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Background

The enzyme L-asparaginase (ASRGL1) catalyzes the hydrolysis of L-asparagine (Asn) to L-aspartic acid (Asp) and ammonia. Numerous studies have shown a strong correlation between ASRGL1 expression and tumorigenesis. However, the expression and biological function of ASRGL1 in hepatocellular carcinoma (HCC) are still unclear.



Methods

We explored the mRNA expression of ASRGL1 in HCC using the HCCDB, Oncomine, and TIMER 2.0 databases. Western blotting and immunohistochemical analyses were also used to determine the mRNA expression of ASRGL1 in HCC. LinkedOmics was used to analyze the genes co-expressed with ASRGL1 and regulators including kinases, miRNAs, and transcription factors. The Gene Ontology (GO) terms and Kyoto Encyclopedia of Genes and Genomes (KEGG) pathways of the co-expressed genes were also investigated using LinkedOmics. The correlation between ASRGL1 expression and immune infiltrates was analyzed using the TIMER 2.0 and Gene Expression Profiling Interactive Analysis (GEPIA) databases. The effects of ASRGL1 expression on patient outcome were investigated using the UALCAN and GEPIA databases, and the Kaplan–Meier plotter. c-Bioportal was used to explore the mutations of ASRGL1 in HCC.



Results

Compared with the adjacent tissues, ASRGL1 was upregulated in HCC. High ASRGL1 expression in HCC indicated poor relapse-free survival, progression-free survival, disease-specific survival, and overall survival. The expression of ASRGL1 was significantly correlated with infiltrating levels of B cells, CD4+ T cells, macrophages, neutrophils, and dendritic cells in HCC.



Conclusion

Our findings suggest that ASRGL1 is overexpressed in HCC and that ASRGL1 expression was significantly correlated with immune infiltration in HCC and prognosis. Therefore, ASRGL1 may serve as a biomarker for the early diagnosis and treatment of HCC.





Keywords: HCC, ASRGL1, biomarker, immune, immune cell infiltration



Introduction

Hepatocellular carcinoma (HCC) is the fourth most common digestive system malignancy and approximately 42,030 new cases of HCC are diagnosed each year (1). At present, surgery is the first-line treatment for HCC. Owing to the complexities associated with early diagnosis, the relative ease of intrahepatic metastasis and the high postoperative recurrence rate, the 5-year survival rate for patients with HCC is only 40%, which is much lower than other digestive malignancies (2). Although many molecular targeted drugs, such as sorafenib and regorafenib, have been used for inoperable and postoperatively recurrent HCC, the clinical treatments for HCC are unsatisfactory (3). Therefore, it is essential to uncover the specific molecular mechanism underlying the pathogenesis and metastasis of HCC.

Metabolic abnormalities play important roles in the occurrence and progression of tumors (4). In this study, we have focused on the enzyme L-asparaginase (ASRGL1), which catalyzes the hydrolysis of L-asparagine (Asn) to L-aspartic acid (Asp) and ammonia (5). The abnormal expression of ASRGL1 has been found in breast, ovarian, and prostate cancers (6–9). In breast cancer, the strong expression of ASRGL1 in tumors can promote proliferation and inhibit apoptosis in cancer cells (9, 10). ASRGL1 is considered as a biomarker of endometrial tumors and low ASRGL1 expression is associated with a poor outcome of the cancer (7, 11). ASRGL1 has been used to treat hematological malignancies and has a good clinical therapeutic effect (12). However, the clinical significance of ASRGL1 in HCC is still unclear.

In this study, by using databases including The Cancer Genome Atlas (TCGA), Oncomine, and TIMER 2.0, we investigated the network of co-expressed genes and potential function of ASRGL1. The results showed that ASRGL1 was overexpressed in HCC and had a negative correlation with patient outcome. Moreover, ASRGL1 may participate in immune infiltration and promote the progression of HCC. Overall, our research revealed a new perspective on the progression of HCC and provided a potential target molecule for the treatment of HCC.



