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Introduction: The Bystin gene (BYSL) contributes to cancer development and is a probable therapeutic target in cancer therapy. 
However, no systematic studies have been conducted on BYSL value in pan-cancer diagnosis, prognosis, and immunology.
Methods: We performed a pan-cancer analysis of BYSL using TCGA, GEO, and other databases to assess its expression, clinical 
significance, genetic variants, methylation, and immune correlation. Enrichment analysis was applied to predict BYSL-related 
pathways. We analyzed BYSL protein levels in corresponding breast cancer (BRCA) tissue samples to validate our findings using 
Western blot assays. A tissue microarray was deployed to verify BYSL expression in BRCA tissues by immunohistochemical staining. 
Moreover, we comprehensively analyzed the function of BYSL in BRCA initiation and development through CCK-8, transwell 
invasion, migration assays, and cell scratch assays for migration ability assessment.
Results: Through the study, BYSL was significantly overexpressed in the majority of cancers relative to normal tissues, with different 
expression patterns at different clinicopathological stages. In most cancer types, BYSL exhibits moderate to high diagnostic value, and 
overexpressed BYSL represents an independent prognosis factor in patients having BRCA, HNSC, KICH, LIHC, OV, and SARC 
cancers. Mutations in BYSL are distributed in most cancers and are related to prognosis. Most tumors have elevated levels of m6A 
methylation compared to normal tissues, while their promoter regions exhibit low levels of methylation. Additionally, BYSL 
expression displayed a positive correlation with MDSC immune infiltration. Further enrichment analysis showed the involvement of 
BYSL in important biological processes (BP), In addition, BYSL was overexpressed in BRCA tissues and promoted their proliferation, 
invasion, and migration compared to matched normal breast tissues.
Discussion: Our study showed that BYSL is an important biological indicator for predicting pan-cancer survival outcomes and 
immune characteristics and elucidated BYSL expression and role in BRCA, which highlights its therapeutic potential in BRCA.
Keywords: pan-cancer, BYSL, prognosis, methylation, tumor immunity

Introduction
Cancer is the primary disease burden that seriously threatens human health,1,2 due to its complex pathogenesis and 
diverse biological behaviors, which pose serious challenges to the accurate diagnosis, effective treatment, and prognosis 
assessment of diseases. Its complexity is largely a result of numerous molecular-level changes within tumor cells and 
tumor microenvironment (TME) heterogeneity.3 The rapid development of bioinformatics and molecular biology led to 
the evolution of biomarkers of great potential in the early diagnosis of cancer, the evaluation of treatment effects, and the 
prediction of patient prognosis, bringing new hope for the realization of precision medicine for cancer.

BYSL is a gene exhibiting a high conservation degree in the evolution from yeast to humans4,5 and involves 40S 
ribosomal subunit biogenesis and 18S pre-rRNA processing.6 According to research, BYSL may contribute to cancer 
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occurrence and progression. For example, human hepatocellular carcinoma (HCC) specimens have been found to have 
significantly overexpressed BYSL mRNA and protein levels compared with adjacent tissues, and this expression is 
essential for nucleation during cancer cell proliferation.7–9 Moreover, high BYSL expression has been reported to have a 
close connection to lymph node metastasis, TNM stage, recurrence, and metastasis in osteosarcoma patients and is an 
independent risk factor affecting their prognosis.10 BYSL is also involved in the occurrence of BRCA,11 prostate 
cancer,12 gastric cancer,13 epithelial ovarian cancer,14 and skin melanoma.15 In conclusion, the BYSL gene is expected 
to be a possible biomarker for cancer diagnosis, treatment, and prognosis, as well as a predictor for assessing response to 
immunotherapy.

Nonetheless, no comprehensive pan-cancer research has been performed on BYSL; therefore, we conducted a 
systematic bioinformatics analysis based on the existing large number of cancer data and elucidated BYSL expression 
pattern and biological function in pan-cancer in multiple dimensions, in particular, since the role of BYSL in breast 
cancer remains unclear, we conducted a variety of experiments to verify its expression and its role in the occurrence and 
development of breast cancer.

Methods
Differential Expression Analysis of BYSL in Pan-Cancer
By accessing UCSC XENA (https://xenabrowser.net/datapages/), we collected and analyzed clinical data of 33 cancer- 
associated RNA-seq expression profiles and associated patients (n = 15776) from the TCGA and GTEx databases, 
converting the data in the transcripts per million (TPM) format using log2 and then combined for further analysis. The 
“tidyverse” and “reshape” packages were utilized for data collection and cleaning. As for data analysis and visualization, 
we deployed the R packages “rstatix”, “car”, and “ggplot2” (v4.4.2).

In addition, we use data from the Comprehensive Gene Expression Database (GEO), including GSE45827 (GPL570), 
GSE83889 (GPL10558), GSE6791 (GPL570), GSE121248 (GPL570), GSE31547 (GPL96), GSE29450 (GPL570), 
GSE46517 (GPL96) and GSE54129 (GPL570), to verify BYSL mRNA expression. We also investigated the association 
of BYSL expression with clinicopathologic features of pan-cancer.

Seeking the verification of BYSL protein level expression, first, we analyzed its protein content and phosphorylation 
in pan-cancer tissues and their matching normal counterparts by the “CPTAC” module of the UALCAN database.16 

Second, the Human Protein Atlas (HPA) database17 was accessed to obtain an immunohistochemistry (IHC) Image of 
BYSL protein expression.

Analysis of BYSL Potential Value in Pan-Cancer Diagnosis and Prognosis
BYSL’s potential value in pan-cancer prognosis was ascertained by first conducting Kaplan-Meier analysis (K-M),18 an 
online database based on a meta-analysis of gene prognostic values. Second, the interconnection between BYSL 
expression and prognostic indicators: Overall survival (OS), disease-specific survival (DSS), and progression-free 
survival (PFS) in pan-cancer patients were explored via each sample survival data in the TCGA. Finally, the “ggplot2” 
software package generated forest plots and Venn plots to visualize the research results.

The ROC curves were analyzed to assess BYSL predictive value in distinguishing tumor tissue from the correspond
ing normal tissue. The AUC is a key indicator of diagnostic performance, with values approaching 1 reflecting higher 
diagnostic accuracy: 0.7–0.9 implies that BYSL possesses moderate diagnostic capability; > 0.9 signifies strong 
diagnostic potential.

Prognostic Nomogram and Calibration Curve
First, we performed a univariate Cox regression analysis (UCRA), screened out the factors having a p < 0.1, and included 
them in the multivariate Cox regression analysis (MCRA). Subsequently, we incorporated all the factors involved in the 
MCRA into the prognostic nomogram and determined its predictive validity using the concordance index (C-index). This 
entire process was repeated 1000 times, thereby plotting a calibration curve to evaluate the consistency of predicted and 
actual survival outcomes.
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Genetic Variant Characterization of BYSL
cBioPortal database,19 the “OncoPrint” module was used to investigate BYSL genetic variants in the “TCGA Pan-Cancer 
Atlas Studies” dataset, which included 10443 mutation data from 32 studies (n = 10,967). The “Cancer Types Summary” 
module was used to assess BYSL gene mutation number, mutation types, and copy number variants (CNV) in each 
malignancy. The “mutation” module is employed to evaluate mutation sites of BYSL and display them in its protein 3D 
structure.

