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Abstract
Background CANT1, as calcium-activated protein nucleotidase 1, is a kind of phosphatase. It is overexpressed in 
some tumors and related to poor prognosis, but few studies explore its function and carcinogenic mechanism in 
hepatocellular carcinoma (HCC).

Methods The expression of CANT1 mRNA and protein was analyzed by the Cancer Genome Atlas (TCGA) database 
and immunohistochemistry(IHC) staining. The relationship between CANT1 expression and clinicopathology was 
evaluated by various public databases. The receiver operating characteristic (ROC) curve was used to assess the 
diagnostic accuracy of CANT1 by the area under curve (AUC). Univariate, multivariate Cox regression and Kaplan-
Meier curves were applied to evaluate the predictive value of CANT1 on the prognosis of HCC. Methsurv was used 
to analyze gene changes and DNA methylation, and its impact on prognosis. The enrichment analysis of DEGs 
associated with CANT1 revealed the biological process of CANT1 based on Gene Set Enrichment Analysis (GSEA). The 
relationship between immune cell infiltration level and CANT1 expression in HCC was investigated using the single-
sample GSEA (ssGSEA) method and the Tumor Immune Estimation Resource (TIMER) database. Finally, the association 
between CANT1 and immune checkpoints and drug sensitivity was also analyzed.

Results CANT1 was highly expressed in 22 cancers, including HCC, and CANT1 overexpression in HCC was confirmed 
by IHC. The expression of CANT1 was correlated with clinical features, such as histologic grade. Highly expressed 
CANT1 caused poor overall survival (OS) of HCC patients. Univariate and multivariate regression analysis suggested 
that CANT1 was an independent prognostic marker. Of the 31 DNA methylation at CpG sites, three CpG sites 
were associated with the prognosis of HCC. GSEA indicated that CANT1 was mainly involved in the cell cycle, DNA 
replication, and etc. Moreover, CANT1 expression was correlated with immune cell infiltration and independently 
associated with the prognosis of HCC patients. Finally, CANT1 expression was correlated with most immune 
checkpoints and drug sensitivity.

Conclusion CANT1 may be a latent oncogene of HCC, and associated with immune cells and immune checkpoints, 
which may assist in HCC treatment.
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Introduction
Hepatocellular carcinoma (HCC) is the third leading 
cause of cancer deaths worldwide and ranks sixth among 
diagnosed cancers [1]. In 2020, cancer deaths in China 
included 390,000 cases of liver cancer. Incidence and 
mortality rates of liver cancer were higher in China [2]. 
Since the early symptoms of HCC patients are unobvious, 
most patients are diagnosed at a later stage. Their clinical 
prognosis has not been significantly improved, although 
surgical resection and radiofrequency ablation developed 
greatly [3]. Therefore, it is important to explore useful 
biomarkers and targets for HCC prognosis to improve 
the diagnosis, prevention, and treatment of HCC.

Calcium-activated protein nucleotidase 1 (CANT1), as 
a calcium-dependent nucleotidase, is a glycosylated pro-
tein whose cDNA is homologous to that of adenosine tri-
phosphate and diphosphate and can be secreted outside 
the cell. It is widely expressed in human tissues [4]. Stud-
ies have shown that CANT1 mutation is present in bone 
dysplasia (DD) and multiple epiphyseal dysplasia (MED), 
which are autosomal negative genetic diseases charac-
terized by short metacarpal bones and long phalanges. 
The synthesis of proteoglycan in fibroblasts of patients 
with CANT1 mutation has been found, indicating that 
CANT1 plays a role in proteoglycan metabolism [5–7]. It 
was also found to be involved in tumor growth. CANT1 
was overexpressed in prostate cancer, and associated with 
T status [8]. CANT1 was elevated in lung squamous cell 
carcinoma(LUSC), and knockdown of CANT1 blocked 
LUSC cell proliferation [9]. CANT1 expression was sig-
nificantly increased in lung adenocarcinoma(LUAD), and 
was significantly associated with the T stage. Regression 
analysis considered CANT1 as a prognostic marker in 
LUAD [10]. CANT1 silencing suppressed clear cell renal 
cell carcinoma cell proliferation, migration, and inva-
sion, which arrested the cell cycle in the S phase, and 
promoted apoptosis [11]. However, there is little research 
on the correlation between CANT1 and HCC. Therefore, 
our study aimed to investigate the expression of CANT1 
in HCC and its potential clinical value.

The differential expression of CANT1 in HCC and nor-
mal tissues was analyzed using different data sets (TCGA 
and ICGC). The correlation between CANT1 expres-
sion and clinicopathology was studied, and its prognos-
tic value was discussed, and its biological process was 
revealed. Finally, the relationship between CANT1 and 
immune cell infiltration was analyzed, and the mecha-
nism of CANT1 promoting liver cancer development 
was comprehensively studied.

Materials and methods
Data preparation
Primary transcriptome sequencing data and clinical 
information of HCC patients were acquired from the 

Cancer Genome Atlas (TCGA) database, including the 
liver tissues of 374 patients and 50 normal people, as a 
training cohort. The expression level of the CANT1 gene 
was extracted by R software, and the difference between 
the two groups was analyzed based on the Wilcoxon 
test. In addition, the data on 33 kinds of cancers from 
UCSC Xena (https://xenabrowser.net/datapages/) was 
downloaded to analyze the CANT1 expression level for 
pan-cancer research. In addition, HCC samples were 
also obtained from ICGC (LIRI-JP), including 232 HCC 
patients, as a validation cohort. Moreover, we performed 
immunohistochemistry(IHC) on liver cancers from 53 
HCC samples and 20 normal liver tissues collected from 
Beijing Ditan Hospital to confirm the CANT1 protein 
expression. Since no stage IV specimens were obtained, 
we only collected pathological stage I, stage II, and stage 
III. The patients were informed research content and 
signed an informed consent before the operation. The 
study was approved by the Institutional Research Eth-
ics Committee of Beijing Ditan Hospital (batch number: 
NO.DTEC-KT2022-003-01).

