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Background: The Bromodomain Adjacent to the Zinc Finger Domain 1B (BAZ1B) is a versatile 
nuclear protein. BAZ1B acts on chromatin remodeling, participates in DNA replication and damage 
repair, and is involved in RNA transcription based on its kinase activity. Although many experimental 
data support a close relationship between BAZ1B and cancer, its role in pan-cancer remains unclear. 
Our study aimed to analyze the prognostic and immune functions of BAZ1B expression in different 
cancers.

Methods: Based on different databases, we investigated the potential carcinogenicity of BAZ1B, 
including the expression of all TCGA tumors, correlation with prognosis, Tumor Microenvironment 
(TME), protein phosphorylation, and functional enrichment. 

Results: The results showed that BAZ1B was overexpressed in a variety of cancers, and there 
was a signifi cant correlation between gene mutations and poor prognosis associated with high 
expression in most cancer patients. We observed elevated phosphorylation levels in breast cancer 
and lung adenocarcinoma. A signifi cant relationship was also found between BAZ1B expression and 
TME, including tumor-associated fi broblast infi ltration. We also observed that the cellular function of 
DNA and hepatocellular carcinoma may be related to the molecular mechanism of BAZ1B.

Conclusion: The prognostic and immunological markers of BAZ1B provides a new understanding 
for future studies in our fi rst pan-cancer analysis. 

ABSTRACT

ABBREVIATIONS
ACC: Adrenocortical Carcinoma; BAZ1B: Bromodomain Adjacent To Zinc Finger 

Domain 1B; BLCA: Bladder Urothelial Carcinoma; BP: Biological Process; BRCA: 
Breast Invasive Carcinoma; CC: Cellular Component; CESC: Cervical Squamous 
Cell Carcinoma and Endocervical Adenocarcinoma; CHOL: Cholangiocarcinoma; 
CI: Confi dence Intervals; COAD: Colon Adenocarcinoma; DAVID: Database For 
Annotation, Visualization, and Integrated Discovery; DFS: Disease-Free Survival; 
DLBC: Lymphoid Neoplasm Diff use Large B-Cell Lymphoma; DSS: Disease-Specifi c 
Survival; ESCA: Esophageal Carcinoma; FC: Fold Change; GBM: Glioblastoma 
Multiforme; GEO: Gene Expression Omnibus; GEPIA2: Interactive Analysis of 
Gene Expression Profi le, 2nd Edition; GO: Gene Ontology; HCC: Hepatocllular 
Carcinoma; HNSC: Head And Neck Squamous Cell Carcinoma; HR: Hazard Ratio; 
ICPI: Immune Checkpoint Inhibitor; IL-2: Interleukin 2; KEGG: Kyoto Genome 
and Genome Encyclopedia; KICH: Kidney Chromophobe; KIRC: Kidney Renal 
Clear Cell Carcinoma; KIRP: Kidney Renal Papillary Cell Carcinoma; LAML: Acute 
Myeloid Leukemia; LGG: Brain Lower Grade Glioma; LIHC: Liver Hepatocellular 
Carcinoma; LUAD: Lung Adenocarcinoma; LUSC: Lung Squamous Cell Carcinoma; 
MESO: Mesothelioma; MF: Molecular Function; MHC: Major Histocompatibility 
Complex; MMR: Mismatch Repair; MSI: Microsatellites Instability; OS: Overall 
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Survival; OV: Ovarian Serous Cystadenocarcinoma; PAAD: 
Pancreatic Adenocarcinoma; PCPG: Pheochromocytoma 
and Paraganglioma; PFS: Progression-Free Survival; PRAD: 
Prostate Adenocarcinoma; RCC: Renal Cell Carcinoma; READ: 
Rectum Adenocarcinoma; SARC: Sarcoma; SKCM: Skin 
Cutaneous Melanoma; STAD: Stomach Adenocarcinoma; 
TCGA: The Cancer Genome Atlas; TGCT: Testicular Germ 
Cell Tumors; THCA: Thyroid Carcinoma; THYM: Thymoma; 
TIL: Tumor-Infi ltrating Lymphocytes; TIMER2.0: Tumor 
Immune Estimate Resource, Version 2; TMB: Tumor 
Mutation Burden; TME: Tumor Microenvironment; UCEC: 
Uterine Corpus Endometrial Carcinoma; UCS: Uterine 
Carcinosarcoma; WSTF: Williams Syndrome Transcription 
Factor

