formation analysis suggested that downregulation of 

TM4SF4 considerably inhibited the sphere formation 

capacity in LIHC cells (Figure 11C). These results 

suggested that TM4SF4 may play a significant role in the 

growth and stemness maintenance of LIHC cells. 

 

TM4SFs promote the migration and invasion of 

LIHC cells 

 

Then, wound healing assay suggested that silencing 

TM4SF4 suppressed the cell healing ability  

(Figure 12A). Transwell assay revealed that TM4SF4 

knockdown suppressed the invasion ability of HepG2 and 

HuH7 cells (Figure 12B). Subsequently, we investigated 

cell migration by High-Throughput Connotation System. 

We found that TM4SF4 knockdown cells exhibited a 

lower cumulative displacement than that of the control 

cells in 24h (Figure 12C). These cells moved 

considerably 2-fold slower on average (Figure 12D). WB 

analysis further confirmed that TM4SF4 knockdown 

remarkably down-regulated the protein level of MMP9, 

N-cadherin, and Vimentin. Conversely, E-cadherin was 

significantly up-regulated in the TM4SFs knockdown 

cells (Figure 13A). 

 

DISCUSSION 
 

With the gradual increase in hepatocellular carcinoma 
incidence rates, LIHC ranks as the second leading cause 

of cancer-related mortality worldwide [18, 19]. It is 

essential to discover novel biomarkers and target 
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Figure 6. Construction of the TM4SFs-based risk score for prognostic evaluation. (A) The survival time of LIHC patients with 

different risk scores. (B) The survival curve for the TM4SFs-based risk score of the LIHC cohort in TCGA. (C) Multivariable Cox regression 
analysis demonstrated that the risk models were independent predictors of prognosis for LIHC patients. (D) A nomogram was constructed 
using the multivariable analysis results (age, sex, stage, and risk score) to visualize the model. (E) The calibration plots for the 3- and 5‐year 
OS were predicted well in the TCGA cohort. (F) Time-dependent ROC curves of the risk score for predicting 3- and 5-year survival rates in the 
pooled HCC cohort. 
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Figure 7. Correlation between immune cell infiltration level and risk score. (A) Identification of the relative infiltration of 28 types of 

immune cell subpopulations in the high- and low-risk signature subgroups. (B) The correlation between immune infiltration cells and the risk 
score. (C) The relationship between the risk score and immunotherapy-relevant pathways. (D, E) The risk score was positively correlated with 
MDSC levels but negatively correlated with the microsatellite instability (MSI) index. (F) Evaluation of the TIDE score between the high- and 
low-risk groups. 
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Figure 8. The risk score predicts sensitivity to immunotherapy and chemotherapy. (A) K-M survival analysis of the patients in the 

high and low risk subgroups according to the anti-PD-L1 cohort (IMvigor210 cohort). (B) The proportion of the immune response to anti-PD-
L1 treatment in the high- and low-risk score subgroups. (C) Small molecule inhibitor screening based on the prediction model. (D) The IC50 
values for anticancer drugs, chemotherapeutics, and targeted agents in the high- and low-risk subgroups. 
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treatments for LIHC. Bioinformatics analysis is a rapidly 

developing discipline with the characteristics of high 

efficiency that can be used to explore the predictive 

value of the TM4SFs in a short time [20, 21]. 

Numerous studies have reported that TM4SF family 

members play a crucial role in many kinds of cancer 

[22–24]. However, their biological roles and prognostic 

value in LIHC have rarely been characterized. We first 

 

 
 

Figure 9. Gene network and functional enrichment of TM4SFs in LICH. (A, B) Risk score-related genes were subjected to GO and 

KEGG enrichment analyses. (C) Construction of a Gene network of TM4SFs and their functionally related genes using GeneMANIA. (D) The 
network of enriched terms was established and colored by ID. (E) GO enriched gene pathways and functional analysis of TM4SFs in LIHC.  
(F) KEGG-enriched gene pathways and functions of TM4SFs in LIHC. 
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demonstrated that TM4SFs were overexpressed in 

multiple cancer types, especially in LIHC tissues, 

compared to the corresponding normal tissues. High 

expression of TM4SF1 and TM4SF19 was positively 

correlated with tumor grade and TP53 mutation rate. It is 

generally thought that high-grade tumors are correlated 

with poor tumor differentiation, a high degree of tumor 

cell invasion, and more widespread lymphatic 

metastasis. TP53 is a tumor suppressor gene with a high 

frequency of mutation in tumors [25]. TP53 mutation 

may lead to the downregulation of the immune response 

and serve as a biological marker for prognostic 

evaluation in LIHC [26, 27]. Previous studies have 

shown that high expression of TM4SF1 was an 

independent risk factor for poor outcomes in lung cancer 

[28, 29]. Therefore, we investigated the associations 

between the expression of TM4SFs and prognosis in 

LIHC and found that TM4SF1, TM4SF5, TM4SF19, 

and TM4SF20 overexpression were considerably 

associated with poor prognosis. Furthermore, higher 

levels of TM4SF1 and TM4SF19 expression were 

remarkably correlated with poor RFS and PPS in LIHC. 