The “Mutation-CNV” module of GSCA20 was deployed to explore CNV percentage in pan-cancer and the inter
connection between BYSL mRNA levels and CNV in pan-cancer. In addition, we explored CNV’s impact in BYSL on 
cancer patients’ prognosis.

Utilization of Online Databases
The UALCAN database “TCGA” module was used for the comparison of BYSL promoter methylation levels in normal 
and pan-cancer samples. Additionally, we deployed the GSCA database module “Mutation-Methylation” to explore the 
influence of BYSL promoter methylation levels on pan-cancer patients’ prognosis (OS, PFS, DSS).

Here, the connection between BYSL gene levels and tumor mutational burden (TMB), microsatellite instability 
(MSI), and neoantigen (NEO) was examined in diverse malignancies via the Sangerbox3.021 online database. Then, the 
“estimate” package was employed to calculate the interaction between BYSL mRNA levels and tumor stromal, immune 
invasion, and tumor purity scores.

The ssGSEA was utilized to evaluate the interconnection between BYSL mRNA levels and 24 immune cells (IC) 
infiltration levels in pan-cancer. The TIMER, EPIC, MCPCOUNTER, QUANTISEQ, and XCELL algorithms of the 
TIMER 2.0 “Immune” module22 were utilized to evaluate the link between BYSL mRNA levels in pan-cancer and IC 
infiltration levels: CD8+/CD4+ T cells, regulatory T cells (Treg), B cells, and cancer-associated fibroblast (CAFs).

Fifty experimentally validated BYSL-binding proteins were obtained via the STRING database,23 and a protein- 
protein interaction (PPI) diagram was built for visualization. The GEPIA2 database24 was accessed to retrieve the first 
100 co-expressed genes of BYSL. We started by plotting a Venn diagram to identify genes common to the BYSL-binding 
protein and associated genes. Thereafter, the connection between BYSL and these genes was investigated by the TIMER 
2.0 database. The “cluster Profiler” and “ggplot2” packages were used for BYSL functional enrichment analysis and 
result visualization. The bubble chart shows only the top five items that are most associated with tumors in each type.

Furthermore, we divided the expression of BYSL into high- (HEG) and low-expression groups (LEG), with 50% as 
the threshold. The “DESeq2” package was utilized to conduct differential expression analysis on individual genes. All 
genes and their corresponding “log2FoldChange” values were incorporated into the GSEA. To clarify the functional 
differences between the HEG and LEG in the pan-cancer cohort, we adopted the MSigDB “c2.cp.v7.2.symbols.gmt” 
gene set25 and repeated the operation 10,000 times, visualizing the top ten “Reactome pathways” for each tumor in a 
ridge diagram.

Patient Tissue Sample Collection
In this study, cancer tissues and adjacent tissues of 16 BRCA patients who received surgery in the Department of Breast 
Surgery, the First Affiliated Hospital of Xinjiang Medical University from January 2024 to December 2024 and strictly 
met the inclusion and exclusion criteria (not receiving radiotherapy, chemotherapy, and hormone therapy before surgery) 
were collected. Patients signed informed consent before surgery, which was reviewed and authorized by the Ethics 
Committee of the same organization (No.230714–08). All fresh samples were snap-frozen in liquid nitrogen and frozen 
in a –80 °C freezer immediately after surgical resection before qRT-PCR and Western blotting (WB).

Plasmid Construction and Transfection
Construction of BYSL knockdown vector (sh-BYSL): Three sequences of specific small hairpin RNA (shRNA) 
(Supplementary Table S1) were selected to knock down BYSL expression, and the shRNA was inserted into the 
polyclonal site (MCS) of the lentiviral vector GV493. Cloning was performed by restriction enzyme digestion and 
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ligation reactions, and the constructed plasmids were verified by DNA sequencing. Construction of BYSL overexpres
sion vector: Lentiviral vector GV385 was used to insert the BYSL gene into the appropriate position and select the 
appropriate promoter to drive the expression of BYSL. The constructed vector was confirmed by DNA sequencing.

The constructed shRNA or overexpression plasmid (2 µg) was mixed with the transfection reagent Lipofectamine 
3000 (Invitrogen, Shanghai, China) based on the proportion indicated by the reagent and transfected into HEK-293T cells 
that grew to about 80%. The cells were cultured for 48 h to allow virus particles to be produced, thereby collecting, 
filtering, and concentrating the supernatant by ultrafiltration (100,000 x g, 4 °C, 2 h). After ultrafiltration, the supernatant 
was discarded, and the pellet was resuspended in a medium.

Lentivirus Infection and Grouping
BRCA cell lines HCC-1937 and MDA-MB-231 were inoculated in the plates, and virus infection was performed when 
the cells grew to about 80%. The concentrated lentivirus solution was introduced to the cells, which were replaced with 
fresh culture medium 24 h after infection and continued to be cultured for 48 h. According to the above methods, the 
cells were divided into three groups: BYSL knockdown empty vector group; BYSL knockdown group (BYSL-KD); 
BYSL overexpression vector group; BYSL overexpression group (BYSL-OE); There were four groups. The expression 
of genes was observed by fluorescence microscopy 72 h post-infection, culturing the cells in good condition for a period 
and collected for subsequent experiments.

RNA Extraction and qRT-PCR
Following the protocols, we extracted total RNA by Trizol (Invitrogen, Shanghai, China) via the SYBR Green PCR kit 
(Takara, Kyoto, Japan). Furthermore, forward and reverse primers (Table S1) were used to amplify the target genes in a 
20 µL final volume. The qRT-PCR reaction process was performed in Applied Biosystems 7500 (Foster City, CA, USA), 
and data were analyzed with the 2–ΔΔCT method.

Protein Extraction and WB
Per the protocols, the collected tissues and cells were used for total protein extraction using RIPA lysate containing 
PMSF protease inhibitor, and the BRCA protein assay kit (all from Beyotime, Shanghai, China) was employed for total 
protein extraction to determine protein concentration. The protein samples were loaded onto a 10% SDS-PAGE gel to 
separate the total proteins, transferred to a PVDF membrane, blocked, and incubated with the primary antibody BYSL 
(ab251811, Abcam, USA) at 4 °C. β-Actin (Sc-69879, Santa Cruz Biotechnology, USA) was incubated overnight as a 
loading control. Secondary antibodies containing horseradish peroxidase were incubated for 1 h at room temperature and 
then dipped in ECL chemiluminescence reagent (both from Cell Signaling Technology, USA, USA). Massachusetts, 
USA) were then recorded using a Bio-Rad imaging system.