Immunohistochemistry(IHC)
The following steps were followed when performing IHC. 
After sections were dewaxed and hydrated, high-pres-
sure antigen repairing was performed on them. Then, we 
blocked samples with goat serum and incubated them 
overnight with anti-CANT1 (Invitrogen, MA5-26752, 
Dilution 1:150). On the next day, a secondary antibody 
was added, and color development was carried out by a 
DAB chromogen kit. The IHC staining results were ana-
lyzed and scored by two pathologists who were blinded 
to the sources of the clinical samples. The intensity of 
staining was analyzed by the semiquantitative integra-
tion method, namely expression intensity multiplied by 
expression area. Expression intensity was scored from 
0 to 3, and expression area was scored from 0 to 4. The 
results for CANT1 expression were then categorized 
based on score ranges of 1–3, 4–6, and 7–12, which were 
represented by +, ++ and +++, respectively.

Correlation analysis of CANT1 expression with 
clinicopathological data
Based on the TCGA database and our Ditan cohort, we 
studied the correlation between CANT1 expression and 
clinicopathological data, including age, gender, T stage, 
N stage, M stage, and pathological stage using the Chisq 
test.

Correlation analysis between CANT1 expression and 
prognosis
We analyzed the prognostic impact of CANT1 expres-
sion on HCC from TCGA and ICGC databases. Kaplan–
Meier survival analysis, univariate and multivariate Cox 
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analyses, and receiver operating characteristic (ROC) 
curve analysis were conducted using the “survival”, 
“survminer”, and “survivalROC” R packages.

Analysis of CANT1 and DNA methylation
MethSurv (https://biit.cs.ut.ee/methsurv) is a web tool 
for survival analysis based on CpG methylation patterns, 
which utilizes 7358 methyl groups from 25 different 
human cancers from “TCGA” and the Cox proportional 
hazards model was used to develop an interactive web 
tool for survival analysis [12]. We assessed the OS of 
patients with CpG methylation in CANT1 based on the 
MethSurv database.

Relationship between CANT1 and immune features
The TIMER database is an open public website which the 
immune cell infiltration in HCC with CANT1 expression 
was analyzed, including B cells, CD4 + T cells, CD8 + T 
cells, Neutrophils, Macrophages, and Dendritic cells. 
The infiltration level of 24 tumor immune cells in HCC 
samples was detected by the GSVA software package in 
the R and ssGSEA method. The relative enrichment of 
24 immune cell types was scored, including B cells, T 
cells, macrophages, and neutrophils [13]. The correlation 
between CANT1 expression and immune cell infiltra-
tion level was evaluated by Spearman correlation analy-
sis. The impact of immune cell infiltration and individual 
gene expression level on clinical outcomes was also ana-
lyzed based on the TIMER database [14]. The “survival” 
module was used to explore the clinical relevance of one 
or more tumor immune subsets and flexibly adjust for 
multiple covariates in a multivariable Cox proportional 
hazards model. Finally, the Wilcoxon test was performed 
to explore the correlation of CANT1 expression with the 
immune checkpoint gene levels.

Drug sensitivity analysis
To explore the potential applicability of the CANT1 in 
clinical treatment decisions, the “pRRophetic” R pack-
age was used to evaluate the common chemother-
apy or targeted drugs sensitivity [15]. Half-inhibitory 
concentration(IC50) is an important indicator for evalu-
ating the efficacy of a drug or the response of a sample to 
treatment.

Screening of differentially expressed genes (DEGs)
According to the TCGA database, we divided the expres-
sion of CANT1 in HCC patients into low-expression and 
high-expression group, and the differential expression 
genes(DEGs) was used to screen by the Deseq2 software 
package in R(Version 4.2.1). The threshold was | logFC 
|>1 and adjusted P<0.05 [16]. The volcano map of DEGs 
was constructed using the ggplot2 software package of R.

Functional enrichment analysis and interaction analysis
To determine the biological function of CANT1 and its 
related DEGs, we annotated them with Gene Ontology 
(GO) and the Kyoto Encyclopedia of Genes and Genomes 
(KEGG) [17]. The GO analysis included the biology pro-
cess (BP), molecular function (MF) and cell component 
(CC). Functional enrichment analysis was performed 
using clusterProfiler in R (version 4.2.1) [18]. Gene Set 
Enrichment Analysis (GSEA) is a computational method 
that determines whether a priori-defined set of genes 
shows statistical significance and concordant differences 
between two biological states [19]. The gene expression 
data were divided into groups with high and low CANT1 
expressions according to the expression level of CANT1. 
Significant enrichment was defined as a normal P-value 
< 0.05 and FDR<0.25. String(https://string-db.org/) is a 
tool for studying the interaction network between pro-
teins and helps to discover the core regulatory genes [20], 
which is used to construct the complex gene-gene func-
tional interaction network of CANT1.

Statistics Analysis
Wilcoxon test was applied to investigate CANT1 expres-
sion and its correlation with clinical characteristics 
according to the TCGA and GTEx database. Survival 
curves and logistic regression analysis were drawn using 
the R packages “survival” and “survminer”. The “cluster-
Profiler” in the R software (Version4.2.1 )was used to 
analyze GO, KEGG pathway, and GSEA enrichment. 
p < 0.05 indicates statistical significance.