Therefore, TM4SF overexpression is involved in the 

tumor progression of LIHC. 

 

Recently, numerous studies have confirmed that gene 

mutations and copy number variations are believed to be 

important drivers of tumorigenesis and the development 

of LIHC [30]. According to the cBioPortal database, we 

found that the copy number amplification of TM4SF1, 

TM4SF4, TM4SF18, TM4SF19, and TM4SF20 and the 

copy number deep deletion of TM4SF5 may be possible 

reasons for the abnormally high expression of the 

TM4SF gene family. Although the frequency of 

mutations was not high, patients with TM4SF4 and 

TM4SF18 mutations exhibited a markedly shorter OS 

 

 
 

Figure 10. The expression of TM4SF family members in LIHC cell lines and tissues. (A) Localization of TM4SFs genes. (B) TM4SFs 

family members were distinctively expressed in LIHC cell lines. (C) Representative immunohistochemistry images of TM4SFs in HCC and 
normal liver tissues in the HPA database. 
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Figure 11. TM4SFs regulate tumor growth and stemness maintenance of CSCs in LIHC. (A) The levels of TM4SF4 transfection with 

shRNA were analyzed by WB. (B) Colony formation assays showed that knockdown of TM4SF4 inhibited CRC cell growth. (C) Sphere 
formation analysis suggested that the downregulation of TM4SF4 could significantly inhibit the sphere formation capacity. *p < 0.05,  
**p < 0.01, ***p < 0.001. 
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Figure 12. TM4SF4 silencing suppressed the migration and invasion of LIHC cells. (A) Scratch healing experiments were used to 

detect the migration ability of TM4SF4 silencing cells. (B) Transwell assays of cell invasion were performed to test the effects of TM4SF4 
knockdown invasion of HepG2 and HuH7 cells. (C) Cell migration was assayed using a high-content imaging system and analyzed by the mean 
square displacement and speed. *p < 0.05, **p < 0.01, ***p < 0.001. 
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than patients without the mutation, which suggested that 

these gene mutations were associated with a negative 

prognostic impact. Epigenetic alterations have been 

established as hallmarks of tumorigenesis and metastasis 

[31]. Aberrant DNA methylation is a potential reversible 

therapeutic target due to the relative stability of these 

alterations [32, 33]. It has been reported that the 

promoter methylation levels of AKT3, CD147, LINE1, 

MAGEA1, RASSF1A, and SFRP1 were considerably 

correlated with OS, tumor volume, and cancer properties 

[34, 35]. Our findings showed that TM4SF methylation 

levels in cancer were considerably lower than those in 

adjacent normal tissue. The methylation levels of these 

genes’ promoters showed an apparent negative 

correlation with gene expression levels, which suggested 

that promoter hypomethylation of TM4SFs remained the 

primary driver of high expression of these genes. 

 

Previous studies have revealed the underlying 

mechanism by which TM4SFs are involved in the 

malignant progression of cancers [5, 36]. To further 

investigate the underlying mechanism responsible for 

TM4SF family member regulation, we performed gene 

enrichment analysis of the core genes (protein 

interactions, co-expressed genes) potentially correlated 

with TM4SF function. The results revealed that these 

core genes were mainly involved in the positive 

regulation of cell migration, acute inflammatory 

response, mesenchymal cell differentiation, cell-substrate 

adhesion, regulation of MAP kinase activity, and the 

PI3K-Akt signaling pathway, which is in line with 

previous studies. Lekishvili reported that TM4SFs could 

interact with integrins, immunoproteins, and PDZ-

domain-containing proteins and then form tetraspanin-

enriched microdomains (TERMs), which could modulate 

cell migration, invasion, adhesion, and metastasis [5]. 

Huang et al. suggested that TM4SF1 could enhance cell 

migration, growth, and metastasis in liver cancer [6]. 

Xiaoqin Du reported that microRNA-520f suppressed 

cell migration and metastasis by targeting TM4SF1, and 

restoration of TM4SF1 could markedly abolish miR-

520f-mediated cell migration and invasion via the 

PI3K/AKT and p38 MAPK signaling pathways [37]. 

