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Abstract

:

Background and objectives: Hepatocellular carcinoma (HCC) is one of the most common malignancies worldwide and is caused by multiple factors. To explore novel targets for HCC treatment, we comprehensively analyzed the expression of HomeoboxB13 (HOXB13) and its role in HCC. Materials and Methods: The clinical significance of HCC was investigated using open gene expression databases, such as TIMER, UALCAN, KM, OSlihc, and LinkedOmics, and immunohistochemistry analysis. We also analyzed cell invasion and migration in HCC cell lines transfected with HOXB13-siRNA and their association with MMP9, E2F1, and MEIS1. Results: HOXB13 expression was higher in fibrolamellar carcinoma than in other histological subtypes. Its expression was associated with lymph node metastasis, histological stage, and tumor grade. It was positively correlated with immune cell infiltration of B cells (R = 0.246), macrophages (R = 0.182), myeloid dendritic cells (R = 0.247), neutrophils (R = 0.117), and CD4+ T cells (R = 0.258) and negatively correlated with immune cell infiltration of CD8+ T cells (R = −0.107). A positive correlation was observed between HOXB13, MMP9 (R = 0.176), E2F1 (R = 0.241), and MEIS1 (R = 0.189) expression (p < 0.001). The expression level of HOXB13 was significantly downregulated in both HepG2 and PLC/PFR/5 cell lines transfected with HOXB13-siRNA compared to that in cells transfected with NC siRNA (p < 0.05). Additionally, HOXB13 significantly affected cell viability and wound healing. Conclusions: HOXB13 overexpression may lead to poor prognosis in patients with HCC. Additional in vivo studies are required to improve our understanding of the biological role and the exact mechanism of action of HOXB13 in HCC.
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1. Introduction


Liver hepatocellular carcinoma (LIHC) is a common malignancy worldwide. LIHC is a cancer with a poor prognosis and high mortality rate [1]. Hepatocellular carcinoma (HCC) is the most common type of LIHC, accounting for approximately 90% of all primary liver cancers, whereas fibrolamellar carcinoma (FLC) and hepatoblastoma are rare types [2]. HCC has a poor prognosis and a high mortality rate [3]. Although clinical treatment of HCC has recently made significant progress, patients with HCC succumb to death within 6–20 months and the 5-year survival rate is only 18% [4]. HCC occurs most often in association with chronic liver inflammation and cirrhosis. The treatment methods for HCC vary greatly depending on the stage of the disease and the patient’s condition [5]. The representative treatment methods include surgical resection and liver transplantation [6]. Surgery is possible in less than 40% of cases, and the recurrence rate after surgery is high [7]. As multiple factors are involved in HCC pathogenesis, exploring the molecular mechanisms underlying HCC treatment is clinically important.



HomeoboxB13 (HOXB13) is a sequence-specific transcription factor that preferentially binds methylated DNA and encodes a transcriptional regulator of cell growth and differentiation during embryonic development [8]. HOXB13 is expressed in the developing urogenital tract and plays diverse roles in carcinogenesis and inflammatory diseases. Previous studies have suggested that HOXB13 functions as a tumor suppressor in colon and kidney cancers and that inactivation of HOXB13 may play an important role in tumor formation and metastasis [9,10]. However, it has been found to be overexpressed in several tumors, such as breast, ovarian, and cervical cancers [11,12,13]. These results demonstrate that HOXB13 plays different roles in cancer progression. A recent study identified strong localization of HOXB13 in patients with liver fibrosis, suggesting an important role for HOXB13 in the pathogenesis of liver fibrosis [14]. As liver fibrosis is a major risk factor for HCC, it is important to understand the role and molecular functions of HOXB13 in HCC [15]. However, currently, there is limited information about the clinicopathological characteristics and prognosis of HOXB13 in HCC, and its clinical significance remains unclear.



In this study, clinical and prognostic values of LIHC were analyzed through bioinformatics big data analysis based on the Total Cancer Genome Atlas (TCGA). We analyzed the association between related genes such as MMP9, E2F1, and MEIS1 in HCC cell lines transfected with HOXB13-siRNA and examined the role of HOXB13 in cell viability and migration. The results of this study provide a foundation for demonstrating its potential as a novel biomarker for the treatment of HCC.




2. Materials and Methods


2.1. TIMER Database Analysis


TIMER is a TCGA database used to analyze immune infiltration and clinical data (age, sex, race, and stage) of various cancer types and specific genes. We analyzed the relationship between HOXB13 expression and survival rate, immune cell infiltration, and cancer prognosis in LIHC through correlation analysis between immune cells. In addition, we analyzed the role of HOXB13 in LIHC and its correlation with immune-infiltrating cells, including B cells, macrophages, myeloid dendritic cells, neutrophils, CD4+ T cells, and CD8+ T cells.




2.2. UALCAN Database Analysis


The UALCAN database (http://ualcan.path.uab.edu (accessed on 17 January 2024)) is a web resource for cancer data analysis that uses clinical data from TCGA Level 3 RNA-seq and LIHC. We compared the relative expression of HOXB13 according to sex, age, other clinicopathological characteristics, lymph node metastasis, cancer stage, and tumor grade.




2.3. Immunohistochemistry (IHC) Staining Analysis


The Human Proteome Atlas (HPA) database (https://www.proteinatlas.org/ (accessed on 17 January 2024)) contains the largest and most comprehensive information on protein distribution in human tissues and cells and explores single-cell expression patterns. To analyze the HOXB13 proteomic expression levels, we obtained IHC images of HOXB13 proteomic expression from the HPA for LIHC. The proteomic expression level of HOXB13 was graded as undetectable or medium based on the intensity of staining and the fraction of stained cells.




2.4. KM Database Analysis


KM (https://kmplot.com/analysis/ (accessed on 17 January 2024)) is based on an online database and includes survival rates, such as overall survival (OS), relapse-free survival (RFS), and clinical data of patients with LIHC. Survival data for HOXB13 were analyzed using the log-rank test.