IHC Staining
The human tissue microarray chip used in this study contained 80 pairs of BRCA and paracancer tissues (BRC1603, 
Superbiotek, Inc., Shanghai, China). Standard IHC staining was applied on tissue microarray slides using a protein- 
specific anti-BYSL antibody (ab251811, Abcam, USA) after heat repair using citrate buffer pH = 6.0 (Invitrogen, 
Shanghai, China). Two pathologists evaluated the staining results in a blinded method, and each tissue sample was scored 
based on its staining intensity (none = 0; Weak = 1 point; Medium = 2; Strong = 3) multiplied by stained cell percentage 
(Positive rates ≤ 25% = 1 point; 26–50% = 2; 51–75% = 3; ≥ 75% = 4) were calculated as 0–12 points: 0–5 points, low 
expression; 6–12 points, high expression.

CCK-8 Assay
The cell viability assay kit (CCK-8; Dojindo Molecular Technologies, Japan) was deployed for cell proliferation ability 
assay by seeding cells in 96-well plates and cultured for five days. This was followed by introducing CCK-8 reagent to 
each well and incubated at 37 °C for 1.5 h. Subsequently, the absorbance value at 450 nm was measured in a microplate 

https://doi.org/10.2147/BCTT.S537429                                                                                                                                                                                                                                                                                                                                                                                                                                                 Breast Cancer: Targets and Therapy 2025:17 758

Aimaiti et al                                                                                                                                                                         

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com/article/supplementary_file/537429/ID_537429_supplementary_file.zip


reader (Tecan Infinite, Switzerland). The measured results were plotted as a discount plot to reflect changes in cell 
proliferation capacity.

Transwell Assay
A Transwell assay kit (Corning, New York, USA) was deployed to inoculate the cells in the experimental and control 
groups, respectively. Cell invasion and migration assays were conducted in the transwell chamber with or without 
Matrigel. Transwell chambers inserted with 600 µL of 10% FBS medium were placed in the lower chamber as a 
chemoattractant and incubated for 24 h at 5% CO2 and 37 °C. Residual cells on the membrane surface of the inserted 
object were eliminated by a cotton swab. The total cell number that invaded the lower chamber was then fixed with 4% 
paraformaldehyde for half an hour before being stained with 0.1% crystal violet (both from Beyotime, Shanghai, China). 
Cells were examined and quantified with an inverted microscope (Mshot, Guangzhou, China) at 200× magnification.

Oris Cell Migration Assay
First, the OrisTM blockage was soaked in alcohol, sterilized, dried, and placed in a 96-well plate. The infected cells were 
added to the wells according to the designed group, and it was advisable to reach 90% the next day. The OrisTM 
blockage was carefully removed the next day, Celigo continued to culture after scanning the plate, and the cell area was 
calculated by taking photos at the appropriate time (0, 24 h). Cell mobility was assessed by calculating the difference in 
cell area at different time points. The cell mobility rate was determined using the formula: (0 h blank area − 24 h blank 
area)/0 h blank area × 100%.

Statistical Analysis
Statistical analyses were conducted through R software (v4.4.1), visualizing the data with the “ggplot2” package. Using 
the BYSL mRNA median level, the samples were allocated into HEG and LEG. For the difference in BYSL expression 
levels in unpaired samples, we employed the Mann–Whitney U-test to detect the difference while using the Wilcoxon 
signed-rank test for paired samples. The Spearman correlation coefficient was deployed to ascertain the link between 
BYSL expression and m6A methylation regulators, TMB, MSI, NEO, immune scores, and immune-associated genes. P < 
0.05 indicated statistical significance: *p < 0.05; **p < 0.01; ***p < 0.001; NS, Not Significant.

Results
Differential Expression of BYSL in Diverse Human Cancers
We used TCGA, GTEx, and GEO data to investigate the expression of BYSL mRNA in tumor and normal tissues. The 
TCGA database results manifested that BYSL expression was higher in 16 tumors (BLCA, BRCA, CHOL, COAD, 
ESCA, GBM, HNSC, KIRC, KIRP, LIHC, LUAD, LUSC, PRAD, READ, STAD, and UCEC) while being lower in 
KICH than in the corresponding normal tissues (normal samples were obtained from healthy individuals) (Figure 1A).

Besides, GTEx normal tissues were matched to TCGA cancer tissues, showing that BYSL was significantly over
expressed in 25 cancers (BLCA, BRCA, CHOL, COAD, ESCA, GBM, HNSC, KIRC, KIRP, LIHC, LUAD, LUSC, 
PRAD, READ, STAD, UCEC, CESC, DLBC, LGG, OV, PAAD, SKCM, TGCT, THYM, and UCS) and suppressed in 
KICH and LAML relative to healthy tissues (p < 0.001; Figure 1B).

Moreover, research on paired samples of 23 cancers found that BYSL was significantly overexpressed relative to the 
corresponding matched normal tissues in 15 malignancies (BLCA, BRCA, CHOL, COAD, ESCA, HNSC, KIRC, KIRP, 
LIHC, LUAD, LUSC, PRAD, READ, STAD, UCEC) (p < 0.01; Figure 1C). To be more convincing, we further validated 
our findings using datasets from the GEO database, specifically in BRCA, COAD, HNSC, LIHC, LUAD, OV, SKCM, 
and STAD, BYSL mRNA displayed higher levels than matched normal tissues (p < 0.01; Figure 1D–K). The 
Clinicopathologic features of pan-cancer from the TCGA database showed that BYSL was significantly overexpressed 
with pathological stage progression in cancers such as ACC, KIRP, LIHC, and LUAD, among others, implying that 
BYSL may be a prognostic marker for these cancers. In contrast, BYSL was significantly elevated in patients with early 
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Figure 1 BYSL mRNA expression levels across 33 cancers. (A) BYSL mRNA levels in TCGA tumor and corresponding normal tissue. (B) Integration of TCGA and TCGA- 
GTEx for comparison of BYSL mRNA expression differences in normal and tumor tissues. (C) BYSL mRNA level in TCGA tumor samples vs paired normal tissues. GEO 
datasets: BYSL expression differences for specific cancers. (D) BRCA (GSE45827), (E) COAD (GSE83889), (F) HNSC (GSE6791), (G) LIHC (GSE121248), (H) LUAD 
(GSE31547), (I) OV (GSE29450), (J) SKCM (GSE46517), and (K) STAD (GSE54129). (*p < 0.05, **p < 0.01, ***p < 0.001, NS-Not Significant).
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OV and SKCM. Moreover, the expression level decreased with tumor progression, suggesting that BYSL expression may 
have potential value for early OV and SKCM diagnosis (Supplementary Figure S2A–F).