Jung Weon Lee reported that TM4SF5 could drive EMT, 

 

 
 

Figure 13. TM4SF4 modulated EMT-associated gene expression. (A) WB analyzed the expression of E-cadherin, Vimentin, N-cadherin, 
and MMP9. 
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which in turn contributes to drug resistance, enhanced 

invasion, and metastasis. They also suggested that 

strategies for anti-TM4SF5-related protein networks 

potentially reverse the fibrotic, tumorigenic, and tumor-

maintaining functions in TM4SF5-overexpressing 

hepatic cells [10]. To further determine the role of 

TM4SFs in LIHC, we performed loss-of-function 

studies and found that TM4SF4 could modulate the 

migration and invasion ability via activating EMT in 

LIHC. Therefore, TM4SFs can be invoked as a reliable 

prognostic marker for LIHC. 

 

CONCLUSIONS 
 

In summary, this study clarified the expression profile 

and predictive value of TM4SFs in LIHC patients. High 

expression and hypomethylation of TM4SF1, TM4SF19, 

and TM4SF20 were related to poor survival in LIHC 

patients. The model constructed based on the TM4SF-

based signature could predict the long-term survival and 

response to chemotherapy and immunotherapy for LIHC 

patients. Finally, we performed colony formation, sphere 

formation, and Transwell assays and found that TM4SF4 

knockdown could significantly suppress the growth, 

migratory, and invasive abilities of LIHC cells. 

Therefore, targeting TM4SFs will contribute to effective 

immunotherapy strategies and improve the prognosis of 

LIHC patients. 

 

MATERIALS AND METHODS 
 

Exploring differential TM4SFs expression, genomic 

alterations, and promoter methylation in LIHC 

 

To identify the expression of TM4SFs in 33 cancer 

types (TCGA datasets), we analyzed the expression 

profiles with the Oncomine database. The transcriptome 

data and promoter methylation levels of the TM4SFs 

in LIHC were downloaded from HCCDB. Kaplan-

Meier plots were used to determine the prognostic 

value of TM4SFs. The genomic variation, mutation, 

and prognostic data were downloaded from the 

cBioPortal database. 

 

Construction of a risk signature and evaluation of 

the predictive ability 

 

To quantify gene expression profiles of LIHC patients, 

the random forest method was adopted to build a 

classification model named the TM4SFs-based score. 

The prediction model was assessed using the formula 

TM4SFs risk score = S (Coef i × Exp i). Based on the 

results of the gene signature, we performed a K-M 
survival analysis and ROC curve to illustrate the model’s 

performance. A nomogram was used to visualize the 

predictive model using RStudio, and the nomogram 

discrimination and accuracy were illustrated by ROC and 

calibration curves. 

 

Characterization of immune infiltrates between the 

risk groups 

 

Then, we analyzed the association of risk score and the 

extent of immune cell infiltration in LIHC patients. The 

CIBERSORT algorithm was applied to analyze the cell 

infiltrations. To compare the differences between the 

groups, the Wilcoxon rank-sum test was applied. 

 

Prediction of the sensitivity of patients to 

immunotherapy/chemotherapy 

 

We investigated the patient response to immunotherapy 

using the IMvigor-210 cohort. The response was 

divided into four response categories: partial and 

complete response (PR, CR), disease progressive or 

stable (PD, SD). Differences between responders and 

non-responders were analyzed using the Mann-Whitney 

U test. The “pRRophetic” was adopted to calculate the 

IC50 value of widely used chemotherapy drugs for each 

patient. 

 

Western blotting 

 

Cells were lysed by the SDS buffer with phosphatase 

inhibitor on ice. Protein samples were loaded and 

separated on 4-12% SDS-PAGE gels and then 

transferred onto PVDF membranes. The transferred 

membranes were blocked with skimmed milk and 

incubated in primary antibodies. Finally, the membranes 

were incubated in secondary antibodies. Immunoreactive 

proteins were detected using a chemiluminescence 

solution. 

 

Cell culture and transfection 

 

For cell-based experiments, liver cancer cell lines, 

including HepG2 and HuH7, were purchased from the 

Cell Bank of the Chinese Academy of Sciences (China, 

Shanghai). All cell lines were authenticated prior to use 

and routinely tested by DNA analysis. Cells were 

cultured in DMEM with 10% FBS. ShRNA targeting 

TM4SF4 was purchased from HedgehogBio, Inc. 

Transfection was performed using the Lipofectamine® 

3000 kit according to the manufacturer’s protocol. 