Materials and Methods


HCCDB Database Analysis

The HCCDB database is a public HCC gene expression profiling database that contains 3,917 samples from the Gene Expression Omnibus (GEO) and TCGA database (13). In this study, the HCCDB database was used to investigate the expression of ASRGL1 in HCC.



Ethical Approval and Consent to Participate

Liver cancer tissues and the corresponding adjacent tissues were collected from Nanjing Drum Tower Hospital from 2018 to 2020 and approved by the Committee for Ethical Review of Research. Written informed consent regarding tissue collection was obtained from all patients.



Cell Culture and Clinical Samples

The cell lines used in this study, including LO2, SMMC-7721, Hep3B, HepG2, 97H, 97L, HCC-LM3, and Huh7 were obtained from the ATCC. The cells were cultured in DMEM supplemented with 10% FBS, 100 mg/l streptomycin, and 105 U/L penicillin. The cells were incubated in a 5% CO2-humidified incubator at 37°C. Liver cancer tissues and the corresponding adjacent healthy tissues were collected from patients treated at Nanjing Drum Tower Hospital between 2018 and 2020. The tissues were stored in liquid nitrogen until use. Before sample collection, written informed consent collection was obtained from all patients.



Western Blotting

Proteins were extracted from cells and tissues using a radioimmunoprecipitation assay kit (Beyotime, Shanghai, China) supplemented with 0.1% protease inhibitors and 0.1% phosphorylase inhibitors. The protein concentration was quantified using the BCA Protein Assay Kit (Beyotime, Shanghai, China). Subsequently, the protein samples were separated on 10% SDS-PAGE gels, and the separated proteins were transferred to a PVDF membrane (Millipore). The membranes were incubated in 5% milk for 2 h at room temperature to block non-specific binding, and then incubated with appropriate antibodies overnight at 4°C. The following primary antibodies were used: ASRGL1 (#11400-1-AP, 1:1,000, Proteintech), GAPDH (#5174, 1:1,000, CST). The membranes were visualized with an ECL detection system after incubation with secondary antibody at room temperature for 2 h.



Oncomine Database Analysis

Oncomine is a gene expression microarray database for visualized analysis of tumor data (https://oncomine.org/resource/login.html) (14). In this study, Oncomine was also used to explore the mRNA expression of ASRGL1 in HCC. The thresholds were as follows: P-value, 0.05; fold-change, 1.5; gene ranking, all.



UALCAN Database Analysis

UALCAN (http://ualcan.path.uab.edu/), a website based on TCGA, can be used to analyze the relative gene expression in tumor and normal tissues, as well as the relative gene expression based on race, tumor grade, and other clinicopathological features (15). In this research, this database was employed to explore the mRNA expression of ASRGL1 across the tumor grades.



GEPIA Database and Kaplan–Meier Plotter Database Analysis

GEPIA (http://gepia.cancer-pku.cn/) is an interactive online web tool for the analysis of the tissue samples from the TCGA and GTEx projects (16). The Kaplan–Meier plotter database (http://kmplot.com/analysis/) provides data analysis of 10,461 samples, including samples of gastric cancer, breast cancer, and HCC (17). In this study, the GEPIA and Kaplan–Meier plotter databases were used to explore the association between ASRGL1 and survival outcome of patients with HCC.



c-BioPortal Database Analysis

c-BioPortal (http://cbioportal.org) is an open-access online database providing multidimensional analysis of cancer genomics data sets. The multidimensional analysis usually includes mutation, copy number variation (CNV), and gene co-occurrence. In this study, c-BioPortal was used to investigate ASRGL1 mutations and CNV in HCC (18).