INTRODUCTION
Cancer occupies the forefront of the leading causes of 

death worldwide, endangering public health and quality of 
life [1]. In recent years, cancer immunotherapy, especially 
immune checkpoint blockade therapy, has come into 
focus [2]. Tumorigenesis is a complex process involving 
the immune system, and conventional therapeutic 
interventions are not satisfactory in cancer treatment. There 
is an urgent need for pan-cancer analysis of genes to assess 
clinical prognosis and the value of potential therapeutic 
targets. With the development and improvement of public 
databases such as The Cancer Genome Atlas (TCGA) and 
Gene Expression Omnibus (GEO), we can perform pan-
cancer expression, survival prognosis, and tumor immune 
infi ltration assessment of genes in diff erent tumors and 
analyze related signaling pathways [3,4].

The Bromodomain Adjacent to Zinc Finger Domain 
1B (BAZ1B) gene encodes a member of the bromodomain 
family of proteins. The bromodomain is a structural motif 
characteristic of proteins involved in chromatin-dependent 
transcriptional regulation. This gene is missing in Williams-
Beuren syndrome, a developmental disorder caused by the 
deletion of multiple genes in 7q11.23 [5]. BAZ1B has been 
reported to play a major role in DNA replication, DNA damage 
repair, RNA transcription, and apoptosis [6]. In addition, it 
is aberrantly expressed and dysregulated in many cancers. 
Currently, BAZ1B expression was found to be increased in 
breast [7], colon [8], and lung [9] cancers, which may predict 
a poor prognosis for patients. It was found that knockdown 
of BAZ1B or treatment of cells with BAZ1B antibody reduced 
cell proliferation and oncogenic pathway activation in colon 
cancer, suggesting that BAZ1B could be used as a cancer 
therapeutic target [8]. In addition, BAZ1B may promote 
lung cancer cells to undergo proliferation, promote colony 
formation, migration, and invasion by inducing epithelial 
mesenchymal transition and thus overexpression in lung 
cancer [9]. Although BAZ1B emerges as a promising cancer 
target, its expression, function and mechanism in various 
tumors remain unclear.

In this study, we performed a pan-cancer analysis of 
BAZ1B based on multiple databases. Factors such as gene 
expression and alterations, clinical prognosis, protein 
phosphorylation, immune infi ltration and associated 
cellular pathways were addressed. Based on these results, we 
aimed to investigate the value as a biomarker and to assess 
the potential molecular mechanisms of BAZ1B in diff erent 
cancers.

MATERIALS AND METHODS
Gene expression analysis

In the “Gene” module (http://timer.comp-genomics.
org/) of TIMER 2.0 (tumor immune estimate resource, 
version 2) [10], we observed the diff erential expression of 
BAZ1B in diff erent TCGA tumors and adjacent normal tissues. 
For tumors where normal tissue was completely infi ltrating 
or highly restricted, we used the module “Expression 
Analysis-Box Plots” of GEPIA2 (interactive analysis of 
gene expression profi le, 2nd edition) (http:// gepia2. 
cancer-pku.cn) [11]. By adjusting the p value cut-off  value 
= 0.01, |Log2FC| (fold change) cut-off  value = 1, “matching 
TCGA normal and GTEX data”, we got the boxplots of the 
expression diff erence between the pathological tissues 
of these tumors and the corresponding normal tissues. 
In addition, the “Pathological staging map” module of 
GEPIA2 was used to analyze the violin plot expressed by 
BAZ1B in diff erent stages of TCGA tumors. The expression 
data transformed by log2 [TPM (transcripts per million per) 
+ 1] was applied to the violin graph. Notably, the UALCAN 
portal (http://ualcan.path.uab.edu/analysis-prot.html) [12] 
is an interactive portal that facilitates analysis of protein 
expression in CPTAC tumor datasets. We investigated the 
expression of total protein or phosphate protein of BAZ1B in 
primary tumor and normal tissues, respectively. The Human 
Protein Atlas (HPA) (https://www.proteinatlas.org/) is a 
database of cancer gene immunohistochemistry [13]. On the 
site, immunohistochemical techniques were used to show 
the distribution and expression of each protein in 48 normal 
human tissues and 20 tumor tissues. The protein expression 
of BAZ1B in urothelial cancer, colon adenocarcinoma, 
lymphoma, melanoma, testis germ cell tumor, endometrial 
cancer and corresponding normal human tissues was 
observed by immunohistochemical technique.

