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Hepatocellular carcinoma (HCC) is one of the most common malignant tumors with high morbidity and mortality. Therefore, it is very important to find potential biomarkers that can effectively predict the prognosis and progression of HCC. Recent studies have shown that anti-silencing function 1B (ASF1B) may be a new proliferative marker for tumor diagnosis and prognosis. However, the expression and function of ASF1B in hepatocellular carcinoma remain to be determined. In this study, integrated analysis of the Cancer Genome Atlas (TCGA), genotypic tissue expression (GTEx), and Gene Expression Omnibus (GEO) databases revealed that ASF1B was highly expressed in HCC. Kaplan-Meier survival curve showed that elevated ASF1B expression was associated with poor survival in patients with liver cancer. Correlation analysis of immune infiltration suggested that ASF1B expression was significantly correlated with immune cell infiltration in HCC patients. Gene set enrichment analysis (GSEA) indicated that ASF1B regulated the cell cycle, DNA Replication and oocyte meiosis signaling. Our experiments confirmed that ASF1B was highly expressed in HCC tissues and HCC cell lines. Silence of ASF1B inhibited hepatocellular carcinoma cell growth in vitro. Furthermore, ASF1B deficiency induced apoptosis and cell cycle arrest. Mechanistically, ASF1B knockdown reduced the expression of proliferating cell nuclear antigen (PCNA), cyclinB1, cyclinE2 and CDK9.Moreover, ASF1B interacted with CDK9 in HCC cells. Taken together, these results suggest that the oncogenic gene ASF1B could be a target for inhibiting hepatocellular carcinoma cell growth.




Keywords: ASF1B, histone chaperone, cell cycle, proliferation, HCC



Introduction

In global cancer statistics, the incidence of liver cancer ranks sixth and the mortality rate ranks third. In 2020, according to statistics, there are 905,677 new cases of liver cancer worldwide. It is estimated that by 2025, the incidence of liver cancer will exceed 1 million cases, which is a serious threat to human life and health (1–3). Hepatocellular carcinoma (HCC), also known as liver hepatocellular carcinoma (LIHC), is responsible for 90% of all liver cancers (4). Although clinical HCC treatments, including surgery, interventional therapy, radiotherapy, chemotherapy and immunotherapy, are usually performed, have been significant improvements. However, due to the rapid proliferation, invasion and metastasis of HCC, treatments for patients with HCC are limited and not effective (5–8). Thus, there is an urgent need to identify and develop new molecular targets for hepatocellular carcinoma therapy.

Anti-silence function 1 (ASF1), a chaperone protein of histone H3-H4, plays an important role in DNA replication, DNA damage repair and transcriptional regulation (9, 10). In mammals, ASF1 consists of two homologous proteins, ASF1A and ASF1B. Previous findings indicated that the main function of ASF1A is DNA repair and cell senescence, while the main function of ASF1B is cell proliferation (11). Recently, an increasing number of studies have indicated that the dysregulated expression of ASF1B is associated with many cancer types, such as breast cancer, prostate cancer, cervical cancer, and clear cell renal cell carcinoma (11–14). Therefore, we infer that ASF1B may also be a dysfunctional mediator of HCC. However, the role of ASF1B in HCC remains largely unknown.

In this study, we investigated the expression and prognosis of ASF1B in patients with HCC in The Cancer Genome Atlas (TCGA) and various public databases. Moreover, we analyzed the coexpression genes of ASF1B to explore the potential mechanisms of ASF1B in HCC. Experiments were performed to verify the expression of ASF1B in HCC tissues and cell lines. ASF1B knockdown in HCC cell lines was induced to detect the biological behavior changes in vitro. Our data implied that ASF1B was closely associated with proliferation and migration in HCC cells and might be a novel prognostic indicator and therapeutic target in HCC patients.



Materials and Methods


Dataset Analyses

We downloaded RNA-seq gene expression data and clinical records from the TCGA database (https://portal.gdc.cancer.gov/), with the GTEx data (https://gtexportal.org/) similarly being downloaded. GSE121248 and GSE33006 datasets was downloaded from Gene expression omnibus (GEO). Oncomine 4.5 database (https://www.oncomine.org/) and HCCDB database were also used in ASF1B expression analysis in pan-cancer and HCC.

In order to study the influence of ASF1B gene and clinical characteristics (such as age, sex, stage, etc.) on HCC prognosis, univariate and multivariate Cox regression analysis and forest map were used to display the p value, HR and 95% CI of each variable through “forestplot” R package. The Kaplan-Meier (KM) survival curve analysis is implemented by R software package “Survival” and “Survminer”. Kaplan-Meier Plotter (http://kmplot.com) was used to generate survival curves, including overall survival (OS), progression-free survival (PFS), recurrence-free survival (RFS), and disease-specific survival (DSS), based on gene expression with the log-rank test and the Mantel-Cox test in liver cancer. TimeROC analysis (15–17) was performed to compare the prediction accuracy and risk score of ASF1B gene. The above R software versions are V4.0.3.

Tumor Immune Estimation Resource (TIMER) (https://cistrome.shinyapps.io/Timer) was used to analyze the relationship between ASF1B transcriptional level and immune cell infiltration in patients with HCC. Differentially expressed genes associated with transcription of the ASF1B gene in HCC were analyzed based on the LinkedOmics (http://www.linkedomics.org/login.php) functional module.



Tissues and Cell Lines

This study was approved by the Ethics Committee of the First Affiliated Hospital of Zhejiang University School of Medicine (NO. IIT20210360A), and all patients signed a formal informed consent. Six pairs of HCC and paracancerous tissue samples were obtained from patients who underwent hepatocellular carcinoma resection in the First Affiliated Hospital of Zhejiang University School of Medicine during 2017-2019, and none of them received preoperative radiotherapy or preoperative chemotherapy. All specimens were anonymized in accordance with ethical and legal standards. The MHCC97H cell line was purchased from Guangzhou Cellcook Biology Co., Ltd. (Cellcook, Guangzhou, China), while other cell lines, LO2, Hep3B, HepG2, and Huh7, were purchased from ATCC (ATCC, Manassas, USA).



Western Blot Analysis and Immunohistochemistry

Total protein was obtained with RIPA lysis buffer containing protease inhibitor (Sangon, Shanghai, China) (Genstar, Shenzhen, China), and the protein was quantified with a BCA kit (Biosharp, Anhui, China). The protein was quantified and then used to perform western blot as previously described (18). Antibodies against ASF1B, Cyclin B1, Cyclin E2, CDK9 and GAPDH were purchased from Cell Signaling Technology. The tumor tissue paraffin sections were harvested and treated as previously described (19). Immunohistochemistry primary antibody for anti-human ASF1B (1:300) was purchased from Abcam (#ab235358).



RNA Interference and Transfection

To ensure the inhibition efficiency of ASF1B expression by siRNA, three different ASF1B small interfering RNA were designed.siASF1B-1 (5’-AGGGAGACACAUGUUUGUCUU tt-3’ forward, and 5’-AAGACAAACAUGUGUCUCCCU tt-3’reverse). siASF1B-2 (5’-CCUGGAGUGGAAGAUCAUUUA tt-3’forward, and 5’ - UAAAUGAUCUUCCACUCCAGG tt-3’reverse). siASF1B-3 (5’-UUAGUUAGUAGGUAGACUUAG tt-3’forward, and 5’- CUAAGUCUACCUACUAACUAA tt-3’reverse) were obtained from Genomeditech Co. Ltd. (Genomeditech, Shanghai, China).And 50 nmol/L siRNA was transfected into MHCC97H or Hep3B cells using INTERFERin (Polyplus transfection, NewYork, USA) according to the manufacturer’s protocol.



Reverse Transcription-Quantitative Polymerase Chain Reaction

Total RNA was isolated using RNA fast 2000 kit (Fastagen, Shanghai, China). Reverse transcription of RNA to cDNA was obtained using PrimeScript™ RT Master Mix (Takara,Shiga, Japan). qPCR was performed with QuantStudio 5 Detection System (ABI, Thermo Fisher) in a 10 μl reaction mixture containing SYBR GreenII. Expression of different genes were normalized to GAPDH and were analyzed using the 2−ΔΔCT method.