The results of the UALCAN database revealed high BYSL protein levels in BRCA, COAD, KIRC, UCEC, lung 
cancer, HNSC, glioblastoma, and liver cancer compared to normal tissues (Figure 2A). At the same time, changes in 
protein phosphorylation levels were found in BRCA, HNSC, KIRC, COAD, LIHC, LUAD, LUSC, OV, PAAD, and the 
most critical site of phosphorylation was NP-004044.3:S98, followed by NP-004044.3:S167. There are the most 
phosphorylation sites in COAD. Phosphorylation levels are reduced at most phosphorylation sites in COAD, OV, and 
PAAD compared to healthy tissues (Figure 2B).

The results of IHC obtained from the HPA dataset demonstrated that BYSL protein was significantly increased in 
BLCA, BRCA, COAD, HNSC, LIHC, LUAD, LUSC, OV, PRAD, RCC, SKCM, and UCEC compared to normal tissues, 
which was similar to the previous BYSL mRNA expression is consistent in pan-cancer (Supplementary Figure S1).

Figure 2 Expression of BYSL. (A) BYSL protein expression levels across tumor and normal samples. (B) BYSL protein level and phosphorylation sites in various cancers. (*p < 0.05, 
**p < 0.01, ***p < 0.001, NS-Not Significant).
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Collectively, BYSL mRNA expression was significantly upregulated in most cancers, supported by protein-level data. 
In addition, BYSL mRNA expression is related to clinicopathologic features in multiple cancers, which further 
demonstrates BYSL’s potential significance as a pan-cancer marker.

BYSL Diagnostic and Prognostic Value in Pan-Cancer
The K-M analysis on the impact of BYSL mRNA levels on patients’ prognosis with BRCA, LAML, LUAD, STAD, and 
OV consistently suggests that higher BYSL mRNA expression is connected with a worse prognosis in most cancers 
(except for OV) (p < 0.001; Supplementary Figure S2G). This affects multiple survival indicators, such as OS, DSS, and 
PFS, among others (p < 0.001; Supplementary Figure S3).

In the TCGA database, BYSL prognostic value in OS, DSS, and PFS in pan-cancer patients was studied. BYSL was 
highly expressed in ACC (p = 0.008, hazard ratio (HR) = 3.058), BRCA (p = 0.004, HR = 1.605), COAD (p = 0.026, HR 
= 1.569), KIRP (p = 0.028, HR = 2.014), LAML (p = 0.008, HR = 1.782), LUAD (p = 0.028, HR = 1.386), LIHC (p = 
0.028, HR = 1.477), SARC (p < 0.001, HR = 2.260), SKCM (p = 0.011, HR = 1.424) and especially in KICH (p = 0.046, 
HR = 8.309), which reduced the OS of patients. In contrast, in THYM (p = 0.029, HR = 0.160), BYSL overexpression 
positively affected patient survival. In conclusion, BYSL overexpression was identified as an OS risk factor in most 
cancer patients (Figure 3A).

By DSS analysis, we found that in ACC (p = 0.013, HR = 2.880), COAD (p = 0.007, HR = 2.061), BRCA (p = 0.002, 
HR=1.993), HNSC (p = 0.005, HR = 1.657), LUAD (p = 0.049, HR = 1.449), SARC (p = 0.001, HR = 2.146, SKCM (p 
= 0.010, HR = 1.438), UCEC (p = 0.030, HR = 1.726), and especially in KIRP (p < 0.001, HR = 9.146) the increase in 
BYSL expression predicted a worse prognosis for DSS. For OV (p = 0.047, HR = 0.752), high expression of BYSL was a 
favorable factor for patients displaying longer DSS (Figure 3B). Similarly, BYSL overexpression represented an adverse 
factor impacting PFS in patients having ACC (p = 0.003, HR = 2.776), BRCA (p = 0.008, HR = 2.880), COAD (p = 
0.017, HR = 1.538), HNSC (p = 0.005, HR = 1.509), KICH (p = 0.044, HR = 4.825), KIRP (p = 0.003, HR = 2.293), 
LIHC (p = 0.005, HR = 1.520), SARC (p = 0.015, HR = 1.508), and UCEC (p = 0.012, HR = 1.564), and a favorable 
factor affecting PFS in OV patients (p = 0.007, HR = 0.722) (Figure 3C). The Venn diagram results depicted that BYSL 
expression affected OS, PFS, and DSS in patients with ACC, BRCA, COAD, KIRP, and SARC. This implies that BYSL 
may be a key factor influencing their prognosis (Figure 3D). Altogether, BYSL overexpression exhibits a close relation to 
the poor prognosis of patients with various cancers, and BYSL may be a promising biomarker in predicting pan-cancer 
patients’ prognosis.

Second, the ROC curves results showcased that BYSL showed good diagnostic value (AUC > 0.9) in COAD (0.972), 
KICH (0.932), LUAD (0.900), LUSC (0.941), READ (0.983), and STAD (0.960), especially in CHOL (1.000) 
(Figure 4A). BYSL demonstrated moderate diagnostic ability (AUC > 0.7) in multiple cancers, including BRCA 
(0.835), ESCA (0.898), GBM (0.886), HNSC (0.861), LIHC (0.892), PRAD (0.840), SARC (0.846), BLCA (0.756), 
CESC (0.771), KIRC (0.781), PAAD (0.703), and UCEC (0.766) (Figure 4B).

Collectively, BYSL overexpression has an interconnection to poor prognosis in multiple cancers and has demon
strated moderate-strong diagnostic power in most cancers.

BYSL Is an Independent Factor Influencing Certain Cancer Prognoses
To comprehend the effects of diverse factors on PFI in cancer patients, we performed Cox regression analyses for ten 
cancers (ACC, BLCA, COAD, HNSC, KICH, KIRP, LIHC, OV, SARC, and UCEC). For ACC, the MCRA results 
showed that the Primary therapy outcome (partial response (PR)/complete response (CR), HR = 0.133, p < 0.001) was 
the only independent prognostic factor (PF) (Supplementary Table S2A). For BRCA, the independent predictive 
variables were pathological M1 stage (HR = 4.679, p < 0.001), pathological III/IV stage (HR = 1.847, p = 0.040), and 
BYSL expression (high, HR = 1.522, p = 0.044) (Supplementary Table S2B). For COAD, PR/CR (HR = 0.203, p < 
0.001) represented the only independent predictive variable (Supplementary Table S2C). For HNSC, pathological T3/T4 
stage (HR = 1.974, p < 0.001) and BYSL level (high, HR = 1.485, p < 0.019) represented independent PFs 
(Supplementary Table S2D). For KICH, pathological T3/T4 stage (HR = 8.326, p = 0.002) and BYSL levels (high, 
HR = 4.797, p = 0.045) represented independent PFs (Supplementary Table S2E). For KIRP, gender (female, HR = 2.500, 
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p = 0.047) and clinical III/IV stage (HR = 8.956, p = 0.012) represented independent PFs (Supplementary Table S2F). 
For LIHC, the BYSL level (high, HR = 1.550, p = 0.015) represented the only independent PF (Supplementary 
Table S2G). For OV, PR/CR (HR = 0.588, p = 0.004) and BYSL levels were independent predictors (Supplementary 
Table S2H). In addition, for SARC, Residual tumor R1 (HR = 4.139, p = 0.001), R2 (HR = 8.193, p = 0.007), Tumor 
Focal necrosis (HR = 5.205, p < 0.001), Tumor Moderate necrosis (HR = 2.209, p = 0.019), Metastasis (yes, HR = 
12.464, p < 0.001), and BYSL level (high, HR = 1.764, p = 0.044) were independent PFs (Supplementary Table S2I). For 
UCEC, PR/CR (HR = 1.764, p = 0.044), clinical III/IV stage (HR = 2.902, p < 0.001), and endometrioid (Mixed, HR = 
3.741, p = 0.002) represented independent predictors (Supplementary Table S2J).

