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Abstract
BACKGROUND
[bookmark: _Hlk128309636]The expression of brain cytoplasmic RNA1 (BCYRN1) is linked to the clinicopathology and prognosis of several types of cancers, among which hepatocellular carcinoma (HCC) is one of the most frequent types of cancer worldwide.

AIM
To explore the prognostic value and immunotherapeutic potential of BCYRN1 in HCC by bioinformatics and meta-analysis.

METHODS
Information was obtained from the Cancer Genome Atlas database. First, the correlation between BCYRN1 expression and prognosis and clinicopathologic characteristics of HCC patients was explored. Univariate and multivariate regression analyses were employed to examine the relationship between BCYRN1 and HCC prognosis. Secondly, potential functions and pathways were explored by means of enrichment analysis of differentially-expressed genes. The relationships between BCYRN1 expression and tumor microenvironment, immune cell infiltration, immune checkpoint, drug sensitivity and immunotherapy effect were also investigated. Finally, three major databases were searched and used to conduct a meta-analysis on the relationship between BCYRN1 expression and patient prognosis.

RESULTS
BCYRN1 expression was significantly higher in HCC compared to normal tissues and was linked to a poor prognosis and clinicopathological characteristics. Enrichment analysis showed that BCYRN1 regulates the extracellular matrix and transmission of signaling molecules, participates in the metabolism of nutrients, such as proteins, and participates in tumor-related pathways. BCYRN1 expression was linked to the tumor microenvironment, immune cell infiltration, drug sensitivity and the efficacy of immunotherapy. Furthermore, the meta-analysis in this study showed that BCYRN1 overexpression was related to a worse outcome in HCC patients. 

CONCLUSION
Overexpression of BCYRN1 relates to poor prognosis and may be a potential prognostic factor and immunotherapeutic target in HCC. 
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Core Tip: In this study, we combined the research methods of meta-analysis and bioinformatics analysis to comprehensively analyze and explore the prognostic value of brain cytoplasmic RNA1 (BCYRN1) in hepatocellular carcinoma (HCC) and the prospects of immunotherapy. Our study found that overexpression of BCYRN1 was significantly associated with poor prognosis in HCC patients and may be an independent prognostic factor for HCC and a target for immunotherapy.

INTRODUCTION
Hepatocellular carcinoma (HCC) is one of the most common types of cancer worldwide and has a high mortality rate[1]. Relevant statistics have shown that the number of new liver cancer cases worldwide was about 9 million in the year 2020, of which the most common type was HCC. HCC is the third-leading cause of cancer-related deaths worldwide, with a 5-year survival rate of less than 20%[2,3]. Early detection of HCC can achieve a good 5-year survival rate by surgical treatment[4], liver transplantation and radiotherapy. However, the symptoms of patients with early HCC are not apparent. Therefore, most patients are diagnosed in the advanced stage. Since only systemic chemotherapy can delay progression, the prognosis is very poor[5]. Therefore, early diagnosis and treatment is particularly important. Identifying novel sensitive tumor markers and discovering novel molecular therapeutic targets are key goals, and exploring novel immunotherapeutic drugs is another breakthrough[6,7].
With the progress of high-throughput sequencing technology, research on long non-coding RNA (lncRNA) has developed rapidly in the field of bioinformatics, especially in oncology[8]. LncRNAs are generally longer than 200 nucleotides and do not encode proteins[9]. An increasing number of studies have shown that lncRNAs can influence gene expression at translational and transcriptional levels by chromatin remodeling, affecting RNA splicing and controlling the transmission of signaling pathways[10,11]. In addition, lncRNA affects tumor and immune cell metabolism, remodeling of the immune microenvironment and promoting carcinogenesis[12]. Abnormal expression of lncRNAs can affect biological processes, including tumor cell growth, migration, invasion, angiogenesis and metastasis, which are linked to the occurrence and prognosis of various types of cancer and has a broad research prospect[13,14].
Brain cytoplasmic RNA1 (BCYRN1), also known as brain cytoplasmic 200 (BC200), is mainly present in neurons, and abnormal expression of BCYRN1 is associated with neurodegenerative diseases and malignant tumors[15]. It has previously been shown that compared with surrounding normal tissues, BCYRN1 is overexpressed in a number of cancer types[16,17], including gastric cancer[18,19], bladder cancer[20,21], colorectal cancer[22-25] and HCC[26-28]. Furthermore, BCYRN1 overexpression is closely related to poor patient prognosis[15]. Therefore, BCYRN1 is a potential cancer therapeutic target and tumor prognostic marker[29]. To further clarify the prognostic value of BCYRN1 in HCC and the prospects of immunotherapy, data related to HCC was obtained from the Cancer Genome Atlas (TCGA), and bioinformatics analysis was performed. First, expression levels of BCYRN1 were explored in normal liver tissues and HCC and differences in survival prognosis between the low and high expression groups of BCYRN1 were analyzed. Second, the relationship between the BCYRN1 expression level and clinicopathologic characteristics in HCC patients was investigated. Univariate and multivariate Cox regression analysis and nomogram prognostic models for HCC were performed. In addition, co-expressed genes and differentially expressed genes (DEGs) related to BCYRN1 were screened, and enrichment analysis was employed to further investigate the possible pathways and functions of BCYRN1. The correlations between BCYRN1 expression and tumor microenvironment (TME), immune cell infiltration, immune checkpoints, tumor mutation burden (TMB), chemosensitivity and immunotherapy efficacy were investigated. Finally, to validate the prognostic value of BCYRN1 in HCC, a relevant literature search and meta-analysis were performed.

