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Background: The potential role of Neurotrophic factor-3(NTF3) in liver cancer is unknown. Therefore, we aimed to explore the clinical value of NTF3 in hepatocellular carcinoma (HCC).

Methods: We used a variety of databases to analyze the expression, relationship with prognosis and immune significance of NTF3 in liver cancer through bioinformatics.

Results: NTF3 was low expressed in HCC and was an independent prognostic factor in patients with HCC. CIBERSORT analysis indicated that NTF3 expression was positively correlated with CD4+ cells, mast cells, NK cells, macrophages and B cells in the tumor microenvironment. Furthermore, we found that NTF3 expression was negatively correlated with the immune checkpoints PD-L1, TIGIT and TIM-3. Functional network analysis revealed that NTF3 regulates HCC progression through a variety of cancer-related kinases, transcription factors and signaling pathways.

Conclusions: We demonstrate that NTF3 correlates with prognosis and immune infiltration in HCC.
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INTRODUCTION

Hepatocellular carcinoma (HCC) is one of the most common malignant tumors and the third most common cause of cancer-related deaths worldwide (1). According to global statistics, there are approximately 906,000 newly diagnosed liver cancer patients and ~830,000 liver cancer-related deaths worldwide in 2020 (1). The incidence and mortality of liver cancer in males are much higher than that in females. Globally, the incidence of liver cancer shows a clear upward trend (1, 2). Hepatitis B virus infection is a major cause of liver cancer in China (3). In developed countries, the number of patients with non-alcoholic fatty liver-related liver cancer is increasing (4). In recent years, the incidence of liver cancer has gradually decreased in areas with high incidence of liver cancer due to the spread of hepatitis B vaccine, but in some low-incidence countries, the incidence of liver cancer has increased significantly (5). Early HCC can be treated with local resection and liver transplantation, and the 5-year survival rate can reach 70% (6). In addition, studies have shown that the recurrence rate of patients with HCC after liver resection exceeds 50%, and patients with advanced HCC have even poorer responses to therapy (7, 8). Therefore, it is very necessary to identify novel biomarkers in HCC so that we can provide better clinical treatment and improve the long-term survival rate of patients.

The neurotrophin (NT) family includes neurotrophic factor-3 (NTF3). Neurotrophins are widely distributed in the brain and spinal cord, and play an important role in the formation and development of the nervous system. Neurotrophins are reported to be not only distributed in the nervous system but also significantly expressed outside the nervous system and may be associated with tumor progression in multiple cancers (9, 10). As a member of the neurotrophin family, NTF3 has a wide range of functions, including promoting the growth, development, maintaining morphology, regulating functions and repairing damaged neurons (11). It has previously been reported that NTF3 is involved in the progression of pancreatic cancer (12, 13). To date, only a few studies have reported the relationship between NTF3 expression and HCC (14, 15). However, the specific mechanism of NTF3 in HCC is still unclear.

In this study, we firstly used HCCDB database to analyze the differential expression of NTF3 mRNA in liver cancer and normal tissues and further used databases to analyze the correlation between NTF3 expression and liver cancer prognosis and tumor immune infiltration. Our results indicate that NTF3 is under-expressed in liver cancer, which is closely related to poor prognosis. Further analysis found that NTF3 was associated with tumor immunity. This study is the first bioinformatic analysis to explore the relationship between NTF3 and tumor immunity in HCC. The results help us better understand the role of NTF3 in HCC and lay a foundation for further studies.



MATERIALS AND METHODS


HCCDB Analysis

HCCDB (http://lifeome.net/database/hccdb) is an integrative molecular database of HCC that contains 15 public HCC gene expression datasets, including data from Gene Expression Omnibus (GEO), the Liver Hepatocellular Carcinoma Project of The Cancer Genome Atlas (TCGA-LIHC) and the Liver Cancer—RIKEN, JP Project from the International Cancer Genome Consortium (ICGC LIRI-JP) (16). HCCDB can be used to perform and visualize the results of a variety of computational analyses, such as differential expression analysis, tissue-specific and tumor-specific expression analysis, survival analysis and co-expression analysis. The data for analyzing NTF3 expression between HCC tissues and adjacent normal tissues were derived from HCCDB.