Genetic alteration and methylation analysis

We logged on to the website of Clinical Bioinformatics 
Assistant (https://www.aclbi.com), a database set containing 
10228 cases involving 29 malignant tumors, to analyze 
BAZ1B's mutation analysis array in the "Pan-Cancer" 
module, including its Tumor Mutation Burden (TMB) and 
Microsatellites Instability (MSI). We applied the "Mutations" 
module of the cBioPortal database (https://www.cbioportal.
org/) [14] to obtain mutation site information for BAZ1B and 
schematic diagrams of the three-dimensional structure. 
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The "Comparison/Survival" module was used to explore the 
diff erences in Disease-Free Survival (DFS), Overall Survival 
(OS), Disease-Specifi c Survival (DSS), and Progression-
Free Survival (PFS) rates of BAZ1B gene mutations in cancer 
patients, and we obtained Kaplan-Meier plots with log rank 
p values in cases of uterine corpus endometrial carcinoma

Protein phosphorylation analysis

The UniProt tool (https://www.uniprot.org/) was used to 
fi nd the ID for the BAZ1B protein, and we then obtained the 
protein domain through the SMART dataset( http://smart.
embl-heidelberg.de/ ). We obtained BAZ1B phosphorylation 
sites and protein expression levels in breast cancer and lung 
adenocarcinoma from the UALCAN portal.

Survival prognosis analysis

The Clinical Bioinformatics Assistant web was used 
to obtain overall, disease-free, disease-specifi c, and 
progression-free survival data maps of BAZ1B in TCGA 
tumors. The univariate cox regression analysis was carried 
out with R software v4.0.3, and the forest plot was used 
to show p value, Hazard Ratio (HR) and 95% Confi dence 
Intervals (CI).

Immune in iltration analysis

The TISIDB database (http://cis.hku.hk/TISIDB/
index.php) [15] is an integrated repository portal for 
tumor-immune system interactions, which provides 
our assessment of the relationship between BAZ1B and 
immune traits including lymphocyte, immune modulators, 
and chemokines. We concluded the relationship between 
Tumor-Infi ltrating Lymphocytes (TIL) and BAZ1B 
expression by searching the “Lymphocyte” section. 
Besides, we assessed the association of BAZ1B expression 
with immunoinhibitor, immunostimulator, and Major 
Histocompatibility Complex (MHC) molecule, respectively, 
using the “Immunomodulator” module. 

BAZ1B-related gene enrichment analysis

Based on the protein resource integration tool, 
STRING(https://string-db.org/) [16], we searched for 
“BAZ1B”and “Homo Sapiens” and chose a parameter 
setting: the minimum required interaction score ["Low 
confi dence (0.150)"], the network edge meaning "evidence", 
the maximum number of interactors shown as "no more 
than 50 interactors" in 1st shell and the active interaction 
sources "experiments". The protein map associated with 
BAZ1B was generated by the screening. Under the “Similar 
Gene Detection” module of GEPIA2, 100 target genes was 
used in all TCGA tumor and normal tissue data sets. The 
“Correlation Analysis” model of paired Pearson correlation 
analysis identifi ed whether BAZ1B was associated with 
established gene expression. Log2TPM, p value and 
correlation coeffi  cient (R) were shown on the point graph. 

Furthermore, we used TIMER2’s “Gene_Corr” module to 
generate the heat map data for the selected genes, including 
the Spearman partial correlation and the purity adjusted 
P-level correlation test.