 

Colony formation 

 

500-800 liver cancer cells were inoculated into a six-

well plate. Every three days, the culture medium was 
replaced with a fresh medium. After 7-10 days, the six-

well plate was removed and washed 1-2 times with 

sterile PBS. Excess PBS was aspirated using a pipette, 
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and 500 μl of 4% paraformaldehyde was added for 

fixation for 20 minutes. The fixation solution was then 

discarded, and 1 ml of 1% crystal violet solution was 

added for staining for 20 minutes. The crystal violet 

staining solution was collected, and each well was 

gently rinsed with running water to remove excess dye, 

allowing it to air dry naturally. The plates were 

photographed, and the colonies were quantified to 

determine the clonogenic ability. 

 

Automated cell tracking 

 

Live cell imaging was conducted with an Operetta high-

content imaging system with temperature and CO2 

control settings at 37° C and 5% CO2. LIHC cells were 

seeded in 24-well plates containing 100 μl cell culture 

medium. Then, the 24-well plates were transferred to 

the preheated Operetta system for an additional 30-

minute incubation. Subsequently, digital phase contrast 

images were captured at 10X magnification. Image 

acquisition continued for up to 16 hours at 15-minute 

intervals. Image segmentation was performed using the 

Find Cells function within the Harmony software, 

which employs a dedicated algorithm for segmenting 

digital phase contrast images. 

 

Transwell assays 

 

Transwell assays were performed to determine the 

invasion and migration ability. LIHC cells (3 × 105) 

were seeded into the top chamber with FBS-free 

medium. Medium with 10% FBS was added to the 

lower chamber. Cells on the lower membrane were 

fixed with formaldehyde and stained with crystal violet; 

images of different areas (six random fields) were 

counted after 24h. The upper chamber was pre-coated 

with Matrigel for the invasion assay. 

 

Wound healing 

 

LIHC cells (3 × 10) were cultured in 6-well plates. The 

scratch wound was built with a 10-μl pipette tip after 

the fusion degree of cells reached 90% confluence. The 

complete medium was replaced with FBS-free medium. 

After 24-36 h, the scratch zones were photographed by 

inverted microscopy. Each experiment was repeated 

three times or more. 

 

Availability of data and materials 

 

Authors can provide all data sets analyzed during the 

study on reasonable requirements. 

 
Consent for publication 

 

All authors have agreed to publish the article. 

AUTHOR CONTRIBUTIONS 
 

QT, SRW designed the study. QT, DZ, wrote the 

manuscript. JZL, HML; investigation, XH, MJD were 

responsible for data processing and running the R code. 

 

CONFLICTS OF INTEREST 
 

The authors declare that they have no conflicts of interest. 

 

FUNDING 
 

This study was supported by the Fundamental Research 

Funds for the Central Universities (2042022kf1116), 

and the National Natural Science Foundation of China 

(NSFC) (Grant numbers: 82303843). 

 

REFERENCES 
 
1. An Y, Wang Q, Zhang G, Sun F, Zhang L, Li H, Li Y, Peng 

Y, Zhu W, Ji S, Guo X. OSlihc: An Online Prognostic 
Biomarker Analysis Tool for Hepatocellular Carcinoma. 
Front Pharmacol. 2020; 11:875. 

 https://doi.org/10.3389/fphar.2020.00875 
PMID:32587519 

2. Dhanasekaran R, Bandoh S, Roberts LR. Molecular 
pathogenesis of hepatocellular carcinoma and impact 
of therapeutic advances. F1000Res. 2016; 5:F1000 
Faculty Rev-879. 

 https://doi.org/10.12688/f1000research.6946.1 
PMID:27239288 

3. Dimitroulis D, Damaskos C, Valsami S, Davakis S, 
Garmpis N, Spartalis E, Athanasiou A, Moris D, 
Sakellariou S, Kykalos S, Tsourouflis G, Garmpi A, 
Delladetsima I, et al. From diagnosis to treatment of 
hepatocellular carcinoma: An epidemic problem for 
both developed and developing world. World J 
Gastroenterol. 2017; 23:5282–94. 

 https://doi.org/10.3748/wjg.v23.i29.5282 
PMID:28839428 

4. Yong-Bing WU, Jian-Jun XU. Relationships of 
Transmembrane 4 Superfamily to Tumor Invasion and 
Metastasis. Journal of Nanchang University (Medical 
ences). 2013. 