Cell Counting Kit-8 (CCK-8) Analysis and Cell Invasion Assay

Cell viability was analyzed using cell counting kit-8 (DOJINDO, Kyushu, Japan) according to the manufacturer’s protocol. Briefly, MHCC97H and Hep3B were seeded in the 96-well plates with 5000 cells/well and incubated for overnight. At 24 h, 48 h, 72 h, and 120h, 10 µl CCK-8 solution was added to each well, and the cells were incubated for 90 min at 37°C. The absorbance at 450 nm was obtained using an IMARK microplate reader (BIO-RAD).

For cell invasion assay, Matrigel(BD Biosciences, San Jose, USA) was diluted 1:8 with cold serum-free DMEM at 4°C and 50µl was carefully used to coat polycarbonate filters (8 μm; Corning, NY, USA). Incubate at 37°C overnight. Next, 5 × 105 cells were seeded into the upper chamber with 200µl serum-free DMEM. 500µl DMEM with 10% FBS was added to the lower chamber. The cells were cultured at 37°C in a 5% CO2 hydrosphere atmosphere. After 24 hours, the upper chamber was fixed with paraformaldehyde and stained with 0.5% crystal violet. Non-invading cells were removed, and the cells on the lower surface were counted microscopically.



Flow Cytometry for Analysis of the Cell Cycle and Apoptosis

To perform cell cycle assays, 1×106 cells were washed with cold PBS. Cell pellets were suspended with 500µl PI working solution (DOJINDO, Kyushu, Japan), and incubated for 30min at 4°C of light protection. Then the cells were dispersed by vortex oscillation and incubated at 37°C of darkness for 30min. After vortex blending, the cells were filtered by nylon screen for flow cytometry analysis. Cell apoptosis analysis was performed with a FITC Annexin V Apoptosis Detection Kit (BD Biosciences, San Jose, USA) according to the manufacturer’s protocol. In brief, after washing with cold PBS twice, the cells were resuspended in binding buffer. A total of 1 × 105 cells (100 µl) were transferred to the flow tube, and 5 µl of FITC Annexin V and 5 µl PI were added. After gentle vortexing and incubation for 15 min at room temperature in the dark, another 400 µl binding buffer was added and then analyzed by flow cytometry.



Protein–Protein Interaction Studies

For co-immunoprecipitation, we used an IP/Co-IP kit from Absin (Absin, Shanghai, China). Co-IP was conducted according to the manufacturer’s protocol. Briefly, cells were lysed and incubated on ice, then centrifuged at 14000g for 10 minutes at 4°C. The supernatant was incubated with protein A/G agarose beads for pre-clean. Subsequently, it was immunoprecipitated with an antibody against ASF1B (CST, Boston, USA) or normal rabbit IgG (CST, Boston, USA) overnight at 4°C. Next day, the immunoprecipitated complexes were incubated with protein A/G agarose beads for 1 hour at 4°C. After incubation, the immunoprecipitated complexes were rinsed and analyzed by Western blotting. Input was used as positive control.



Statistical Analysis

Data were analyzed using R v 4.0.3. Wilcoxon tests were used to compare ASF1B expression levels in normal and tumor tissues, while Kruskal-Wallis tests were used to evaluate relationships between ASF1B expression and patient clinical stage. Kaplan-Meier curves were used to assess survival outcomes, and correlations were evaluated with Spearman’s correlation coefficients. A two-sided p < 0.05 was the threshold of significance.




Results


Elevated Expression of ASF1B in HCC

We used Oncomine to explore the expression levels of ASF1B in normal and various cancer tissues. The results showed that ASF1B was highly expressed in most tumors, and only a few tumors showed low expression (Figure 1A). Through the mining of GTEx and TCGA databases, we also found that ASF1B was highly expressed in a variety of tumors, including Cholangiocarcinoma (CHOL), Colon adenocarcinoma (COAD), Esophageal carcinoma (ESCA), Liver hepatocellular carcinoma (LIHC), Pancreatic adenocarcinoma (PADD), Rectum adenocarcinoma(READ), Stomach adenocarcinoma(STAD) (Figure 1B). By searching the reported studies, we found that the gene ASF1B was rarely studied in HCC. Therefore, we independently analyzed the expression of ASF1B in LIHC based on the downloaded TCGA data. ASF1B was significantly overexpressed in HCC, as in previous analyses of pan-cancer (Figure 1C). Analysis of 11 HCC study cohorts in the HCCDB database showed that mRNA levels of ASF1B in HCC tissues were significantly higher than those in adjacent normal tissues (Figure 1D). By analyzing GEO data GSE121248 and GSE33006, we also reached the conclusion that ASF1B was highly expressed in HCC (Figure 1E). Overall, our results indicated that ASF1B expression was significantly higher in liver cancer (LIHC) relative to normal tissues.




Figure 1 | The elevated expression of ASF1B in HCC. (A, B) The expression distribution of ASF1B in tumor tissues and normal tissues. (C) The expression level of ASF1B gene in HCC patients was up-regulated in TCGA database. (D) The transcription of ASF1B was significantly elevated in HCC tissues compared with adjacent normal tissues in HCCDB. (E) ASF1B mRNA levels in GE121248 and GSE33006 from GEO database. ***p < 0.001, ****p < 0.0001.





Evaluation of the Prognostic Relevance of ASF1B in HCC

We used univariate and multivariate cox regression analysis to analyze the relationship between ASF1B expression, clinical factors (such as age, sex, pT stage, pTNM stage, Grade) and OS in HCC patients. Univariate Cox analysis showed that ASF1B expression (p.value=0.00034), pT stage (p.value<0.0001), pTNM stage (p.value=0.00066) were significantly correlated with OS in HCC. ASF1B expression was also significant in multivariate cox regression analysis (p.value=0.01942), suggesting that ASF1B may be an independent prognostic factor for HCC (Figure 2A). According to the results of COX analysis, Kaplan-Meier (KM) plot was used to analyze the overall survival probability of HCC patients with different ASF1B expression, pT stage, pTNM stage and Grade groups (Figure 2B). The median value of ASF1B was the cut-off point for ASF1B expression, according to which HCC patients are divided into high expression group and low expression group (Figure 2F). The analysis found that those with high ASF1B expression had significantly shorter overall survival. pT stage, pTNM stage and Grade groups’ analysis also showed that the overall survival rate of HCC patients decreased with the progression of tumor stage and Grade. Next, we evaluated the relationship between ASF1B expression and HCC cohort survival outcomes based on the Liver Cancer RNA-seq database of Kaplan-Meier Plotter and plotted the Kaplan-Meier survival curve. The results showed that that those with high ASF1B expression had significantly shorter overall survival [OS, n=364, HR=1.71(1.21-2.42), log-rank P=0.002], progression-free survival (PFS, n=370, HR=1.72(1.26-2.35), log-rank P=0.00049), recurrence survival (RFS, n=316, HR=1.74(1.23-2.46), log-rank P =0.0015) and disease-specific survival (DSS, n=362, HR= 2.21 (1.4-3.51) compared with the low expression group in HCC (Figure 2C). Through analysis, we also found that the expression of ASF1B increased with the development of HCC grading and staging (Figure 2D and Table 1). It indicates that ASF1B can be a potential biomarker of HCC disease progression. In addition, timeROC analysis was performed to compare the predictive accuracy and risk score of ASF1B for HCC. It was found that ASF1B could well predict the prognosis of HCC patients at 1, 3 and 5 years, and its AUC under the ROC curve was 0.689, 0.621 and 0.617, respectively (Figure 2E). The above results suggest that ASF1B expression predicts adverse outcomes and is associated with disease stage progression in HCC patients.