Immunohistochemistry of NTF3 Expression

The immunohistochemical analysis was performed on 80 paraffin-embedded hepatocellular carcinoma and its adjacent tissues from the Third Affiliated Hospital of Sun Yat-sen University. The tissue samples were collected from patients who underwent hepatectomy between January 2013 and January 2019. For immunohistochemistry, sections were dewaxed, hydrated and repaired with ethylenediamine tetraacetic acid (pH 8.0). The sections were then sealed with peroxidase blocker for 10 min. Sections were treated overnight at 4°C using primary antibodies (NTF3, 1:1000). The samples were washed with phosphate buffered saline and incubated with the secondary antibody at 37°C for 30 min. Two experienced pathologists independently scored the staining. The immunochemical score was based on the multiplication of the staining intensity and the number of positive staining cells. A score >3 was considered as high expression, and a score lower than 3 was considered as low expression. The ethics committee of the Third Affiliated Hospital of Sun Yat-sen University approved our study, and all patients signed an informed consent form.



Survival Analysis

The online database Gene Expression Profiling Interactive Analysis (GEPIA) (http://gepia.cancer-pku.cn/index.html) was used to analyze the relationship between NTF3 expression and the prognosis and clinicopathological characteristics of patients with HCC (17).



NTF3 Expression in Different Tumor Subgroups

UALCAN (http://ualcan.path.uab.edu) provides information on gene expression, survival, and epigenetic regulation using data from the TCGA database from 31 cancer types (18). The expression of NTF3 was compared between different subgroups based on patient age, patient sex, nodal metastasis status, cancer stage, TP53 mutation status and promoter methylation level.



Co-expressed Genes and Regulatory Networks of NTF3

To investigate genes associated with NTF3, we employed the LinkedOmics database (http://www.linkedomics.org/login.php) (19). Genes co-expressed with NTF3 were analyzed statistically by calculating Pearson's correlation coefficient, and the results are presented as volcano plots and heat maps. Moreover, Gene ontology biological process (GOBP) and Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway analyses and analysis of kinases, miRNAs and transcription factors targeted by NTF3 were performed with a cutoff of FDR <0.05 and 1,000 simulations.



NTF3 Expression in Tumor-Infiltrating Immune Cells in HCC

The proportions of TIICs in HCC were estimated by estimating the relative expression of cell type-specific subsets of RNA transcripts via CIBERSORT, a deconvolution algorithm for characterizing the cell composition of complex tissues based on RNA-seq data (20). The “vioplot” package was used to visualize the proportions of 22 different TIICs between samples with high and low NTF3 expression as previously reported.

TISIDB (http://cis.hku.hk/TISIDB/index.php) is a web portal for analyzing tumor and immune system interaction that integrates multiple heterogeneous data types (21). The relationships between NTF3 expression and the gene signatures of 28 tumor-infiltrating lymphocytes (TILs) were analyzed in TISIDB.



Statistical Analysis

Data from TCGA were processed by R-3.5.3. Overall survival (OS) and disease-free survival (DFS) were calculated by the log-rank test and Mantel-Cox test. Univariate and multivariate Cox regression models were employed to explore the prognostic role of NTF3 in HCC. Correlations between clinical characteristics and NTF3 expression were analyzed using logistic regression. Multivariate Cox analysis was used to evaluate the influence of NTF3 expression and other clinicopathological factors on survival. The correlation between NTF3 and co-expressed gene expression was measured via calculation of Pearson's correlation coefficient. P < 0.05 was considered statistically significant.




RESULTS


Transcription Levels of NTF3 in HCC

The expression of NTF3 mRNA between HCC tissues and normal tissues was compared in HCCDB. The results showed that NTF3 was decreased in HCC tissues compared with adjacent normal tissues (Figure 1). Furthermore, the expression of NTF3 was significantly lower in HCC subgroups stratified by age, sex, nodal metastasis status, cancer stage, tumor protein P53 (TP53) mutation status and promoter methylation level (Figure 2). Interestingly, we also found a higher level of NTF3 in TP53-wild-type HCC than in TP53-mutated HCC. In addition, the immunohistochemical results displayed positive staining of NTF3 primarily in the cytoplasm. The results showed that the majority of samples [59 cases (73.75%)] showed low expression, while a few samples [21 cases (26.25%)] showed high expression in HCC cohort. Immunohistochemical staining results were shown in Figure 3. Through the chi-square test, we found that the expression level of NTF3 in liver cancer tissue was significantly lower than the peritumor tissue (Table 1). Thus, low NTF3 expression may be a potential diagnostic indicator for HCC.