2.5. OSlihc Database Analysis


OSlihc (http://bioinfo.henu.edu.cn/DatabaseList.jsp (accessed on 16 January 2024)) provides a platform for researchers to discover new prognostic biomarkers and provides the opportunity to create novel targeted therapies for LIHC. To clarify the predictive value of genes in OSlihc, survival data, such as OS, disease-specific survival (DSS), and progression-free interval (PFI), were generated; OS was measured in all cohorts and combined cohorts, whereas PFI and DSS were analyzed using TCGA.




2.6. LinkedOmics Database Analysis


The LinkedOmics database (http://www.linkedomics.org/admin.php (accessed on 16 January 2024)) is a web-based platform for analyzing 32 TCGA cancer-associated multidimensional datasets. Correlations between HOXB13-associated genes were analyzed using Pearson’s correlation coefficient. Gene Ontology (GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway enrichment analyses were conducted using a Database for Annotation, Visualization, and Integrated Discovery (DAVID 6.8, v6.8; https://david.ncifcrf.gov/home.jsp (accessed on 17 January 2024), and an online bioinformatics tool (http://www.bioinformatics.com.cn (accessed on 17 January 2024)).




2.7. Cell Culture and siRNA Transfection


The human HCC cell lines, HepG2 and PLC/PRF/5, were purchased from the Japanese Collection of Research Bioresources Cell Bank (JCRB Cell Bank, Osaka, Japan) and American type culture collection (ATCC), respectively. HepG2 and PLC/PRF/5 cells were cultured in Dulbecco’s modified Eagle medium supplemented with 1% penicillin/streptomycin solution and 10% fetal bovine serum (Gibco BRL., Grand Island, NY, USA) in a humidified 5% CO2 incubator at 37 °C. The target sequence of HOXB13-siRNA was as follows: 5-(GGUCAUGGUUUGUUGAGCA)-3 (Ambion, Cat. 4392421). Lipofectamine (Invitrogen, Waltham, MA, USA) and HOXB13-siRNA were mixed in Opti-MEM (Thermo Scientific, Rockford, IL, USA). After 48 h of HOXB13-siRNA transfection, RNA was extracted. Total cellular RNA was extracted using the QIAzol lysis reagent (Qiagen, Redwood City, CA, USA) according to the manufacturer’s protocol. A NanoDrop ND-1000 spectrophotometer (Thermo Fisher Scientific, Waltham, MA, USA) was used to determine the quantity and quality of isolated total cellular RNA.




2.8. Quantitative Real-Time PCR Analysis (RT-qPCR)


Reverse-transcription reactions were conducted using ReverTra Ace qPCR RT Master Mix (TOYOBO, Osaka, Japan). The expression levels of HOXB13, MMP9, E2F1, MEIS1, and GAPDH were measured using RT-qPCR. RT-qPCR was performed using a CFX Connect RT-PCR System (Bio-Rad, Hercules, CA, USA). The primer sequences used for RT-qPCR are listed in Table 1. The PCR amplification cycles were as follows: 95 °C for 10 min, followed by 40 cycles of 95 °C for 60 s and 72 °C for 30 s.




2.9. Cell Viability Assay


HepG2 and PLC/PRF/5 cells were seeded in 24-well plates at a density of 2 × 105 cells/well. After 24 h, 48 h, and 72 h after siRNA transfection at 37 °C, the cells were subsequently incubated with 100 μL of 5 mg/mL MTT for 4 h. Cell viability was subsequently analyzed at a wavelength of 570 nm using an Asys UVM 340 microplate reader (Biochrom, Cambridge, UK). Each experiment was performed in triplicate.




2.10. Wound Healing Assay


HepG2 and PLC/PRF/5 cells (2 × 105) were seeded in 12-well plates at 70–80% confluence for the wound healing assay. After washing, the cells were transfected with negative control siRNA or HOXB13-siRNA using Lipofectamine 2000 (Invitrogen, Camarillo, CA, USA) according to the manufacturer’s instructions. After 6 h of transfection, the medium was replaced with standard culture medium. The cells were incubated at 37 °C for 24 h, 48 h, and 72 h. Light microscope images of three locations of the marked wounds were obtained, and the migrated cells were counted.




2.11. Statistical Analysis


We used the TIMER and UALCAN databases to analyze the gene expression data. We employed online tools, such as the KM plotter, TIMER, and OSlihc, to generate the KM curves. Survival outcomes are presented as HRs with p-values from the log-rank test. The TIMER database was used to assess the correlation between the gene expression levels and immune signature scores using Spearman’s correlation coefficients. All data were sourced from publicly accessible databases and analyses were conducted using online tools. The Mann–Whitney U test was used to test the significance of mRNA expression levels and other quantitative measurements when comparing the two groups. All reported results include p-values derived from the log-rank test. Statistical significance was set at p < 0.05.





3. Results


3.1. Assessment of HOXB13 Expression in Different Cancer and Normal Tissues


We used TIMER to examine RNA sequencing data from the TCGA and evaluated HOXB13 expression levels in specific tumor types. HOXB13 expression between normal and tumor tissues significantly differed in breast invasive carcinoma (p < 0.001), cholangiocarcinoma (p < 0.01), esophageal carcinoma (p < 0.001), head and neck squamous cell carcinoma (p < 0.001), head and neck squamous cell carcinoma HPV (p < 0.001), liver hepatocellular carcinoma (p < 0.001), lung adenocarcinoma (p < 0.001), lung squamous cell carcinoma (p < 0.001), prostate adenocarcinoma (p < 0.001), rectum adenocarcinoma (p < 0.001), stomach adenocarcinoma (p < 0.001), thyroid carcinoma (p < 0.001), and uterine corpus endometrial carcinoma (p < 0.001) (Figure 1A). Gene mutations exist depending on the cancer type, and HOXB13 expression in LIHC differed significantly depending on mutation status. HOXB13 expression in LIHC patients with TP53 (1.179 fold), LRP1B (0.357 fold), and MUC16 (0.468 fold) mutations was statistically higher than that in the wild type (p < 0.05) (Figure 1B).