Subsequently, we incorporated all the factors involved in the MCRA into the prognostic nomogram, showing that the 
prognostic nomogram C-index for ACC was 0.804, for COAD was 0.773, for UCEC was 0.751, for BRCA was 0.700, 
for SARC was 0.845, for OV was 0.622, for LIHC was 0.648, for KICH was 0.817, for KIRP was 0.827, and for HNSC 
was 0.701 (Figure 5A–H, Supplementary Figure S4A and B). In addition, the calibration curves showed that ten types of 
cancer approached the ideal line (Supplementary Figure S4C–L). Accordingly, BYSL expression can be an independent 
predictive variable for the prognosis of patients with these cancers.

Figure 3 Interaction between BYSL expression and cancer patients prognosis. Interconnection between BYSL expression and (A) OS, (B) DSS, (C) PFS. (D) Venn diagram: 
Intersection of OS, DSS, and PFS for diverse cancers. (*p < 0.05, **p < 0.01, ***p < 0.001, (A–C) red boxes: High expression of BYSL was a risk factor, green boxes: High 
expression of BYSL was a favorable factor).

Breast Cancer: Targets and Therapy 2025:17                                                                                   https://doi.org/10.2147/BCTT.S537429                                                                                                                                                                                                                                                                                                                                                                                                    763

Aimaiti et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com/article/supplementary_file/537429/ID_537429_supplementary_file.zip
https://www.dovepress.com/article/supplementary_file/537429/ID_537429_supplementary_file.zip
https://www.dovepress.com/article/supplementary_file/537429/ID_537429_supplementary_file.zip
https://www.dovepress.com/article/supplementary_file/537429/ID_537429_supplementary_file.zip
https://www.dovepress.com/article/supplementary_file/537429/ID_537429_supplementary_file.zip
https://www.dovepress.com/article/supplementary_file/537429/ID_537429_supplementary_file.zip
https://www.dovepress.com/article/supplementary_file/537429/ID_537429_supplementary_file.zip
https://www.dovepress.com/article/supplementary_file/537429/ID_537429_supplementary_file.zip
https://www.dovepress.com/article/supplementary_file/537429/ID_537429_supplementary_file.zip
https://www.dovepress.com/article/supplementary_file/537429/ID_537429_supplementary_file.zip
https://www.dovepress.com/article/supplementary_file/537429/ID_537429_supplementary_file.zip


Figure 4 ROC curve for BYSL expression in pan-cancer. (A) BYSL expression in CHOL, COAD, KICH, LUAD, LUSC, READ, and STAD cancers with good diagnostic value 
(AUC > 0.9) as well as (B) in BLCA, BRCA, CESC, ESCA, GBM, HNSC, KIRC, LIHC, PAAD, PRAD, SARC, UCEC cancers with some diagnostic value (AUC > 0.7).
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Genetic Variant Characterization of BYSL in Pan-Cancer
Genetic mutations can cause cells to lose their regulation of survival, proliferation, and spread, and some of these genetic 
alterations are potential targets for molecular therapeutics.26 To explore whether BYSL can be a molecular therapeutic target, 
we performed a genetic characterization analysis. We found that among 10,967 samples, 253 samples (accounting for 2.3%) 
had BYSL mutations. Amplification was the most common CNV mutation, then Missense Mutation, Truncating Mutation, 
and Deep Deletion (Figure 6A). Among them, the proportion of missense mutations is 53.51%, and that of synonymous 
substitutions is 16.24% (Supplementary Figure S5A). Additionally, the most dominant single nucleotide variant (SNV) 
category was C>T (39.90%), then G>A (26.77%) (Supplementary Figure S5B). Subsequently, the BYSL gene mutation status 
was studied in pan-cancer. Among various cancer types, STAD (6.82%), ESCA (6.59%), OV (4.79%), DLBC (4.31%), and 
SARC (4.28%) exhibited the highest mutation frequencies (Figure 6B). R406W/Q was the most frequently mutated locus in 
the BYSL domain, and the mutations occurred in one patient with LUSC (R406Q), one SKCM (R406W), and one COAD 
(R406W), respectively (Figure 6C). Figure 6D shows the mutation status within the BYSL protein 3D structure and sequence.

The GSCA database results manifested that the CNV pie chart derived from this database showed that most cancers 
showed heterozygous amplification and deletion, homozygous amplification. Rare homozygous deletions occasionally 
occur in OV, BRCA, LUSC, CESC, AND PRAD (Supplementary Figure S5C). Moreover, BYSL expression is positively 
related to CNV alternation in most cancers (Supplementary Figure S5D). CNV in BYSL is a detrimental factor impacting 
patients’ prognosis with GBM, KIRP, LGG, LIHC, SARC, UCEC, and UVM (Figure 6E). In conclusion, genetic 
alterations of BYSL occur in most malignancies and are connected with the poor prognosis of cancer patients. 
Meanwhile, the genetic alterations of BYSL are expected to serve as potential targets for molecular therapy.

Figure 5 Continued.
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Exploration of the Association Between BYSL and Methylation
DNA methylation constitutes a key component of gene regulation. Cancer is defined by abnormal DNA methylation, 
which can promote tumorigenesis and modulate immune responses.27 As the most abundant and dynamic modification in 
RNA, m6A holds greater research value in disease progression. Particularly in cancer, abnormal m6A modifications are 
directly associated with various malignant phenotypes. Therefore, we delve into the interconnection between BYSL 
expression and key m6A methylation regulators in some cancers. There are 24 m6A methylation regulators: 10 writers 
(CBLL1, METTL14/3, RBM15/15B, TRMT6/61A/61B, WTAP, and ZC3H13), 3 erasers (FTO and ALKBH3/5), and 11 
readers (HNRNPA2B1, HNRNPC, IGF2BP1/2/3, RBMX, and YTHDC1/C2/F1/F2/F3). Heatmaps showed that in most 
tumors, BYSL expression was positively related to m6A methylation regulator expression (Figure 7A). Given the high 
expression of BYSL in most cancers from previous studies, it may also exhibit high m6A methylation levels.