5. Fu F, Yang X, Zheng M, Zhao Q, Zhang K, Li Z, Zhang H, 
Zhang S. Role of Transmembrane 4 L Six Family 1 in the 
Development and Progression of Cancer. Front Mol 
Biosci. 2020; 7:202. 

 https://doi.org/10.3389/fmolb.2020.00202 
PMID:33015133 

6. Huang YK, Fan XG, Qiu F. TM4SF1 Promotes 
Proliferation, Invasion, and Metastasis in Human Liver 
Cancer Cells. Int J Mol Sci. 2016; 17:661. 

https://doi.org/10.3389/fphar.2020.00875
https://pubmed.ncbi.nlm.nih.gov/32587519
https://doi.org/10.12688/f1000research.6946.1
https://pubmed.ncbi.nlm.nih.gov/27239288
https://doi.org/10.3748/wjg.v23.i29.5282
https://pubmed.ncbi.nlm.nih.gov/28839428
https://doi.org/10.3389/fmolb.2020.00202
https://pubmed.ncbi.nlm.nih.gov/33015133


www.aging-us.com 612 AGING 

 https://doi.org/10.3390/ijms17050661 
PMID:27153056 

7. Park YR, Seo SY, Kim SL, Zhu SM, Chun S, Oh JM, Lee 
MR, Kim SH, Kim IH, Lee SO, Lee ST, Kim SW. MiRNA-
206 suppresses PGE2-induced colorectal cancer cell 
proliferation, migration, and invasion by targetting 
TM4SF1. Biosci Rep. 2018; 38:BSR20180664. 

 https://doi.org/10.1042/BSR20180664 
PMID:30135139 

8. Park YR, Lee ST, Kim SL, Liu YC, Lee MR, Shin JH, Seo SY, 
Kim SH, Kim IH, Lee SO, Kim SW. MicroRNA-9 
suppresses cell migration and invasion through 
downregulation of TM4SF1 in colorectal cancer. Int J 
Oncol. 2016; 48:2135–43. 

 https://doi.org/10.3892/ijo.2016.3430 PMID:26983891 

9. Choi SI, Kim SY, Lee JH, Kim JY, Cho EW, Kim IG. 
Osteopontin production by TM4SF4 signaling drives a 
positive feedback autocrine loop with the STAT3 
pathway to maintain cancer stem cell-like properties in 
lung cancer cells. Oncotarget. 2017; 8:101284–97. 

 https://doi.org/10.18632/oncotarget.21021 
PMID:29254164 

10. Lee JW. Transmembrane 4 L Six Family Member 5 
(TM4SF5)-Mediated Epithelial-Mesenchymal Transition 
in Liver Diseases. Int Rev Cell Mol Biol. 2015; 
319:141–63. 

 https://doi.org/10.1016/bs.ircmb.2015.06.004 
PMID:26404468 

11. Ryu J, Kang M, Lee MS, Kim HJ, Nam SH, Song HE, Lee 
D, Lee JW. Cross talk between the TM4SF5/focal 
adhesion kinase and the interleukin-6/STAT3 pathways 
promotes immune escape of human liver cancer cells. 
Mol Cell Biol. 2014; 34:2946–60. 

 https://doi.org/10.1128/MCB.00660-14 
PMID:24912675 

12. Jung JW, Kim JE, Kim E, Lee JW. Amino acid 
transporters as tetraspanin TM4SF5 binding partners. 
Exp Mol Med. 2020; 52:7–14. 

 https://doi.org/10.1038/s12276-019-0363-7 
PMID:31956272 

13. Kim E, Um H, Park J, Jung JW, Kim JE, Lee H, Shin EA, 
Pinanga Y, Lee H, Nam SH, Lee JW. TM4SF5-dependent 
crosstalk between hepatocytes and macrophages to 
reprogram the inflammatory environment. Cell Rep. 
2021; 37:110018. 

 https://doi.org/10.1016/j.celrep.2021.110018 
PMID:34788612 

14. Singhal M, Khatibeghdami M, Principe DR, Mancinelli 
GE, Schachtschneider KM, Schook LB, Grippo PJ, 
Grimaldo SR. TM4SF18 is aberrantly expressed in 
pancreatic cancer and regulates cell growth. PLoS One. 
2019; 14:e0211711. 

 https://doi.org/10.1371/journal.pone.0211711 
PMID:30897168 

15. Qin X, Chen Y, Ma S, Shen L, Ju S. Immune-related gene 
TM4SF18 could promote the metastasis of gastric 
cancer cells and predict the prognosis of gastric cancer 
patients. Mol Oncol. 2022; 16:4043–59. 