TIMER Database Analysis

TIMER is a comprehensive resource that provides systematic analysis of the immune infiltrates in 32 types of cancers (https://cistrome.shinyapps.io/timer/) from TCGA (19). The TIMER database applies a deconvolution method to investigate the abundance of tumor-infiltrating immune cells (TIICs) based on the gene expression profiles. In this research, we investigated the correlation between the mRNA expression of ASRGL1 and tumor-infiltrating immune cells, including B cells, CD4+ T cells, T cells (general), neutrophils, macrophages, dendritic cells (DCs), and natural killer (NK), cells in HCC and stomach adenocarcinoma (STAD). We also explored the relationship between the gene markers of TIICs and the expression of ASRGL1 using TIMER. Gene markers for B cells, T cells, TAMs, macrophages, monocytes, neutrophils, NK cells, DCs, exhausted T cells, and Treg cells were selected based on the previous research (20).




Results


ASRGL1 Was Upregulated in HCC

HCCDB and Oncomine were used to investigate the expression of ASRGL1 in HCC. We found the ASRGL1 mRNA in HCC was significantly higher than that in the adjacent tissues based on the HCCDB database and Oncomine (Figures 1A, B). To verify the results in the database, we further explored the expression of ASRGL1 in liver cancer and HCC cell lines; we found that the expression of ASRGL1 in cancer tissues was significantly higher than that in paracancerous tissues (Figure 1C) and that the expression of ASRGL1 in liver cancer cells was higher than that in LO2 liver cells (Figure 1D). According to the TIMER 2.0 database, ASRGL1 mRNA is strongly expressed in a variety of cancers, including cholangiocarcinoma, pancreatic cancer, and HCC (Figure 1E). Subsequently, using UALCAN, the expression of ASRGL1 was found to be correlated significantly with race, age, sex, body weight, tumor grade, and nodal metastasis status (Figure 2). The above results all indicated that ASRGL1 is abnormally expressed in HCC and may serve as a biomarker of HCC.




Figure 1 | The expression of ASRGL1 in HCC. (A) The graph and the corresponding plot show the mRNA expression of ASRGL1 in tumor tissues and adjacent healthy tissues, according to the t-test in HCCDB. (B) Box plot showing ASRGL1 mRNA expression in the Roessler Liver, Roessler Liver 2, and Wurmbach Liver datasets, respectively. (C, D) Western blot showing that ASRGL1 was upregulated in HCC tissues and HCC cell lines compared with adjacent healthy tissues and LO2 cells. (E) Expression of ASRGL1 in different tumor types from the TCGA database in TIMER. *p < 0.05, **P < 0.01, ***P < 0.001. (ACC, BLCA, CESC, CHOL, COAD, DLBC, ESCA, GBM, HNSC, KICH, KIRC, KIRP, LAML, LGG, LIHC, LUAD, LUSC, MESO, OV, PAAD, PCPG, PRAD, READ, SARC, SKCM, SKCM, TGCT, HCA, THYM, UCEC, UCS, UVM).






Figure 2 | The mRNA expression of ASRGL1 in subgroups of patients with HCC, stratified based on sex, age, and other criteria (UALCAN). Box-whisker plots showing the expression of ASRGL1 in subgroups of LIHC samples. (A) The mRNA expression of ASRGL1 in healthy and HCC samples. (B) The mRNA expression of ASRGL1 in healthy individuals of either sex and in male or female patients with LIHC, respectively. (C) The relative mRNA expression of ASRGL1 in normal individuals of any age or in patients with LIHC between 21 and 40, 41 and 60, 61 and 80, and 81 and 100 years of age. (D) The relative expression of ASRGL1 in healthy” patients subjects and African American, Caucasian, and Asian patients with HCC. (E) The mRNA expression of ASRGL1 in healthy individuals in patients with stages 1, 2, 3, or 4 HCC. (F) The mRNA expression of ASRGL1 in healthy individuals or patients with grade 1, 2, 3, or 4 HCC tumors (central mark: the median; edges of the box: the 25th and 75th percentiles). The t-test was used to estimate the significance of differences in gene expression levels between groups. *p < 0.05; **p < 0.01; ***p < 0.001.