MATERIALS AND METHODS
Data download
Gene expression data and information on clinical features from 50 normal tissue samples and 374 liver hepatocellular carcinoma (LIHC) samples were obtained from the TCGA database (https://portal.gdc.cancer.gov/). Subsequent analyses and mapping were performed on this dataset. Because the TCGA database is freely accessible, ethics committee approval was not required for this study.

Expression of BCYRN1 in pan-carcinoma and HCC
A uniformly normalized pan-cancer dataset was downloaded using the University of California Santa Cruz database (https://xenabrowser.net/), expression information of BCYRN1 in every sample was obtained, and the expression difference plots of BCYRN1 in pan-cancer was mapped through the online bioinformatics analysis website Sangerbox (http://sangerbox.com/, based on TCGA and GTEx databases). R software (R 4.1.3 version) was utilized to analyze the expression differences of BCYRN1 in HCC using R packages “limma,” “ggplot2” and “ggpubr.” Boxplots were plotted, and difference plots of expression differences were paired.

Association between BCYRN1 expression and HCC patient survival prognosis
The online database GEPIA2 (http://gepia2.cancer-pku.cn) was used to evaluate the relationship between BCYRN1 gene expression levels and survival prognosis of HCC patients. Second, the data downloaded from TCGA were analyzed using the “survival” and “survminer” R packages, and Kaplan-Meier (KM) curves were plotted to show the association of BCYRN1 expression with progression-free survival (PFS) and overall survival (OS). Finally, receiver operating characteristic (ROC) curves were plotted to assess the predictive value of BCYRN1 expression for different prognosis years using the “timeROC” R package.

Association between BCYRN1 and clinicopathologic features of HCC
The associations between BCYRN1 and HCC clinicopathology (age, gender, tumor stage, T stage, M stage, histological grade) were analyzed using the “limma” and “ggpubr” R packages using previously downloaded clinical information from the TCGA database. Finally, a heatmap of clinical relevance was plotted using the R package “ComplexHeatmap.”

Analysis of independent prognostic factors and establishment of prognostic model
First, the R package “survival” was used to accomplish univariate regression analysis and multivariate COX regression analysis of the expression of BCYRN1 with clinicopathological information and survival information of HCC patients. Then, forest plots were drawn to determine independent prognostic indicators of HCC. Second, the R packages “survival,” “rms” and “regplot” were used to summarize the clinical and prognostic information of patients. Nomograms were drawn to predict 5-year, 3-year and 1-year OS rates of HCC patients. To evaluate the accuracy of the prediction model, a calibration curve of the nomogram was drawn.

Gene co-expression and grouping DEG analysis of BCYRN1
In this study, co-expression analysis was performed using the “Pearson” method with four R packages, “limma,” “ggplot2,” “ggpubr” and “ggExtra.” A certain index was set to screen focused co-expressed genes (correlation coefficient > 0.5, P < 0.001) after which visual analysis was performed. Twelve genes with the strongest correlation were selected from the co-expressed genes, and the co-expression circles were plotted using the “circlizeand” and “corrplot” R packages. Finally, BCYRN1 expression was divided into low and high expression groups using the R package “limma,” and screening conditions were set (false discovery rate < 0.05 and log2 foldchange > 1). Next, the DEGs in the groups were screened, and 50 upregulated and downregulated genes were selected, visualized using the “pheatmap” R package. A heat map of differential expression was drawn.

Enrichment analysis of BCYRN1-associated DEGs
To explore the possible enriched signaling pathways and related functions, gene ontology (GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG) enrichment analysis of BCYRN1-related DEGs were conducted using a series of R packages (“clusterProfile,” “org.Hs.eg.db,” “circlize,” “RColorBrewer,” “enrichplot,” “dplyr,” “ComplexHeatmap”). The filter condition P value filter was set to 0.05. In this process, a histogram, bubble diagram and GO circle diagram were drawn. Finally, the possible enriched functions and pathways of BCYRN1-associated DEGs were further explored using HCC using Gene Set Enrichment Analysis (GSEA).

Correlation analysis between BCYRN1 expression in HCC and TME and immune cell infiltration
Previously downloaded HCC-related expression data were entered, the scores of immune cells and stromal cells of HCC-related samples were calculated utilizing the “limma” and “estimate” R package, and the scores of the two cells were added to obtain a comprehensive score “ESTIMATEScore.” The “reshape2” and “ggpubr” R packages were used to plot the resulting TME scores into violin plots for TME difference analysis between low and high BCYRN1 expression groups. The R packages “limma” and “CIBERSORT” were used to compute the percentage composition of 22 immune cells in each sample. Next, the “reshape2,” “vioplot” and “ggExtra” R packages were used to draw boxplots and correlation scatterplots of immune cell differences. Finally, lollipops were plotted according to the sorted correlation results.

Correlation analysis between BCYRN1 and immune checkpoint genes and TMB
Immune checkpoint genes associated with BCYRN1 were selected using the “reshape2,” “ggplot2,” “ggpubr” and “corrplot” R packages. A correlation coefficient of P < 0.001 was set as the screening filter based on the downloaded gene expression data and immune checkpoint-related gene lists of HCC samples, and circular correlation heat maps and rectangular correlation heat maps were plotted, respectively. Then, the R package “ggExtra” was utilized to explore the correlation between the expression of BCYRN1 and TMB based on genetic tumor mutation load files, and scatter plots of the correlation were drawn.