The UALCAN database research showed that unlike normal tissues, the BYSL promoter was hypomethylated in 
BLCA (p = 2.91E-12), BRCA (p = 2.48E-07), CESC (p = 2.88E-02), HNSC (p = 1.62E-12), LIHC (p < 1.00E-12), 
LUAD (p = 1.34E-09), LUSC (p = 3.67E-09), PRAD (p = 8.36E-12), READ (p = 3.90E-07), TGCT (p = 2.40E-11), 
THCA (p = 1.04E-02), UCEC (p < 1.00E-12). In contrast, it was hypermethylated in KIRC (p = 1.06E-03) and KIRP (p 
= 4.21E-05) (Figure 7B). Subsequently, the influence of BYSL methylation level on cancer patient’s prognosis, including 
OS, PFS, and DSS, was analyzed, revealing that BYSL hypermethylation status is a BLCA risk factor and KIRC 
protective factor (Supplementary Figure S5E).

Figure 5 Nomograms prediction of patient PFS in eight cancers. Nomograms for BRCA (A), HNSC (B), KICH (C), KIRP (D), LIHC (E), OV (F), SARC (G), and UCEC (H).
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Altogether, BYSL is overexpressed in most malignancies and is positively related to most m6A methylation-related 
gene expression. Based on this, we speculate that BYSL exhibits a high methylation level in most tumors, and this 
methylation level has an impact on cancer patients’ prognosis.

Correlation Analysis Between BYSL Expression and Immunity
Studies have shown that TMB, MSI, and NEO serve as predictive biomarkers that can predict response to immunother
apy. Accordingly, we delve into the interconnection between BYSL expression and TMB, MSI, and NEO separately. The 
radar chart depicted that BYSL expression was positively related to the TMB of 11 cancers (CHOL, LUAD, BRCA, 
LGG, OV, PAAD, PRAD, LAML, READ, UCS, and SKCM) and negatively related to the TMB of KIRP, UCEC, THCA 
(Figure 8A). Additionally, BYSL expression displayed a significant connection to MSI in nine cancers: Positive relation 
to MSI in LIHC, KIRC, LUSC, BLCA, HNSC, STAD, BRCA cancers, and negative to THCA and LGG (Figure 8B). 
Similarly, BYSL expression positively related to NEO only in KIRC, BRCA, BLCA, and LUAD (Figure 8C).

Figure 6 Mutational landscape of BYSL in cancer. (A) Expression alterations across tumors. (B–C) Mutation distribution and mapped sites. (D) 3D structural view of key 
mutations. (E) Prognostic impact of BYSL CNVs.
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The ESTIMATE algorithm results showcased that BYSL expression was negatively linked with the stromal, immune, 
and ESTIMATE scores of 13 cancers (BRCA, COAD, ESCA, GBM, HNSC, LAML, LUAD, LUSC, PRAD, SARC, 
SKCM, STAD, and UCEC) and positively related to PCPG (Figure 8D). The correlation between BYSL expression and 
immune checkpoint genes (CD274, HAVCR2, LAG3, PDCD1, PDCD1LG2, TIGIT, CTLA4, and SIGLEC15) was 
further analyzed. The heatmap revealed that BYSL expression exhibited a negative interaction with most immune 
checkpoints in COAD, ESCA, GBM, LUSC, PRAD, SKCM, and THYM, whereas a positive correlation in BLCA, 
KICH, KIRP, and PCPG (Figure 8E).

As a key component of TME, tumor-infiltrating ICs (TIICs) are crucial in cancer treatment.28 The results of ssGSEA 
revealed that the heatmap showed that among the 24 TIICs, BYSL mRNA expression was negatively related to the 
infiltration of B cells, cytotoxic cells, eosinophils, mast cells, iDCs, pDCs, and T cells. In contrast, it showed a significant 

Figure 7 Epigenetic methylation analysis of BYSL. (A) BYSL-m6A regulator interactions across cancers. Promoter methylation level of BYSL in (B) BLCA, (C) BRCA, (D) CESC, 
(E) HNSC, (F) LIHC, (G) LUAD, (H) LUSC, (I) PRAD, (J) READ, (K) TGCT, (L) THCA, (M) UCEC, (N) KIRC, and (O) KIRP.

https://doi.org/10.2147/BCTT.S537429                                                                                                                                                                                                                                                                                                                                                                                                                                                 Breast Cancer: Targets and Therapy 2025:17 768

Aimaiti et al                                                                                                                                                                         

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)



positive correlation with pro-tumor TH2 cells (p < 0.05), particularly in BRCA, GBM, HNSC, LUAD, PRAD, STAD, 
and UCEC (Figure 9A). In THYM, BYSL expression showed a positive link with CD8+/CD4+ T cells and a negative 
with CAF, NKs, and macrophages. In the majority of cancers, BYSL expression was significantly positively related to 
myeloid-derived suppressor cell (MDSC) invasion degree (Figure 9B).

Enrichment Analysis of BYSL
To investigate the molecular mechanisms underlying BYSL in cancer development, we first constructed a PPI network 
using 50 BYSL-binding proteins identified from the STRING database (Figure 10A). Additionally, we retrieved the top 
100 BYSL co-expressed genes from the GEPIA2 database (Supplementary Table S4). A Venn diagram analysis identified 

Figure 8 BYSL expression and tumor immunogenomic features. (A–C) Correlation with TMB, MSI, and NEO. (D) Association with TME scores. (E) Link to immune 
checkpoint expression across 33 cancers. (*p < 0.05, **p < 0.01, ***p < 0.001).
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Figure 9 BYSL expression and immune cell infiltration in pan-cancer. (A) ssGSEA-based correlation with immune infiltration. (B) TIMER2.0 analysis of BYSL association with 
CAF infiltration.

https://doi.org/10.2147/BCTT.S537429                                                                                                                                                                                                                                                                                                                                                                                                                                                 Breast Cancer: Targets and Therapy 2025:17 770

Aimaiti et al                                                                                                                                                                         

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)



DCAF13 and PNO1 as common genes (Figure 10B). Further correlation analysis (Figure 10C) revealed a strong positive 
interaction between BYSL expression and DCAF13 (r = 0.64) along with PNO1 (r = 0.60).

Furthermore, a comprehensive GO/KEGG analysis was performed,29,30 identifying seven KEGG pathways and 225 
GO categories, including 140 biological processes (BP), 45 cellular components (CC), and 40 molecular functions (MF) 
(Supplementary Table S3). The top five cancer-related terms for each GO category were highlighted. GO-BP analysis 
revealed that BYSL is involved in key BP such as ribonucleoprotein complexes biogenesis, ncRNA processing, rRNA 
metabolic processes, rRNA processing, regulation of DNA metabolic processes, and ribosomal biogenesis in eukaryotes 
(Figure 10D). GO-CC analysis showcased that BYSL-associated genes were enriched in cell components such as the pro 
ribosome, ribosome, small subunit processing body, ribosomal subunit, and small ribosomal subunit (Figure 10E). GO- 
MF analysis manifested that BYSL-related genes were potentially involved in the structural components of ribosomes, 
the catalytic activity of RNA, small nucleolar RNA (snoRNA) binding, adenosine triphosphate (ATP) hydrolysis activity, 
rRNA binding, and other MF (Figure 10F). Our KEGG pathway analysis suggests that BYSL may function by mediating 
pathways such as ribosomal biogenesis, ribosomes, spliceosomes, nucleocytoplasmic transport, and DNA replication in 
eukaryotes (Figure 10G).