3.2. Prognostic Value of HOXB13 mRNA Expression in LIHC


We used the OSlihc database to identify HOXB13 as a novel candidate biomarker and confirmed its significant association with survival. Patients with high HOXB13 expression in LIHC had a shorter OS (HR, 1.44; p < 0.05) and DSS (HR = 1.67, p < 0.05) (Figure 2A). Additionally, the Kaplan–Meier plot was used to determine the prognostic significance of HOXB13 expression in LIHC. High HOXB13 expression showed poor OS (HR = 1.46, p < 0.05). However, RFS (HR = 1.31, p = 0.1) was not statistically significant (Figure 2B).




3.3. Clinical Characteristics of HOXB13 Expression in LIHC using the UALCAN Database


The clinicopathological characteristics of HOXB13 expression in LIHC are shown in Figure 3. HOXB13 showed higher expression in females than in males, and it was more highly expressed in the ages of 41–60 years (Figure 3A,B). HOXB13 was more highly expressed in FLC than in the other histological subtypes (Figure 3C). Additionally, HOXB13 expression was associated with lymph node metastasis, histological stage, and tumor grade (Figure 3D–F).




3.4. Association of HOXB13 Expression with Immune Cell Infiltration in LIHC


We investigated the correlation between HOXB13 and six tumor immune-infiltrating cells using the TIMER database. Immune cell infiltration generally accelerates cancer progression and affects survival outcomes. TIMER is a tool for analyzing the association of specific genes with immune infiltration. HOXB13 expression was positively correlated to B cells (R = 0.246, p < 0.001), macrophages (R = 0.182, p < 0.001), myeloid dendritic cells (R = 0.247, p < 0.001), neutrophils (R = 0.117, p = 0.96), CD4+ T cells (R = 0.258, p < 0.001), and CD8+ T cells (R = −0.107, p = 0.0478) (Figure 4A). The correlation between HOXB13 and LIHC expression, abundance of immune infiltrates (B cells, macrophages, myeloid dendritic cells, neutrophils, and CD4+ and CD8+ T cells), and survival time are shown in Figure 4B. Patients with low HOXB13 gene expression and low macrophage infiltration had longer survival times than those with low gene expression and high macrophage infiltration (p < 0.05). Patients with high HOXB13 gene expression and low neutrophil infiltration had longer survival times than those with high gene expression and high neutrophil infiltration (p < 0.01). B cells, myeloid dendritic cells, and CD4+ and CD8 + T cells did not have a prognostic value. Thus, cumulative curve analysis showed that immune infiltrates were significantly associated with HOXB13 in LIHC, indicating that immune-infiltrating cells significantly affected prognosis. In this study, we found a significant correlation between survival time and the HOXB13 expression in the infiltration of two immune cell types, macrophages and neutrophils, indicating that HOXB13 expression in combination with immune cell status can predict prognosis.




3.5. Protein Expression of HOXB13 in LIHC


The protein expression levels of HOXB13 were obtained from the HPA database. IHC images of the HPA revealed that the protein expression of HOXB13 was undetected in normal liver tissue, whereas protein expression of HOXB13 was significantly higher in LIHC tissues (Figure 5). Our results revealed the overexpression of HOXB13 at the transcriptional and translational levels in patients with LIHC.




3.6. Co-Expression Analysis of the HOXB13 Gene


GO (biological processes, cellular components, and molecular functions) and KEGG pathway analyses of HOXB13-related genes were performed to explore the molecular mechanism of HOBX13 in HCC regulation. GO annotations presented that HOXB13 co-expressed genes were predominantly co-expressed during chromosome segregation, cell cycle G2/M phase transition, chromosome localization, DNA conformational changes, microtubule cytoskeleton organization involved in mitosis, chromatin assembly or disassembly, etc. (Figure 6A). KEGG pathway assays demonstrated the enrichment of DNA replication, spliceosomes, the cell cycle, homologous recombination, the Fanconi anemia pathway, and mismatch repair (Figure 6B). These data suggest that HOXB13 may be associated with DNA replication, cell cycle, and proliferation.



Therefore, we examined the expression level of MMP9, E2F1, and MEIS1 based on the above result. Then, the correlation between the expression levels of HOXB13, MMP9, E2F1, and MEIS1 was determined. The gene–gene correlation analysis results indicated that HOXB13 expression was positively correlated with the expression of MMP9 (R = 0.176, p < 0.001), E2F1 (R = 0.241, p < 0.0001), and MEIS1 (R = 0.189, p < 0.001) (Figure 7A–C).




3.7. Effect of HOXB13 Silencing on MMP9, E2F1, and MEIS1 mRNA Expression


To confirm these results, a cell-line assay was performed. We explored the association between HOXB13 and MMP9, E2F1, and MEIS1 as cell cycle- and proliferation-associated genes in HOXB13-knocked HepG2 and PLC/PRF/5 cells. HOXB13 was knocked down in HepG2 and PLC/PRF/5 cells, and cells transfected with the negative control siRNA were used as controls. To confirm the relationship between HOXB13, MMP9, E2F1, and MEIS1, HOXB13-siRNA efficacy was examined using qPCR. As shown in Figure 8A, HOXB13 mRNA levels were significantly lower in both HepG2 and PLC/PRF/5 cells transfected with HOXB13-siRNA than in cells transfected with NC siRNA (p < 0.05). Additionally, HOXB13 knockdown significantly reduced the mRNA levels of MMP9 in HepG2 cells (p < 0.05); however, it upregulated MMP9 expression in PLC/PRF/5 cells (p < 0.0001) (Figure 8B). In PLC/PRF/5 cells transfected with HOXB13-siRNA, MEIS1 expression tended to decrease; however, the difference was not statistically significant (p = 0.0569). The other variables did not change significantly.