Figure 2 | High expression of ASF1B indicates poor survival in patients with HCC. (A) The forest plots showed that the risk factors for overall survival of HCC were analyzed by univariate and multivariate COX regression analysis. (B) Kaplan-Meier curves were used to analyze the relationship between ASF1B expression, pT stage, pTNM stage, Grade and OS in HCC patients. (C) Overall survival (OS), progression-free survival (PFS), relapse-free survival (RFS), and disease-specific survival (DSS) of ASF1B mRNA in the HCC cohort. (D) Correlation between ASF1B expression and tumor stage in HCC. (E) Time-dependent ROC analysis of ASF1B expression in HCC. (F) Scatter diagram of ASF1B mRNA expression from low to high. “ns” represents p≥0.05 *p < 0.05, **p < 0.01, ***p < 0.001, ****p < 0.0001.




Table 1 | Relationship between ASF1B expression level and clinicopathological variables and in HCC patients.





Correlation of ASF1B Expression With Tumor Purity and Immune Infiltration Level in HCC

We used the TIMER network analysis platform to explore the relationship of ASF1B expression with the immune infiltration level in HCC. The correlation between the expression of ASF1B and the abundances of six immune infiltrates (B cells, CD4+ T cells, CD8+ T cells, neutrophils, macrophages, and dendritic cells) was estimated by purity-corrected partial Spearman’s rho. We found a slightly positive correlation between ASF1B expression and tumor purity (r = 0.191, P = 3.41E-04). In addition, ASF1B expression was positively correlated with the abundance of all six immune infiltrates (Figure 3A). We also explored tumor infiltration levels among tumors with different somatic copy number alterations for ASF1B. ASF1B copy number variation (CNV) was significantly correlated with the infiltration levels of CD8+ T cells and macrophages (Figure 3B). To broaden our understanding of the interaction between ASF1B and immune genes, we also analyzed the correlation between ASF1B expression and relevant immune cell gene markers. After the correlation coefficients were adjusted by tumor purity, the results showed that the ASF1B expression level was significantly correlated with the majority of immune marker sets of various immune cells in HCC (Table 2). Of these, the top five gene markers were KIF11 (r=0.904), EXO1 (r=0.886), PRC1 (r=0.885), NUF2 (r=0.874) and CCNB1 (r=0.862). Survival analysis demonstrated that the high risk of ASF1B positively correlated marker genes and the low risk of ASF1B negatively correlated marker genes (Table 2).




Figure 3 | Correlation analysis of the transcript of gene of ASF1B with the immune infiltration in HCC. (A) The expression of ASF1B was significantly positively correlated with tumor purity, the level of infiltration of CD8+ T cells, CD4+ T cells, macrophages, neutrophils, and dendritic cells in LIHC. (B) ASF1B copy number variation affects the infiltration level of CD8+ T cells, macrophages in HCC. *p < 0.05.




Table 2 | Correlation analysis between ASF1B and markers of immune cells in HCC.





Co-Expression Networks of ASF1B Indicate the Potential Function of ASF1B in HCC

To understand the biological significance of ASF1B in HCC, we used Linkedomics to analyze the co-expression network of ASF1B in the LIHC cohort. As shown in Figure 4A, 5,931 genes (dark red dots) were significantly positively correlated with ASF1B, while 3,077 genes (dark green dots) were significantly negatively correlated with ASF1B (false discovery rate, FDR < 0.01). The top 50 genes positively correlated with ASF1B expression and the top 50 genes negatively correlated with ASF1B expression are shown in the heat map (Figure 4B). The expression of ASF1B was strongly positively correlated with the expression of KIFC1 (positive rank #1, r = 0.883, p = 6.54E-120), KIF18B (r = 0.875, p = 2.85E-115) and KIF2C (r = 0.873, p = 4.71E-114). We analyzed the effect of the expression of the top 50 positively and negatively correlated genes on the overall survival of HCC. The top 50 positively correlated genes were highly likely to be high-risk genes for HCC, and all of them had a high hazard ratio (HR) (p <0.05). In contrast, the first 50 negatively correlated genes were most likely to be low-risk genes for HCC, all of which had lower HR values (p <0.05) (Table 3). These results further suggest that ASF1B may be related to the upregulation of HCC risk factors and downregulation of HCC protective factors and play a role in promoting the occurrence and development of HCC. Gene set enrichment analysis (GSEA) Gene Ontology (GO) term annotation showed that ASF1B co-expressed genes were mainly involved in DNA replication, chromosome segregation, mitotic cell cycle phase transition, cell cycle G2/M phase transition and other processes (Figure 4C). However, activities such as fatty acid metabolic processes, peroxisome organization and acute inflammatory responses were inhibited. The Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway analysis showed that co-expressed genes were mainly enriched in the cell cycle, DNA replication, oocyte meiosis and other pathways (Figure 4C). These results suggest that ASF1B has a wide range of effects on DNA replication and the cell cycle in HCC cells.


Table 3 | Overall survival analysis of the top 50 genes positively and negatively correlated with ASF1B in HCC.






Figure 4 | Genes coexpressed with ASF1B in HCC (LinkedOmics). (A) All genes coexpressed with ASF1B in HCC. (B) The top 50 positively correlated genes and the top 50 negatively correlated genes cotranscript with ASF1B in HCC. (C) GO_BP and KEGG pathway analysis (GSEA) of ASF1B correlated genes in HCC.





ASF1B Expression Was Upregulated in HCC Tissues and Stable Cell Lines

To investigate the role of ASF1B in HCC tumor progression, HCC tissue and corresponding adjacent tissue samples from 6 patients were tested by immunohistochemistry. As shown in Figure 5A, positive staining for ASF1B was stronger in HCC tissues than in adjacent tissues. 6 pairs of proteins from liver cancer and adjacent tissues for western blot verification and found that the expression of ASF1B protein was higher in liver cancer tissues than in adjacent normal tissues (Figure 5B). We also verified the protein expression of ASF1B in four hepatoma cell lines (Huh7, HepG2, MHCC97H, Hep3B), and the abundance of ASF1B protein was increased in cancer cells compared with immortalized LO2 human hepatocytes (Figure 5C).




Figure 5 | (A) HCC tissue and paracancerous tissue samples from HCC patients were tested by immunohistochemistry (IHC). (B) The protein expression of ASF1B in 6 pairs of liver cancer tissues. (C) The protein expression of ASF1B in four liver cancer cell lines. *p < 0.05; **p < 0.01; ***p < 0.001.





ASF1B Knockdown Suppressed the Proliferation and Migration of HCC Cell Lines

According to the expression of ASF1B in HCC cells, we selected MHCC97H and Hep3B with relatively high expression of ASF1B for functional verification. First, we designed three types of siRNA (siASF1B-1, siASF1B-2, siASF1B-3) based on the ASF1B gene sequence. siRNAs were transfected into MHCC97H and Hep3B, and sicontrol was transfected into control group. The inhibition efficiency of the three siASF1B inhibitors on ASF1B in cells was detected by RT-PCR. The results showed that siASFB-2 had the best inhibition efficiency (Figure 6A). A CCK8 assay was conducted to examine cancer cell proliferation. In CCK8 assay, the three siRNA inhibitors of ASF1B expression could significantly inhibit the proliferation of MHCC97H and Hep3B (Figure 6B). The proliferation inhibition efficiency of siASF1B-2 and siASF1B-3 groups in MHCC97H was better than that of siASF1B-1 group. Cell invasion assay was used to evaluate the migration ability. In the cell invasion experiment of MHCC97H and Hep3B cells, ASF1B knockdown could significantly reduce the invasion ability of tumor cells (Figure 6C). Compared with the scrambled HCC cells, siASFB-2 transfected HCC cells showed significantly decreased invasiveness.




Figure 6 | (A) Silencing efficiency of ASF1B in two hepatoma cell lines MHCC97H and Hep3B (B) Cell viability assay of MHCC97H and Hep3B cells. (C) Cell invasion assay of MHCC97H and Hep3B cells. **p < 0.01; ***p < 0.001.