[image: Figure 1]
FIGURE 1. NTF3 mRNA expression in HCC. NTF3 mRNA expression in liver cancer tissues is significantly lower than normal tissues. (A) The table shows the specific expression of NTF3 mRNA in liver cancer tissues and normal tissues in the HCCDBs database. (B) The boxplot shows the comparison of the expression of NTF3 mRNA in liver cancer tissues and normal tissues in the HCCDBs database.



[image: Figure 2]
FIGURE 2. NTF3 mRNA expression varies in various subgroups of liver cancer patients based on patient age, patient sex, nodal metastasis status, cancer stage, TP53 mutation status and promoter methylation level (UALCAN). (A) Boxplot shows the relative expression of NTF3 in different age groups of liver cancer patients. (B) Boxplot shows the relative expression of NTF3 in different gender groups of liver cancer patients. (C) Boxplot shows the relative expression of NTF3 in the TP53 mutation status group of liver cancer patients. (D) Boxplot shows the relative expression of NTF3 in the nodal metastasis status group of liver cancer patients. (E) Boxplot shows the relative expression of NTF3 in the cancer stage group of liver cancer patients. (F) Boxplot shows the relative expression of NTF3 in the promoter methylation level group of liver cancer patients. Data are mean ± SE. *, P < 0.05; ***, P < 0.001.
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FIGURE 3. Immunohistochemical analysis of NTF3 protein expression in HCC tissues and peritumor tissues.



Table 1. The expression level of NTF3 in HCC and adjacent peritumor tissue.
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Survival Analysis of NTF3 in HCC

We used the GEPIA database to analyze the prognostic value of NTF3 in HCC data from TCGA. HCC patients with low NTF3 expression had worse overall survival (OS) (p = 0.0034) and disease-free survival (DFS) (p = 0.009) than HCC patients with high NTF3 expression (Figure 4). Subsequent univariate Cox regression analyses revealed that sex and NTF3 expression were significantly associated with OS (Table 2). Moreover, multivariate Cox regression analysis showed that NTF3 expression was an independent prognostic factor (HR = 0.684, 95% CI 0.469–0.996, p = 0.048) (Figure 5). These results showed that NTF3 was an effective indicator for predicting the prognosis of HCC.


[image: Figure 4]
FIGURE 4. The prognostic value of NTF3 in HCC is analyzed by GEPIA. (A) OS, overall survival. (B) DFS, disease free survival.



Table 2. Association of overall survival and clinicopathologic characteristic in TCGA.
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FIGURE 5. Multivariate Cox analysis of NTF3 expression and some clinical pathological factors.




Networks of NTF3 Co-expressed Gene in HCC

To further clarify the biological significance of NTF3 in HCC, the LinkedOmics database (http://www.linkedomics.org/login.php) was employed to examine the genes co-expressed with NTF3 in the TCGA-LIHC cohort. With a cutoff of FDR <0.01.We identified 5,213 genes (red dots) that had significant positive correlations with NTF3, whereas 2,057 genes (green dots) had significant negative correlations (Figure 6A). The top 50 genes with significant positive and negative correlations with NTF3 are shown in the heat map (Figures 6B,C).


[image: Figure 6]
FIGURE 6. NTF3 co-expressed genes and functional enrichment (LinkedOmics). (A) Volcano map shows differentially expressed genes related to NTF3 in liver cancer. (B) The heat map shows the top 50 genes positively related to NTF3. (B) The heat map shows the top 50 genes positively related to NTF3. (C) The heat map shows the top 50 genes negatively related to NTF3. (D) KEGG enrichment analysis by genes co-expressed with NTF3.