3.8. HOXB13 Knockdown Reduced HCC Cell Viability and Cell Recovery


The viabilities of HepG2 and PLC/PRF/5 cells were analyzed using the MTT assay. A statistically significant decrease was observed in cell viability on analyzing HepG2 and PLC/PRF/5 cell viability 24, 48, and 72 h after HOXB13 knockdown (Figure 9). Additionally, cell recovery was assessed using cell scratch wound healing analysis. Cell elasticity was observed 24 h after transfection with NC-siRNA and HOXB13-siRNA, and the areas of both HepG2 and PLC/PRF/5 cells were significantly wider after HOXB13-siRNA transfection than after NC-siRNA transfection (p < 0.05, p < 0.0001). After 48 h, the area was wider in PLC/PRF/5 cells (p < 0.05); however, there was no difference in HepG2 cells (Figure 10A,B).





4. Discussion


In this study, we analyzed open-access big data, such as TIMER, UALCAN, HPA, KM, LinkedOmics, and OSlihc, to confirm the clinical characteristics of HOXB13 in LIHC. HOXB13 function was investigated in HCC cell lines, HepG2 and PLC/PRF/5.



As a result of looking at HOXB13 expression in LIHC through big data, we showed that HOXB13 expression at both the mRNA and protein levels was higher in LIHC tissues than in non-cancerous tissues. Interestingly, its expression level was associated with gene mutations, and this association was frequently found in cancers. Genetic mutations occur in a variety of human cancer types, and TP53, LRP1B, and MUC16 are among the most frequently altered genes [16]. Using TIMER, we observed the association of HOXB13 with data from the top 15 genes with high mutation frequency in LIHC [17]. As a result, statistical significance was confirmed in TP53, LRP1B, and MUC16 genes (p < 0.05). TP53 and LRP1B act as tumor suppressor genes, and mutations can lead to poor prognosis [18,19,20]. Overexpression of MUC16 is associated with poor prognosis in several malignant tumors, and mutations are associated with melanoma, etc. [21,22].



And HOXB13 expression was associated with sex, age, and stage and correlated with variables associated with poor prognosis, such as higher N stage and clinical stage. HCC, the most common type of liver cancer, FLC, and the mixed type were included in the big data. In the present study, HOXB13 was overexpressed in FLC. Recent studies have shown that FLC has a better overall prognosis than other primary liver tumors, such as HCC and intrahepatic cholangiocarcinoma. However, FLC is an aggressive tumor due to its rarity, so despite its generally good prognosis, the overall cure rate is low and postoperative recurrence is common [23]. One limitation of our study is that the effect of HOXB13 overexpression on primary tumors and FLC could not be determined. Additional experiments are expected to be helpful in developing treatments for primary tumors and FLC caused by HOXB13.



Survival analysis using OSlihc data and a Kaplan–Meier plotter showed that HOXB13 expression was associated with a poor prognosis. All prognostic results, including OS, DSS, PFI, and RFS, were similar, indicating that HOXB13 may act as an oncogene in LIHC. Previous studies demonstrated HOXB13 as a tumor suppressor in colon and kidney cancer [9,10]. However, it and our data suggested that HOXB13 plays various roles depending on the cancer type. Additional research is needed to determine what role HOXB13 plays depending on the type of cancer.



Previous studies have shown that inflammation is essential for driving cancer development through tissue damage and that neutrophils play an essential role in this process. Additionally, the results show that neutrophils are strongly associated with cancer growth promotion and metastasis [24]. Therefore, we investigated the level of immune infiltration of HOXB13 in LIHC. Reverse permeabilization analysis revealed that HOXB13 expression was significantly associated with various immune cell types in LIHC. Analysis using the TIMER database showed that HOXB13 was positively correlated with the infiltration status of immune cells, including macrophages, CD4+ T, CD8+ T, B, and dendritic cells. Although the correlation coefficient was approximately 0.2, all tumor-infiltrating immune cells, except neutrophils, were closely related to tumor formation and development. Interestingly, survival analysis showed that high HOXB13 expression and high neutrophil counts were associated with a worse prognosis than the other groups. Neutrophils are crucial for HCC pathogenesis. They are also involved in tumorigenesis, local tumor progression, and metastasis [25]. Macrophages also showed a prognostic value for HOXB13 expression. Abnormal regulation of macrophages is associated with HCC [26]; however, other immune cells were not associated with LIHC progression. Additional studies with larger sample sizes are needed to validate these results and comprehend the exact mechanism underlying the role of HOXB13 during immune invasion and cancer progression in LIHC.



GO and KEGG enrichment analyses were performed to elucidate the function of HOXB13 in LIHC. GO data showed that HOXB13 may be involved in cell proliferation and the cell cycle. Based on the role of HOXB13, we observed an association with MMP9, E2F1, and MEIS1, which are genes that play a role in cell proliferation and carcinogenesis. MMPs are one of four subgroups of matrix proteases, and by secreting MMPs, HCC spreads not only to the liver itself but also to distant organs during the course of the disease. High expression of MMP9 is associated with poor survival in HCC, and higher expression and intensity of MMP9 has been shown to increase recurrence [27,28]. The expression level of E2F1 is upregulated in HCC compared to adjacent non-tumor tissue [29]. E2F1 is a transcription factor involved in the regulation of cellular processes such as cell migration and proliferation and generally terminates liver proliferation by activating target gene transcription. That is, it has both apoptotic and proliferative functions, and the detailed role of E2F1 requires further study [29,30]. Additionally, previous studies have shown that tumors with increased MEIS1 levels are potentially less aggressive and tumors with low MEIS1 levels have a high risk of biochemical recurrence and metastasis [31].



Based on this hypothesis, gene–gene correlation analysis was performed using big data and cell-line studies. First, big data showed that the expression of HOXB13 was positively correlated with that of MMP9, E2F1, and MEIS1. And then, HCC cell lines were transfected with HOXB13-siRNA to clarify the results in big data. Interestingly, MMP9 expression showed the opposite results in two HCC cell lines transfected with HOXB13-siRNA. Previous studies have shown different results, including showing that HOXB13 negatively regulates the expression and survival of MMP9 and that the expression of MMP9 is not significantly changed when HOXB13 is overexpressed [8,32]. To explain this difference between cell lines and big data, further studies on HOXB13 expression using patient samples are needed, and its molecular mechanisms should also be studied.