Correlation analysis of BCYRN1 expression with drug sensitivity and immunotherapy
The R package “pRRophetic” was utilized to compute the half-maximal inhibitory concentration (IC50) of the drug based on downloaded gene expression data, and P = 0.001 was set as a filtering condition. Next, the calculation results were visualized as a difference boxplot using the R packages “ggplot2” and “ggpubr”. The corresponding IC50 differences between the low and high BCYRN1 expression groups were assessed from the boxplots to determine the sensitivity differences of anticancer drugs. Next, HCC-related immunotherapy-related data were downloaded from the Cancer Immunome Atlas database (https://tcia.at/). The scores of immunotherapy in the low and high expression groups of BCYRN1 were analyzed using the “limma” and “ggpubr” R packages, and differential violin plots were drawn.

Meta-analysis search strategy
Searches were conducted as required by PRISMA guidelines[30]. With a cutoff date of October 2022, three English databases, Web of Science, PubMed, and Embase, were used to search for relevant studies on BCYRN1 in HCC. The search keywords used were: (“BCYRN1” OR “BC200a” OR “LINC00004” OR “BC200” OR “Brain cytoplasmic RNA1”) AND (“Hepatocellular carcinoma” OR “HCC” OR “Liver cancer”). Two authors independently performed the search, and disagreements were resolved by discussion.

Inclusion and exclusion criteria
Inclusion criteria: (1) Patients diagnosed with HCC; (2) The target gene studied was BCYRN1; (3) The expression level of BCYRN1 was detected by quantitative real-time polymerase chain reaction (qRT-PCR); and (4) According to the expression level of BCYRN1 in HCC tissues, patients were separated into a low expression group and a high expression group. Survival hazard ratios (HRs) and the 95%CI were obtained by KM curves or multivariate regression analysis. Exclusion criteria: (1) Repeated studies; (2) The disease type was not HCC; (3) The target gene investigated was not BCYRN1; (3) The types of studies were reviews, meta-analyses, conference abstracts, letters and case reports; (4) Articles that did not focus on survival prognosis and focused on biological functions or mechanisms; and (5) Lack of HR or KM survival curves.

Data extraction and quality evaluation of included literature
The following information was extracted from the literature: first author’s name, country or region, publication time, sample size, method of RNA detection, cutoff values for high and low expression, source of HR values, HR with 95%CI and follow-up time. If the HR of BCYRN1 was acquired by multivariate regression analysis in the study, it was extracted directly. Otherwise, it was indirectly derived by utilizing the Engauge Digitizer tool program from KM survival curves. Articles included were graded according to the Newcastle-Ottawa scale (NOS) and were considered eligible if they scored 6 or higher.

Statistical analysis
Stata12.0 software was used to analyze the extracted data. Forest plots were plotted to combine the extracted HR and 95%CI, and heterogeneity was assessed across studies by calculating I2 values. HR was combined using a fixed effects model if I2 was less than 50%, thereby indicating that no obvious heterogeneity existed between studies, and a random effects model if I2 was greater than or equal to 50%. Begg’s test was used to evaluate publication bias, and sensitivity analysis was performed to investigate the stability of the results. P < 0.05 was considered statistically significant.

RESULTS
Differential expression analysis of BCYRN1 in pan-carcinoma and HCC
BCYRN1 expression was explored in pan-cancer, and it was discovered that BCYRN1 expression was significantly higher in 17 tumor tissues compared to normal tissues, including breast invasive carcinoma (BRCA), lung adenocarcinoma (LUAD), esophageal cancer (ESCA), stomach and esophageal carcinoma (STES), stomach adenocarcinoma (STAD), lung squamous cell carcinoma (LUSC), LIHC, Wilms’ tumour (WT), skin cutaneous melanoma (SKCM), ovarian serous cystadenocarcinoma (OV), pancreatic adenocarcinoma (PAAD), testicular germ cell tumors (TGCT), uterine carcinosarcoma (UCS), acute lymphoblastic leukemia (ALL), acute myeloid leukemia (LAML), kidney chromophobe (KICH) and cholangiocarcinoma (CHOL). In contrast, BCYRN1 expression was significantly lower in seven tumor tissues compared to normal tissues, including glioblastoma multiforme (GBM), glioma (GBMLGG), kidney renal papillary cell carcinoma (KIRP), pan-kidney cohort (KIPAN), kidney renal clear cell carcinoma (KIRC), thyroid carcinoma (THCA), and adrenocortical carcinoma (ACC) (Figure 1A). Then, BCYRN1 expression was explored in HCC, and the difference analysis boxplot (Figure 1B) showed that BCYRN1 expression in HCC tissues was significantly (P < 0.01) higher compared to that in normal liver tissues. These findings were consistent with the result of paired difference analysis of samples (P < 0.001) (Figure 1C).

Correlation between prognosis and BCYRN1 expression in HCC patients
The relationship between BCYRN1 expression and the OS and disease-free survival (DFS) of HCC patients was investigated by the GEPIA2 database. The findings showed that overexpression of BCYRN1 was associated with a worse OS (P = 0.0047; Figure 2A) and DFS (P = 0.0075; Figure 2B) in HCC patients. Based on the TCGA database, KM survival prognosis curves were drawn, and the results showed that patients with high expression of BCYRN1 had a worse OS (P < 0.001; Figure 2C) and PFS (P = 0.025; Figure 2D). Finally, plotted ROC curves (Figure 2E) showed that the expression of BCYRN1 was highly predictive for the 5-year prognosis of HCC patients.