Inhibition of ASF1B Expression Can Promote Apoptosis and Arrest Cell Cycle in HCC Cells

According to knockdown efficiency and cell phenotype, siASF1B-2 was selected as siRNA to inhibit ASF1B expression. Flow cytometry analysis results showed that in MHCC97H, the proportion of cells in FITC positive region in ASF1B knockout group was 9.33%, which was higher than that in control group (9.01%).Similarly, in Hep3B, the proportion of cells in FITC positive region of ASF1B knockout group was 18.67% higher than that of control group 17.08%. The results showed that more cells were apoptotic in ASF1B-siRNA HCC cells than in scrambled cells (Figure 7A). Through KEGG enrichment analysis of ASF1B in HCC, it has been known that ASF1B is mainly involved in cell cycle regulation. By flow cytometry analysis, we found that the PROPORTION of G2 phase in MHCC97H knockout ASF1B group was 17.4% higher than that in control group (11.3%). In Hep3B, the proportion of S stage in knockout ASF1B group was 37.8%, while that in control group was 35.6%.Combining the two results, it is suggested that ASF1B knockdown can lead to cell cycle S and G2 phase arrest of HCC cells (Figure 7B).




Figure 7 | ASF1B knockdown influence apoptosis and cell cycle. (A) Flow cytometry was used to detect apoptosis changes in MHCC97H and Hep3B; (B) Flow cytometry was used to detect the cell cycle changes in MHCC97H and Hep3B.





ASF1B Knockdown Affected Cell Proliferation and Cell Cycle Pathways

To explore the molecular mechanism of ASF1 knockdown inhibiting HCC cell proliferation and arresting cell cycle, a panel of well-characterized signaling molecules of cell proliferation and the cell cycle were detected in ASF1B-siRNA cells and control cells by western blot. As shown in Figure 8A, weaker bands for the Proliferating cell nuclear antigen (PCNA), cyclin B1 cyclin E2 and CDK9 proteins were shown in siASF1B cells compared to those in control cells. These results indicated that knockdown of ASF1B induced cell cycle arrest, which mediated the inhibition of HCC cell growth. In Hela cells, ASF1B can bind to CDK9, and knockdown ASF1B reduces the expression of CDK9 protein (12). However, whether ASF1B can bind to CDK9 in HCC cells has not been studied yet. In our study, ASF1B knockdown was found to reduce CDK9 protein expression. Co-IP was then performed with anti-ASF1B antibodies using normal MHCC97H and Hep3B cells. Figure 8B showed that endogenous ASF1B formed stable complexes with CDK9 (Figure 8B).




Figure 8 | (A) Western blots were performed to detect ASF1B, PCNA, cyclin B1, cyclin E2 and CDK9. (B) Co-immunoprecipitation results of ASF1B and CDK9 in MHCC97H and Hep3B cells.






Discussion

At present, HCC remains a global medical problem with poor prognosis and high mortality. The main causes of death of patients with liver cancer are a high rate of late diagnosis, metastasis and rapid malignant progression (20). Early diagnosis and effective treatment may significantly improve survival in patients with HCC. Therefore, on the one hand, early diagnosis and characteristic identification of HCC tumor progression are urgently needed (21). On the other hand, it is crucial to find new therapeutic targets and develop new therapeutic strategies (22). In recent years, the development of sequencing and omics technology has provided more opportunities to further understand the mechanism of HCC and explore diagnostic and therapeutic targets (23). Previous studies evaluating the effect of ASF1B on cancer have shown that ASF1B, as an oncogenic gene, promotes tumor growth in breast cancer, cell renal cell carcinoma, cervical cancer, prostate cancer and lung cancer (11–13, 24, 25). These studies suggest that high ASF1B expression is associated with increased tumor incidence, tumor progression, and metastasis. A recent study reported that ASF1B was involved in the immune regulation of HCC (26). However, the role of ASF1B in HCC tumor proliferation and migration has not been systematically studied. ASF1B was rarely described as a key oncogene regulating hepatocellular carcinoma growth.

In this research, we used bioinformatics and multiple databases to comprehensively analyze the expression of ASF1B in pan-cancer, and found that ASF1B was abnormally expressed in most cancers, including liver cancer, which is consistent with current literature reports (27–29). In order to explore the relationship between ASF1B and HCC in detail, RNA-seq data and corresponding clinical data of HCC in TCGA were analyzed separately. We found that the high expression of ASF1B was associated with poor prognosis of HCC patients. COX regression analysis showed that ASF1B was an independent risk factor for HCC prognosis, and ROC curve analysis showed that ASF1B expression had certain predictive value for survival evaluation of HCC patients at 1, 3 and 5 years.ASF1B expression in HCC patients increased with tumor stage and grade progression, suggesting that ASF1B is associated with HCC disease progression. Recently, an increasing number of studies have found a correlation between cancer progression and tumor immune infiltration (30, 31). Through public data mining, we also found a certain correlation between the expression of ASF1B and the immune infiltration of HCC, which is consistent with the conclusions of current reports (28, 29). But the specific experiments need to be further verified.

To comprehensively analyze the function of ASF1B in HCC, we analyzed the genes that were significantly related to ASF1B expression in HCC. Similar to ASF1B, these genes are abnormally expressed in HCC, most of which are related to the overall survival of HCC. ASF1B may form a regulatory network with these genes to promote the occurrence and development of HCC. These genes coexpressed with ASF1B were enriched by GSEA, and it was found that the regulatory network mainly promoted the cell cycle and DNA replication while inhibiting energy consumption processes such as lipid and glucose metabolism, which was consistent with the pathological characteristics of highly proliferative cancers, such as HCC (32).

Experiments were conducted to further verify the expression of ASF1B in HCC and further study its role and function in HCC. Immunohistochemical analysis of ASF1B expression in HCC tumor tissues and adjacent tissues showed strong ASF1B staining in tumor tissues, and protein western blot analysis also showed stronger ASF1B bands in tumor tissues, thus confirming the high expression of ASF1B in HCC tumor tissues. We also compared the levels of ASF1B protein in normal liver cell line LO2 with four hepatocellular carcinoma cell lines such as Huh7, HepG2, MHCC97H and Hep3B. It was found that the protein level of ASF1B in HCC cells was higher than that of LO2, but there were some differences, among which the highest expression was found in MHCC97H.

Subsequently, we induced ASF1B silencing through transfection siRNAs in two HCC cell lines with high ASF1B expression (MHCC97H and Hep3B) to investigate the role of ASF1B in the biological function of HCC cells. The results confirmed that knocking down ASF1B impaired proliferation, induced cell apoptosis and altered cell cycle progression in HCC cells. These results suggest that ASF1B is crucial for maintaining tumorigenic activity of HCC cells in vitro. To elucidate the molecular mechanism of ASF1B knockdown-mediated suppression of HCC cells, PCNA, cyclinB1, cyclinE2 and CDK9 proteins were detected in MHCC97H and Hep3B cells after ASF1B knockdown. PCNA is an indispensable factor in DNA replication (33). CyclinB1 is a regulatory protein involved in mitosis and a key protein in G2/M phase regulation (34). It has been reported that cyclinB1 depletion constrains proliferation and induces apoptosis in human tumor cells (35). CyclinE2 is also an important cell cycle regulating protein, and abnormal expression of cyclinE2 can affect tumor proliferation (36). Unlike other CDKs, CDK9 not only regulates the cell cycle, but also promotes RNA synthesis in the genetic programmes of cell growth, differentiation, and viral pathogenesis (37). According to our results, knockdown of ASF1B can reduce the protein levels of PCNA, cyclinB1, cyclinE2 and CDK9 in HCC cells. These results suggest that knockout ASF1B may inhibit the proliferation of HCC cells by affecting the expression of these four genes. To further explore the interaction proteins of ASF1B in HCC cells, protein-protein interaction studies were performed by IP and Western blot. According to the literature, ASF1B interacts with CDK9 in cervical cancer cells, but it has not been reported in liver cancer cells (12). We demonstrated the interaction between ASF1B and CDK9 in hepatocellular carcinoma cells. Recently, some studies have shown that CDK9 plays a key role in prostate cancer (38), breast cancer (39), acute myeloid leukemia (40), hepatocellular carcinoma (41). Shao et al. reported that inhibition of CDK9 impaired proliferation and induced apoptosis in HCC cells (41). CDK9 was involved in cancer progression through BRD4-dependent recruitment of p-TEFb involving transcription of the MYC gene, and that MYC is a proto-oncogene that controls cell growth and cell cycle processes (42). These results suggest that ASF1B may affect HCC cell proliferation and cell cycle regulation through its interaction with CDK9.