Results
Pan-Cancer analysis of CANT1 expression and its 
association with clinical characteristics in HCC
The RNA-seq expression data were downloaded from 
TCGA and GTEx to analyze the expression of CANT1 in 
33 types of cancer. The results suggested that it was highly 
expressed in 22 cancers, including BLCA, BRCA, CESC, 
CHOL, COAD, ESCA, GBM, HNSC, KIRP, LGG, LIHC, 
LUAD, LUSC, OV, PAAD, PRAD, READ, SKCM, STAD, 
THCA, UCEC, and UCS. However, it was low expressed 
in ACC, LAML, and TGCT(Fig. 1A, B). Subsequently, the 
high expression of CANT1 was confirmed in another data 
set, such as LIRI-JP of ICGC (Fig.  1C). The area under 
the curve(AUC)of CANT1 was 0.938, indicating that the 
predictive ability of CANT1 has high accuracy(Fig.  1E). 
In addition, the expression level of CANT1 was signifi-
cantly correlated with the T stage, pathological stage, and 
histological grade(Table 1). Other clinical features, such 
as age, gender, N stage, and M stage, showed no corre-
lation with CANT1 expression(Table 1). Furthermore, in 
our Ditan cohort, we selected 53 samples of HCC and 20 
normal tissues for the IHC study. The results suggested 
that the expression of CANT1 was higher in HCC tissues 
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than in normal tissues(Fig. 1D, F). The protein expression 
of CANT1 was correlated with histological grade. How-
ever, other clinical features, such as age, gender, T stage, 
and pathological stage, displayed no relationship with 
CANT1 expression(Table 1).

Evaluation of the Prognostic Value of CANT1 in HCC
The clinical data and CANT1 expression data of HCC 
patients were obtained from TCGA and ICGC data-
bases. We investigated the relationship between CANT1 
expression and OS of HCC patients. The patients were 
divided into low and high-expression groups based 
on the median value. According to the Kaplan-Meier 
plot, patients with a higher CANT1 expression showed 
poorer OS than those with a low expression in both 
training and validation cohorts (Fig.  2A, B). To evalu-
ate the effectiveness of CANT1 as a biomarker for HCC, 
our team examined the AUC, with the AUC values at 
1-, 2-, and 3-year survival being 0.686, 0.61, and 0.633, 
respectively(Fig.  2C). The prognostic value of CANT1 
expression for HCC was further confirmed in the valida-
tion set(Fig. 2D). We adopted univariate and multivariate 

Cox regression to analyze the OS of patients with HCC 
and to study the independent predictive power. T stage, 
TNM stage, and the expression level of CANT1 were 
associated with OS of HCC patients according to the uni-
variate analysis. In multivariate analysis, the T stage and 
expression level of CANT1 were related to OS of HCC 
patients (Fig.  3). In conclusion, CANT1 exhibited rela-
tively good predictive accuracy in HCC patients.

Prognostic value of CANT1 methylation in HCC patients
The MethSurv database results demonstrated that there 
were 31 CpG methylation sites on CANT1. As shown in 
Figs. 4A, 13 highly methylated sites can be seen, includ-
ing cg10008571, cg04131638, cg10999136, cg11884711, 
cg17129554, cg22687077, cg16337457, cg07081569, 
cg25052374, cg10976778, cg06530270, cg00902147, 
and cg17838182. Among them, three methylation 
sites(cg00902147, cg07081569, and cg25052374) were 
associated with prognosis. The patients with CANT1 
hypomethylation at cg00902147, cg07081569, and 
cg25052374, had better OS(Fig. 4B).

Fig. 1 Expression of CANT1 in HCC and other different cancers. (A) The expression of CANT1 in pan-cancer tissues in TCGA database. (B, C) The expression 
of CANT1 in HCC tissues and normal tissues by TCGA and ICGC database. (D) The expression of CANT1 was higher in HCC than normal tissues in our HCC 
samples. (E) The ROC curve of diagnosis to distinguish HCC tissues from normal tissues . (F) The higher protein of CANT1 in HCC than normal tissues using 
immunohistochemistry. (Envision, Original magnificationX400). (***P < 0.001, **P < 0.01, *P < 0.05)
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Correlation analysis between CANT1 and immune features
The relationship between CANT1 and immune cell infil-
tration was studied based on TIMER. The results showed 
that CANT1 expression was positively correlated with B 
cells, CD4 + T cells, CD8 + T cells, neutrophils, macro-
phages, and dendritic cells, but not with purity(Fig. 5A). 

Subsequently, the ssGSEA algorithm and Spearman cor-
relation were used to show the correlation between the 
expression level of CANT1 and the level of immune cell 
infiltration in the HCC tumor microenvironment. The 
results demonstrated that CANT1 expression was posi-
tively correlated with infiltration levels of Th2 cells, T 
helper cells, TFH, NK CD56 bright cells, Macrophages 
and aDC, and was negatively correlated with CD8 T 
cells, Tgd, Neutrophils, Treg, cytotoxic cells, pDC, and 
DC(Fig.  5B). The level of Th2 cell infiltration was sig-
nificantly positively correlated with CANT1 expression 
(Fig. 5C-D). In contrast, the infiltration level of cytotoxic 
cells was significantly negatively correlated with CANT1 
expression (Fig.  5E-F), and was lower in the CANT1 
high expression group compared with the low expres-
sion group. These results suggested that CANT1 might 
be involved in the immune infiltration of HCC. In addi-
tion, the independent prognostic value of immune cell 
infiltration and CANT1 expression were analyzed using 
Cox proportional risk regression. The results showed that 
the expression of CANT1 and the infiltration degree of 
the four immune cells(B cell, CD8 T cell, Macrophage, 
and Dendritic) were independently associated with sig-
nificantly shortened OS(Table  2). In recent years, more 
and more studies have confirmed that immune check-
point inhibitors can eliminate the immune evasion effect 
of liver cancer cells by releasing the immune suppres-
sion function of immune checkpoints.The application 
of immune checkpoint inhibitors has become the latest 
means of antitumor therapy. We investigated the corre-
lation between CANT1 expression and immune check-
points. The expression of immune checkpoints, such as 
CD274 (PD-L1), CTLA4, HAVCR2, LAG3, PDCD1 (PD-
1) and TIGIT, was higher in the CANT1 high-expres-
sion group than that in the CANT1 low-expression 
group(Fig. 5G). The above results suggested that CANT1 
may play an important role in tumor immunity.