Afterwards, cell viability was confirmed through MTT assay, and migration ability was analyzed through wound healing analysis. HOXB13 knockdown significantly reduced the viability of HCC cells. These results suggest that HOXB13 affects the viability of HepG2 and PLC/PRF/5 cells. This is in agreement with our results from the big data analysis and previous results [8]. In addition, cell recovery through cell scratch wound healing analysis revealed that the gap between cells transfected with HOXB13-siRNA was wider than that between cells transfected with NC-siRNA. Although there were differences in the statistical results depending on the cell type and time, these results indicate that HOXB13 can inhibit the growth and migration of HepG2 and PLC/PRF/5 cells.




5. Conclusions


HOXB13 was overexpressed in HCC tissues and was positively correlated with immune cells. HOXB13 promotes the viability and migration of HCC cells, resulting in poor prognosis. These findings provide evidence of a novel regulatory mechanism involving HOXB13 in HCC and suggest that HOXB13 may serve as a promising therapeutic target for HCC.
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Figure 1. Expression level of HOXB13 observed through database. (A) Expression levels of normal and tumor tissues of HOXB13 in various types of cancer. (B) Comparison of HOXB13 expression in the TP53, LRP1B, and MUC16 mutants vs. WT LIHC groups via the TIMER 2.0 database. * p  <  0.05; ** p  <  0.01; *** p  <  0.001. 
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Figure 2. Prognostic significance of high expression of HOXB13 in LIHC. (A) Evaluation of the prognostic value of HOXB13 in Oslihc. p-value, confidence interval (95% CI) and number at risk are as shown. The y-axis represents survival rate, while the x-axis represents survival time (months). (B) The prognostic value of HOXB13 was analyzed using KM. 
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Figure 3. Relative HOXB13 expression in normal and different subgroups of LIHC. (A) Sex. (B) Age. (C) Histological subtypes. (D) Nodular metastasis. (E) Stage. (F) Grade. 
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Figure 4. Correlation between HOXB13 and infiltrated immune cells in LIHC. (A) Correlation analysis between HOXB13 and infiltrated immune cells using the TIMER database. (B) Survival analysis according to HOXB13 gene expression and expression of infiltrated immune cells observed in TIMER database. 






Figure 4. Correlation between HOXB13 and infiltrated immune cells in LIHC. (A) Correlation analysis between HOXB13 and infiltrated immune cells using the TIMER database. (B) Survival analysis according to HOXB13 gene expression and expression of infiltrated immune cells observed in TIMER database.



[image: Medicina 60 00716 g004]







[image: Medicina 60 00716 g005] 





Figure 5. IHC analysis of protein expression level of HOXB13 in LIHC. Protein expression of HOXB13 was analyzed using the Human Protein Atlas (HPA) database. 
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Figure 6. Co-expression analysis of HOXB13 in LIHC according to LinkedOmics database. (A) Correlation between HOXB13 expression and GO biological processes. (B) Correlation between HOXB13 expression and KEGG pathway. 
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Figure 7. Correlation analysis between (A) HOXB13 expression and MMP9. (B) HOXB13 expression and E2F1. (C) HOXB13 expression and MEIS1. 
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Figure 8. siRNA knockdown of HOXB13 in HCC cells and the association between MMP9, E2F1, MEIS1 mRNA expression. (A) Detection of HOXB13 mRNA expression in HepG2, PLC/PRF/5 cells at 48 h after transfection. (B) MMP9, E2F1, and MEIS1 mRNA expression in HepG2 and PLC/PRF/5 after HOXB13 knockdown. * p < 0.05, ** p < 0.01, **** p < 0.0001. 
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Figure 9. siRNA knockdown of HOXB13 and growth of HCC cells. (A) Detection of cell viability after transfection in HepG2. (B) Detection of cell viability after transfection in PLC/PRF/5. * p < 0.05, ** p < 0.01, *** p < 0.001, and **** p < 0.0001. 
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Figure 10. Cell migration in cell scratch wound healing assay. HOXB13 inhibited cell migration in HepG2, PLC/PRF/5. (A) Wound healing assay of HepG2 and PLC/PRF/5 for 24 h and 48 h. The HCCs treated with NC-siRNA were used as control. (B) Quantification of wound area in control and HOXB13-treated HepG2, PLC/PRF/5. * p < 0.05, **** p < 0.0001. 
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Table 1. Primer sequences used for RT-qPCR in this study.
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Name

	
Primer (5′ to 3′)






	
HOXB13

	
Forward: AGCTCCCGTGCCTTATGGTTA




	
Reverse: GGCTGGTAGGTTCCCGGAT




	
MMP9

	
Forward: TGTACCGCTATGGTTACACTCG




	
Reverse: GGCAGGGACAGTTGCTTCT




	
E2F1

	
Forward: AGGCCGCCATCCAGGAAAAG




	
Reverse: GGATGCCCTCAACGACGTTG




	
MEIS1

	
Forward: CACACTGGCCTTAAAGAGG




	
Reverse: GTAGATCGTCGTACCTTTGCG




	
GAPDH

	
Forward: GAAAGGTGAAGGTCGGAGTC




	
Reverse: GTTGAGGTCAATGAAGGGGTC

















	
	
Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to people or property resulting from any ideas, methods, instructions or products referred to in the content.











© 2024 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).