ASRGL1 Expression Was Positively Correlated With Patient Outcome

Kaplan–Meier survival curves were used to identify the relationship between ASRGL1 expression and the clinical outcome of patients with cancer. The results showed that high expression of ASRGL1 was significantly correlated with poor relapse-free survival (RFS), progression-free survival (PFS), disease-specific survival (DSS), and overall survival (OS) (p < 0.05, Figures 3A–D) in HCC, and with overall survival (OS), progression-free survival (PFS), and post-progression survival (PPS) in ovarian cancer (Figures 3L–N). In addition, high ASRGL1 expression was correlated negatively with OS of patients with lung cancer (Figure 3J) , but not with PPS (Figure 3K). However, it was not associated with the outcome of patients with breast cancer or gastric cancer (Figures 3E–I). Analysis using the GEPIA database revealed the same outcome, indicating that high ASRGL1 expression was associated with a poor outcome (Supplementary Figures 1A, B). Meanwhile, the investigation using GEO dataset also produced similar results (Supplementary Figure 1C).




Figure 3 | Kaplan–Meier survival curve analysis of the prognostic significance of ASRGL1 expression based on the Kaplan–Meier plotter database. (A–D) Asian patients with higher ASRGL1 expression showed better OS, RFS, PFS, and DSS in HCC cohorts (n = 155, n = 145, n = 157, and n = 154, respectively). (E–G) Survival curves of OS, RFS, and PPS in the breast cancer cohort (n = 1404, n = 3951, and n = 414, respectively). (H, I) OS and DFS survival curves of gastric cancer (n = 875, n = 498). (J, K) Survival curves of OS and PPS in the lung cancer cohort (n = 344). (L–N) The OS, PFS, and PPS survival curves of ovarian cancer (n = 1,656, n = 1,435, and n = 782, respectively).



Then, we used the Kaplan–Meier plotter database to analyze the relationship between ASRGL1 expression and the clinical characteristics of patients with HCC (Table 1). The results showed that high expression of ASRGL1 was suggestive of poorer OS, except in patients with microvascular invasion [HR = 1.82 (0.85–3.88), P = 0.012] and that the high expression of ASRGL1 was negatively correlated with PFS in female patients and patients with stage 3, 2/3, and 3/4 cancers. In addition, high ASRGL1 expression was significantly correlated with RFS in female patients. These results suggested the prognostic significance of ASRGL1 expression and its close relationship with the clinical characteristics of HCC.


Table 1 | Correlation of ASRGL1 expression and clinical prognosis in hepatocellular carcinoma with different clinicopathological factors by Kaplan-Meier plotter.





ASRGL1 Co-Expression Network in HCC

To investigate the mechanism of action for ASRGL1, the co-expression network of ASRGL1 was constructed using the LinkedOmics database. In total, 12,786 genes were positively correlated with ASRGL1 expression, and 7,136 genes were negatively correlated (Figure 4A). The genes co-expressed with ASRGL1 are listed in Supplementary Table 1. The 50 genes with the strongest positive and negative correlation are presented in Figure 4B. The survival maps of the positively and negatively correlated genes are shown in Figure 4C. Gene set enrichment analysis (GESA) was then applied to analyze the Gene Ontology (GO) terms and Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway of the genes co-expressed with ASRGL1. The GO analysis indicated that genes co-expressed with ASRGL1 were mainly involved in DNA replication and microtubule cytoskeleton organization involved in mitosis (Figure 4D). The KEGG pathway analysis showed that the co-expressed genes participated in spliceosome development and homologous recombination (Figure 4E).