JVENN, an interactive venn graph viewer, was used to 
compare BAZ1B binding genes with interacting genes [17]. 
BAZ1B was analyzed for both the Kyoto Genome and Genome 
Encyclopedia (KEGG) pathways using two sets of data. We 
uploaded the gene list to DAVID (Database for Annotation, 
Visualization, and Integrated Discovery) (https://david.
ncifcrf.gov/) [18] and set up the identifi er and species as 
(“Offi  cial”) and “Homo Sapiens” to collect functional 
annotated map data. Then, the data were visualized as 
bubble plots via the HIPLOT website (https://hiplot.com.
cn/). In addition, we imported the Biological Process (BP), 
Cellular Component (CC) and Molecular Function (MF) data 
into DAVID website and enriched them with Gene Ontology 
(GO) analysis. Finally, the Excel 2016 software was used to 
process the data and exported it into three-dimensional pie 
charts.

Statistical analysis

The Wilcox test was used to compare gene expression 
diff erences. Pearson correlation analysis was used to 
determine the relationship between BAZ1B and similar genes. 
Kaplan-Meier analysis, log-rank test and cox regression 
test were used in survival analysis. TIMER, CIBERSORT, 
CIBERSORT-ABS, QUANTISEQ, XCELL, MCPCOUNTER, 
and EPIC algorithms were used to estimate the immune 
penetration. By Spearman rank correlation test and purity 
adjustment method, p value and partial correlation value 
were obtained. In addition, the statistical signifi cance was 
noted by the number of stars (*: p < 0.05; **: p < 0.01; ***: p 
< 0.001).

RESULTS
Gene expression level

We analyzed the expression of BAZ1B in TCGA cancer 
by TIMER2.0. As shown in fi gure 1a, the BAZ1B expression 
level was higher in a variety of tumor tissues than in 
normal tissues, these included BRCA (Breast invasive 
carcinoma), CHOL (Cholangiocarcinoma), COAD (Colon 
Adenocarcinoma), ESCA (Esophageal Carcinoma), HNSC 
(Head and Neck Squamous Cell Carcinoma), LIHC (Liver 
Hepatocellular Carcinoma), LUAD (Lung Adenocarcinoma), 
LUSC (Lung Squamous Cell Carcinoma), SKCM (Skin 
Cutaneous Melanoma), STAD (Stomach Adenocarcinoma) 
(p < 0.001), KIRP (Kidney Renal Papillary Cell Carcinoma), 
THCA (Thyroid Crcinoma), UCEC (Uterine Corpus 
Endometrial Carcinoma) (p < 0.01) and KIRC (Kidney Renal 
Clear Cell Carcinoma), PRAD (Prostate Adenocarcinoma), 
READ (Rectum Adenocarcinoma) (p < 0.05). We further 
compared BAZ1B gene expression in some tumor and 
normal tissues in GEPIA2 with TCGA and GTEX databases 
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(Figure 1b). In DLBC (Lymphoid neoplasm Diff use Large 
B-Cell Lymphoma), TGCT (Testicular Germ Cell Tumors) 
and THYM (Thymoma), BAZ1B expression was signifi cantly 
diff erent from that in normal tissues (p < 0.05). However, 
there was no signifi cant diff erence in ACC (Adrenocortical 
Carcinoma), OV (Ovarian Serous Cystadenocarcinoma), 
BRCA, LAML (Acute Myeloid Leukemia), SARC (Sarcoma) 
and UCS (Uterine Carcinosarcoma). Results from the CPTAC 
database showed that BAZ1B protein was expressed more 
frequently in BRCA, COAD, OV, KIRC, LUAD, HNSC and LIHC 
than in normal tissues (Figure 1c, p < 0.001). In order to get 
the expression level of BAZ1B in diff erent tumor stages, we 
used the “Pathological Stage Plot” module in GEPIA2. BAZ1B 
gene expression in KICH, LIHC (p < 0.01), ACC, OV, PAAD (p 
< 0.05) was signifi cantly diff erent from pathological stage 
(Figure 1d).