Check ACS Ref Order





Check Foot Note Order





Check CrossRef













media/file13.jpg





media/file4.png
A oS
1.001 Upper 50%
Other 50%
3
©
.0
g 0.501
©
.Z
E 0.251
a l—”—$
p = 0.042
HR = 1.44(1.01-2.04) 0Slihc
0.00
0 30 60 90 120
Months
Number at risk
Other 50%{ 181 58 23 3 0
Upper 50%1{ 180 51 19 6 1
0 30 60 90 120
Months
B oS
2 p =003
HR = 1.46(1.04-2.07)
(e 0]
- o
.5
©
L2 ©
0 o
E
o
w® <«
2 o |
2
: 1l
(7] N u
© | Expression L
— low
© | — high
& 1L 9

low
high

I I I I

0 20 40 60 80
Time (months)

Number at risk
197 1 49 25 6
173 71 35 17 13

100 120

w w
o

DSS
1.00 Upper 50%
Other 50%
2 075
=
[
e
o
3_ 0.50
© .
2
g 0.25 -
v
p = 0.0255
HR = 1.67(1.06-2.63) 0Slihe
0.00
0 30 60 90 120
Months
Number at risk
Other 50%{ 181 58 23 3 0
Upper 50%1{ 180 51 19 6 1
0 30 60 90 120
Months
RFS
o
- p=0.1
HR = 1.31(0.95-1.82)
[e0]
£ 3-
=
©
L ©
0 ©
—
o
© <
‘2 O
e
3
v N
© | Expression
—  low
= R
S high
T T T I I 1 1
0 20 40 60 80 100 120
Time (months)
Number at risk
low 173 66 29 13 2 1 0
high 143 39 18 7 s 2 1

PFI
1.001 Upper 50%
Other 50%
= 0.751
o)
[
o)
o
g 0.507
©
02
2 .
5 0.25
(7] +
p = 0.0349
HR = 1.38(1.02-1.85) 0OSlihc
0.001
0 30 60 90 120
Months
Number at risk
Other 50%{ 181 37 1 0 0
Upper 50%{ 180 29 9 3 1
0 30 60 90 120
Months





media/file18.png
® NC-siRNA
o HOXB13-siRNA

<

% % %k Xk
72h

% % Xk
48h

24h

150+

0
0=

72h

48h

24h

150 =

] i 1
(= o o
o n

=

ZodaH ul (%)Aqela 199





media/file3.jpg





media/file19.jpg
HepG2 NC-siRNA HOXB13-sIRNA

24h

48h

PLC/PRE/S NC-siRNA HOXB13-siRNA

Wound recovery in HepG2

—
e Hvivcsr ol

g

z,

-

g

£

g

-

E.

s o

24n 4ash 24h ash





media/file7.jpg





media/file10.png
HPA062852

Female, age 54

Liver (T-56000)

Normal tissue, NOS (M-
100

)
Patient id: 3402

Cholangiocytes
Staining:  Not detected
Intensity:  Negative
Quantity:  None

Hepatocytes
Staining:  Not detected

Intensity:  Negative
Quantity:  None

HPA062852
Female, age 64
Liver (T-56000)

Cholangiocarcinoma (M-
81603)
Patient id: 4837

Tumor cells
Staining:  Not detected

Intensity:  Weak
Quantity: <25%
Cytoplasmic/

: - membranous

HPA062852

Male, age 66
Liver (T-56000)
Cholangiocarcinoma (M-
81603)

Patient id: 4839

Tumor cells
Staining:  Medium

Intensity:  Moderate
Quantity:  75%-25%
Cytoplasmic/
membranous

HPA062852
Female, age 66
Liver (T-56000)

Carcinoma,
Hepatocellular, NOS (M-
81703

Location:

Patient id: 82

Tumor cells
Staining:  Medium

Intensity:  Moderate
Quantity:  75%-25%
Cytoplasmic/

. " membranous






media/file14.png
HOXB13 Expression Level (log2 TPM)

° ¢ R= 0.176
p <0.001

0.0 25 5.0 75
MMP9 Expression Level (log2 TPM)

HOXB13 Expression Level (log2 TPM)

R= 0.241
p<0.0001

HOXB13 Expression Level (log2 TPM)

R=0.189
p <0.001

1 3
MEIS1 Expression Level (log2 TPM)






media/file11.jpg





media/file6.png
Transcript per million

[=J

—

o
1

Transcript per million

o
&
|

0.3 1 4 —
T o 025 - - -
& 2 5 '
= — 1
e 024 £ |
- -
2 3
0.15 2 —
g E
G o
@ 0.1 0
e =
Z — @ 17
= ! =
0.05 |
H H !
i “F : |
i = " i N i s 0 : i —
Normal Male Female Normal 21-40Yrs 41-60Yrs 61-80Yrs 81-100 Yrs Normal Hepatpoellular Fibrolgmellar Hepatocholar_\gio
(n=50) (n=245) (n=117) (n=50) (n=27) (n=140) (n=181) (n=10) (n=50) carcinoma carcinoma carcinoma (Mixed)
E (n=361) (n=3) (n=7)
0.5 - 0.25
5 o | e
S 04 g 0.2
£ 03 g
= 0.3 = 0157
° —_—
g a
Rl -t
1 - —— Oe O%
i G 0% S 01-
| : :
g T -
i i
i —_ i
: I
0 ’ 0
Normal NO N1
Normal Stage1 Stage2 Stage3 Staged N I
n=50 n=252 n=4 ormal Grade 1 Grade 2 Grade 3 Grade 4
A PSS . (n=50) (n=168) (n=84) (v=62) (0=6) (n=50) (n=54) (n=173) (n=118) (n=12)





media/file15.jpg





nav.xhtml


  medicina-60-00716


  
    		
      medicina-60-00716
    


  




  





media/file16.png
<<

p < 0.0001

p < 0.05

p < 0.0412

»*

9,
w0 = w = %
-— . (=] =
LSI3N i0o co-wmﬂh&xw aANeIoY

x = I | %

L4Z3 Jo uojssaidxa aapnePy

F->
* _\ .
* &
* “®,
4, o
<, %
&
T T T T 1 (»)
T & 2 « o

64N JO uojssaidxa aanpe|ay

Am‘\as
£,
(>
rS 4
A\@.\\a. O‘w\
L T e T
LSI3N Jo uojssaidxa aape|dy
>
Am.\\em
o \0
o PO
Ty, %
w0 = o S 2%
-~ - = =)