In conclusion, this study provided multi-level evidence for the significance of ASF1B in HCC development and its potential as a biomarker for HCC disease progression. We figured out the important role of ASF1B as a regulator in cell proliferation, apoptosis induction and cell cycle progression. Interference with ASF1B can significantly inhibit the growth of HCC by regulating cell cycle and apoptosis pathways. These findings proposed a potential target for the development of anti-cancer strategies in HCC.



Data Availability Statement

The original contributions presented in the study are included in the article/Supplementary Material. Further inquiries can be directed to the corresponding authors.



Ethics Statement

The studies involving human participants were reviewed and approved by Clinical Research Ethics Committee of the First Affiliated Hospital, Zhejiang University School of Medicine. The patients/participants provided their written informed consent to participate in this study.



Author Contributions

LJL and DZ contributed to conception and design of the study. XO completed the experiment and analyzed the data. XO and LXL drafted the manuscript and prepared diagrams. YZ, FZ, QH, and ZL participated in the material preparation and manuscript review. All authors have read and approved the manuscript for publication.



Funding

This study was funded by the National Key Research and Development Program of China (2016YFC110130413, 2019YFC0840600, 2019YFC08400609, 2021YFC2301800) and by the Zhejiang Provincial Natural Science Foundation of China (LY17H030005).



Supplementary Material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fonc.2021.801506/full#supplementary-material



References

1. World Health Organization. Cancer Today. Available at: https://gco.iarc.fr/today/home.

2. Singal, A, Lampertico, P, and Nahon, P. Epidemiology and Surveillance for Hepatocellular Carcinoma: New Trends. J Hepatol (2020) 72(2):250–61. doi: 10.1016/j.jhep.2019.08.025

3. Siegel, RL, Miller, KD, and Jemal, A. Cancer Statistics, 2020. CA Cancer J Clin (2020) 70(1):7–30. doi: 10.3322/caac.21590

4. Llovet, J, Kelley, R, Villanueva, A, Singal, A, Pikarsky, E, Roayaie, S, et al. Hepatocellular Carcinoma. Nat Rev Dis Primers (2021) 7(1):6. doi: 10.1038/s41572-020-00240-3

5. Rebouissou, S, and Nault, J. Advances in Molecular Classification and Precision Oncology in Hepatocellular Carcinoma. J Hepatol (2020) 72(2):215–29. doi: 10.1016/j.jhep.2019.08.017

6. Pillai, A, Ahn, J, and Kulik, L. Integrating Genomics Into Clinical Practice in Hepatocellular Carcinoma: The Challenges Ahead. Am J Gastroenterol (2020) 115(12):1960–9. doi: 10.14309/ajg.0000000000000843

7. Petrowsky, H, Fritsch, R, Guckenberger, M, De Oliveira, ML, Dutkowski, P, and Clavien, P-A. Modern Therapeutic Approaches for the Treatment of Malignant Liver Tumours. Nat Rev Gastroenterol Hepatol (2020) 17(12):755–72. doi: 10.1038/s41575-020-0314-8

8. Faivre, S, Rimassa, L, and Finn, R. Molecular Therapies for HCC: Looking Outside the Box. J Hepatol (2020) 72(2):342–52. doi: 10.1016/j.jhep.2019.09.010

9. Groth, A, Corpet, A, Cook, AJ, Roche, D, Bartek, J, Lukas, J, et al. Regulation of Replication Fork Progression Through Histone Supply and Demand. Science (2007) 318(5858):1928–31. doi: 10.1126/science.1148992

10. Messiaen, S, Guiard, J, Aigueperse, C, Fliniaux, I, Tourpin, S, Barroca, V, et al. Loss of the Histone Chaperone ASF1B Reduces Female Reproductive Capacity in Mice. Reprod (Cambr Engl) (2016) 151(5):477–89. doi: 10.1530/rep-15-0327

11. Corpet, A, De Koning, L, Toedling, J, Savignoni, A, Berger, F, Lemaître, C, et al. Asf1b, The Necessary Asf1 Isoform for Proliferation, Is Predictive of Outcome in Breast Cancer. EMBO J (2011) 30(3):480–93. doi: 10.1038/emboj.2010.335

12. Liu, X, Song, J, Zhang, Y, Wang, H, Sun, H, Feng, X, et al. ASF1B Promotes Cervical Cancer Progression Through Stabilization of CDK9. Cell Death Dis (2020) 11(8):705. doi: 10.1038/s41419-020-02872-5

13. Han, G, Zhang, X, Liu, P, Yu, Q, Li, Z, Yu, Q, et al. Knockdown of Anti-Silencing Function 1B Histone Chaperone Induces Cell Apoptosis via Repressing PI3K/Akt Pathway in Prostate Cancer. Int J Oncol (2018) 53(5):2056–66. doi: 10.3892/ijo.2018.4526

14. Jiangqiao, Z, Tao, Q, Zhongbao, C, Xiaoxiong, M, Long, Z, Jilin, Z, et al. Anti-Silencing Function 1B Histone Chaperone Promotes Cell Proliferation and Migration via Activation of the AKT Pathway in Clear Cell Renal Cell Carcinoma. Biochem Biophys Res Commun (2019) 511(1):165–72. doi: 10.1016/j.bbrc.2019.02.060

15. Liu, Z, Zhang, Y, Dang, Q, Wu, K, Jiao, D, Li, Z, et al. Genomic Alteration Characterization in Colorectal Cancer Identifies a Prognostic and Metastasis Biomarker: FAM83A|Ido1. Front Oncol (2021) 11:632430. doi: 10.3389/fonc.2021.632430

16. Liu, Z, Lu, T, Li, J, Wang, L, Xu, K, Dang, Q, et al. Clinical Significance and Inflammatory Landscape of Anovel Recurrence-Associated Immune Signature in Stage II/III Colorectal Cancer. Front Immunol (2021) 12:702594. doi: 10.3389/fimmu.2021.702594

17. Liu, Z, Liu, L, Guo, C, Yu, S, Meng, L, Zhou, X, et al. Tumor Suppressor Gene Mutations Correlate With Prognosis and Immunotherapy Benefit in Hepatocellular Carcinoma. Int Immunopharmacol (2021) 101(Pt B):108340. doi: 10.1016/j.intimp.2021.108340

18. Zhao, Y, Xue, C, Xie, Z, Ouyang, X, and Li, L. Comprehensive Analysis of Ubiquitin-Specific Protease 1 Reveals its Importance in Hepatocellular Carcinoma. Cell Proliferation (2020) 53(10):e12908. doi: 10.1111/cpr.12908

19. Zhao, Y, Chen, E, Huang, K, Xie, Z, Zhang, S, Wu, D, et al. Dynamic Alterations of Plasma Metabolites in the Progression of Liver Regeneration After Partial Hepatectomy. J Proteome Res (2020) 19(1):174–85. doi: 10.1021/acs.jproteome.9b00493

20. Vo Quang, E, Shimakawa, Y, and Nahon, P. Epidemiological Projections of Viral-Induced Hepatocellular Carcinoma in the Perspective of WHO Global Hepatitis Elimination. Liver Int: Off J Int Assoc Study Liver (2021) 41(5):915–27. doi: 10.1111/liv.14843

21. Llovet, J, Montal, R, Sia, D, and Finn, R. Molecular Therapies and Precision Medicine for Hepatocellular Carcinoma. Nat Rev Clin Oncol (2018) 15(10):599–616. doi: 10.1038/s41571-018-0073-4

22. Pan, Y, Chen, H, and Yu, J. Biomarkers in Hepatocellular Carcinoma: Current Status and Future Perspectives. Biomedicines (2020) 8(12):576. doi: 10.3390/biomedicines8120576