We further performed KEGG pathway analysis, and the results showed that NTF3 expression was mainly associated with the PI3K-AKT, focal adhesion, HPV infection, and calcium signaling pathways (Figure 6D). These results suggest a widespread impact of NTF3 on the transcriptome.



NTF3-Associated Kinase, MiRNA and Transcription Factor Networks in HCC

To further explore the regulators of NTF3 in HCC, we analyzed the kinases, miRNAs and transcription factors associated with NTF3 co-expressed genes (Table 3). The top five most significant kinases were ATR serine/threonine kinase (ATR), checkpoint kinase 2 (CHEK2), NIMA-related kinase 2 (NEK2), ribosomal protein S6 kinase A4 (RPS6KA4), and aurora kinase A (AURKA). Among them, the expression of NEK2 and AURKA was significantly higher in HCC tissues than in adjacent normal tissues. In addition, the expression of ATR, NEK2 and AURKA was significantly associated with the OS and DFS in HCC (Figure 7).


Table 3. The Kinases-target networks of NTF3 in HCC.
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FIGURE 7. The expression and prognostic significance of NTF3-regulated kinase in HCC. (A) ATR, ATR serine/threonine kinase. (B) NEK2, NIMA-related kinase 2. (C) AURKA, Aurora kinase A.


NTF3 was mainly associated with transcription factors related to the V$SRF_01. However, no significant miRNAs were identified by GSEA of NTF3 co-expressed genes. These results indicate a potential role of NTF3 in the progression of HCC.



NTF3 Is Associated With the Immune Infiltration Level and T Cell Exhaustion in HCC

We comprehensively evaluated the biological role of NTF3 in the TME through CIBERSORT (Table 4). The results showed that naïve B cells, M0 macrophages, mast cells, activated NK cells, plasma cells, resting memory CD4+T cells, and naïve CD4+T cells were the primary immune cells affected by NTF3 expression (Figure 8A). To further clarify the relationship between expression of NTF3 and different immune cells, we analyzed the association of NTF3 expression with 28 kinds of tumor-infiltrating lymphocytes (TILs) in TISIDB by conducting Spearman correlation analysis. Twenty one out of the 28 TILs were positively associated with NTF3 expression. The top five immune cell types ranked by correlation coefficient were TH1 cells (r = 0.501, P = 2.2e−16), mast cells (r = 0.45, P = 2.2e−16), NK cells (r = 0.411), macrophages (r = 0.402) and activated B cells (r = 0.402). Among these immune cells, TH1 cells showed the strongest correlation with NTF3 expression. These results demonstrated that NTF3 was obviously correlated with the immune infiltration level.


Table 4. Spearman correlation analysis between NTF3 and markers of immune cells in HCC.
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[image: Figure 8]
FIGURE 8. NTF3 affects immune cell infiltration and T-cell exhaustion markers (CIBERSORT) in patients with HCC. (A) Violin diagram shows the relationship between NTF3 expression level and the tumor-infiltrating immune cells. Among them, naïve B cells, plasma cells and resting memory CD4+ T cells are significantly increased in the low NTF3 expression group. M0 macrophages, mast cells, activated NK cells and naïve CD4+ T cells are significantly decreased in the low NTF3 group. (B) NTF3 expression is positively correlated with PD-L1, TIGIT and TIM-3.


Recently, immune checkpoint therapy targeting the PDL1/PD1 axis and CTLA-4 has been reported to be a promising strategy for immunotherapy of cancer. Thus, we investigated the potential influence of NTF3 expression on cancer immunotherapy and found a positive correlation between NTF3 expression and immune checkpoints, including PD-L1, TIGIT, and TIM-3, but not CTLA4 (Figure 8B). In addition, we analyzed the relationship between NTF3 and various immune infiltrating cells in the tumor microenvironment. As shown in Table 4, we found that there was significantly positively association between NTF3 expression and T cell exhaustion, T cell (general), CD8 + T cells, CD4 + T cells, Tfh, Treg, B cell, Monocyte, M2 Macrophage, neutrophils, natural killer cell and dendritic cell. These results suggested that T cell exhaustion in the TME was regulated by NTF3.