 https://doi.org/10.1002/1878-0261.13321 
PMID:36209368 

16. Chen Z, Gu S, Trojanowicz B, Liu N, Zhu G, Dralle H, 
Hoang-Vu C. Down-regulation of TM4SF is associated 
with the metastatic potential of gastric carcinoma 
TM4SF members in gastric carcinoma. World J Surg 
Oncol. 2011; 9:43. 

 https://doi.org/10.1186/1477-7819-9-43 
PMID:21521534 

17. Wang J, Kinch LN, Denard B, Lee CE, Esmaeilzadeh 
Gharehdaghi E, Grishin N, Ye J. Identification of 
residues critical for topology inversion of the 
transmembrane protein TM4SF20 through regulated 
alternative translocation. J Biol Chem. 2019; 
294:6054–61. 

 https://doi.org/10.1074/jbc.RA119.007681 
PMID:30808712 

18. Si YQ, Wang XQ, Fan G, Wang CY, Zheng YW, Song X, 
Pan CC, Chu FL, Liu ZF, Lu BR, Lu ZM. Value of AFP and 
PIVKA-II in diagnosis of HBV-related hepatocellular 
carcinoma and prediction of vascular invasion and 
tumor differentiation. Infect Agent Cancer. 2020; 
15:70. 

 https://doi.org/10.1186/s13027-020-00337-0 
PMID:33292429 

19. Si C, Xu M, Lu M, Yu Y, Yang M, Yan M, Zhou L, Yang 
X. In vivo antitumor activity evaluation of cancer 
vaccines prepared by various antigen forms in a murine 
hepatocellular carcinoma model. Oncol Lett. 2017; 
14:7391–7. 

 https://doi.org/10.3892/ol.2017.7169 PMID:29344179 

20. Ou FS, Michiels S, Shyr Y, Adjei AA, Oberg AL. 
Biomarker Discovery and Validation: Statistical 
Considerations. J Thorac Oncol. 2021; 16:537–45. 

 https://doi.org/10.1016/j.jtho.2021.01.1616 
PMID:33545385 

21. Pepe MS, Etzioni R, Feng Z, Potter JD, Thompson ML, 
Thornquist M, Winget M, Yasui Y. Phases of biomarker 
development for early detection of cancer. J Natl 
Cancer Inst. 2001; 93:1054–61. 

 https://doi.org/10.1093/jnci/93.14.1054 
PMID:11459866 

22. Lee SA, Lee SY, Cho IH, Oh MA, Kang ES, Kim YB, Seo 
WD, Choi S, Nam JO, Tamamori-Adachi M, Kitajima S, 
Ye SK, Kim S, et al. Tetraspanin TM4SF5 mediates loss 
of contact inhibition through epithelial-mesenchymal 

https://doi.org/10.3390/ijms17050661
https://pubmed.ncbi.nlm.nih.gov/27153056
https://doi.org/10.1042/BSR20180664
https://pubmed.ncbi.nlm.nih.gov/30135139
https://doi.org/10.3892/ijo.2016.3430
https://pubmed.ncbi.nlm.nih.gov/26983891
https://doi.org/10.18632/oncotarget.21021
https://pubmed.ncbi.nlm.nih.gov/29254164
https://doi.org/10.1016/bs.ircmb.2015.06.004
https://pubmed.ncbi.nlm.nih.gov/26404468
https://doi.org/10.1128/MCB.00660-14
https://pubmed.ncbi.nlm.nih.gov/24912675
https://doi.org/10.1038/s12276-019-0363-7
https://pubmed.ncbi.nlm.nih.gov/31956272
https://doi.org/10.1016/j.celrep.2021.110018
https://pubmed.ncbi.nlm.nih.gov/34788612
https://doi.org/10.1371/journal.pone.0211711
https://pubmed.ncbi.nlm.nih.gov/30897168
https://doi.org/10.1002/1878-0261.13321
https://pubmed.ncbi.nlm.nih.gov/36209368
https://doi.org/10.1186/1477-7819-9-43
https://pubmed.ncbi.nlm.nih.gov/21521534
https://doi.org/10.1074/jbc.RA119.007681
https://pubmed.ncbi.nlm.nih.gov/30808712
https://doi.org/10.1186/s13027-020-00337-0
https://pubmed.ncbi.nlm.nih.gov/33292429
https://doi.org/10.3892/ol.2017.7169
https://pubmed.ncbi.nlm.nih.gov/29344179
https://doi.org/10.1016/j.jtho.2021.01.1616
https://pubmed.ncbi.nlm.nih.gov/33545385
https://doi.org/10.1093/jnci/93.14.1054
https://pubmed.ncbi.nlm.nih.gov/11459866


www.aging-us.com 613 AGING 

transition in human hepatocarcinoma. J Clin Invest. 
2008; 118:1354–66. 