23. Dhanasekaran, R, Nault, J, Roberts, L, and Zucman-Rossi, J. Genomic Medicine and Implications for Hepatocellular Carcinoma Prevention and Therapy. Gastroenterology (2019) 156(2):492–509. doi: 10.1053/j.gastro.2018.11.001

24. Feng, Z, Zhang, J, Zheng, Y, Wang, Q, Min, X, and Tian, T. Elevated Expression of ASF1B Correlates With Poor Prognosis in Human Lung Adenocarcinoma. Per Med (2021) 18(2):115–27. doi: 10.2217/pme-2020-0112

25. Carrion, A, Ingelmo-Torres, M, Lozano, JJ, Montalbo, R, D’Anna, M, Mercader, C, et al. Prognostic Classifier for Predicting Biochemical Recurrence in Localized Prostate Cancer Patients After Radical Prostatectomy. Urol Oncol (2021) 39(8):493. doi: 10.1016/j.urolonc.2020.10.075

26. Zhan, T, Gao, X, Wang, G, Li, F, Shen, J, Lu, C, et al. Construction of Novel lncRNA-miRNA-mRNA Network Associated With Recurrence and Identification of Immune-Related Potential Regulatory Axis in Hepatocellular Carcinoma. Front Oncol (2021) 11:626663. doi: 10.3389/fonc.2021.626663

27. Zhang, W, Gao, Z, Guan, M, Liu, N, Meng, F, and Wang, G. ASF1B Promotes Oncogenesis in Lung Adenocarcinoma and Other Cancer Types. Front Oncol (2021) 11:731547. doi: 10.3389/fonc.2021.731547

28. Hu, X, Zhu, H, Zhang, X, He, X, and Xu, X. Comprehensive Analysis of Pan-Cancer Reveals Potential of ASF1B as a Prognostic and Immunological Biomarker. Cancer Med (2021) 10(19):6897–916. doi: 10.1002/cam4.4203

29. Ma, J, Han, W, and Lu, K. Comprehensive Pan-Cancer Analysis and the Regulatory Mechanism of ASF1B, a Gene Associated With Thyroid Cancer Prognosis in the Tumor Micro-Environment. Front Oncol (2021) 11:711756. doi: 10.3389/fonc.2021.711756

30. Leone, V, Ali, A, Weber, A, Tschaharganeh, DF, and Heikenwalder, M. Liver Inflammation and Hepatobiliary Cancers. Trends Cancer (2021) 7(7):606–23. doi: 10.1016/j.trecan.2021.01.012

31. Wang, J, Wang, Y, Chu, Y, Li, Z, Yu, X, Huang, Z, et al. Tumor-Derived Adenosine Promotes Macrophage Proliferation in Human Hepatocellular Carcinoma. J Hepatol (2021) 74(3):627–37. doi: 10.1016/j.jhep.2020.10.021

32. Couri, T, and Pillai, A. Goals and Targets for Personalized Therapy for HCC. Hepatol Int (2019) 13(2):125–37. doi: 10.1007/s12072-018-9919-1

33. Wang, S. PCNA: A Silent Housekeeper or a Potential Therapeutic Target? Trends Pharmacol Sci (2014) 35(4):178–86. doi: 10.1016/j.tips.2014.02.004

34. Lv, S, Ning, H, Li, Y, Wang, J, Jia, Q, and Wen, H. Inhibition of Cyclinb1 Suppressed the Proliferation, Invasion, and Epithelial Mesenchymal Transition of Hepatocellular Carcinoma Cells and Enhanced the Sensitivity to TRAIL-Induced Apoptosis. OncoTargets Ther (2020) 13:1119–28. doi: 10.2147/ott.S225202

35. Xie, X, Lin, W, Zheng, W, Chen, T, Yang, H, Sun, L, et al. Downregulation of G2/Mitotic-Specific Cyclinb1 Triggers Autophagy via AMPK-ULK1-Dependent Signal Pathway in Nasopharyngeal Carcinoma Cells. Cell Death Dis (2019) 10(2):94. doi: 10.1038/s41419-019-1369-8

36. Ng, S, Ohshima, K, Selvarajan, V, Huang, G, Choo, S, Miyoshi, H, et al. Prognostic Implication of Morphology, Cycline2 and Proliferation in EBV-Associated T/NK Lymphoproliferative Disease in Non-Immunocompromised Hosts. Orphanet J Rare Dis (2014) 9:165. doi: 10.1186/s13023-014-0165-x

37. Wang, S, and Fischer, P. Cyclin-Dependent Kinase 9: A Key Transcriptional Regulator and Potential Drug Target in Oncology, Virology and Cardiology. Trends Pharmacol Sci (2008) 29(6):302–13. doi: 10.1016/j.tips.2008.03.003

38. Hu, Q, Poulose, N, Girmay, S, Helevä, A, Doultsinos, D, Gondane, A, et al. Inhibition of CDK9 Activity Compromises Global Splicing in Prostate Cancer Cells. RNA Biol (2021), 1–8. doi: 10.1080/15476286.2021.1983287

39. Wei, D, Wang, H, Zeng, Q, Wang, W, Hao, B, Feng, X, et al. Discovery of Potent and Selective CDK9 Degraders for Targeting Transcription Regulation in Triple-Negative Breast Cancer. J Med Chem (2021) 64(19):14822–47. doi: 10.1021/acs.jmedchem.1c01350

40. Han, X, Song, N, Saidahmatov, A, Wang, P, Wang, Y, Hu, X, et al. Rational Design and Development of Novel CDK9 Inhibitors for the Treatment of Acute Myeloid Leukemia. J Med Chem (2021) 64(19):14647–63. doi: 10.1021/acs.jmedchem.1c01148

41. Shao, Y, Li, Y, Hsu, H, Lin, H, Wang, H, Wo, R, et al. Potent Activity of Composite Cyclin Dependent Kinase Inhibition Against Hepatocellular Carcinoma. Cancers (2019) 11(10):1433. doi: 10.3390/cancers11101433

42. Franco, L, Morales, F, Boffo, S, and Giordano, A. CDK9: A Key Player in Cancer and Other Diseases. J Cell Biochem (2018) 119(2):1273–84. doi: 10.1002/jcb.26293




Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

The handling editor JC declared a shared parent affiliation with the authors at the time of the review.


Publisher’s Note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2022 Ouyang, Lv, Zhao, Zhang, Hu, Li, Zhu and Li. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Images/fonc-11-801506-g004.jpg
(]
ASF1B Association Result

120 30

GO_BP
BN FDR<0.05 """ FDR>0.05

25 20 15 -1.0 05 0.0 05 15 20

25

A ® =
T T =

-log10(pvalue)

I
S
1

0 -
T T T T T T T T
-1.5 -10 05 0 05 1.0 1.5 2.0

Pearson corelation coefficient (Pearson test)

B
Top 50 of Positively Correlated Clgmf' cant Genes

DNA replication
chromosome segregation

mitotic cell cycle phase transition
cell cycle G2/M phase transition

cytokinesis
cell cycle checkpoint
spindle organization
negative regulation of cell cycle process
cell cycle G1/S phase transition
double-strand break repair
positive regulation of cell cycle
regulation of chromosome organization
telomere organization
chromatin assemb or disassembly
DNA recombination
signal transduction in response to DNA damage
chromatin remodeling
GO to G1 transition
protein localization to chromosome
DNA strand elongation
regulation of microtubule-based process.
‘mitochondrial respiratory chain complex assembly
tricarboxylic acid metabolic process.
sulfur compound metabolic process
lipid catabolic process
protein-containing complex remodeling
neutral lipid metabolic process
tetrapyrrole metabolic process
isoprenoid metabolic process
organic hydroxy compound metabolic process
cofactor blosynthetic process
steroid metabolic process
lipid modification
‘hormone metabolic process
cellular amino acid metabolic process
nucleoside bisphosphate metabolic process
coenzyme metabolic process
drug catabolic process
dicarboxylic acid metabolic process
antiblotic metabolic process
acute inflammatory response
peroxisome organization
fatty acid metabolic process