Figure 4 | Genes co-expressed with ASRGL1 in HCC, as determined from the LinkedOmics database. (A) Highly correlated genes identified by the Pearson test in the HCC cohort. (B) The heat maps showing top 50 genes positively and negatively correlated with ASRGL1 in HCC (red: positively correlated genes; blue: negatively correlated genes). (C) Survival maps showing the effect of the top 50 genes positively and negatively correlated with ASRGL1 in HCC. (D, E) Significantly enriched GO annotations and KEGG pathways of the genes co-expressed with ASRGL1 in HCC based on LinkedOmics database.





Genomic Alterations of ASRGL1 in HCC

To investigate mutations in the ASRGL1 gene in HCC, cBioPortal was used to analyze DNA sequencing data from patients with HCC. The results indicated that ASRGL1 was altered in eight (2.3%) of 370 patients with HCC (Figure 5A). The alterations involved mRNA missense mutation, amplification (AMP), and deep deletion; shallow deletion was the most common alteration (Figure 5B). Gain or AMP showed lower ASRGL1 expression levels (p < 0.001) compared with the shallow deletion. Moreover, the frequency distribution of ASRGL1 CNV in patients with different stages and grades suggested that ASRGL1 CNV alteration was an early event with a high frequency of occurrence in HCC (Figures 5C, D).




Figure 5 | The genomic alterations of ASRGL1 in HCC as identified in cBioPortal. (A) OncoPrint provides an overview of the genomic alterations of ASRGL1 in HCC based on the TCGA database. (B) ASRGL1 expression in different ASRGL1 CNV groups. ASRGL1 amplification (AMP) group, showing a significantly higher expression level. (C, D) Distribution of ASRGL1 CNV frequency in different stage and grade subgroups. The percentage on the right of the bar indicates the proportion of patients with ASRGL1 gain or AMP in this subgroup.





Regulators of the ASRGL1 Network in HCC

Kinases, transcription factors, and miRNA network that may regulate ASRGL1 expression were analyzed. The five most significant kinases were CDK1, PLK1, ATR, PRKCI, and AURKA. The five most significant miRNAs related to ASRGL1 expression were MIR-296, MIR-524, MIR-34A, MIR-34C, and MIR-449. The five most significant transcription factor networks related to ASRGL1 expression were V$E2F_Q6, V$E2F_Q4, V$E2F1_Q6, V$E2F1DP2_01, and V$E2F1DP1_01. From the protein–protein interaction network constructed to investigate the main function of the genes enriched for CDK1 kinase, the gene sets enriched for CDK1 were found to be mainly involved in mitosis, nuclear division, and mitotic cell cycle regulation (Figure 6, Table 2). The functions of the gene sets enriched for transcription factor V$E2F_Q6 were DNA-dependent DNA replication and DNA replication, and DNA strand elongation involved in DNA replication.




Figure 6 | Protein–protein interaction network of CDK kinase-target networks (GeneMANIA). Protein–protein interaction (PPI) network and functional analysis indicating the gene sets enriched in the target network of ATR kinases. Different colors of the network edges indicate the bioinformatics methods applied: co-expression, website prediction, pathway, physical interactions, and co-localization. The different colors of the network nodes indicate the biological functions of the enriched gene sets.




Table 2 | The Kinases, miRNAs and transcription factors-target networks of ASRGL1 in HCC.





Strong Correlation Between ASRGL1 and Immune Cell Infiltration in HCC

Using TIMER 2.0, we found that ASRGL1 was correlated significantly with immune cell infiltration (Figure 7A). ASRGL1 expression showed a significant correlation with the infiltrating levels of macrophages and DCs (Figure 7B). Furthermore, by analyzing the effect of ASRGL1 on OS in the absence of immune infiltration cells, we found that ASRGL1 resulted in a 1.56-fold greater risk for OS of patients with HCC (Figure 7C). To further study the relationship between ASRGL1 and immunity, we analyzed the correlation between immune-related genes and ASRGL1. The results are shown in Supplementary Table 2. The survival maps of the 20 immune-related genes with the strongest positive and negative correlation with ASRGL1 in HCC are shown in Figure 7D.