Drug sensitivity analysis
We evaluated chemotherapeutic drugs for HCC using 
IC50. Patients with lower IC50 values are more sensitive 
to the drug. We found that the IC50 value of Cisplatin, 
Crizontinib, Cyclopamine, Erlotinib, Gemcitabine, Lapa-
tinib, Nilotinib, Sorafenib in CANT1 high-expression 
group had lower than in low-expression group, indicating 
that the patients with CANT1 overexpression were more 
sensitive to these drugs (Fig. 6).

Identification and Functional Analysis of DEGs
A total of 1398 up-regulated genes and 343 down-
regulated genes were obtained based on log2FC>1, P. 
adj<0.05. The volcano map of DEGs in HCC and normal 
tissues is shown in Fig.  7A. The GO and KEGG analy-
ses were conducted on the first 100 up-regulated genes, 

Table 1 Correlation between CANT1 expression and clinical 
features in TCGA cohort and Ditan cohort

Total CANT1 χ² P
Low 
expression

High 
expression

TCGA 
cohort
Age
<=60 years 177 81 96 2.578 0.109
> 60 years 166 106 90
Gender
Female 121 56 65 0.99 0.32
Male 253 131 122
T stage
T1 + T2 278 147 131 4.806 0.028
T3 + T4 93 37 56
N stage
N0 254 120 134 0.826 0.364
N1 4 1 3
M stage
M0 268 127 141 1.249 0.264
M1 4 3 1
Pathologic 
stage
I + II 260 138 122 5.421 0.02
III + IV 90 35 55
Histologic 
grade
G1 + G2 233 136 97 18.29 < 0.001
G3 + G4 136 48 88
Ditan 
cohort
Age
<=60 years 36 7 29 1.57 0.3
> 60 years 17 6 11
Gender
Male 43 10 33 0.69 0.2
Female 10 3 7
Histologic 
grade
G1 12 7 5 9.58 0.004
G2 + G3 41 6 35
T stage
T1 + T2 45 10 35 0.86 0.39
T3 + T4 8 3 5
Pathologic 
stage
I 22 7 15 1.08 0.3
II + III 31 6 25
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and the results revealed that the BP of DEGs was mainly 
enriched in the nuclear division, organelle fission, mitotic 
nuclear division, and chromosome segregation. For MF, 
these genes mainly focused on microtubule binding, 
microtubule motor activity, tubulin binding, and ATPase 
activity. The CC of DEGs enrichment was concentrated 
in the midbody, spindle, microtubule associated complex, 
and chromosomal region. The results of KEGG enrich-
ment suggested that DEGs participated in the cell cycle, 
carbon metabolism, ECM receptor interaction, bio-
synthesis of amino acids, and pentose phosphate path-
way (Fig.  7B). Moreover, according to the PPI network, 

CANT1 interacted with UPRT, HPRT1, ADSS, ATIC, 
IMPDH1, ITPA, PKLR, HDDC3, PKM, and ENPP1, 
which mainly participated in nucleobase-containing 
small molecule biosynthesis, ribonucleotide metabolism, 
ribose phosphate metabolism, etc. (Fig. 7C, D).

To further reveal the potential pathway that CANT1 
might regulate the carcinogenesis and development 
of HCC, GSEA analysis was carried out on CANT1-
related DEGs and demonstrated the positive cor-
relation of CANT1 with kinesin, resolution of sister 
chromatid cohesion, DNA strand elongation, and acti-
vation of the pre-replication complex based on the 

Fig. 2 Prognostic value of CANT1 in HCC from different database; (A-B) Higher expression of CANT1 had poor OS in TCGA and ICGC database. (C-D) Time-
dependent survival ROC curve analysis to predict 1-, 2- and 3-year survival rates in TCGA and ICGC database.
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Reactome pathway(Fig.  8A). CANT1 overexpression 
was enriched in the cell cycle, DNA replication, ribofla-
vin metabolism, and gap junction based on the KEGG 
pathways (Fig. 8B). These results indicated that CANT1 
exerted an influence on the occurrence and development 
of tumors through the above enrichment pathways.

Discussion
Because of its complicated molecular mechanism, liver 
cancer has been one of the most dangerous malignant 
tumors globally. Liver cancer is characterized by rapid 
growth, vascular invasion, and high tolerance to che-
motherapy and targeted therapies [21, 22]. Although the 
upgraded liver cancer detection and treatment increases 
the possibility of cure, the prognosis of liver cancer is still 
poor due to postoperative recurrence or metastasis [23]. 
In recent years, the development and maturity of whole 
genome sequencing technology have provided great help 
for the exploration of new biomarkers and new thera-
peutic targets. However, further exploration is required 
in the early diagnosis of HCC and prognostic molecular 
targets.