Figure 10 BYSL network, interactions, and functional enrichment. (A) PPI network of BYSL. (B) Overlapping BYSL-binding and interacting genes. (C) Correlation with two 
key genes across cancers. (D) GO-BP analysis. (E) GO-CC analysis. (F) GO-MF analysis. (G) KEGG pathway analysis.
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Finally, to investigate the potential BYSL-related pathways in nine cancers (BRCA, HNSC, KIRP, LIHC, LUAD, OV, 
SKCM, STAD, UCEC), we performed GSEA analysis, showing that genes positively linked with BYSL expression were 
mainly enriched in mRNA Splicing Minor Pathway, Diseases of DNA Repair and the Sumoylation of diverse proteins 
(DNA Damage Response and Repair Proteins, Ubiquitinylation Proteins, RNA Binding Proteins, Sumoylation Proteins 
and DNA Replication Proteins) (Figure 11). The genes that are negatively correlated with BYSL expression are mainly 
enriched in a variety of substance metabolism (the metabolism of glycogen, fatty acids, ketone bodies, amino acids, and 
their derivatives) and immune-related pathways (immunoregulatory interactions between a lymphoid and a non-lym
phoid, signaling by the B cell receptor BCR, chemokine receptors bind chemokines and PD-1 signaling) (Supplementary 
Figure S6).

Collectively, BYSL is important in cancer by influencing BP such as post-transcriptional processing, DNA damage, 
cellular function regulation, Sumoylation modification of various proteins, cellular senescence, and immunoregulation.

Figure 11 GSEA functional enrichment analysis of BYSL in eight cancers. In BRCA (A), HNSC (B), KIRP (C), LIHC (D), LUAD (E), OV (F), SKCM (G), STAD (H), and 
UCEC (I), the first ten pathways are positively related to BYSL expression.
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Expression of BYSL in BRCA Tissues, Prognosis and Regulation of Cancer Cell 
Phenotype
The qRT-PCR and WB assays showcased that BYSL was significantly overexpressed in BRCA tissues (Figure 12A and B). 
IHC staining of paired tissue microarrays containing 80 BRCA patients showed that BYSL was overexpressed in cancer 
tissues compared to adjacent tissues (Figure 12C and D), which often predicted a worse prognosis (Figure 12E). To verify 
BRCA cell phenotype regulation by different BYSL expression levels, BYSL knockdown (BYSL-KD) and overexpression 
(BYSL-OE) BRCA cell lines were constructed and then verified by qRT-PCR and WB (Figure 12F and G). The CCK-8 results 
showed that BYSL-KD decreased BRCA proliferation, while BYSL-OE gave the opposite result (Figure 13A and B). In 
addition, the Transwell invasion and migration assay results showed that BYSL-KD significantly inhibited the invasion and 

Figure 12 Expression and prognosis of BYSL in BRCA tissues, and validation of the efficiency of BYSL-KD and BYSL-OE in BRCA cells. (A and B) qRT-PCR and WB: BYSL 
mRNA level in cancer and adjacent counterparts of 16 BRCA patients. (C) IHC staining: Cancer and adjacent counterparts of BRCA patients by tissue microarrays. (D) 
Expression of BYSL in BRCA and adjacent tissues in tissue microarrays. (E) K-M: OS curves for high- and low-BYSL expression patients. (F and G) qRT-PCR and WB: BYSL- 
KD and BYSL-OE efficiency in BRCA cells. (*p < 0.05, **p < 0.01, ***p < 0.001).
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Figure 13 Effect of BYSL-KD and BYSL-OE on BRCA proliferation, invasion, and migration. (A and B) CCK-8 assay: Changes in BRCA cell lines (HCC-1937 and MDA-MB- 
231) proliferation after BYSL-KD and BYSL-OE, respectively. (C and D) Trans well invasion assay: Changes in BRCA cell line invasion after BYSL-KD and BYSL-OE. (E and F) 
Trans well migration assay: BRCA cell line migration after BYSL-KD and BYSL-OE. (G–J) Oris cell migration assay: Changes in BRCA cell line migration after BYSL-KD and 
BYSL-OE. (*p < 0.05, **p < 0.01, ***p < 0.001).
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migration of BRCA cell lines, while BYSL-OE promoted invasion and migration (Figure 13C–F). Subsequent Oris cell 
migration experiments re-validated the ability of BYSL-KD to inhibit the migration of BRCA cell lines, while BYSL-OE was 
the opposite (Figure 13G–J). In conclusion, BYSL overexpression in BRCA tissues is an important risk factor affecting the 
prognosis of BRCA patients. BYSL overexpression significantly promotes BRCA cell line proliferation, invasion, and 
migration, while low expression is the opposite.

Discussion
To our knowledge, this is the first pan-cancer study conducted on BYSL, clarifying its expression patterns and biological 
functions in pan-cancer to identify potential targets for new cancer diagnosis, treatment, and prognosis assessment.

BYSL, located on chromosome 6p21.1, encodes the bystin protein. Alterations in the 6p chromosomal region have 
been observed in malignant tumors, including osteosarcoma and renal cell carcinoma.31,32 Our study found that BYSL 
was significantly overexpressed in most malignancies, unlike normal tissues, and was strongly related to poor prognosis 
in pan-cancer patients, especially in BRCA, COAD, HNSC, KIRP, LIHC, LUAD, OV, SKCM, and UCEC. Zhang et al 
showed that BYSL expression affects OS in SKCM patients, consistent with our findings. However, the enhanced BYSL 
expression found in their study was associated with a higher tumor stage in SKCM patients, which is different from the 
results of this study.15 We observed that in SKCM patients, BYSL expression decreased with increasing clinic pathologic 
stage. Additionally, BYSL was overexpressed in the advanced clinicopathologic stage of ACC, KIRP, LIHC, and LUAD 
relative to the early stage, suggesting that BYSL may affect the prognosis of these cancer patients. High BYSL 
expression is positively linked with the histological grade of LIHC patients and the TNM stage of osteosarcoma 
patients,7,10 which is consistent with our findings. In addition, our study found that high BYSL expression is an 
independent prognostic factor for OV patients, and high BYSL expression has a positive effect on patient prognosis. 
It should be noted that this finding shows certain differences from other research results we have observed. Currently, 
research on the correlation between BYSL and the prognosis of OV patients remains scarce. Therefore, in-depth 
exploration of the association between the two, as well as the specific mechanisms underlying opposite results in 
relevant studies, will be the focus of our subsequent research. In conclusion, BYSL may represent a marker for the poor 
prognosis of the above-mentioned cancer patients, although its prognostic value should be explored.