Correlation between BCYRN1 expression and clinicopathological characteristics of HCC patients
By analyzing the connection between BCYRN1 expression and the clinicopathological characteristics of HCC patients, it was discovered that BCYRN1 expression was not significantly correlated with age (P = 0.26; Figure 3A), sex (P = 0.65; Figure 3B) and M stage (P = 0.17; Figure 3F) of patients. A significant correlation was observed with pathological grade (G1 vs G2 and G1 vs G3, P < 0.05; Figure 3C), clinical stage (stage 1 vs stage 2, stage 1 vs stage 3 and stage 1 vs stage 4, P < 0.05; Figure 3D) and T stage (T1 vs T2, T1 vs T3 and T1 vs T4, P < 0.05; Figure 3E) of patients. In addition, a heat map (Figure 3G) was associated with clinicopathological features, and a significant relationship was observed between BCYRN1 expression and the pathological grade (P < 0.05), clinical stage (P < 0.001) and T stage (P < 0.0001) of patients.

Analyses of independent prognostic markers for survival and establishment of nomogram prediction model
To confirm the prognostic significance of BCYRN1 in HCC patients, univariate (Figure 4A) and multivariate regression analyses (Figure 4B) of prognostic markers in HCC patients were completed. The results of univariate and multivariate prognostic analysis were consistent, thereby suggesting that the expression of BCYRN1 (HR = 1.16, P = 0.038) and the clinical stage (HR = 1.543, P < 0.001) of the tumor were significantly associated with OS in patients and could be used as independent prognostic markers for HCC. A nomogram prediction model (Figure 4C) for survival prediction in HCC patients was constructed using clinicopathological information and survival prognosis of patients. According to the clinicopathological information and the expression level of BCYRN1, the 5-year, 3-year and 1-year survival rates of patients can be predicted. Finally, calibration curves were drawn (Figure 4D) to evaluate the accuracy of the prediction model. Because the inclination of the prediction curves was close to the diagonal, the prediction model was reliable and accurate.

Analysis of co-expressed vs DEGs for BCYRN1 in HCC
An analysis of co-expressed genes of BCYRN1 was performed. Among them, co-expressed genes that satisfied “P < 0.001 and correlation coefficient > 0.5” were screened to obtain a total of eight genes, and the co-expression correlation scatter plot was plotted (Supplementary Figure 1). The co-expression results were used to select the 11 genes that most closely were related to co-expression, and a co-expression circle plot was drawn (Figure 5A), in which red represented a positive correlation (LGALS1, TMSB4XP4, TMSB10, CCL26, S100A11, IMPDH1), green represented a negative correlation (PAH, SLC2A2, F12, HNF4A, CPB2), and the shaded area represented the magnitude of the correlation. Finally, the DEGs between groups with high and low BCYRN1 expression were explored, and 50 DEGs were selected that were most significantly upregulated and downregulated. Finally, a heat map of DEGs was drawn (Figure 5B).

GO, KEGG and GSEA enrichment analysis
A total of 1453 (GO) and 622 (KEGG) DEGs associated with BCYRN1 were screened using HCC expression data from the TCGA database. Next, these DEGs were subjected to GO and KEGG enrichment analyses. GO enrichment analysis revealed that these genes were primarily involved in biological processes, including extracellular structure organization, external encapsulating structure organization and extracellular matrix organization. Cellular composition included collagen-containing extracellular matrix, the ion channel complex and the synaptic membrane. The molecular functions performed mainly involved gated channel activity, ion channel activity and signaling receptor activator activity, etc (Figure 6A-C). KEGG enrichment analysis indicated that the DEGs of BCYRN1 primarily involved pathways, including neuroactive ligand-receptor interaction, extracellular matrix-receptor interaction and protein digestion and absorption, among which protein digestion and absorption were pathways with the most annotated genes (Figure 6D and E). Finally, the result of GSEA enrichment analysis showed that pathways or functions that may be active in the low BCYRN1 expression group were as follows: retinol metabolism, glycine, serine and threonine metabolism, peroxisome, primary bile acid biosynthesis and fatty acid metabolism (Figure 6F).

Correlation analysis and differential analysis between BCYRN1 expression, TME and immune cell infiltration in HCC
Stromal cell and immune cell scores in groups with high and low BCYRN1 expression were evaluated, and violin plots of TME scores were plotted based on the results. The data showed that immune cell score, stromal cell score and ESTIMATEScore in the group with high BCYRN1 expression were significantly higher compared to those in the low expression group (P < 0.05), showing that the immune cell and stromal cell content in the group with high BCYRN1 expression in HCC was higher (Figure 7A). Differential analysis of immune cells was performed, and the results demonstrated that the levels of plasma cells (P < 0.05) and CD8 T cells (P < 0.001) were significantly increased in the group with low BCYRN1 expression. Moreover, the level of macrophages M0 (P < 0.05) was significantly increased in the group with high BCYRN1 expression (Figure 7B). Finally, correlation analysis was performed between various immune cells and BCYRN1 expression, and correlation Lollipop and correlation scatter plots were plotted. The results showed that BCYRN1 expression was positively linked with the level of macrophages M0 (P = 0.016), macrophages M2 (P = 0.0094) and regulatory T cells (P = 0.018) and negatively correlated with the level of plasma cells (P = 0.012) and CD8 T cells (P = 0.0069) (Figure 7C and Supplementary Figure 2).