CANT1 is considered to be a glycosylated protein, 
and its encoded protein belongs to the phosphatase 
family. It was overexpressed in lung cancer [24], pros-
tate cancer [8], and clear cell renal carcinoma (ccRCC) 
[11]. In lung cancer, CANT1 promoted the progres-
sion of lung cancer by driving the nuclear factor-k gene 
binding (NF-κB) signaling pathway. Moreover, a signifi-
cant difference existed between the expression level of 
CANT1 and N stage, and the highly expressed CANT1 
had a poor prognosis. In squamous cell lung carcinoma 
[9], mir-607/CANT1 played an important role in its pro-
gression by mediating the EMT process, and was associ-
ated with poor prognosis. In clear cell renal carcinoma, 
CANT1 silencing inhibited the proliferation, migration, 
and invasion of cells. Chen Yang et al. screened out three 
candidate genes in HCC with TP53 mutation, includ-
ing CANT1. Many studies have demonstrated that HCC 
patients with mutated TP53 have adverse prognosis, 
which provided new insights into personalized prog-
nostication approaches [25].The present study analyzed 
CANT1 expression in 33 tumors by downloading RNA-
seq from TCGA and GTEx databases, and revealed high 

Fig. 3 Univariate and multivariate Cox regression analyses of selected variables on OS in TCGA database.
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expression of CANT1 in some tumors, including HCC. 
The high expression of CANT1 in HCC tissues was con-
firmed in different databases (i.e. ICGC). IHC staining 
showed that CANT1 expression was higher in HCC sam-
ples than in normal tissues.

We further studied the relationship between CANT1 
expression level and clinicopathological features of HCC 
patients. CANT1 expression was significantly correlated 
with T stage, pathologic stage, and histologic grade in the 
TCGA database. Our Ditan cohort showed that CANT1 
expression was only correlated with histologic grade, not 
pathological stage and T stage, probably due to the small 
number of cases we collected and the inability to col-
lect stage IV cases. Kaplan-Meier curves indicated that 
patients with high CANT1 expression presented poor 
OS in training and validation cohorts. Univariate and 
multivariate Cox regression analysis also identified that 
CANT1 expression level was an independent prognostic 
biomarker of OS in HCC patients. Furthermore, we pre-
dicted time-dependent survival ROC curve of 1-, 2-, and 
3-year, with AUCs greater than 0.6 in TCGA and ICGC 
sets. These results suggested CANT1 as a potential prog-
nostic marker for HCC.

Increasing evidence shows that epigenetic changes, 
especially abnormal DNA methylation, could lead to 

transcriptional silencing of tumor suppressor genes or 
high expression of oncogenes, thus deteriorating malig-
nant tumors [26]. Aberrant DNA methylation resulted in 
malignant tumors mainly by DNA hyper- or hypo-meth-
ylation [27]. We investigated the relationship between the 
methylation level of CANT1 and prognosis, and three 
CpG sites were associated with prognosis, and the three 
CpG sites with hypomethylation had better OS. Immune 
cell infiltration and tumor microenvironment(TME) 
have been proven to play a key role in cancer progres-
sion [28]. Tumor immunity has been a hot topic in recent 
years [29]. Immunotherapy may be a promising anti-liver 
cancer strategy. TME is the environment in which tumor 
cells grow and plays an important role in the occurrence 
and development of tumors, which is involved in the pro-
cess of tumor malignant transformation, tumor growth, 
metastasis and drug resistance [30]. Immune cell infiltra-
tion accelerated the progression of chronic hepatitis to 
liver cancer, and was associated with a poor prognosis of 
liver cancer [19, 31, 32]. In our study, CANT1 was posi-
tively associated with the infiltrations of six immune cells 
(B cells, CD4 + T cells, CD8 + T cells, neutrophils, macro-
phages and dendritic cells). In addition, ssGSEA was used 
to study the relationship between CANT1 and 24 types 
of immune cell infiltration. The results demonstrated 

Fig. 4 Heatmap of CANT1 expression and methylation levels (A), and the association between methylation sites in CANT1 with overall survival (B).
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a significant weak-to-moderate positive correlation of 
CANT1 expression with Th2, T helper cell,  TFH, NK 
CD56 bright cells, Macrophages and aDC. Moreover, 
the infiltration level of Th2 was highest in high expres-
sion CANT1. This was possibly attributed to Th1/Th2 

imbalance induced by high expression of CANT1 as 
well as the inhibitory effects of Th2-generated cytokines 
on Th1 proliferation and differentiation and the func-
tion of cytotoxic T lymphocytes, resulting in immuno-
suppression and the occurrence and development of 

Table 2 The Cox proportional hazards regression of immune cell infiltration and CANT1 expressions.
coef HR 95%CI_l 95%CI_u p.value sig

Age 0.014 1.014 0.998 1.03 0.088
Race Black 0.67 1.954 0.776 4.92 0.155
Race White 0.068 1.07 0.701 1.633 0.754
B_cell -9.023 0 0 0.169 0.015 *
CD8_T cell -5.182 0.006 0 0.802 0.041 *
CD4_T cell -5.457 0.004 0 2.446 0.092
Macrophage 5.116 166.621 1.029 26976.181 0.049 *
Neutrophil -2.067 0.127 0 12704.224 0.725
Dendritic 4.758 116.543 3.252 4176.945 0.009 *
CANT1 0.457 1.58 1.156 2.159 0.004 *