3.0

10
Normalized Enrichment Score

1o 05 0.0 05 15 20

KEGG
e FDR < 0.05 =00 FDR > 0.05

-25 -20 -15 -1.0 05 0.0

s

2Z-Score Group
l>a l4 H> N4
1 M2

0 0
(B E P F
-4 <3 -4

Top 50 of Negativelv Correlated Signiﬁcant Genes

w

Z-Score Group

e

QR ‘m |

L
i

| mn
i
4

H | G

CALERS DY) 1188 gl
R =

Cell cycle

DNA replication

Oocyte meiosis
Progesterone-mediated oocyte maturation
Fanconi anemia pathway
Homologous recombination
Mismatch repair

P53 signaling pathway
Cellular senescence
Nucleotide excision repair
Base excision repair

MicroRNASs in cancer
Pyri e metabolism
Human T-cell leukemia virus 1 infection
Bladder cancer
RNA transport
Small cell lung cancer
mRNA surveillance pathway
Hepatitis B
Pancreatic cancer
Non-homologous end-joining
Viral carcinogenesis
Histidine metabolism
Pentose and glucuronate interconversions
Glyoxylate and dicarboxylate metabolism
Citrate cycle (TCA cycle)
Butanoate metabolism
Arginine biosynihesis
Carbon metabolism
Primary bile acid biosynthesis
Ascorbate and aldarate metabolism
metabolism
Glycine, serine and threonine metabolism
Tyrosine metabolism
beta-Alanine metabolism
Porphyrin and chiorophyll metabolism
Fatty acld metabolism
PPAR signaling pathway
Tryptophan metabolism
Metabolism of xenobiotics by cytochrome P450
Propanoate metabolism
Valine, leucine and isoleucine degradation
Drug metabolism
Peroxisome
Fatty acid degradation

-1’5 10 05 00 05 10 15

Normalized Enrichment Score

20

25





OEBPS/Images/fonc-11-801506-g006.jpg
OD Value

>

MHCC97H

mRNA related expression

0.0

P S .
S & &S
M

MHCCY97H

*

w
*

-

24h 48h 72h 120h

(]

siControl

MHCC97H

Hep3B

LU )

siControl

siASF1B-1
siASF1B-2
siASF1B-3

Hep3B
= 15
2
2
@
St
&
%10
=
g
2 os
>
E 0.0
QI SN
& & &
& &S S
F ¥ F
Hep3B
3
D *
= ke
=2 *
; -4 siControl
=) i ¥ siASF1B-1
—- SiASF1B-2
-e- SiASF1B-3

24h 48h 72h 120h






OEBPS/Images/fonc-11-801506-g007.jpg
MHCC97H

(41 Hep3B

MHCC97H

Hep3B
Count

Count

10°

«
=)

Y585-PE-A
10*

10°

102

10°

Y585-PE-A
10*

10° 10°

104
B525-FITC-A

siControl
Q1-UL{1.00%)

Q1-LR(1.33%)

01-UR(5.64%)

1ot

108
B525-FITC-A
siControl

%G1 :51.8
10K+ %S :36.4

%G2 :11.3
800 G1 Mean : 3.96E6
600

% greater G2 :0.55

5.0M

10M 15M
FL4-A :: Y585-PE-A

siControl

1.0K~

800~

600~

400~

1.
%G1 :51.4
%S :35.6
%G2 :13.9
G1 Mean :3.95E6
G2 Mean : 7.91E6
G1CV 111
G20V :8.05
% less G1 :0.068
% greater G2 :-0.033

M 10M

FL4-A :: Y585-PE-A

108

Count

Count

@ siASF1B
-
&
. <
2
& £
gy @
8- z
o =3
> =
- 2
= <
o O1-LL©B4 56%) . Q1-LR(2.27%)
10? 10° 104 10° 10°
B525-FITC-A
< SiASF1B

Q1-UL(0.74%)

Y585-PE-A
10% 10°

10°

102 10°
B525-FITC-A

siASF1B

01-UR(5.69%)

J %G1 :46.7

%S 1374
800+ %G2 :17.4
G1 Mean : 3.95E6
G2 Mean : 7.89E6
600~ GICV:113
1 G20V :9.85

% less G1 :-0.63
400]

5.0M

10M

FL4-A :: YS85-PE-A

siASF1B

% greater G2 :-0.83

10K+ Gl %G1 :48.0

%S :37.8

%G2 : 148

G1 Mean : 4.02E6
G2 Mean : 8.04E6
G1ev:108

G2CV :8.50

% less G1 :0.30

% greater G2 :-0.45

8004

600

400 ]

5.0M

10M

FL4-A :: Y585-PE-A

(%)

Apoptosis rate

B\ siControl
3 siASF1B

percent_ of_cell(%)

60
@l siControl

3 siASF1B

percent_ of_cell(%)





OEBPS/Images/fonc-11-801506-g001.jpg
Analysis Type by Cancer

Bladder Cancer

Brain and CNS Cancer
Breast Cancer
Cervical Cancer
Colorectal Cancer
Esophageal Cancer
Gastric Cancer

Head and Neck Cancer
Kidney Cancer
Leukemia

Liver Cancer

Lung Cancer
Lymphoma
Melanoma

Myeloma

Other Cancer

Owarian Cancer
Pancreatic Cancer
Prostate Cancer
Sarcoma

Significant Unique Aralyses
Total Unique Analyses

1510 105 1

EEE0O0OEE

—x —
Dataset  Pvalue
GSE22058 | 6.09E39
GSE25097 | 225E35
GSEXG3T6 | 277EA6
GSEI520  SOIE3S
GSEAGHA | 5.93E01
GSEst236  377E03
GSEG3898 | LAIEM
TCGALMC 126831
GSEGI0N | 368E1L
GSET6427  6.13E20
ICGCLIRIJP | 420851

Type
HCC
Adjacent
HCC
Adjaceat
Cimhotic
Healthy
HCC
Adjacent
HCC
Adjacent
HCC
Adjacent
HCC
Adjacent
Hee
Adjacent
HCC
Adjacent
HCC
Adjacent
HCC
Adjacent
HCC
Adjacent

Nums
100
97
268
243
40
6
240
19
25
20
58
ry
81
50
28
163
351
9

s
2

m
177

Tumor
Normal

I T T = T
= 8 HCC
e
§ = L (n=371)
Es < @ Normal
= = (
F] £
£ !
@ 3 -
) a
% =
< %2
0 <
0
g > 3 3 3
S & F & &F <« TCGA
“Tumor
=
aae B R
=15 P 8 e W HCC
3 I (0=371)
= =6  Normal
=3 = (0=226)
g 50 %
k) 24
=)
@ 25 -]
Z & 2
E <
0.0
0
N > ) TCGA+GTEx
& & S <
TCGA+GTEx
Mean| STD | 1R ® HCC @ Adjacent ® Cirrhotic ® Healthy &
=T
7407 | 1128 1568
;uz “ﬁ us;: —o— : wilcox.tests p=3.2e—06, 44
427 0: 03 ¥ 1
0.068 0.043 0037 HH
o115 0079 0068 -
0048 0016 0020 832
7146 0392 0456 2
6681 0150 0195 2
s
43 050 o016 g
s 0267 032 =
652 1230 2150 =
7015 1300 2547 @
7518 0879 1173 <
7101 0920 0986
408 0233 0234
393 ou2 o35 28
7480 142 2075
472 0902 1000 *
6910 | 0742 0950 —
6.090 0403 0.405 H .
7877 066 0860
= mee Normal
101 | o5 | 1m0 | — | ] L
058 | 0373 0340
GSE121248 +GSE33006

Scaled expression





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        ASF1B Serves as a Potential Therapeutic Target by Influencing Cell Cycle and Proliferation in Hepatocellular Carcinoma

      

        		

          Introduction

        



        		

          Materials and Methods

        

          		

            Dataset Analyses

          



          		

            Tissues and Cell Lines

          



          		

            Western Blot Analysis and Immunohistochemistry

          



          		

            RNA Interference and Transfection

          



          		

            Reverse Transcription-Quantitative Polymerase Chain Reaction

          



          		

            Cell Counting Kit-8 (CCK-8) Analysis and Cell Invasion Assay

          



