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Background: BRCA1-associated protein (BRAP) is a critical gene that regulates
inflammation-related signaling pathway and affects patients’ prognosis in esophageal
squamous cell carcinoma (ESCC). However, its roles in different cancers remain
largely unknown.

Methods: BRAP expression in human pan-cancer was analyzed via the Genotype-
Tissue Expression (GTEx) and The Cancer Genome Atlas (TCGA) database. Pearson
correlation analysis was used to evaluate the association between BRAP expression
with mismatch repair (MMR) gene mutation and DNA methyltransferase. We evaluated
the influence of BRAP on clinical prognosis by univariate survival analysis. Moreover, the
correlation between BRAP and tumor immune infiltration was analyzed via the Tumor
Immune Evaluation Resource (TIMER) database. Pearson correlation analysis was
used to investigate the correlation between BRAP expression and immune checkpoint
genes expression.

Results: BRAP is abnormally overexpressed and significantly correlated with MMR gene
mutation level and DNA methyltransferase expression in human pan-cancer. Univariate
survival analysis showed that BRAP was significant with patients’ overall survival (OS)
in six cancer types, disease-free interval (DFI) in three cancer types, and progression-
free interval (PFI) in two cancer types. Remarkably, increased BRAP expression was
strongly correlated with patients’ poor prognosis in liver hepatocellular carcinoma (LIHC),
whether OS (P < 0.0001, hazard ratio (HR) = 1.1), DFI (P = 0.00099, HR = 1.06), or PFI
(P = 0.00025, HR = 1.07). Moreover, a positive relationship was found between BRAP
expression and immune infiltrating cells including B cell, CD4 + T cell, CD8 + T cell,
dendritic cell, macrophage cell, and neutrophil cell in colon adenocarcinoma (COAD),
kidney renal clear cell carcinoma (KIRC), and LIHC. Additionally, BRAP expression
showed strong correlations with immune checkpoint genes in LIHC.

Conclusion: BRAP expression is increased in human pan-cancer samples compared
with normal tissues. Overexpression of BRAP is correlated with poor prognosis and
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immune infiltration in multiple cancers, especially in LIHC. These findings suggest that
BRAP may be used as a potential molecular biomarker for determining prognosis and
immune infiltration in LIHC.

Keywords: BRAP, tumorigenesis, prognosis, immune infiltrate, pan-cancer

INTRODUCTION

BRCA1-associated protein (BRAP) was first reported to bind
to breast cancer suppressor protein BRCA1. It functions as
an E3 ubiquitin ligase and could modulate mitogen-activated
protein kinase (MAPK) signaling pathway (Matheny et al.,
2004). In our previous two studies, we found that BRAP was
an esophageal squamous cell carcinoma (ESCC) susceptible
gene (Wu et al., 2011) and played an important role in
ESCC invasion and metastasis (Zhao et al., 2017). Copy
number gain caused BRAP overexpression to activate nuclear
factor (NF)-κB signaling pathway and affected patients’ survival
(Zhao et al., 2017). Although the function of BRAP in
ESCC is very clear, its roles in human pan-cancer are still
largely unknown.

Tumor immunology is a trending topic in cancer
research. Immune-related mechanisms play important roles
in multiple pathophysiological progresses (Rožman, 2018;
Gonzalo and Coll-Bonfill, 2019; Walker et al., 2019), and
immunotherapeutic strategies are considered as a promising
direction for the treatment of many cancers (Washah et al.,
2020). Immunotherapy, such as programmed death-1 (PD-1)
and programmed death ligand-1 (PD-L1) inhibitors, plays a
good anti-tumor effect in the treatment of malignant tumors,
such as lung cancer (Cheng et al., 2020; Eguren-Santamaria et al.,
2020) and melanoma (Cuevas and Daud, 2018; Albershardt
et al., 2020). Moreover, increasing numbers of studies showed
that tumor-infiltrating lymphocytes, such as tumor-associated
macrophages (TAMs) and tumor-infiltrating neutrophils
(TINs), were directly related to the patients’ prognosis and
efficacy of immunotherapy (Bocchialini et al., 2020; He et al.,
2020; Schirosi et al., 2020; Stenzel et al., 2020). Therefore,
the study of the interaction between tumor and immunity
and identification of novel targets of immunotherapy are
of great clinical significance for the treatment of patients.
Previous study showed that BRAP expression can be induced
by inflammatory stimulation and activates inflammatory
cascades in carotid atherosclerosis (Liao et al., 2011). However,
the underlying mechanism of BRAP in tumor immunology
is still unclear.