Figure 7 | Correlation between the mRNA expression of ASRGL1 and the immune infiltration in HCC. (A) The significant correlation between ASRGL1 mRNA expression and infiltrating levels of B cells, CD4+ T cells, macrophages, neutrophils, and dendritic cells in HCC. (B) The effect of ASRGL1 CNV on the infiltrating levels of macrophages, and dendritic cells in HCC. (C) Evaluation of the impact of ASRGL1 expression on overall survival in the presence of infiltrating levels of multiple immune cells using multivariable hazards models. (D) Survival maps of the top 20 positively and negatively genes correlated with the immune markers in HCC, respectively. *p < 0.05, **p < 0.01.





Association Between ASRGL1 Expression and Immune Signatures

To further determine the effect of ASRGL1 on TIICs, we analyzed the relationship between ASRGL1 and immune cell markers in HCC and STAD using the TIMER 2.0 database. The expression of immune cells, including CD8+ T cells, T cells (general), B cells, tumor-associated macrophages (TAMs), monocytes, neutrophils, macrophages, dendritic cells, and natural killer (NK) cells, was examined in HCC and STAD tissues. The mRNA expression of ASRGL1 was closely related to the infiltration of CD8+ T cells, T cells (general), B cells, monocyte, TAMs, macrophages, DCs, and Th1 and Treg cells in HCC tissues. In contrast, there was no significant correlation between immune cells and ASRGL1 in STAD tissues (Table 3 and Figure 8).


Table 3 | Correlation analysis between ASRGL1 and markers of immune cells in TIMER.






Figure 8 | Correlation analysis of ASRGL1 expression and the expression of marker genes of infiltrating immune cells in HCC (A–G) and STAD (H–M) using the TIMER database. (A–G) Scatter plots showing a high correlation between the mRNA expression of ASRGL1 and the gene markers of (A) monocytes (CD86); (B) neutrophils (ITGAM and CCR7); (C) TAMs (IL-10 and CD68); (D) Th1 cells (TNF, IFNG, and STAT1); (F) Tregs (CCR8, STAT5B, and TGFB1); and (G) exhausted T cells (HAVCR2, PDCD1, and CTLA4) in HCC samples (n = 371). (H–N) Scatter plots showing no significant correlation between the mRNA expression of ASRGL1 and the gene markers of (H) monocytes (CD86); (I) neutrophils (ITGAM and CCR7); (J) TAMs (IL-10 and CD68); (K) Th1 cells (TBX21, IFNG and STAT1); (L) Th2 cells (STAT6); (M) Tregs (CCR8, STAT5B, and TGFB1); and (N) exhausted T cells (HAVCR2, PDCD1, and CTLA4) in STAD (n = 415).



The correlation between immune cells and ASRGL1 was also analyzed using the GEPIA database. The mRNA expression of ASRGL1 was positively correlated with monocytes, neutrophils, TAM, Th1, Treg, and T cell exhaustion, but not with Th2 cell infiltration, whereas the correlation between immune cells and ASRGL1 was not significant in STAD tissues (Table 4). All results indicated that ASRGL1 may participate widely in tumor immune cell infiltration and have a vital role in the occurrence of HCC.


Table 4 | Correlation analysis between ASRGL1 and markers of immune cells in GEPIA.