Mutation analysis of BAZ1B gene in pan-cancer

We analyzed the association of BAZ1B gene with TMB and 
MSI, respectively, in the Clinical Bioinformatics Assistant 
web (Figure 2a, 2b). In LGG (p < 0.001) and STAD (p < 0.01), 
BAZ1B was positively correlated with TMB, and BAZ1B was 
negatively correlated with TMB in UVM, ESCA (p < 0.05) and 
THCA (p < 0.01). In LUSC, UCEC (p < 0.001), READ (p < 0.01), 
BAZ1B was positively associated with MSI, but negatively 
associated with DLBC (p < 0.001). As shown in fi gure 2c, the 
type, site, and number of cases of genetic variation were 
clearly shown. We found that the missense mutation of 
BAZ1B was the main type of mutation, in which R199Q was 
changed in 1 case in UCEC and in 3 cases in COADREAD. We 
derived a 3D schematic of the structure of the BAZ1B protein 
(Figure 2d). In addition, we investigated the potential 
association between BAZ1B mutations and clinical survival 
in UCEC patients, patients with the BAZ1B alternations had 
poor disease-free survival (p = 0.0813), overall (p = 0.0383), 
disease specifi city (p = 0.0502), and progression-free 
survival (p = 0.6831e-3) (Figure 2e).

Phosphorylation levels of BAZ1B protein in pan-
cancer

We summarized the graph of phosphorylation sites of 
the BAZ1B protein by retrieving the SMART tool (Figure 
3a). Based on the CPTAC data set, we compared the levels 
of protein phosphorylation of BAZ1B between normal 
tissue and primary tumor. We analyzed seven types of 
tumors, including breast cancer, clear cells RCC, LUAD, 
HNSC, PAAD, GBM, and LIHC. The phosphorylation level 
of S947 site of BAZ1B in six primary tumor tissues was 
signifi cantly diff erent from that in normal tissues except 
for HNSC (p < 0.05). The phosphorylation levels of BAZ1B 
in fi ve other cancers were higher than those in the control 
group, compared with HCC. Besides RCC and GBM, the 
phosphorylation level of S705S708 site of BAZ1B was also 
diff erent in the other fi ve primary tumors (p < 0.05), only 
in PAAD the phosphorylation level of this locus was lower 

than in the corresponding normal tissues. In addition, we 
observed that the S152 (p = 1.53e-05), S189 (p = 3.52e-06), 
S347 (p = 1.61e-03), S705S708 (p = 3.75e-05) and S1468 
(p = 8.31e-07) of BAZ1B in PAAD showed decreased levels 
of phosphorylation compared with the control group. As 
shown in fi gure 3b, diff erences in the expression of other 
phosphorylation sites were analyzed and summarized. The 
results indicated that the phosphorylation level of BAZ1B in 
most primary tumors was signifi cantly higher than that of 
the corresponding normal tissues.

Prognostic analysis of BAZ1B in pan-cancer

We summarized BAZ1B survival rates in 10,228 patients 
with 29 types of malignancy from the Clinical Bioinformatics 
Assistant website. High expression of BAZ1B was benefi cial 
to the overall (p < 0.01), disease-specifi c, progression-
free survival (both p < 0.05), and had no signifi cant eff ect 
on disease-specifi c survival outcome in patients with KIRC 
compared with the corresponding normal tissues. Compared 
with the control group, the high expression of BAZ1B was 
lower associated with lower overall survival (p < 0.001), 
disease-specifi c, progression-free survival (both p < 0.01) 
in LGG patients and lower in MESO (Mesothelioma) (all p 
< 0.05), and there was no signifi cant diff erence in disease-
free survival among patients with cancer. In addition, we 
evaluated the prognostic value of BAZ1B in patients with 
other tumors, indicating that high BAZ1B expression may be 
a protective factor in KIRC, but in most other tumor patients, 
it implied a poor prognosis (Figures 4a-d).