In the present study, we comprehensively analyzed the
association between BRAP expression and patients’ prognosis
in 33 cancer types. Moreover, we explored the correlation of
BRAP expression with 6 tumor-infiltrating immune cells and
immune checkpoint in 33 tumor microenvironments. Our
findings revealed the possible role of BRAP across cancers,
suggesting that BRAP is a potential prognostic biomarker and is
correlated with immune infiltration in many cancers, especially
in LIHC.

MATERIALS AND METHODS

Sample Information and BRAP
Expression Analysis in Human
Pan-Cancer
BRAP expression data of 31 normal tissues (liver, lung, kidney,
brain, bone marrow, etc.) were obtained from the Genotype-
Tissue Expression (GTEx) program and downloaded through
the GTEx portal1. BRAP expression data of 21 tumor cell
lines were obtained from the CCLE database2. The difference
in BRAP expression between cancer and normal tissues was
analyzed by combining the data for normal tissues from
the GTEx database with the data from The Cancer Genome
Atlas (TCGA). Level 3 RNA sequencing data and clinical
follow-up information for patients of 33 types of cancers
(ACC: adrenocortical carcinoma, BLCA: bladder urothelial
carcinoma, BRCA: breast invasive carcinoma, CESC: cervical
squamous cell carcinoma, CHOL: cholangiocarcinoma, COAD:
colon adenocarcinoma, DLBC: lymphoid neoplasm diffuse
large B-cell lymphoma, ESCA: esophageal carcinoma, GBM:
glioblastoma multiforme, LGG: brain lower grade glioma,
HNSC: head and neck squamous cell carcinoma, KICH:
kidney chromophobe, KIRC: kidney renal clear cell carcinoma,
KIRP: kidney renal papillary cell carcinoma, LAML: acute
myeloid leukemia, LIHC: liver hepatocellular carcinoma, LUAD:
lung adenocarcinoma, LUSC: lung squamous cell carcinoma,
MESO: mesothelioma, OV: ovarian serous cystadenocarcinoma,
PAAD: pancreatic adenocarcinoma, PCPG: pheochromocytoma
and paraganglioma, PRAD: prostate adenocarcinoma, READ:
rectum adenocarcinoma, SARC: sarcoma, SKCM: skin cutaneous
melanoma, STAD: stomach adenocarcinoma, TGCT: testicular
germ cell tumors, THCA: thyroid carcinoma, THYM: thymoma,
UCEC: uterine corpus endometrial carcinoma, UCS: uterine
carcinosarcoma, UVM: uveal melanoma) were obtained from
TCGA database and downloaded through the NCI Genetic Data
Commons (GDC3). All expression data were normalized through
log2 conversion.