 https://doi.org/10.1172/JCI33768 PMID:18357344 

23. Shao S, Piao L, Guo L, Wang J, Wang L, Wang J, Tong L, 
Yuan X, Zhu J, Fang S, Wang Y. Tetraspanin 7 promotes 
osteosarcoma cell invasion and metastasis by inducing 
EMT and activating the FAK-Src-Ras-ERK1/2 signaling 
pathway. Cancer Cell Int. 2022; 22:183. 

 https://doi.org/10.1186/s12935-022-02591-1 
PMID:35524311 

24. Wang K, Li H, Zhao J, Yao J, Lu Y, Dong J, Bai J, Liao L. 
Potential diagnostic of lymph node metastasis and 
prognostic values of TM4SFs in papillary thyroid 
carcinoma patients. Front Cell Dev Biol. 2022; 
10:1001954. 

 https://doi.org/10.3389/fcell.2022.1001954 
PMID:36568979 

25. Eaves LA, Nguyen HT, Rager JE, Sexton KG, Howard T, 
Smeester L, Freedman AN, Aagaard KM, Shope C, Lefer 
B, Flynn JH, Erickson MH, Fry RC, Vizuete W. Identifying 
the Transcriptional Response of Cancer and 
Inflammation-Related Genes in Lung Cells in Relation 
to Ambient Air Chemical Mixtures in Houston, Texas. 
Environ Sci Technol. 2020; 54:13807–16. 

 https://doi.org/10.1021/acs.est.0c02250 
PMID:33064461 

26. Long J, Wang A, Bai Y, Lin J, Yang X, Wang D, Yang X, 
Jiang Y, Zhao H. Development and validation of a TP53-
associated immune prognostic model for hepatocellular 
carcinoma. EBioMedicine. 2019; 42:363–74. 

 https://doi.org/10.1016/j.ebiom.2019.03.022 
PMID:30885723 

27. Ye S, Zhao XY, Hu XG, Li T, Xu QR, Yang HM,  
Huang DS, Yang L. TP53 and RET may serve as 
biomarkers of prognostic evaluation and targeted 
therapy in hepatocellular carcinoma. Oncol Rep. 
2017; 37:2215–26. 

 https://doi.org/10.3892/or.2017.5494 PMID:28350084 
 Erratum in: Oncol Rep. 2022; 48:196. 
 https://doi.org/10.3892/or.2022.8411 PMID:36129137 

28. Kao YR, Shih JY, Wen WC, Ko YP, Chen BM, Chan YL, 
Chu YW, Yang PC, Wu CW, Roffler SR. Tumor-
associated antigen L6 and the invasion of human lung 
cancer cells. Clin Cancer Res. 2003; 9:2807–16. 

 PMID:12855661 

29. Ma YS, Yu F, Zhong XM, Lu GX, Cong XL, Xue SB, Xie 
WT, Hou LK, Pang LJ, Wu W, Zhang W, Cong LL, Liu T, et 
al. miR-30 Family Reduction Maintains Self-Renewal 
and Promotes Tumorigenesis in NSCLC-Initiating Cells 
by Targeting Oncogene TM4SF1. Mol Ther. 2018; 
26:2751–65. 

 https://doi.org/10.1016/j.ymthe.2018.09.006 
PMID:30301667 

30. Shao X, Lv N, Liao J, Long J, Xue R, Ai N, Xu D, Fan X. 
Copy number variation is highly correlated with 
differential gene expression: a pan-cancer study. BMC 
Med Genet. 2019; 20:175. 

 https://doi.org/10.1186/s12881-019-0909-5 
PMID:31706287 

31. Wong CC, Li W, Chan B, Yu J. Epigenomic biomarkers 
for prognostication and diagnosis of gastrointestinal 
cancers. Semin Cancer Biol. 2019; 55:90–105. 

 https://doi.org/10.1016/j.semcancer.2018.04.002 
PMID:29665409 

32. Pan Y, Liu G, Zhou F, Su B, Li Y. DNA methylation 
profiles in cancer diagnosis and therapeutics. Clin Exp 
Med. 2018; 18:1–14. 

 https://doi.org/10.1007/s10238-017-0467-0 
PMID:28752221 

33. Mehdipour P, Murphy T, De Carvalho DD. The role of 
DNA-demethylating agents in cancer therapy. 
Pharmacol Ther. 2020; 205:107416. 