Discussion

As the progression of HCC is rapid, patients usually have a poor prognosis; the 5-year survival rate is below 10% (21). Therefore, it is of great significance to explore the pathogenesis of HCC and identify potential target molecules for treatment. The enzyme ASRGL1 catalyzes asparagine synthesis (22), and many studies have shown that ASRGL1 is abnormally expressed in tumors. For example, ASRGL1 is highly expressed in breast carcinoma compared with the adjacent tissues, suggesting it can serve as a biomarker for cancer diagnosis (23). Tumor cells cannot synthesize asparagine, an amino acid necessary for growth, and must rely on host supply. This product can make asparagine hydrolyze, so that tumor cells lack asparagine, thereby inhibiting the growth of the role. However, the specific expression pattern and function of ASRGL1 in liver are still unclear, but it has been reported that Asn can inhibit tumor proliferation, invasion, and migration in liver cancer (24). Asparaginase can antagonize ASRGL1 in the synthesis of asparagine. In our study, it was found that ASRGL1 was highly expressed in liver cancer, which may play a role in promoting tumor development through the antagonism of asparaginase and lead to poor prognosis of patients.

In this study, through the analysis using the HCCDB and Oncomine databases, we found that ASRGL1 expression was significantly altered in HCC. To verify the above results, we examined the clinical tissue specimens of HCC and found that ASRGL1 expression was significantly higher in tumor tissues than the adjacent tissues. Meanwhile, the investigation of liver cancer cells revealed that ASRGL1 protein expression was significantly higher than that in LO2 healthy liver cells. However, we found that the expression of ASRGL1 in L02 was higher than that in Huh7 cell line. At present, some literature also showed that the expression of some oncogenes, such as DDK1 and KLF8, was increased in normal liver cell line (25, 26); the specific reasons for the higher expression of ASRGL1 in L02 than that in Huh7 are still unclear and need to be further studied. These results indicated that ASRGL1 may have an important role in the development of HCC and could be used as a tumor biomarker.

The analysis of the UALCAN database indicated that the expression of ASRGL1 in HCC tissues also varied in different clinical tumor stages, with a significant positive correlation between ASRGL1 expression and the degree of tumor malignancy. The analysis of the KP and GEPIA databases revealed a significant negative correlation between ASRGL1 expression and patient prognosis, which was verified by the GEO dataset. Patients with higher ASRGL1 expression had a poorer prognosis than patients with lower expression. These results suggested that ASRGL1 may participate in the occurrence and progression of the tumor and may be a biomarker for the early diagnosis of HCC.

To identify the regulators of ASTGL1 expression, we constructed a co-expression network, which indicated that a network of kinases, including CDK1, PLK1, ATR, PRKCI, and AURKA, may participate in the development of HCC. CDK1 is an oncogene that can promote the development of HCC (27). A variety of CDK1 inhibitors have been developed, and some have entered clinical trials for cancer treatment (28).

From the database analysis, we found that ASRGL1 was extensively involved in tumor immune invasion. A close relationship has been demonstrated between tumor occurrence and the uncontrolled immune regulation of tumors (29). The inactivation of tumor T cells, a common immune failure in liver cancer (30), can promote tumor occurrence. Recently, using single-cell sequencing technology, a subset of T cells has been found to participate in the development of the HCC (31). In this study, we found that the mRNA expression of ASRGL1 was strongly correlated with T cell infiltration, including CD4+ cells, CD8+ cells, and Treg cells. The loss of CD4+T cells was found to promote HCC development (32). The exhaustion of CD8+T cells was significantly correlated with the expression of the marker PD-1, a checkpoint of HCC (33). A high density of tumor-infiltrating B cells indicated a promising outcome for patients (34). In the present study, we found a strong correlation between ASRGL1 expression and B cell infiltration, which indicated that the ASRGL1 may participate in the development of HCC through immune infiltration.



Conclusion

Our study has demonstrated the biological function and expression of ASRGL1 in HCC using bioinformatics analyses, and we verified these results in tissue samples. These results showed that ASRGL1 was overexpressed in HCC and had a significant negative correlation with the outcome of patients with HCC, suggesting that ASRGL1 is a biomarker for HCC. Moreover, our results also indicate the potential role of ASRGL1 in regulating immune cell infiltration. However, these findings need to be verified by large-scale genomics research and molecular mechanism studies for HCC.
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