Correlation analysis of BCYRN1 expression with immune checkpoint genes and TMB
Immune checkpoint genes associated with BCYRN1 expression were explored, and circular correlation heat maps (Figure 8A) as well as rectangular correlation heat maps (Figure 8B) were plotted. The results showed that 19 immune checkpoint-related genes (LAIR1, CD70, TNFRSF4, PDCD1LG2, HAVCR2, CTLA4, TNFSF15, CD276, LGALS9, TNFRSF18, TNFRSF9, TNFRSF14, CD44, CD80, CD86, CD200R1, TNFRSF8, TNFSF9, VTCN1) were significantly and positively correlated with BCYRN1 expression, and one immune checkpoint-related gene (ADORA2A) was significantly and negatively correlated with BCYRN1 expression. The relationship between BCYRN1 expression and TMB was also investigated, and correlation scatterplots were plotted (Figure 8C). Together, the data revealed that there was no significant relationship between TMB and BCYRN1 expression (P = 0.11).

Differential analysis of BCYRN1 expression with chemosensitivity and immunotherapy efficacy
Chemotherapy is a promising therapeutic option for liver cancer. The IC50 of commonly used chemotherapeutic agents was evaluated in groups with high and low BCYRN1 expression, and difference boxplots were plotted (Figure 9A). The results showed that CGP-60474, S-Trityl-L-cysteine, sunitinib, paclitaxel, VX-680 and pyrimethamine had higher sensitivity and a better therapeutic effect in the high BCYRN1 expression group. Progression of immune checkpoint inhibitors changes the prognosis of HCC patients, and CTLA-4 and PD-1 are critical indicators to determine their therapeutic effects. Therefore, the therapeutic effects of anti-PD-1 and anti-CTLA-4 were scored in groups with high and low BCYRN1 expression. The data revealed that the immunotherapeutic effect of anti-PD-1 was not significantly correlated (P = 0.071) with the expression of BCYRN1, while the immunotherapeutic effect of anti-CTLA-4 was more effective in the group with low BCYRN1 expression (P = 0.012; Figure 9B).

Screening method for the literature and features of the included literature
Preliminary searches of three English databases yielded the following results: PubMed (n = 9), Embase (n = 7) and Web of Science (n = 16). Retrieval results were imported into Endnote. After removing duplicate studies, the remaining studies (n = 17) were analyzed. By reading the abstract and title, studies not conforming to the literature type and unrelated studies (n = 11) were removed. The remaining six articles were downloaded in full, and after careful examination, three publications were excluded because of a lack of essential data and poor quality. The remaining three studies were eventually included in our meta-analysis. Figure 10 depicts the above-mentioned search flowchart. All three studies were written in English, and all were from China. Specimen types were all HCC tissues, RNA expression was determined by qRT-PCR, and the source of HR values was indirectly calculated from OS curves. Follow-up time was 50 mo, 80 mo and 120 mo. NOS scores ranged from a minimum of 7 to a maximum of 8, all of which were higher quality articles. Table 1 shows essential features of the collected articles.

Relationship between BCYRN1 expression and the prognosis of HCC patients
Because there was no obvious heterogeneity (I2 = 0.0%, P = 0.874) across studies, a fixed effects model was selected to combine the data. The forest plot results (HR = 1.66, 95%CI: 1.15-2.39; Figure 11) showed that BCYRN1 overexpression was related to a poor prognosis in HCC patients, with individuals in the high BCYRN1 expression group having a poorer prognosis and shorter survival. Because only three studies were included, a bias test and sensitivity analysis were not performed.