L4Z3 Jo uoissaidxa aae|ay

-
<z
- PO R
T, %
Zs
1 ] L] | ] 1
0 S o S
by b o (=] o

6dIN JO uojssaidxa aape|ay

T
=
o~

1
w0 S 5. o
o

€L 9XOH 30 uoissaidxa anneey

o
S >
S » f %
(=T m...\
o TS
L
I T T 1 .U\N\

€LE9XOH j0 uoissaudxa annePy

PLC

HepG2

PLC/PRF/5

HepG2





media/file2.png
- * e .Qa
A

O ) .-.‘i
R AR Lt |

s

¢ o7

*hhkk  Khkk Ak

KAk kAKX *k

* K

*kk

*kk

- (08=U) JownL WAN

- (26=U) Jown]'SON

- (Ge=U) [ewJON'D3ON

- (GbG=u) Jown 'D30N

- (0Z)=u) Jown| 'WAHL

- (6G=U) [BWION'YOHL

- (10G=u) Jown| 'YOHL

- (0G)=u) Jown| | 091

- (GE=U) [BWION'QVLS

- (GLp=U) Jown|'QVLS

- (89€=U) SIsejselol WONS
- (801 =) Jown| WONS

- (6G2=U) Jown| 'OYYS

- (01=U) lewJON' QY3

- (991.=u) Jown|'QY3Y

- (26=U) |ewJON Qv¥d

- (L6¥=u) Jown| ' Qvyd

- (£=U) |ewION'9d0d

L (6L1=) Jown] '940d

- (p=U) |BWION AYYd

- (821=u) Jown| Avvd

- (£0€=U) Jown ' AO

- (£8=U) Jown]"OS3IN

- (1G=U) [ewION"OSN

- (10G=U) JownL OSSN

- (6G=U) [BWION"AVYN

- (G1G=u) Jown|'avN

- (0G:=U) [eWJON"OHIT

- (12€=U) Jown| "OHI

- (91G=u) Jown| 997

- (2):=U) Jown] TN

- (Z8:=U) [BWION dYIN

- (062=U) JownL dYIN

- (22=U) |BWION" DYIN

- (££G=U) Jown| "OYIN

- (GZ=U) [BWION'HOIN

- (99=U) Jown]"HOIM

- (12¢=u) Jown| -AdH-OSNH
- (£6=U) Jown] " +AdH-OSNH
- (Pb=U) [BWION'OSNH

- (026=U) JownL OSNH

- (G=U) |ewloN NGO

- (£G1=u) Jown|"'WEO

- (11=U) |BWION'YOST

- (P81 =U) Jown| 'yYOS3

- (8p=U) Jown]"0g1a

- (Lp=U) lewlON QYO0

- (LGp=u) Jown|'QY0D

- (6=U) |eWIONTOHO

- (9¢=U) Jown] JOHD

- (£=U) |ewION'0S30

- (p0g=u) Jown| '0S30

- (£12=) Jown] 'gwn-yOug
- (P9G=U) Jown| 'Ywn-yOug
- (28=U) Jown| 'ZJoH-YOH8
- (061.=u) Jown| '|leseg-yOug
- (21 1:=U) lewION YO¥g

- (£601 =) Jown] 'yOyg

- (61=U) [BWION'YOTE

- (80 =U) Jown] 'y)18

L (62=U) Jown] DOV

(WdL zboj) [ora uoissaudx3 €L gXOH

Mutated MUC16

WT MUC16

P=0.0039

Mutated LRP1B

WT LRP1B

-
-

P=0.0029

Mutated TP53

WT TP53

5=

3
2 -

0=

€1L9XOH





media/file20.png
48h

PLC/PRF/5 NC-siRNA HOXB13-siRNA

24h

48h

%k %k %k %k %k
E; 6= & 5=
o .|
) o,
= X G = 7
.E 4- (o] E‘ -ﬂ-
P S 3-
Q >
> ]
g 8 2-
© 2+ =
- [ =
c s 1=
S 2
< o o

T T T T
24h 48h 24h 48h

NC-siRNA
® HOXB13-siRNA





media/file5.jpg
4
i

L

i

E)

i

o






media/file1.jpg





media/file12.png
A

I FOR s 0.05 [IFDR > 0.05
-3.0 -25 -20 -1.5 -1.0 -0.5 0.0 05 1.0 15 20
L 1 L L L ik i L L L J
chromosome segregation
cell cycle G2/M phase transition
chromosome localization
DNA conformation change
bule cytoskel B t involved in mitosis
chromatin assembly or disassembly
spindle organization
embryonic skeletal system development
membrane docking
DNA replication
cell cycle checkpoint
meiotic cell cycle
regulation of cell cycle phase transition
mitotic cell cycle phase transition
pattern specification process
kinetochore organization
tongue development
protein-DNA complex subunit organization
telomere organization
positive regulation of cell cycle
I
acute inflammatory response
vitamin metabolic process
response to xenobiotic stimulus
lipid homeostasis
lipid modification
organic acid biosynthetic process
antiblotic metabolic process
neutral lipid metabolic process
cellular amino acid metabolic process
lipid catabolic process
benzene
cellular ketone metabolic process
dicarboxylic acid metabolic process
drug catabolic process
cellular aldehyde metabolic process
nucleoside bisphosphate metabolic process
small molecule catabolic process
peroxisome organization
fatty acid metabolic process
coenzyme metabolic process
protein activation cascade
peroxisomal transport
r T T T T T 1
-3.0 -25 =20 -5 -10 1.0 15 20