          		

            Flow Cytometry for Analysis of the Cell Cycle and Apoptosis

          



          		

            Protein–Protein Interaction Studies

          



          		

            Statistical Analysis

          



        



        



        		

          Results

        

          		

            Elevated Expression of ASF1B in HCC

          



          		

            Evaluation of the Prognostic Relevance of ASF1B in HCC

          



          		

            Correlation of ASF1B Expression With Tumor Purity and Immune Infiltration Level in HCC

          



          		

            Co-Expression Networks of ASF1B Indicate the Potential Function of ASF1B in HCC

          



          		

            ASF1B Expression Was Upregulated in HCC Tissues and Stable Cell Lines

          



          		

            ASF1B Knockdown Suppressed the Proliferation and Migration of HCC Cell Lines

          



          		

            Inhibition of ASF1B Expression Can Promote Apoptosis and Arrest Cell Cycle in HCC Cells

          



          		

            ASF1B Knockdown Affected Cell Proliferation and Cell Cycle Pathways

          



        



        



        		

          Discussion

        



        		

          Data Availability Statement

        



        		

          Ethics Statement

        



        		

          Author Contributions

        



        		

          Funding

        



        		

          Supplementary Material

        



        		

          References

        



      



      



    



  



OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/table2.jpg
Cell Types Markers Purity-Adjusted Cell Types Markers Purity-Adjusted
Cor P Cor P

B cell CD19 0.361 0.000 CD4+ T cell AIM2 0.409 0.000
CD79A 0.289 0.000 ccL4 0.304 0.000

CD8+ T cell ADRM1 0.424 0.000 CCNB1 0.862 0.000
AHSA1 0.375 0.000 EXO1 0.886 0.000
CD37 0.400 0.000 KIF11 0.904 0.000
CD3D 0.380 0.000 KNTC1 0.833 0.000
CD8A 0.323 0.000 NUF2 0.874 0.000
CETN3 0.368 0.000 PRC1 0.885 0.000
CSE1L 0.636 0.000 RTKN2 0.715 0.000
IL2RB 0.371 0.000 DC HLA-DPB1 0.317 0.000
MPZL1 0.566 0.000 HLA-DQB1 0.272 0.000

macrophage IRF5 0.413 0.000 HLA-DRA 0.311 0.000

NE ITGAM 0.398 0.000 HLA-DPA1 0.285 0.000
CCR7 0.230 0.000 ITGAX 0.425 0.000
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Pos Genes HR logrank P Neg Genes HR logrank P
ASF1B 1.71(1.21-2.42) 0.002 NDUFAF1 0.45(0.31-0.64) 0.000
KIFC1 2.08(1.47-2.93) 0.000 MLYCD 0.66(0.45-0.95) 0.026
KIF18B 2.13(1.49-3.03) 0.000 MMAA 0.36(0.22-0.59) 0.000
KIF2C 2.14(1.66-3.46) 0.000 HIBCH 0.68(0.48-0.97) 0.031
KIF4A 1.94(1.34-2.73) 0.000 MCEE 0.53(0.37-0.77) 0.001
CDCA5 2.32(1.62-3.32) 0.000 CFHR4 0.41(0.29-0.59) 0.000
HJURP 2.14(1.51-3.04) 0.000 ALDH2 0.42(0.29-0.6) 0.000
ZWINT 2.36(1.66-3.36) 0.000 GALNTL2 0.52(0.36-0.74) 0.000
NCAPG 2.19(1.54-3.13) 0.000 ETFDH 0.51(0.36-0.72) 0.000
SKA3 2.07(1.45-2.96) 0.000 CCL14 0.37(0.26-0.53) 0.000
TPX2 2.29(1.62-3.24) 0.000 LDHD 0.55(0.38-0.8) 0.001
CDK1 2.15(1.52-3.06) 0.000 GABARAPL1 0.51(0.36-0.74) 0.000
SPC25 2.13(1.561-3.02) 0.000 ADH1B 0.57(0.4-0.81) 0.002
TROAP 1.84(1.27-2.66) 0.001 DHRS12 0.59(0.41-0.83) 0.003
DTL 1.89(1.33-2.69) 0.000 KCTD21 0.59(0.38-0.93) 0.020
CDCA3 2.21(1.47-3.34) 0.000 DNASE1L3 0.4(0.28-0.57) 0.000
GINS1 2.29(1.6-3.3) 0.000 SERPING1 0.59(0.41-0.85) 0.005
EXO1 2.3(1.63-3.26) 0.000 PDE2A 0.37(0.25-0.53) 0.000
KIF11 2.02(1.42-2.85) 0.000 CSorf33 0.61(0.43-0.87) 0.005
C150rf42 1.95(1.38-2.77) 0.000 CDC37L1 0.56(0.39-0.81) 0.002
UHRF1 1.92(1.34-2.74) 0.000 FAM82A1 0.6(0.42-0.85) 0.003
CENPA 2.33(1.65-3.29) 0.000 MCCC2 0.52(0.36-0.75) 0.000
MYBL2 2.29(1.62-3.24) 0.000 ACAT1 0.41(0.29-0.59) 0.000
KIAAO101 2.09(1.46-3) 0.000 TTC38 0.53(0.37-0.76) 0.000
KIF23 1.92(1.36-2.71) 0.000 CyB5D2 0.45(0.32-0.65) 0.000
SKA1 2.11(1.49-3.01) 0.000 HSD17B4 0.56( 0.39-0.79) 0.001
CDC6 2.29(1.6-3.28) 0.000 RHOB 0.63(0.44-0.89) 0.008
CDCA8 2.69(1.89-3.83) 0.000 ABCA9 0.52(0.37-0.74) 0.000
E2F2 2.19(1.52-3.16) 0.000 CFl 0.64(0.45-0.91) 0.013
WDR62 2.38(1.57-3.6) 0.000 SUCLG2 0.56(0.4-0.8) 0.001
CCNB2 1.91(1.28-2.87) 0.001 BTNL9 0.39(0.27-0.56) 0.000
TOP2A 1.99(1.39-2.86) 0.000 PINK1 0.6(0.42-0.87) 0.006
UBE2C 2(1.41-2.83) 0.000 ETFA 0.65(0.46-0.91) 0.013
CDT1 2.05(1.45-2.9) 0.000 NHEDC2 0.62(0.44-0.88) 0.007
FOXM1 1.91(1.33-2.74) 0.000 GTPBP10 0.65(0.46-0.93) 0.016
CDC20 2.49(1.72-3.59) 0.000 TK2 0.53(0.34-0.82) 0.004
CDC45 2.23(1.51-3.28) 0.000 MYO1B 0.5(0.31-0.78) 0.002
MELK 2.22(1.5-3.27) 0.000 SLC27A5 0.52(0.36-0.74) 0.000
FAM72B 2.13(1.44-3.14) 0.000 STBD1 0.69(0.49-0.98) 0.036
RADS4L 2.27(1.59-3.23) 0.000 CBR4 0.53(0.38-0.75) 0.000
PLK1 2.23(1.58-3.15) 0.000 ADI 0.52(0.36-0.75) 0.000
CENPM 2.09(1.45-3.01) 0.000 VD 0.47(0.32-0.68) 0.000
MCM10 2.6(1.84-3.69) 0.000 FDX1 0.52(0.37-0.74) 0.000
TACC3 1.8(1.27-2.55) 0.001 AOX1 0.66(0.46-0.96) 0.030
MKI67 1.96(1.38-2.77) 0.000 CD300LG 0.48(0.34-0.69) 0.000
PRC1 1.95(1.36-2.8) 0.000 POR 0.6(0.42-0.85) 0.004
BUB1B 2.01(1.42-2.86) 0.000 CPT2 0.7(0.49-1) 0.047
CEP55 2.62(1.83-3.75) 0.000 DSG1 0.6(0.42-0.85) 0.003
NDC80 2.14(1.5-3.05) 0.000 TMBSF2 0.5(0.33-0.76) 0.001
GTSE1 2(1.41-2.85) 0.000 AQP9 0.52(0.36-0.75) 0.000
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