DISCUSSION
HCC is one of the most prevalent types of cancer of the digestive system. Its early symptoms are not clear, and the main characteristics of the middle and advanced stages are rapid progression, unsatisfactory treatment outcomes and low 5-year survival rates[31]. The development of HCC is an extremely complex process and includes the involvement of multiple genes and the evolution of multiple steps. Its possible underlying molecular mechanisms remain elusive. In recent years, with the discovery and exploration of lncRNAs, it has been demonstrated that lncRNAs play an important role in the development and progression of HCC[32]. Previous studies have shown that lncRNA can regulate signaling pathways associated with HCC and the expression levels of downstream target genes, thereby further affecting the activity of proteins by changing the expression levels and stability of mRNAs and miRNAs, which are closely related to a variety of malignant phenotypes of HCC[33,34]. Dysregulation of lncRNAs has been associated with precancerous lesions of HCC, such as hepatitis B virus infection, cirrhosis and fatty liver[35]. LncRNA can also evaluate and predict the efficacy of various treatment modalities for HCC patients and has a wide range of applications in HCC diagnosis and treatment[36]. BCYRN1 is an important member of the lncRNA family and exploring its prognostic value and therapeutic prospects in HCC is a main goal.
Our study first investigated the expression level of BCYRN1 in pan-cancer and normal tissues, and discovered that it was highly expressed in BRCA, LUAD, ESCA, LUSC, WT, STES, STAD, LIHC, SKCM, PAAD, OV, UCS, KICH, ALL, TGCT, CHOL and LAML, and lowly expressed in GBM, GBMLGG, KIRP, KIPAN, KIRC, THCA and ACC. The expression of BCYRN1 in HCC was independently examined, and the results revealed that BCYRN1 was considerably overexpressed in tumors. These early findings imply that BCYRN1 might be an oncogene in HCC. Our study continued to focus on the association between BCYRN1 expression and the prognosis and clinicopathological features of HCC patients. Using the GEPIA database and the TCGA dataset, KM curves for survival outcomes (including OS, DFS and PFS) were generated, all of which indicated that patients with high BCYRN1 expression had a poorer prognosis. ROC curves showed that BCYRN1 was of great value in predicting patient prognosis.
Clinicopathologic analysis showed that BCYRN1 expression was substantially linked with the clinical stage, pathological grade and T stage of HCC patients, and BCYRN1 expression was higher when the clinical stage was more advanced, the pathological grade was worse and the T stage was higher. Our findings showed that the worse the pathological grade, then the stronger the proliferation and invasiveness of HCC and the higher the expression level of BCYRN1. However, the expression of stage G4 in Figure 3C is low, which is not in line with the expected results. The reasons behind it have been thoroughly explored. As shown by the downloaded clinical data, there were 54 patients in the G1 stage, 179 patients in the G2 stage, and 123 patients in the G3 stage, while only 13 patients were in the G4 stage. Therefore, the number of patients in the G4 stage was significantly lower than those in other stages, and the sample size was too small to be representative. Given a sufficient sample size, the results are estimated to be in line with the expectations.
Subsequently, univariate and multivariate Cox regression analysis showed that the expression of BCYRN1 and the clinical stage of the tumor were independent prognostic factors for HCC patients. Therefore, we developed a nomogram prediction model that can predict OS in patients based on their clinicopathological characteristics and BCYRN1 expression. According to the results of the above-mentioned study, overexpression of BCYRN1 is related with a poor prognosis in patients and is likely to be an independent prognostic marker in HCC patients.
In addition, co-expressed genes and DEGs associated with BCYRN1 were screened. The most strongly correlated co-expressed genes were LGALS1, TMSB4XP4, TMSB10, CCL26, S100A11, IMPDH1, PAH, SLC2A2, F12, HNF4A, and CPB2. Among them, genes that were positively correlated with the expression of BCYRN1 were generally oncogenes and can lead to poor prognosis in HCC. For example, it has been found that the LGALS1 gene is upregulated in HCC and can encode related proteins, thereby increasing tumor migration and invasion[37]. Similarly, TMSB10 expression in HCC was significantly higher compared to that in surrounding normal liver tissues, and high TMSB10 expression was significantly associated with tumor volume and distant metastasis, which was a potential prognostic marker for predicting HCC patients[38]. It has previously been revealed that CCL26 acts on fibroblasts, thereby affecting processes including proliferation, invasion and angiogenesis in HCC[39]. S100A11 overexpression in HCC can enhance HCC invasiveness[40]. In contrast, genes negatively correlated with BCYRN1 expression are generally tumor suppressor genes. Low SLC2A2 expression was correlated with a worse DFS and OS in HCC patients, and SLC2A2 expression was negatively associated with the degree of immune infiltration in HCC[41]. Furthermore, it has been demonstrated that HNF4A can inhibit the motility and metastasis of HCC cells[42]. The above-mentioned studies demonstrated the value of co-expression analysis of genes.
Moreover, DEGs associated with BCYRN1 were screened, and KEGG, GO and Gene Set Enrichment Analysis enrichment analysis were performed. The results of comprehensive enrichment analysis demonstrated that the primary functions of BCYRN1-related DEGs were to regulate extracellular matrix components, regulate ion channel activity and signal molecule transmission, such as synaptic membrane. In addition, BCYRN1-related DEGs were involved in protein digestion and absorption as well as the metabolism of retinol, amino acids and fatty acids and involved in the regulation of tumor-related pathways (calcium signaling pathway, Wnt signaling pathway, IL-17 signaling pathway). The TME consists of three parts, including the extracellular matrix, stromal cells and cell growth factors. The extracellular matrix is crucial in the formation of tumors[43,44]. It has been demonstrated that dysregulation of the Ca2 + concentration increases the risk of tumor development and accelerates tumor progression, whereas inactivation of Ca2+ channels accelerates the proliferation and growth of tumor cells[45]. The Wnt signaling pathway can regulate cell proliferation, differentiation, apoptosis and stem cell renewal, and dysregulation of the Wnt signaling pathway can occur at all stages of malignant tumors[46]. The above-mentioned studies and analyses on the mechanism of BCYRN1 involved in HCC showed that BCYRN1 is a very important regulatory gene in the formation and progression of HCC and an important possible therapeutic target for HCC.
Mechanistic studies of BCYRN1 in HCC could validate the conclusions of the current study. It has been proven that BCYRN1 is highly expressed in HCC and is associated with a poor prognosis in HCC patients. Together, BCYRN1, POU3F2, and miR490-3p constitute a network of competing endogenous RNAs that regulate the migration, invasion and proliferation of HCC[26]. Liu et al[47] discovered that BCYRN1 can enhance the invasion and proliferation of HCC by regulating the BCYRN1/BATF/TM4SF1 targeting axis. Moreover, Lin et al[48] showed that BCYRN1 is overexpressed in HCC and promotes the growth of HCC cells and the formation of tumor tissues by regulating cell cycle-related genes and stemness markers, and prevents the degradation of cyclin E2 mRNA. Through in vivo and in vitro experiments, Tan et al[27] showed that BCYRN1 could affect expression of the c-MYC protein, thereby affecting the levels of apoptotic and anti-apoptotic proteins and promoting the progression of HCC. Combined, these studies strongly confirmed that BCYRN1 is indeed a possible therapeutic target as well as a prognostic marker for HCC.
The TME refers to the complex multicellular environment in which tumors are located during growth and development[49]. The TME is usually composed of three parts, including immune cells, the extracellular matrix and secreted factors and stromal cells, which are mixed with lymphatic vessels and blood vessels to regulate and influence the occurrence and development of tumor cells[50]. In the TME, various immune cells play different roles during antitumor immunotherapy, especially T cells vs B cells[51]. The relationship between the expression level of BCYRN1 and the TME score was investigated. The results showed that the BCYRN1 high expression group had a higher TME score, a higher level of immune and stromal cells and a lower purity of tumors. In addition, the relationship between BCYRN1 expression and the level of various immune cells was investigated, and the results showed that the content of CD8 T cells and plasma cells was higher in the group with low expression, while the number of macrophages M0 was higher in the group with high expression. Thus, BCYRN1 expression is linked to the level of M0 and M2 macrophages, CD8 T cells and plasma cells, and BCYRN1 can regulate the level of the above-mentioned immune cells.
Finally, the connection between BCYRN1 expression and drug sensitivity was also investigated. It was discovered that six drugs were more sensitive in the group with high expression of BCYRN1, thus providing a novel idea for clinical medication. PD-1 and CTLA-4 are important immunotherapeutic targets[52]. The differences in efficacy between these two immunotherapies were analyzed in the high and low BCYRN1 expression groups, and the results showed that the therapeutic effect of anti-CTLA-4 was more pronounced in the low BCYRN1 expression group. Thus, our data showed that BCYRN1 may have great potential in immunotherapy.
Our study has the following limitations. First, data were downloaded from the online database TCGA and were not validated by the laboratory and clinic. Second, although the sample size of the TCGA database is large, the type of database is relatively single. To compensate for the above-mentioned shortcomings, the meta-analysis was performed, which combined all survival prognosis studies of BCYRN1 in HCC and showed that high expression of BCYRN1 in HCC was significantly associated with poor patient prognosis, which was consistent with the conclusions of the bioinformatics. The prognostic value and immunotherapeutic prospects of BCYRN1 in HCC were explored by bioinformatics and meta-analysis, and valuable conclusions were drawn. To further explore the function and underlying mechanism of BCYRN1 in HCC, more in-depth clinical and laboratory studies are required.