Herein, we employed clinical tissue samples to further verify the BYSL levels in paired BRCA samples, and their 
mRNA and protein levels were significantly increased compared to adjacent tissues.

Related research, through model-building, has found that BYSL overexpression promotes the tumorigenesis of HCC. 
Moreover, the risk score composed of BYSL and other factors can be a predictor of the prognosis of patients with gastric 
cancer and soft tissue sarcoma.8,13,33 Our study found that BYSL may be a diagnostic marker for various cancers and 
identified BYSL as an independent PF for patients with BRCA, HNSC, KICH, LIHC, OV, and SARC, providing a 
theoretical basis for its application in future cancer treatment and management.

One of the hallmarks of cancer is epigenomic dysregulation, in which changes in gene expression affect the cellular 
state, interfere with the interaction between cells and the TME, and ultimately contribute to cancer development and 
progression.34,35 This study found that BYSL mutations were present in most cancer types, BYSL mutations were 
positively correlated with BYSL mRNA expression levels, and high expression of BYSL mRNA results in poor 
prognosis in patients with various cancers. In most cancers, due to the amplification mutation of BYSL and its high- 
level expression of BYSL mRNA, patients with various cancers have a poor prognosis. From this, we speculate that the 
amplification mutation of BYSL is an important cause of the increased expression level of BYSL mRNA, leading to a 
poor prognosis for patients with various cancers. This is particularly evident in patients with KIRP, LIHC, and UCEC, 
among others. Thus, BYSL mutation is highly likely to be crucial in cancer occurrence and development. Although we 
are the first to systematically elucidate the important role of BYSL mutations in pan-cancer, further research should cover 
the mechanisms by which BYSL mutations affect cancer occurrence and progression.

As biomarkers for predicting ICI efficacy, both TMB and MSI can evaluate elements related to tumor and host 
immunogenicity. This provides a strong basis for formulating and optimizing clinical ICI treatment plans.36,37 Then, we 
ascertained the interconnection between BYSL expression and TMB, MSI, and NEO, showing that BYSL expression in 
COAD, ESCA, GBM, LUSC, PRAD, and SKCM was inversely correlated with immunological scores and the expression 
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of most immune checkpoints. Since BYSL was overexpressed in these tumors, it may cause poor prognosis in patients 
with these cancers by decreasing tumor immune scores and suppressing immune-associated gene activation in these 
cancers. In addition, we found that BYSL expression was positively related to the three scores of BRCA, LUAD, BLCA, 
and KIRC and that BYSL mRNA was overexpressed in the above-mentioned cancers. Consequently, patients having 
BYSL overexpression in the above-mentioned cancers displayed higher immune scores and would respond better to 
immunotherapy. Accordingly, BYSL may contribute to cancer immunity regulation, and targeting BYSL may be a new 
strategy for tumor immunotherapy.

Cancer onset and development are synchronized with the remodeling of the surrounding matrix.38 Multiple studies 
have shown that TME is mainly composed of tumor cells, ICs, signaling molecules, stromal tissues, and vascular 
systems, which promote tumor progression.39 The expression of BYSL is inversely correlated with most ICs, mainly B 
cells, iDCs, pDCs, and T cells. MDSCs are considered to be the major immunosuppressive factors in the TME, using 
multiple effector molecules and signaling pathways to modulate immunosuppression and thus promote cancer growth.40 

In this study, BYSL expression was positively related to MDSCs. Therefore, we speculated that BYSL mainly exerts an 
immunosuppressive role rather than immune escape, which in turn affects the prognosis of cancer patients. As two key 
subsets of Th cells, Th1 and Th2 cells, exist in relative equilibrium by secreting cytokines, and their imbalance is a 
decisive factor in malignancy development,41 we found that BYSL was more correlated withTh2 cells than with Th1 
cells, suggesting that in the case of high expression of BYSL mRNA, the immune response has the potential to shift from 
exerting anti-tumor effects to promoting tumor growth.

m6A methylation is critical in governing tumor immunity and modulating proliferation, invasion, and metastasis.42,43 

This study explored the correlation between BYSL expression and methylation levels of BYSL promoters and expression 
of m6A methylation-related regulators. Here, BYSL expression is positively related to m6A methylation-related regulator 
expression in most malignancies, with ACC, BLCA, KICH, THCA, and UCEC showing an extremely strong positive 
correlation, suggesting that BYSL may exhibit elevated m6A methylation levels in these cancers. Disruptions in the 
regulatory mechanisms of DNA methylation can result in a variety of diseases, including cancer.44 Previous studies have 
shown that BYSL expression is negatively governed by BYSL methylation. Our analysis showed that BYSL hyper
methylation was related to an improved KIRC prognosis and a worsening BLCA prognosis, thus highlighting the 
important role of BYSL methylation in cancer initiation and progression.

The progression of cancer depends on the biogenesis of ribosomes, and the nucleolus is an important organelle for 
ribosomal biogenesis.45 Bystin is located in the nucleolus and is related to the cytoplasmic 40S subunit pre-translation. Its 
downregulation delays 18S rRNA processing, the mature form required for protein translation, resulting in impaired cell 
viability.46 BYSL has been shown to mediate the activation of related protein kinases through mTOR, GSK-3β/β-catenin, 
and other signalings, thereby promoting glioma cell proliferation, invasion, and migration.47,48 BYSL silencing leads to 
cell cycle arrest and an increase in long-term OS, which is consistent with our findings.49

Our analysis find that BYSL may contribute to Sumoylation modification of various proteins, cellular senescence, and 
immune regulation. Furthermore, We speculate that BYSL may be involved in the P53 stabilization process. However, it 
should be noted that this association is only a theoretical speculation, as this study has not verified it experimentally. 
Thus, it could serve as a direction for future research, and its specific mechanism remains to be further explored. Among 
them, p53 is one of the most widely studied tumor suppressors, and its loss or mutation of function is closely linked with 
cancer occurrence and progression.49 P53 stabilization maintains genomic stability and inhibits tumorigenesis. However, 
the specific mechanism behind BYSL in cancer occurrence and progression remains vague. Therefore, our cell experi
ments validated that BYSL-KD can inhibit BRCA cell proliferation, invasion, and migration and increase apoptosis, 
providing new insight into the role of BYSL and the development of innovative cancer therapies.

Conclusion
This is the first systematic study of BYSL at the pan-cancer level through bioinformatics analysis. Our findings 
demonstrate that BYSL may drive tumor progression by regulating ribosomal biosynthesis and cell cycle-associated 
signaling pathways. Through expression and functional validation experiments in BRCA, we further validated its role in 
tumorigenesis and development. Collectively, our study establishes BYSL as a potential diagnostic and prognostic 
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biomarker, as well as a therapeutic target, for human cancers. Future investigations are warranted to further elucidate its 
molecular mechanisms and explore clinical translation.
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