Fig. 5 Relationship between CANT1 expression and immune cell infiltration. (A) Relationship between CANT1 expression and immune cell infiltration in 
TIMER database. (B) The lollipop chart of immune cells infiltration and CANT1 by ssGSEA. (C-D) The positive correlation between CANT1 expression and 
enrichment of Th2 cells. (E-F) The negative correlation between CANT1 expression and enrichment of cytotoxic cells. (G) The correlation between CANT1 
expression and immune checkpoints. (***P < 0.001, **P < 0.01, *P < 0.05)
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tumors [33]. Furthermore, CANT1 expression was neg-
atively correlated with Cytotoxic cell, DC, pDC, Treg, 
Neutrophils,Tgd and CD8 T cells. Cytotoxic cells have 
the function of killing cancer cells and have anti-tumor 
activity. CANT1 overexpression leads to downregula-
tion of cytotoxic cells, which leads to the occurrence of 
liver cancer. Dendritic cells(DC) are the strongest spe-
cialized antigen presenting cells and play a unique role 
in anti-tumor immunity. Overexpression of CANT1 
leads to downregulation of DC, thus limiting the activ-
ity of effector T cells and promoting tumor growth. All 
these suggested that CANT1 might alter the immune 
microenvironment of HCC and impact immune regula-
tion. In addition, Cox proportional risk models showed 
that B cells, CD8 + T cells, macrophages, and dendritic 
cells were significantly associated with adverse clinical 
outcomes in HCC patients. In recent years, the discovery 
of immune checkpoints such as PD-1, PD-L1 and CTLA4 
and the development and application of correspond-
ing immune checkpoint inhibitors have provided new 
options for the treatment of advanced liver cancer [34]. 
In HCC, high PD-L1 expression is usually associated with 
high PD-1 expression, and associated with cancer recur-
rence, metastasis, and a high risk of cancer-related death 
[35, 36]. CTLA4 is one of the T cell receptors and can 
competitively prevent CD28 from binding to B7, thereby 
inhibiting T cell activation [37, 38]. Our study found that 
the expression of CANT1 is associated with the expres-
sion of most immune checkpoints, such as PD-1, PD-L1 
and CTLA4. These findings suggested that CANT1 may 

be involved in immunity, which may provide new insights 
into the immunotherapy of HCC. Finally, we studied 
the relationship between CANT1 expression and drug 
sensitivity, and the results showed that eight drugs with 
notable expression differences were extracted, namely 
Sorafenib, Cisplatin, Crizontinib, Cyclopamine, Erlotinib, 
Gemcitabine, Lapatinib, and Nilotinib, which provided 
the theoretical basis for clinical medication.

To further understand the biological function of 
CANT1 in HCC, we identified DEGs between HCC 
patients with high- and low- expression of CANT1. GO 
and KEGG enrichment analysis was performed for 100 
up-regulated genes, showing that DEGs were mainly 
enriched in cell cycle, nuclear division and microtubule 
binding. In addition, GSEA analysis demonstrated that 
CANT1 chiefly participated in the cell cycle, DNA rep-
lication, riboflavin metabolism, and gap junction. These 
enriched pathways were related to the mechanisms of the 
tumor.

We first explored the relationship between CANT1 
and HCC, certain limitations were unavoidable: all data 
analyzed by bioinformatic methods were directly down-
loaded from public databases, and the protein expression 
level of CANT1 was only verified by IHC. Research is 
also needed at RNA levels and oncogenic mechanism in 
HCC through in vitro and in vivo experiments.

Fig. 6 The correlation between CANT1 expression and drug sensitivity. (G1: low expression; G2: high expression; ***P < 0.001, **P <  0.01,*P < 0.05)
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Conclusions
In conclusion, the CANT1 expression level was elevated 
in HCC and had close ties to a poor prognosis. In addi-
tion, CANT1 could be involved in the occurrence and 
development of HCC by influencing the infiltration 

level of immune cells. On this basis, our study identi-
fied CANT1 as a latent prognostic biomarker in HCC. 
At present, the clinical significance and mechanism of 
CANT1 in HCC have not been reported.

Fig. 8 Gene set enrichment analysis(GSEA) of high CANT1 expression phenotype in HCC based on Reactome (A) and KEGG pathways (B)

 

Fig. 7 Identification and functional enrichment analysis of the differentially expressed genes (DEGs) between high and low CANT1 expression groups. 
(A) The volcano plot of DEGs. (B) The GO and KEGG enrichment of 100 up-regulated DEGs. (C) The PPI of CANT1from String database. (D) GO term enrich-
ment analysis.

 



Page 12 of 13Liu et al. BMC Cancer         (2023) 23:1007 

Abbreviations
ACC  Adrenocortical carcinoma
BLCA  Bladder Urothelial Carcinoma
BRCA  Breast invasive carcinoma
CESC  Cervical squamous cell carcinoma and endocervical 

adenocarcinoma
CHOL  Cholangio carcinoma
COAD  Colon adenocarcinoma
DLBC  Lymphoid Neoplasm Diffuse Large B-cell Lymphoma
ESCA  Esophageal carcinoma
GBM  Glioblastoma multiforme
HNSC  Head and Neck squamous cell carcinoma
KICH  Kidney Chromophobe
KIRC  Kidney renal clear cell carcinoma
KIRP  Kidney renal papillary cell carcinoma
LAML  Acute Myeloid Leukemia
LGG  Brain Lower Grade Glioma
LIHC  Liver hepatocellular carcinoma
LUAD  Lung adenocarcinoma
LUSC  Lung squamous cell carcinoma
MESO  Mesothelioma
OV  Ovarian serous cystadenocarcinoma
PAAD  Pancreatic adenocarcinoma
PCPG  Pheochromocytoma and Paraganglioma
PRAD  Prostate adenocarcinoma
READ  Rectum adenocarcinoma
SARC  Sarcoma
SKCM  Skin Cutaneous Melanoma
STAD  Stomach adenocarcinoma
TGCT  Testicular Germ Cell Tumors
THCA  Thyroid carcinoma
THYM  Thymoma
UCEC  Uterine Corpus Endometrial Carcinoma
UCS  Uterine Carcinosarcoma
UVM  Uveal Melanoma

Acknowledgements
We appreciate the free use of TCGA databases.