CONCLUSION
Our study revealed that the expression level of BCYRN1 in HCC tissues was significantly higher compared to that in surrounding normal liver tissues and that high BCYRN1 expression was related to a poor prognosis and clinicopathological progression of HCC patients. Furthermore, the expression of BCYRN1 was significantly related to the level of immune cell infiltration, drug sensitivity and immunotherapy responses in HCC. Therefore, BCYRN1 is likely to be a prognostic indicator and a target for the treatment in HCC patients. The prognostic value of BCYRN1 and the promise of immunotherapy need to be further confirmed by large clinical and laboratory studies.

ARTICLE HIGHLIGHTS
Research background
Hepatocellular carcinoma (HCC) is one of the most common types of cancer worldwide and has a high mortality rate. Early detection of HCC can achieve a good 5-year survival rate by surgical treatment, liver transplantation and radiotherapy. Therefore, early diagnosis and treatment is particularly important, and identifying novel sensitive tumor markers and discovering novel molecular therapeutic targets are key goals. Exploring novel immunotherapeutic drugs is another breakthrough.

Research motivation
The expression of brain cytoplasmic RNA1 (BCYRN1) is linked to the clinicopathology and prognosis of several types of cancers, among which HCC is one of the most frequent types of cancer worldwide.

Research objectives
In this study, bioinformatics and meta-analysis were used to explore the prognostic value and immunotherapeutic potential of BCYRN1 in HCC.

Research methods
Information was obtained from the Cancer Genome Atlas database. First, the correlation between BCYRN1 expression and prognosis and clinicopathologic characteristics of HCC patients was explored. Univariate and multivariate regression analyses were employed to examine the relationship between BCYRN1 and HCC prognosis. Second, potential functions and pathways were explored by means of enrichment analysis of differentially-expressed genes. The relationship between BCYRN1 expression and tumor microenvironment, immune cell infiltration, immune checkpoint, drug sensitivity and immunotherapy effect was also investigated. Finally, three major databases were searched and used to conduct a meta-analysis on the relationship between BCYRN1 expression and patient prognosis.

Research results
BCYRN1 expression was significantly higher in HCC compared to normal tissues and was linked to a poor prognosis and clinicopathological characteristics. Enrichment analysis showed that BCYRN1 regulates the extracellular matrix and transmission of signaling molecules, participates in the metabolism of nutrients, such as proteins, and participates in tumor-related pathways. BCYRN1 expression was linked to the tumor microenvironment, immune cell infiltration, drug sensitivity and the efficacy of immunotherapy. Furthermore, the meta-analysis in this study showed that BCYRN1 overexpression was related to a worse outcome in HCC patients.

Research conclusions
Our study revealed that high BCYRN1 expression related to a poor prognosis and clinicopathological progression of HCC patients. Furthermore, the expression of BCYRN1 was significantly related to the level of immune cell infiltration, drug sensitivity and immunotherapy responses in HCC.