Immunological value of BAZ1B in pan-cancer

TILs therapy, a kind of Adoptive Cell Therapy (ACT), is 
to isolate endogenous TILs from the lesion site of tumor 
patients through biopsy or surgery, then amplify them in 
vitro through Interleukin-2 (IL-2), and then infuse them 
back into patients. ACT and TILs have been shown to cause 
objective tumor regression in several types of cancer [19-
23]. Therefore, it is necessary to assess the association 
of BAZ1B with the characteristics of pan cancer immune 
invasion. The results showed that BAZ1B was consistent with 
the expression levels of Th2 and Act_CD4 in most tumor 
patients, and was inversely correlated with most other 
types of TILs such as Act_CD8, CD56bright, etc. (Figure 
5a). We observed that BAZ1B was opposite to CD56bright 
expression levels in PAAD (p = 2.58e-12) and consistent with 
Act_CD4 expression trends in TGCT (p < 2.2e-16). We also 
assessed the association of immunomodulators including 
immunoinhibitors, immunostimulators, MHC molecules and 
the expression of BAZ1B in pan cancer. As shown in fi gures 
5b & 5c, most immunoinhibitors exhibited antagonism 
with BAZ1B in SARC patients, while the opposite was true in 
patients with TGCT. Figures 5d-f inferred the relationship 
between our randomly selected immunoinhibitor in 
SARC (p = 1.72e-06) and TGCT (p = 5.4e-06) and BAZ1B, 
respectively. MHC molecules are mediators on which T cells 
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Figure 1.1 Expression of BAZ1B in pan-cancer tissues.
aThe gene expression of BAZ1B in different cancers in TCGA database was analyzed through TIMER2.0. *p < 0.05; **p < 0.01; ***p < 0.001. 
bFor the absent types of cancers in TCGA, the corresponding normal tissues of the GTEx database were included as controls. The box plots were supplied. *p < 0.05. 
cBased on the CPTAC dataset, we analyzed the expression level of BAZ1B total protein between normal tissue and primary tissue of breast cancer, ovarian cancer, 
colon cancer, clear cell RCC, LUAD, LIHC and HNSC. ***p < 0.001.
dBased on the TCGA dataset, the expression levels of BAZ1B were analyzed by the main pathological stages (stage I, stage II, stage III, and stage IV) of ACC, KICH, 
OV, LIHC, and PAAD. Log2 (TPM + 1) was applied for log-scale.
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Figure 1.2 Immunohistochemical images of BAZ1B in tumor and normal tissues.
We used the human protein atlas to obtain immunohistochemical images of BAZ1B in normal human tissues and representative tumors. Scale bars represented 
200um.

exert immune function when their surface is treated with 
antibodies to recognize antigens. When we observed the 
relationship between MHC molecules and BAZ1B in specifi c 
tumors from fi gure 5g, we found that in addition to TPA1 and 
TPA2, most MHC molecules antagonized the expression of 
BAZ1B in COAD, KICH, KIRP, READ, SARC. At the same time, 
we observed that there appears to be an exception in patients 
with TGCT tumors. Therefore, taking HLA-DQA2 as an 
example, we compared the diff erences in BAZ1B expression 
levels in READ (p = 1.31e-07) and TGCT (p < 0.001) (Figure 
5h). 

CD8+ T cells are the main immune cells that perform 
immune surveillance to detect antigens from cancer cells 
and developing malignant tumors [24]. Via Act_CD8+ 
T cells are reinfused into tumor patients, and BAZ1B 
overexpressed in most tumors may become a target in the 
process of destroying cancer cells by cell contact. CD96 in 
immune checkpoint inhibitor can regulate the antitumor 
eff ect of CD8+ T cells, and BAZ1B overexpressed in pan 
cancer was negatively correlated with it, which produced 

better therapeutic eff ect for patients with high TMB [25]. 
IL-6 is a factor that stimulates the proliferation, survival, 
invasion and metastasis of tumor cells, and also participates 
in the activation of T cells [26]. IL-6R can activate many 
signal pathways after binding cytokines [27]. Studies have 
shown that IL-6R is overexpressed in most tumors, and 
we also observed a positive correlation between BAZ1B and 
IL6R expression (Figure 5e). In summary, BAZ1B played an 
important role in tumor immunity.