Authors’ contributions
TL and XGZ designed the research study and wrote the manuscript. LS, ZZL, 
KY, JMC, XYH, LMQ performed analysis of data. PW edited the manuscript. All 
the authors have read and approved the final version of this manuscript.

Funding
Not applicable.

Data Availability
This research recruited public databases and website tools. The data is 
available here: TCGA(https://portal.gdc.cancer.gov), UCSC Xena (https://
xenabrowser.net/datapages/), TIMER2 database (http://timer.comp-genomics.
org/), and MethSurv (https://biit.cs.ut.ee/methsurv).

Declarations

Ethics approval and consent to participate
The study has been performed in accordance with the Declaration of Helsinki 
and was approved by Institutional Research Ethics Committee of Beijing Ditan 
Hospital, and written informed consent was obtained from all patients.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 18 February 2023 / Accepted: 28 September 2023

References
1. Julie K, Heimbach LM, Kulik RS, Finn et al. AASLD guidelines for the treatment 

of hepatocellular carcinoma[J]. Hepatol (Baltimore Md) 2018 01;67(1):358–80.
2. Chen W, Zheng R, Peter D, Baade et al. Cancer statistics in China,2015[J].CA: a 

cancer journal for clinicians, 2016,66(2):115–32.
3. Ferlay J, Colombet M, Soerjomataram I, Donald M, Parkin et al. Cancer statis-

tics for the year 2020: an overview. Int J Cancer, 2021, Apr 05.
4. Thomas M, Smith CA, Hicks-Berger S, Kim, et al. Cloning, expression, and char-

acterization of a soluble calcium-activated nucleotidase, a human enzyme 
belonging to a new family of extracellular nucleotidases[J]. Arch Biochem 
Biophys. 2002;406(1):105–15.

5. Dai J, Kim O-H, Cho T-J, Miyake N et al. A founder mutation of CANT1 
common in korean and japanese Desbuquois dysplasia.J Hum Genet 
2011,56:398–400.

6. Mathilde Nizon C, Huber FD, Leonardis R, Merrina A, Forlino, et al. Further 
delineation of CANT1 phenotypic spectrum and demonstration of its role in 
Proteoglycan Synthesis. Hum Mutat. 2012;33(8):1261–6.

7. Karthika Balasubramanian B, Li D, Krakow, et al. MED resulting from reces-
sively inherited mutations in the gene encoding calcium-activated nucleotid-
ase CANT1. Am J Med Genet. 2017;173(9):2415–21.

8. Josefine Gerhardt C, Steinbrech O, Büchi S, Behnke A, Bohnert. and The 
androgen-regulated calcium-activated nucleotidase 1 (CANT1) is commonly 
overexpressed in prostate Cancer and is tumor-biologically relevant in Vitro.
Am J Pathol 2011,178(4):1847–60.

9. Gang Qiao H-B, Wang X-N. Duan and Xiao-Fang Yan.The effect and mecha-
nism of miR-607/CANT1 axis in lung squamous carcinoma. Anticancer Drugs. 
2021;32(7):693–702.

10. Yao Q, Yu Y, Wang Z, Zhang M, Ma J. CANT1 serves as a potential prognostic 
factor for lung adenocarcinoma and promotes cell proliferation and invasion 
in vitro. BMC Cancer. 2022;22(1):117.

11. Xin Liu Z, Yang X, Luo J, Luo, et al. Calcium-activated nucleotidase 1 silencing 
inhibits proliferation, migration, and invasion in human clear cell renal cell 
carcinoma. J Cell Physiol. 2019;234(12):22635–47.

12. Vijayachitra Modhukur T, Iljasenko T, Metsalu K, Lokk et al. MethSurv: a web 
tool to perform multivariable survival analysis using DNA methylation data.
Epigenomics,2018,10(3):277–88.

13. Bindea G, Mlecnik B, Tosolini M, Kirilovsky A, Waldner M, Obenauf AC, et al. 
Spatiotemporal Dynamics of Intratumoral Immune cells reveal the Immune 
Landscape in Human Cancer. Volume 39. Immunity; 2013. pp. 782–95. 4.

14. Li T, Fan J, Wang B, Traugh N, Chen Q, Liu JS, et al. TIMER: a web server for 
Comprehensive Analysis of Tumor-Infiltrating Immune cells. Cancer Res. 
2017;77(21):e108–10.

15. Geeleher P, Cox N, Huang RS. pRRophetic: an R package for prediction of 
clinical chemotherapeutic response from tumor gene expression levels. PLoS 
ONE. 2014;9(9):e107468.

16. Love MI, Huber W, Anders S. Moderated estimation of fold Change and 
Dispersion for RNA-Seq Data with Deseq2. Genome Biol. 2014;15(12):550.

17. Kanehisa M, Furumichi M, Sato Y, Kawashima M, Ishiguro-Watanabe M. KEGG 
for taxonomy-based analysis of pathways and genomes. Nucleic Acids Res. 
2023;51:D587–92.