Research perspectives
Overexpression of BCYRN1 relates to poor prognosis and may be a potential prognostic factor and immunotherapeutic target in HCC.
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Figure 1 Expression levels of brain cytoplasmic RNA1 in pan-cancer and hepatocellular carcinoma. A: Expression level of brain cytoplasmic RNA1 (BCYRN1) in pan-carcinoma; B: Differential analysis of expression of BCYRN1 in hepatocellular carcinoma (HCC) tissues compared with normal liver tissues based on the Cancer Genome Atlas database; C: Pairwise difference analysis of BCYRN1 expression between HCC tissues and surrounding normal liver tissues from the same patient. aP < 0.05, bP < 0.01, cP < 0.001, dP < 0.0001.
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Figure 2 Association of brain cytoplasmic RNA1 expression with prognosis in hepatocellular carcinoma patients. A and B: Association of brain cytoplasmic RNA1 (BCYRN1) expression with overall survival (A) and disease-free survival (B) in hepatocellular carcinoma (HCC) patients in the GEPIA2 database; C and D: BCYRN1 expression in the Cancer Genome Atlas database in relation to overall survival (C) and progression-free (D) survival in HCC patients; E: Receiver operating characteristic curve to assess the predictive value of BCYRN1 expression with different prognostic years. AUC: Area under the curve; HR: Hazard ratio; TPM: Transcripts per million.
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Figure 3 Relationship between expression of brain cytoplasmic RNA1 and clinicopathological characteristics of hepatocellular carcinoma patients. A: Age; B: Sex (labeled Gender); C: Pathological grade; D: Clinical stage; E: T stage; F: M stage; G: Heat map of the correlation between the expression of brain cytoplasmic RNA1 and clinicopathological features. 
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Figure 4 Independent survival prognostic factor analysis and nomogram prediction model. A: Univariate prognostic analysis; B: Multivariate prognostic analysis; C: Nomogram prediction model; D: Calibration curve of nomogram. BCYRN1: Brain cytoplasmic RNA1; OS: Overall survival.
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Figure 5 Co-expressed and differential genes of brain cytoplasmic RNA1 in hepatocellular carcinoma. A: Co-expression circle plot of 11 genes most closely related to brain cytoplasmic RNA1 (BCYRN1) in hepatocellular carcinoma (HCC). Red represented significant positive correlation, green represented significant negative correlation, and shade represented the magnitude of correlation; B: Heat map of differentially expressed genes of BCYRN1 in HCC. Red represented upregulation and blue represented downregulation. Light blue represented the low expression group of BCYRN1, and light red represented the high expression group of BCYRN1.
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Figure 6 Enrichment analysis of brain cytoplasmic RNA1-associated differentially expressed genes. A: Circle diagram of gene ontology (GO) enrichment analysis in biomolecular function, biological process and cellular component; B: Histogram of GO enrichment analysis; C: Bubble plots for GO enrichment analysis; D: Histogram of Kyoto Encyclopedia of Genes and Genomes (KEGG) enrichment analysis showed the top 20 pathways with the most significant correlation; E: Bubble plots for KEGG enrichment analysis; F: Brain cytoplasmic RNA1-associated Gene Set Enrichment Analysis. 
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Figure 7 Correlation analysis and differential analysis of brain cytoplasmic RNA1 expression with tumor microenvironment and immune cell infiltration in hepatocellular carcinoma. A: Violin plot of the difference in tumor microenvironment scores between the high and low brain cytoplasmic RNA1 (BCYRN1) expression groups; B: Box plots of differential analysis between the infiltration levels of 22 immune cells and the high and low expression groups of BCYRN1; C: Lollipop plot of correlation analysis between expression of BCYRN1 and levels of 22 immune cell infiltrates. aP < 0.05, bP < 0.01, cP < 0.001. 
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Figure 8 Correlation analysis of brain cytoplasmic RNA1 expression with immune checkpoint genes and tumor mutation burden. A: Circular heatmap of immune checkpoint genes associated with brain cytoplasmic RNA1 (BCYRN1) expression; B: Rectangular heat map of immune checkpoint genes associated with BCYRN1 expression; C: Scatter plot of the correlation between BCYRN1 expression and tumor mutation burden. 
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Figure 9 Differential analysis of brain cytoplasmic RNA1 expression with chemosensitivity and immunotherapy efficacy. A: Box plots of the differences of sensitivity of the six selected chemotherapeutic agents between the high and low expression groups of brain cytoplasmic RNA1 (BCYRN1); B: Violin plot of the difference of immunotherapy effect between the high and low expression groups of BCYRN1.
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Figure 10 Flow chart of literature retrieval and screening for meta-analysis.
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Figure 11 Forest plot for meta-analysis of brain cytoplasmic RNA1 expression vs overall survival in hepatocellular carcinoma patients.

Table 1 Characteristics of studies included in the meta-analysis
	Ref.
	Country
	Sample size (high/low)
	Sample
	Survival analysis 
	Detection method
	Cutoff value
	Source of HR values
	HR and 95%CI
	Follow-up time
	NOS score

	Ming et al[28], 2019
	China
	55 (27/28)
	Tissue
	OS
	qRT-PCR
	Median
	Survival curves
	2.13 (0.77, 5.93)
	50 mo
	7

	Lin et al[48], 2018
	China
	240
	Tissue
	OS
	qRT-PCR
	Mean
	Survival curves
	1.62 (1.01, 2.59)
	80 mo
	8

	Liu et al[47], 2022
	China
	100 (50/50)
	Tissue
	OS
	qRT-PCR
	NR
	Survival curves
	1.56 (0.78, 3.14)
	120 mo
	7


HR: Hazard ratio; qRT-PCR: Quantitative real time polymerase chain reaction; OS: Overall survival; NR: Not reported; NOS: Newcastle-Ottawa scale.
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