DISCUSSION

HCC is a serious global health problem that places a huge burden on the medical system. In the next 20–30 years, the incidence of HCC will continue to rise and reach a peak around 2030 (22). Core biopsy, as a new diagnostic method, shows great potential value in judging the character of liver tumor. Two studies confirmed the feasibility of core biopsy in the diagnosis of liver tumor through staining with tumor markers such as cytokeratin-19, glypican-3 (GPC3), hepatocyte paraffin-1, arginase-1, AFP, pCEA and CD10 (23, 24). Despite continuous improvements in diagnostic and treatment methods, the prognosis of advanced liver cancer is still poor. Finding more effective prognostic markers is particularly important. In view of our limited understanding of the role of NTF3 in liver cancer, we aimed to analyze its biological function in HCC through a comprehensive analysis of open-access databases to reveal its related regulatory pathways and specific roles in tumor immunity.

In our study, we first used HCCDB database to analyze the difference in NTF3 expression between liver cancer tissues and normal tissues. We found that NTF3 mRNA expression was significantly decreased in liver cancer tissues. Further subgroup analyses confirmed that the NTF3 mRNA expression in HCC was not affected by other clinicopathological characteristics. We also found that TP53 mutation led to decreased expression of NTF3, suggesting that NTF3 may be regulated by the TP53 gene. In addition, we further confirmed that NTF3 was relatively low expressed in liver cancer tissues through immunohistochemistry. We used GEPIA to explore the prognostic value of NTF3 in HCC. The results showed that low NTF3 expression was significantly associated with unfavorable OS and DFS. Multivariate Cox regression analysis further revealed that low NTF3 expression was an important unfavorable factor affecting the prognosis of liver cancer patients. Based on the above analysis, we have sufficient reason to believe that NTF3 is a promising and effective prognostic indicator in HCC.

Co-expressed genes act synergistically in strictly regulated biological processes, and thus they can provide alternative pathways to sidestep barriers, providing advantages in adaptive evolution (25). We used the LinkedOmics database to perform co-expression and functional enrichment analyses to explore the biological process related to NTF3 and to further study the specific mechanism of NTF3 in HCC. The enrichment analysis revealed that the PI3K-AKT, focal adhesion, HPV infection and calcium signaling pathways were differentially enriched in samples with a NTF3 low expression phenotype. It is suggested that NTF3 affects tumor progression by regulating cell metabolism, proliferation, invasion, and metastasis. Moreover, our results revealed that NTF3 has a relationship with a network of kinases, such as ATR, CDK2, NEK2, RPS6KA4 and AURKA, in HCC. These kinases play an important role in maintaining DNA stability and regulating mitosis and the cell cycle. ATR is an important kinase that activates cell responses after DNA damage, blocks cell cycle progression, repairs DNA and stabilizes replication forks, and prevents apoptosis and maintains genome stability (26, 27). CDK2 mainly binds to cyclins to form an activated protein kinase complex and phosphorylates RB to drive the cell cycle and promote cell division (28). Excessive activation of CDK2 can cause premature cell replication, promote genome instability and induce tumorigenesis (29). NEK2 plays a vital role in centrosome division, spindle formation and mitosis and is a key kinase regulating cell mitosis. Its abnormal expression affects the normal progression of mitosis, induces chromosomal instability, and promotes cell cycle disorders and tumor occurrence (30). AURKA participates in centrosome replication, separation and maturation and the formation of the poles of the spindle. Abnormal AURKA expression can lead to cell chromosome aneuploidy and thus affect genomic stability (31). We hypothesized that NTF3 affects the cell cycle, cell division, DNA replication and DNA repair through these kinases in HCC. Collectively, the enrichment analysis revealed some potential mechanisms of NTF3 in tumor progression, proved the reliability of NTF3 as a prognostic factor, and suggested that NTF3 may be a potential target for HCC therapy.