+
5 0.0
Normalized Enric

hment Score

I FDR 5 0.05 U FDR > 005
-3.0 -20 -15 -10 -05 00 05 10 15 20
L L A i A 4 ' I I
DNA replication
Splhceosome
Cell cycle
Homologous recombination
Fanconi anemia pathway
Mismatch repair
MRNA surveillance pathway
Pathogenic Escherichia coli infection ‘
Cardiac muscle contraction ‘
Mucin type O-glycan biosynthesis !
Base excision repair !
Alcoholism
Insulin secretion
Amphetamine addiction
RNA transport |
Dilated cardiomyopathy (DCM)
Ether lipid metabolism i
Glycosphingolipid biosynthesis i
Hippo signaling pathway I
MicroRNAs in cancer |
Hypertrophic cardiomyopathy (HCM) ‘
Fc gamma R-mediated phagocytosis ]
Histidine metabolism
beta-Alanine metabolism
Carbon metaboksm
Lysine degradation
Citrate cycle (TCA cycle)
Drug metabolism
Arginine biosynthesis
Poeph o b
Tyrosine metabolism
Glyoxylate and dicarboxylate metabolism
Pyruvate metabolism
Pentose and glucuronate interconversions
Ascorbate and aldarate metabolism
Primary bile acid biosynthesis
Propanoate metabolism
Tryptophan metabolsm
Fatty acid metabolism
Glycine, serine and threonine metabolism
Valine, leucine and isoleucine degradation
PPAR signaling pathway
Drug metabolism_1
Metabolism of xenobiotics by cytochrome P450
r T T + T T T ]
=30 -25 20 15 -10 - 10 15 20

5 0.0
Normakzed Enrichment Score





media/file9.jpg
Liver cancer

i 366
e (15500,
o

()
Puten 49

o e






media/file0.png





media/file8.png
HOXB13 Expression Level(log2 TPM)

Cumulative Survival

Purity B cell_TIMER Purity Macrophage_TIMER Purity Myeloid dendritic cell_TIMER
5 5 . 3
‘ R =-0.008 *1° R =0.246 ‘ R =-0.008 " R =0.182 R =-0.008 R =0.247
2 p =0.885 p <0.001 p =0.885 p <0.001 p =0.885 p <0.001
34 31
o L[] 'l L] [ ] . 0 L] .l L [ ]
T I
2- : . (] .. * . 2- :l
- . S .. . - o
14 w . ’ - - b
L '] ..'
L ™ ") o” .
of | i 0
0.25 0.50 0.75 1.00 0.0 05 1.0 15 0.25 0.50 0.75 1.00 0.0 05 1.0 T 0.25 0.50 0.75 1.00 05 1.0 1D 20
Purity Infiltration Level Purity Infiltration Level Purity Infiltration Level
Purity Neutrophil_TIMER Purity T cell CD4+_TIMER ; Purity T cell CD8+_TIMER
5
. R =-0.008 . : R=0.117 : R =-0.008 » R =0.258 ! R =-0.008 ’ i R =-0.107
p =0.885 p=0.96 p =0.885 p < 0.001 4 p =0.885 p =0.0478
44 J -
o :. : ' ° . :. " . :. ? %
34 34 34
. [] ¢ ® [ . . 0 L] '0 ’ e
Q . L;) . g
2-: . a.' ° : 0.. o ¢ . 2-_l 2_-l . o.' . . ’ - .
. B ° Ot.. . . o‘ '.. . . . . . : N a.' .. &".. o*
11 22 o 11 17 . $° '3 .
¢ e *s . e ¢ L el e ..l' TXL
o | S e e S N R PN o] | Tt o —
025 05 075 10000 02 04 06 025 05 075 10000 05 10 15 20 025 05 075 10000 05 10 15 20
Purity Infiltration Level Purity Infiltration Level Purity Infiltration Level
. — e 1:Low Gene Expression + Low B cell_TIMER 5 == 1:Low Gene Expression + Low Macrophage_TIMER = w== 1:Low Gene Expression + Low Myeloid dendritic cell_TIMER
L we 2:Low Gene Expression + High B cell_TIMER L3 we 2:Low Gene Expression + High Macrophage_TIMER s 2:Low Gene E + High Myeloid dendritic cell_TIMER
=== 3:High Gene Expression + Low B cell_TIMER === 3:High Gene Expression + Low Macrophage_TIMER w== 3:High Gene Expression + Low Myeloid dendritic cell_TIMER
== 4:High Gene Expression + High B cell_TIMER == 4:High Gene Expression + High Macrophage_TIMER = 4:High Gene Expression + High Myeloid dendritic cell_TIMER
© © © |
o | o o
© © o .
o o =
- < o P
o o o
—
N N L
o o fpp— o
—
2vs 1: HR = 0.835, p = 0.397 2 vs 1: HR = 1.59, p = 0.0246 o | 2vs1:HR =112, p = 0.59%
S | 4vs 3: HR = 0.951, p = 0.839 © 1 4vs3:HR =143, p=0.158 * -+ 4vs 3: HR = 1.21, p = 0.461
© | I I I 1 I | © 1 1 I I I I I o | | I I I 1 I
0 20 40 60 80 100 120 0 20 40 60 80 100 120 0 20 40 60 80 100 120
o - Lon o :
- wm 1:Low Gene Expression + Low Neutrophil_TIMER . w= 1:Low Gene Expression + Low T cell CD4+_TIMER i ™1 e 1:Low Gene Expression + Low T cell CD8+_TIMER
A e 2:Low Gene Expression + High Neutrophil_TIMER | ~ we 2:Low Gene Expression + High T cell CD4+_TIMER === 2:Low Gene Expression + High T cell CD8+_TIMER
=== 3:High Gene Expression + Low Neutrophil_TIMER === 3:High Gene Expression + Low T cell CD4+_TIMER === 3:High Gene Expression + Low T cell CD8+_TIMER
= 4:High Gene Expression + High Neutrophil_TIMER == 4:High Gene Expression + High T cell CD4+_TIMER === 4:High Gene Expression + High T cell CD8+_TIMER
© © @
o o o
© | © -
o o =
< | < =
(] (o ] o
| | —
N N —_— - N -~
o o
o - "I
2vs : HR =14, p=0.104 2vs 1: HR = 0.86, p = 0.484 2vs 1: HR = 0.964, p = 0.86
Q | 4vs 3: HR = 1.94, p = 0.00981 © | 4vs 3: HR = 0.723, p = 0.181 o 4vs 3: HR = 1.23, p = 0.388
= 1 T T l I | & e 1 T 1 T r T o Y T I 1 ; r 1
0 20 40 60 80 100 120 0 20 40 60 80 100 120 0 20 40 60 80 100 120

Time to Follow-up(mont