MMR Gene Mutation and DNA
Methyltransferase Analysis
The mutation levels of five mismatch repair (MMR) genes
(MLH1, MSH2, MSH6, PMS2, and EPCAM) were obtained
from TCGA database. Pearson correlation analysis was
used to evaluate the relationship between BRAP expression

1https://gtexport.org/home/
2https://portals.broadinstitute.org/ccle/about
3https://gdc.cancer.gov/

Frontiers in Molecular Biosciences | www.frontiersin.org 2 November 2020 | Volume 7 | Article 573619

https://gtexport.org/home/
https://portals.broadinstitute.org/ccle/about
https://gdc.cancer.gov/
https://www.frontiersin.org/journals/molecular-biosciences
https://www.frontiersin.org/
https://www.frontiersin.org/journals/molecular-biosciences#articles


fmolb-07-573619 October 27, 2020 Time: 18:42 # 3

Ju et al. Pan-Cancer Analysis of BRAP

and MMR gene mutation levels. DNA methyltransferase
plays an important role in altering chromatin structure
and gene expression. In this study, we also used Pearson
correlation analysis to estimate the relationship between BRAP
expression and four methyltransferases (DNMT1, DNMT2,
DNMT3A, and DNMT3B).

Prognosis Analysis
The correlation between BRAP expression and patients’
prognosis, such as overall survival (OS), disease-free interval
(DFI), and progression-free interval (PFI), was analyzed in 33
types of cancers and shown by forest plots and Kaplan–Meier
curves. Hazard ratio (HR) with 95% confidence intervals and
log-rank P-value were calculated via univariate survival analysis.

Immune Correlation Analysis
Tumor Immune Evaluation Resource (TIMER) is a database for
systematic analysis of immune infiltration (B cells, CD4 + T cells,
CD8 + T cells, neutrophils, macrophages, and dendritic cells)
across diverse cancer types4. In this study, infiltrating immune
cell scores of 33 cancer types were downloaded from the TIMER
database. Spearman correlation analysis was used to evaluate the
correlation between BRAP expression and the scores of these
immune cells, including B cells, CD4 + T cells, CD8 + T cells,
dendritic cells, macrophages, and neutrophils. In addition, the

4https://cistrome.shinyapps.io/timer/

correlation between BRAP expression and immune checkpoint
marker levels was explored via correlation modules.

Statistical Analysis
Kruskal–Wallis test was used to analyze BRAP expression
levels in different normal tissues and different tumor cell lines.
Differences in BRAP expression levels in tumor tissues and
normal tissues were evaluated by t test. Univariate survival
analysis was used to analyze the correlation of BRAP expression
and patients’ survival. Kaplan–Meier methods were used to
compare survival by different levels of BRAP expression. Pearson
correlation analysis was calculated between BRAP expression and
MMR gene mutation level, methyltransferases level, and immune
checkpoint marker level. Correlations were considered significant
and positive when P< 0.05 and r > 0.20. P< 0.05 was considered
significant for all statistical analyses.

RESULTS

BRAP Is Abnormally Expressed in
Human Pan-Cancer
Firstly, we analyzed BRAP expression in 31 tissues using the
GTEx database. As shown in Figure 1A, we found that BRAP was
highly expressed in the testis tissue and lowly expressed in the
pancreas, liver, stomach, and other normal tissues. Further, we
downloaded the data of tumor cell lines from the CCLE database

FIGURE 1 | BRAP is abnormally expressed in human pan-cancer. (A) BRAP expression in 31 tissues from the GTEx database. (B) BRAP expression in 21 tumor
cells from the CCLE database. (C) Differential expression of BRAP in cancers and normal tissues from TCGA database. (D) BRAP is abnormally overexpressed in 25
cancer types from the GTEx database and TCGA database (*P < 0.05, **P < 0.01, ***P < 0.001).
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and analyzed BRAP expression in 21 tumor cells. As shown in
Figure 1B, we found that BRAP was expressed in all 21 kinds of
tumor cells. To determine the difference of BRAP expression in
tumor and normal tissues, the BRAP mRNA levels in different
tumors and normal tissues of 20 cancer types were analyzed
using TCGA database. Results showed that BRAP mRNA levels
were significantly higher in BLCA, CHOL, COAD, ESCA, HNSC,
KIRC, KIRP, LGG, LIHC, LUAD, LUSC, READ, STAD, and
THCA than in normal tissues (Figure 1C). Considering the small
number of normal samples in TCGA, we integrated the GTEx
database and TCGA database to analyze the expression difference
of BRAP in 27 cancer types. We found that BRAP expression
was higher in 25 tumors including ACC, BLCA, BRCA, CESC,
CHOL, COAD, ESCA, GBM, HNSC, KICH, KIRC, KIRP, LAML,
LGG, LIHC, LUAD, LUSC, OV, PAAD, PRAD, READ, SKCM,
STAD, THCA, and UCS than in normal tissues (Figure 1D).
These results indicate that BRAP is abnormally overexpressed in
human pan-cancer.