Enrichment analysis of BAZ1B-related partners

We screened 50 genes that are strongly associated with 
the BAZ1B protein and supported by experimental evidence 
(Figure 6a). By interacting with 100 genes identifi ed from 
GEPIA2 associated with BAZ1B expression, we obtained 
STAG2, SMARCA5, and SUPT16H. We used heat maps 
and scatter plots (Figures 6b-d, all p < 0.001) to show the 
correlation between the expression of the related genes 
CRCP, FCF1, STAG2, TSN and BAZ1B in pan-cancer. The 
results indicated that the related genes were positively 
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Figure 2 Mutation analysis of BAZ1B gene in pan-cancer.
aCorrelation between BAZ1B and TMB. 
bCorrelation between BAZ1B and MSI. 
cAnalysis of mutation sites and types of BAZ1B by cBioPortal tool.
d3D structure of d BAZ1B. 
ePrognostic analysis of BAZ1B mutations in patients with UCEC. 
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Figure 3 Phosphorylation levels of BAZ1B protein in pan-cancer
aInformation on the phosphorylation site of BAZ1B protein. 
bWe analyzed differences in the phosphorylation levels of BAZ1B in primary tumors and corresponding controls on the UALCAN website.
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Figure 4 Prognostic analysis of BAZ1B in pan-cancer.
aWe evaluated the prognostic value of BAZ1B in disease-free survival in pan-cancer. 
bWe evaluated the overall survival prognostic value of BAZ1B in pan-cancer. 
cWe evaluated the disease-specifi c survival prognostic value of BAZ1B in pan-cancer. 
dWe evaluated BAZ1B’s prognostic value for progression-free survival in pan-cancer.
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Figure 5 Immunological value of BAZ1B in pan-cancer.
aCorrelation between TILs and BAZ1B expression levels in pan-cancer. 
bCorrelation between BAZ1B expression levels and CD56bright in PAAD and Act_CD4 in TGCT, respectively. 
cCorrelation of immunoinhibitors with BAZ1B expression levels in pan-cancer. 
dCorrelation between CD96 and BAZ1B expression levels in SARC and TGCT, respectively. 
eCorrelation of immunostimulants with BAZ1B expression levels in pan-cancer. 
fCorrelation between IL6R and BAZ1B expression levels in PAAD and TGCT, respectively. 
gCorrelation of MHC molecules with BAZ1B expression levels in pan-cancer. 
hCorrelation between HLA-DQA2 and BAZ1B expression levels in READ and TGCT, respectively.
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Figure 6 Enrichment analysis of BAZ1B-related partners.
a50 genes that bind well to the BAZ1B protein based on the STRING tool. 
bThermograms of correlation between expression of CRCP, FCF1, STAG2, TSN and BAZ1B in pan-cancer. 
cScatter plot of correlation between CRCP, FCF1, STAG2, TSN and BAZ1B expression in pan-cancer. 
dA cross-analysis of 100 genes associated with BAZ1B and 50 genes associated with BAZ1B. 
eKEGG bubble plot of BAZ1B. 
fA pie chart of the BP of BAZ1B. 
gA pie chart of the CC of BAZ1B. 
hA pie chart of the MF of BAZ1B.
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associated with BAZ1B in most tumors. In addition, we 
analyzed the functional enrichment of their molecular 
mechanisms. Bubble graphs from KEGG data suggested 
that the “nucleocytoplasmic transport” and “nucleus 
excision repair” pathways may play a signifi cant role in the 
tumorigenesis of BAZ1B (Figure 6e). The results of BP (Figure 
6f), CC (Figure 6g) and MF (Figure 6h) in GO enrichment 
analysis data showed that most genes were related to the cell 
biology of DNA.

CONCLUSION
Pan-cancer analysis of any gene or genome that may be 

involved in cancer development, based on all public database 
platforms, will facilitate the refi nement of malignant tumor 
intervention pathways and the design of immunological 
targets [28-30]. Given the complexity of cancer etiology 
and unsatisfactory treatment outcomes, it is imperative 
to explore the role of more genes in pan-cancer. BAZ1B 
has been reported to maintain chromosomal structural 
stability, participate in neurodevelopment, and be involved 
in cellular biological processes such as chromosomal 
remodeling, transcriptional regulation, DNA repair [31-35]. 
The literature has reported that high expression of BAZ1B 
can induce the development of a variety of cancers and is 
associated with poor prognosis. The BAZ1B gene plays a pro-
tumor role in BRCA, COAD, and LUAC, and induces increased 
proliferation, migration, and invasion of cancer cells [7-9]. 
Based on public data platforms such as TCGA, CPTAC, and 
GEO, we detected the characteristics of gene expression, 
gene mutation, protein phosphorylation, immunological 
function, prognosis, and molecular mechanism of BAZ1B in 
pan-cancer.