The tumor microenvironment (TME) refers to the environment in which tumor cells are located during tumor formation and metastasis and is closely related to tumor cell proliferation, apoptosis and metastasis. Tumor cells can evade the destruction of the immune system by suppressing immune cells in the tumor microenvironment in a variety of ways. Much attention has been focused on the critical role of immune cells in the tumor microenvironment in HCC. Scholars have confirmed that tumor-infiltrating immune cells regulate HCC tumor progression and are closely related to the prognosis of liver cancer patients (32, 33). T cells play a key role in tumor immunity. CD8+ T cells play a major role in antitumor immunity, and CD4+ T cells exert an antitumor effect by secreting a variety of cytokines and assisting in inducing CD8+ T cells and other immune cells. Studies have pointed out that the auxiliary effects of CD4+ T cells on CD8+ cells are indispensable (34). As a subset of CD4+ T cells, CD4+ CD25+ Foxp3+ regulatory T cells have been proved to play a key role in HCC (35). Analysis showed that myeloid-derived suppressor cells could induce the production of CD4(+)CD25(+)Foxp3(+) regulatory Tcells to exert immunosuppressive function in HCC (36). Studies have pointed that CD4+ CD25+ Foxp3+ regulatory T cells play an immunosuppressive role in antitumor immunity of HCC and significantly affect the prognosis of HCC patients (37, 38). The activation of CD8+ T cells by CD4+ T cells can induce sufficient strong antitumor effects. B cells have been shown to regulate immune responses in many ways. It has been reported that the existence of CD20+ B cells in tumors contributes to the enhancement of immunotherapy effects and prognosis in tumor patients (39). NK cells are an important component of innate immunity and can initiate multiple immune responses, including promoting CD8+ T cell antitumor immunity (40). NK cell defects or abnormalities significantly affect patient prognosis (41). Macrophages are multifaceted. On the one hand, they can induce other immune cells to recruit tumor cells. On the other hand, they can enhance the invasion and drug resistance of tumor cells, helping tumor cells escape from the immune system (42). In the current study, CIBERSORT was used to analyze immune cells in the TME, and Spearman correlation analysis was performed based on gene sets for 28 TIIC subsets using HCC data from TCGA. Our results showed that NTF3 expression was significantly positively correlated with the infiltration of TH1 cells (r = 0.501), mast cells (r = 0.45), NK cells (r = 0.411), macrophages (r = 0.402) and activated B cells (r = 0.402). Therefore, NTF3 may negatively affect HCC by changing the degree of immune cell infiltration in the TME.

Previous studies have shown that the direct combination of PD-L1 and PD-1 inhibits the function of T cells, interferes with T cell clearing of tumor cells, and leads to the tumor cell immune evasion (43). Anti-PD-1 and anti-PD-L1 antibodies have been proven to be effective in a variety of tumors and to significantly prolong patient survival (44). TIGIT is a newly discovered immune checkpoint that can be expressed by a variety of immune cells. It protects tumor cells by regulating CD4+ T, CD8+ T and NK cells to produce immunosuppressive effects. TIGIT blockers can effectively restore and enhance CD8+-mediated anti-tumor immune activity (45). In addition, the combination of anti-PD1 antibodies and anti-TIGIT antibodies can significantly enhance the killing effect on the tumor (46). TIM-3 mainly inhibits the functions of CD4+ and CD8+ T cells, and helps tumor cells escape from the immune system. Moreover, TIM-3 has also been considered to have a positive regulatory function. Our study found that the expression of NTF3 in HCC was positively correlated with the immune checkpoints PD-L1, TIGIT and TIM-3. These results suggest that NTF3 may have the ability to regulate T cell responses in HCC. Moreover, these results indicated that there was significant correlation between NTF3 expression and immune checkpoint markers and immune cells in HCC. Together, these results reveal that NTF3 participates in the tumor immune microenvironment by regulating T cells in HCC.

In conclusion, we found that NTF3 expression was downregulated in HCC and that low NTF3 expression predicted poor prognosis. NTF3 may regulate HCC through different signaling pathways. In addition, NTF3 can promote HCC progression by regulating infiltrating immune cells. In summary, NTF3 is expected to be a promising prognostic biomarker for HCC patients. Our analyses provide novel insights into the potential role of NTF3 in HCC. We strongly suggest further research on the topic of NTF3 and HCC is very necessary.
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