BRAP Is Correlated With MMR Gene
Mutation Levels and DNA
Methyltransferases in Human
Pan-Cancer
MMR is the mechanism of MMR in cells (Csiszar et al., 2019).
The function loss of key genes in this mechanism will lead to the
failure of DNA replication errors to be repaired, which will lead
to the generation of higher somatic mutations and tumorigenesis
(Georgakopoulos-Soares et al., 2020; McKinney et al., 2020).
To assess the role of BRAP in tumorigenesis, we analyzed the
correlation between BRAP expression and MMR gene mutation
levels. Results showed that BRAP expression was significantly
correlated with five MMR genes (MLH1, MSH2, MSH6, PMS2,
and EPCAM) mutation levels in human pan-cancer and UCS was
an exception (Figure 2A).

DNA methylation is an epigenetic modification that can alter
gene expression (Kim et al., 2018; Masser et al., 2018; Tiffen et al.,
2020). The change of DNA methylation status is an important
factor of tumorigenesis (Butler et al., 2020). Therefore, we next
investigated the correlation between BRAP expression and that
of four DNA methyltransferases (DNMT1, DNMT2, DNMT3A,
and DNMT3B) expression. Interestingly, BRAP expression was
strongly correlated with DNMT1, DNMT2, DNMT3A, and
DNMT3B expression in human pan-cancer, and UCS, TGCT, and
SARC were exceptions (Figure 2B). In summary, there results
indicate that BRAP may mediate tumorigenesis by regulating
DNA damage or methylation status in human pan-cancer.

Prognostic Potential of BRAP in Human
Pan-Cancer
We next investigated whether BRAP expression was correlated
with the prognosis of patients in pan-cancer patients. By
univariate survival analysis of 33 cancer types, we found that
BRAP expression impacted patients’ OS in 6 cancer types,
including KICH, KIRC, KIRP, LIHC, MESO, and THYM
(Figure 3A). Moreover, Kaplan–Meier curves showed that an
increased BRAP expression correlated with poor prognosis in

KICH (P = 0.0046, HR = 1.19), KIRP (P = 0.063, HR = 1.05),
LIHC (P < 0.0001, HR = 1.1), and MESO (P = 0.00093,
HR = 1.06). KIRC (P = 0.0015, HR = 0.97) and THYM
(P < 0.0001, HR = 0.8) were exceptions where high levels of
BRAP showed a better prognosis (Figure 3B).

Furthermore, we analyzed the correlation of BRAP expression
with patients’ DFI and found that BRAP expression impacted
patients’ DFI in three cancer types, including KIRP, LIHC, and
PRAD (Figure 4A). Kaplan–Meier DFI curves showed that
an increased BRAP expression correlated with poor prognosis
in KIRP (P = 0.00095, HR = 1.09) and LIHC (P = 0.00099,
HR = 1.06) and reversely in PRAD (P = 0.0019, HR = 0.91)
(Figure 4B). Meanwhile, we also analyzed the relationship
between BRAP expression and PFI of patients. Forest plot
revealed that BRAP expression impacted patients’ PFI in two
cancer types, including ACC and LIHC (Figure 5A). Kaplan–
Meier PFI curves showed that an increased BRAP expression
correlated with poor prognosis in ACC (P = 0.0063, HR = 1.06)
and LIHC (P = 0.00025, HR = 1.07) (Figure 5B). Overall, these
results indicate that BRAP expression was strongly correlated
with patients’ prognosis in many cancers, especially in LIHC,
whether OS, DFI, or PFI.