18. Yu G, Wang LG, Han Y, He QY. Clusterprofiler: an R Package for comparing Bio-
logical Themes among Gene clusters. Omics J Integr Biol. 2012;16(5):284–7.

19. 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 Sci USA. 
2005;102(43):15545–50.

20. Szklarczyk D, Gable AL, Lyon D, Junge A, Wyder S, Huerta-Cepas J, et al. 
STRING V11: protein-protein Association Networks with increased Coverage, 
supporting functional Discovery in genome-wide experimental datasets. 
Nucleic Acids Res. 2019;47(D1):D607–D13.

21. Bruix J. Sherman M.Management of hepatocellular carcinoma. Update Hepa-
tol. 2011;53:1020–2.

22. Wong CC, Wong CM, Tung EK, et al. The microRNA miR-139 suppresses 
metastasis and progression of hepatocellular carcinoma by down-regulating 
Rho-kinase2. Gastroenterology. 2011;140:322–31.

23. Sun JH, Luo Q, Liu LL,Song GB. Liver cancer stem cell markers:progression and 
threapeutic implications. World J Gastroenterol. 2016;22(13):3547–57.

24. Fangfang Gao X, Hu W, Liu H, Wu. and Calcium-activated nucleotides 1 
(CANT1)-driven nuclear factor-k-gene binding (NF-kB) signaling pathway 
facilitates the lung cancer progression.Bioengineered. 2022,2(13): 3183–93.

https://portal.gdc.cancer.gov
https://xenabrowser.net/datapages/
https://xenabrowser.net/datapages/
http://timer.comp-genomics.org/
http://timer.comp-genomics.org/
https://biit.cs.ut.ee/methsurv


Page 13 of 13Liu et al. BMC Cancer         (2023) 23:1007 

25. Chen Yang X, Huang Y, Li J, Chen, et al. Prognosis and personalized treatment 
prediction in TP53-mutant hepatocellular carcinoma: an in silico strategy 
towards precision oncology. Brief Bioinform. 2020;00(00):1–13.

26. Michalak EM, Burr ML, Bannister AJ, et al. The roles of DNA,RNA and histone 
methylation in aging and cancer[J]. Nat Rev Mol Cell Biol. 2019;20(10):573–89.

27. Pan Y, Liu G, Zhou F, Su B, et al. DNA methylation profiles in cancer diagnosis 
and therapeutics[J]. Clin Exp Med. 2018;18:1–14.

28. Klauschen F, Muller KR, Binder A et al. Scoring of tumor-infiltrating 
lymphocytes:From visual estimation to machine learning[J]. Semin Cancer 
Biol,2018,52(Pt 2):151–157.

29. Dunn GP, Old LJ, Schreiber RD. The three Es of cancer immunoediting[J]. 
Annu Rev Immunol 2004,22(22):329–60.

30. Sounni NE, Noel A. Targeting the tumor microenvironment on NK-cell 
function[J]. Eur J Immunol 2014,44(6):1582–92.

31. Zhang HH, Mei MH, Fei R, et al. Regulatory T cells in chronic hepatitis B 
patients affect the immunopathogenesis of hepatocellular carcinoma 
by suppressing the anti-tumour immune responses[J]. J Viral Hepat. 
2010;17(Suppl 1):34–43.

32. Q HONGG, CAI D,GONG J, P, et al. Innate immune cells and their interaction 
with T cells in hepatocellular carcinoma[J]. Oncol Lett. 2021;21(1):57.

33. Budhu A, Wang X. The role of Cytokines in Hepatocellular Carcinoma[J]. 
Leukoc Biol 2006,80:1197–213.

34. Sadeghi S, Bejjani A, Finn RS. Systemic therapy for primary liver 
tumors:Cholangiocarcinoma and Hepatocellular carcinoma[J]. Surg Oncol 
Clin N Am. 2019;28(4):695–715.

35. Calderaro J, Rousseau B, Amaddeo G et al. Programmed death ligand 1 
expression in hepatocellular carcinoma:Relationship with clinical and patho-
logic features[J]. Hepatol 2016,64(6):2038–46.

36. Dai X, Xue J, Hu J, et al. Positive expression of programmed death ligand 1 in 
Peritumoral Liver tissue is Associated with poor survival after curative resec-
tion of Hepatocellular. Carcinoma[J] Transl Oncol. 2017;10(4):511–7.

37. Walker LSK, Sansom DM. Confusing signals:recent progress in CTLA-4 
biology[J]. Trends Immunol 2015,36(2):63–70.

38. Chan DV, Gibson HM, Aufiero BM, et al. Differential CTLA-4 expression in 
human CD4 + verus CD8 + T cells is associated with increased NFAT1 and 
inhibition of CD4 + proliferation[J]. Genes Immun. 2014;15(1):25–32.

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


	Upregulated CANT1 is correlated with poor prognosis in hepatocellular carcinoma
	Abstract
	Introduction
	Materials and methods
	Data preparation
	Immunohistochemistry(IHC)
	Correlation analysis of CANT1 expression with clinicopathological data
	Correlation analysis between CANT1 expression and prognosis
	Analysis of CANT1 and DNA methylation
	Relationship between CANT1 and immune features
	Drug sensitivity analysis
	Screening of differentially expressed genes (DEGs)
	Functional enrichment analysis and interaction analysis
	Statistics Analysis

	Results
	Pan-Cancer analysis of CANT1 expression and its association with clinical characteristics in HCC
	Evaluation of the Prognostic Value of CANT1 in HCC
	Prognostic value of CANT1 methylation in HCC patients
	Correlation analysis between CANT1 and immune features
	Identification and Functional Analysis of DEGs

	Discussion
	Conclusions
	References