 https://doi.org/10.1016/j.pharmthera.2019.107416 
PMID:31626871 

34. Fornari F, Milazzo M, Chieco P, Negrini M, Marasco E, 
Capranico G, Mantovani V, Marinello J, Sabbioni S, 
Callegari E, Cescon M, Ravaioli M, Croce CM, et al. In 
hepatocellular carcinoma miR-519d is up-regulated by 
p53 and DNA hypomethylation and targets 
CDKN1A/p21, PTEN, AKT3 and TIMP2. J Pathol. 2012; 
227:275–85. 

 https://doi.org/10.1002/path.3995  
PMID:22262409 

35. Kong LM, Liao CG, Chen L, Yang HS, Zhang SH, Zhang Z, 
Bian HJ, Xing JL, Chen ZN. Promoter hypomethylation 
up-regulates CD147 expression through increasing Sp1 
binding and associates with poor prognosis in human 
hepatocellular carcinoma. J Cell Mol Med. 2011; 
15:1415–28. 

 https://doi.org/10.1111/j.1582-4934.2010.01124.x 
PMID:20629990 

36. Rahim NS, Wu YS, Sim MS, Velaga A, Bonam SR, 
Gopinath SC, Subramaniyan V, Choy KW, Teow SY, 
Fareez IM, Samudi C, Sekaran SD, Sekar M, Guad RM. 
Three Members of Transmembrane-4-Superfamily, 
TM4SF1, TM4SF4, and TM4SF5, as Emerging 
Anticancer Molecular Targets against Cancer 
Phenotypes and Chemoresistance. Pharmaceuticals 
(Basel). 2023; 16:110. 

 https://doi.org/10.3390/ph16010110  
PMID:36678607 

37. Du X, Fan W, Chen Y. microRNA-520f inhibits 
hepatocellular carcinoma cell proliferation and 
invasion by targeting TM4SF1. Gene. 2018; 657:30–8. 

 https://doi.org/10.1016/j.gene.2018.03.003 
PMID:29505836  

https://doi.org/10.1172/JCI33768
https://pubmed.ncbi.nlm.nih.gov/18357344
https://doi.org/10.1186/s12935-022-02591-1
https://pubmed.ncbi.nlm.nih.gov/35524311
https://doi.org/10.3389/fcell.2022.1001954
https://pubmed.ncbi.nlm.nih.gov/36568979
https://doi.org/10.1021/acs.est.0c02250
https://pubmed.ncbi.nlm.nih.gov/33064461
https://doi.org/10.1016/j.ebiom.2019.03.022
https://pubmed.ncbi.nlm.nih.gov/30885723
https://doi.org/10.3892/or.2017.5494
https://pubmed.ncbi.nlm.nih.gov/28350084
https://doi.org/10.3892/or.2017.5494
https://pubmed.ncbi.nlm.nih.gov/36129137
https://pubmed.ncbi.nlm.nih.gov/12855661
https://doi.org/10.1016/j.ymthe.2018.09.006
https://pubmed.ncbi.nlm.nih.gov/30301667
https://doi.org/10.1186/s12881-019-0909-5
https://pubmed.ncbi.nlm.nih.gov/31706287
https://doi.org/10.1016/j.semcancer.2018.04.002
https://pubmed.ncbi.nlm.nih.gov/29665409
https://doi.org/10.1007/s10238-017-0467-0
https://pubmed.ncbi.nlm.nih.gov/28752221
https://doi.org/10.1016/j.pharmthera.2019.107416
https://pubmed.ncbi.nlm.nih.gov/31626871
https://doi.org/10.1002/path.3995
https://pubmed.ncbi.nlm.nih.gov/22262409
https://doi.org/10.1111/j.1582-4934.2010.01124.x
https://pubmed.ncbi.nlm.nih.gov/20629990
https://doi.org/10.3390/ph16010110
https://pubmed.ncbi.nlm.nih.gov/36678607
https://doi.org/10.1016/j.gene.2018.03.003
https://pubmed.ncbi.nlm.nih.gov/29505836


www.aging-us.com 614 AGING 

SUPPLEMENTARY MATERIALS 

 

Supplementary Figures 

 

 

 

 

 
 

Supplementary Figure 1. Analysis of the relationship between TM4SFs expression and clinicopathologic parameters in LIHC (A–E). 
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Supplementary Figure 2. Kaplan‒Meier survival curve analysis for TM4SF family members in LIHC. (A) TM4SF1, (B) TM4SF4, 

(C) TM4SF5, (D) TM4SF18, (E) TM4SF19, (F) TM4SF20. 
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Supplementary Figure 3. Prognostic value of TM4SF-specific CpG site methylation in LIHC (A–N). 