MSI is a molecular indicator of DNA Mismatch Repair 
(MMR) defi ciency and a biomarker of Immune Checkpoint 
Inhibitor (ICPI) response, and the high TMB and neoantigen 
load in MSI tumors favors immune eff ector cell infi ltration 
and a stronger anti-tumor immune response within these 
tumors [36]. Over the past few years, MSI has become a 
major predictor of immune checkpoint blocking eff ects. We 
explored TMB and MSI levels of BAZ1B in pan-cancer. At 
the same time, we obtained the mutation site information 
of BAZ1B, and learned that the missense mutation occurring 
at the R199Q site made the prognosis of UCEC patients 
poor. We also observed phosphorylation site information 
for the BAZ1B protein in pan cancer, and interestingly, all 
of these showed statistical diff erences compared to the 
corresponding normal group.

The Williams Syndrome Transcription Factor (WSTF) 
is a hemizygous deletion gene encoded by the BAZ1B gene 
that has been identifi ed as a hemizygous deletion gene in 
patients with Williams’s syndrome [37]. In addition to the 
functions of tyrosine protein kinase, WSTF protein also 
has the functions of BAZ1B's participation in transcription, 
replication, chromatin remodeling, and DNA damage 

response, which allow it to participate in a variety of cellular 
processes, including tumor cell proliferation and migration. 
We found abnormal expression of BAZ1B in a variety of 
tumors, including BRCA, CHOL, COAD, ESCA, HNSC, KIRC, 
LIHC, LUAD, LUSC, OV, and STAD. However, the prognostic 
form of BAZ1B brought to patients with diff erent tumors 
varies. Survival analysis suggested that overexpression of 
BAZ1B was associated with poor prognosis in most tumors, 
especially in KIRC, LGG, LUAD, and MESO. This is consistent 
with the conclusion that Meng, et al. [9] in studying LUAD 
and Yang, et al. [38] in studying GBM, which both conclude 
that BAZ1B as an oncoprotein accelerates the proliferation 
and invasion of cancer cells among cancer patients. 
The downregulation of WSTF inhibits the proliferation, 
migration and invasion of cervical cancer cells [39] and may 
also be a new therapeutic target for estrogen-dependent 
breast cancer cell growth [40]. Taken together, these all 
mean that the high expression level of BAZ1B is related to 
the poor prognosis of tumor patients. In addition, our study 
analyzed other prognostic models, including PFS, DFS, and 
DSS.

Immune cells in TME have been reportedly associated 
with the proliferation and progression of cancer cells, 
thereby promoting or inhibiting tumors. Our fi ndings were 
the fi rst to suggest that BAZ1B expression was signifi cantly 
associated with TIL, immunomodulators, and cancer-
associated fi broblasts in pan-cancer, while implicitly 
refl ecting immune status beyond prognosis. In addition, we 
integrated and analyzed the information of BAZ1B binding 
genes and BAZ1B-related partners, and obtained three 
common components STAG2, SMARCA5 and SUPT16H after 
cross-action. Our functional enrichment of BAZ1B for BAZ1B 
suggested that pathways such as changes in DNA cell biology 
may potentially lead to molecular mechanisms of cancer, 
which coincided with the fi ndings of Sharif, et al. [6].

In summary, the fi rst pan-cancer analysis of BAZ1B 
indicated a statistical correlation between BAZ1B expression 
and protein phosphorylation, survival prognosis, and tumor 
immune microenvironment in multiple tumors. Because 
BAZ1B was overexpressed in many cancers and accompanied 
by a poor prognosis, this increased the chance of becoming 
a new biomarker and therapeutic target. Our analysis also 
provided possible potential molecular mechanisms of BAZ1B, 
which better explain the role of BAZ1B in tumorigenesis from 
the perspective of clinical tumor samples.
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