BRAP Expression Is Correlated With
Immune Infiltration and Immune
Checkpoint Marker
Tumor-infiltrating lymphocytes are considered as independent
predictors of sentinel lymph node status and patients’ prognosis
in cancers (Ohtani, 2007; Azimi et al., 2012). Therefore, we
studied whether BRAP expression was correlated with the level
of immune infiltration in 33 cancer types from the TIMER
database. Results showed that BRAP expression was significantly
correlated with six types of infiltrating immune cells including B
cell, CD4 + T cell, CD8 + T cell, dendritic cell, macrophage cell,
and neutrophil cell in COAD, KIRC, and LIHC (Figure 6A).

Given the association of BRAP expression with immune
infiltration, we next investigate the correlation between BRAP
expression and immune checkpoint genes expression. We
selected more than 40 common immune checkpoint genes.
Interestingly, we found that in LIHC, BRAP expression was
correlated with 36 immune checkpoint markers, such as
CD200, TNFRSF14, TNFRSF4, CTLA4, CD28, etc. (Figure 6B).
Collectively, these results suggest that BRAP plays a vital role in
immune infiltration and immune escape in LIHC.

DISCUSSION

Pan-cancer analysis can reveal similarities and differences of
tumors, which provide insights into cancer prevention and the
design of therapeutic targets (Schaub et al., 2018). In recent
years, many studies have focused on the pan-cancer analysis of
the whole genome, revealing mutations, RNA alterations, and
driver genes that are related to the occurrence and development
of cancer, which is of importance for early diagnosis of
cancer and development of biomarkers (ICGC/TCGA Pan-
Cancer Analysis of Whole Genomes Consortium, 2020;
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FIGURE 2 | BRAP is correlated with MMR gene mutation levels and DNA methyltransferases expression in human pan-cancer. (A) Pearson correlation analysis of
BRAP expression with mutation levels of MMR genes in human pan-cancer (*P < 0.05, **P < 0.01, ***P < 0.001). (B) Pearson correlation analysis of BRAP
expression with DNA methyltransferases in human pan-cancer.
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FIGURE 3 | Relationship of BRAP expression with patients’ OS. (A) Forest plots of hazard ratios of BRAP in 33 cancer types. (B) Kaplan–Meier OS curves for
patients stratified by different expression levels of BRAP in six cancer types.
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FIGURE 4 | Relationship of BRAP expression with patients’ DFI. (A) Forest plots of hazard ratios of BRAP in 33 cancer types. (B) Kaplan–Meier DFI curves for
patients stratified by different expression levels of BRAP in KIRP, LIHC, and PRAD.

PCAWG Transcriptome Core Group, Calabrese et al., 2020;
Rodriguez-Martin et al., 2020). BRAP is an ESCC susceptible
gene and identified to play vital roles in ESCC metastasis in our
previous study (Zhao et al., 2017). Although BRAP has been
extensively studied in ESCC, its roles in pan-cancer and whether
it can be used as a biomarker are still unknown. In this study,
we first comprehensively analyzed BRAP in human pan-cancer.
We found that BRAP was abnormally overexpressed in 25 types
of cancer and significantly correlated with MMR and DNA
methylation. In addition, we found that a high expression of

BRAP was associated with a poorer prognosis in LIHC, whether
OS, DFI, or PFI. Furthermore, we observed that BRAP expression
was positively correlated with immune infiltration and immune
checkpoint markers in various types of cancer, especially in
LIHC. These results strongly indicate that BRAP may be a
potential biomarker and play vital roles in tumor immunity.

Previous studies showed that BRAP modulated MAPK
signaling (Matheny et al., 2004). MAPK signaling pathway plays
an important role in the regulation of cell growth, survival,
and differentiation that are linked to the development of cancer
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FIGURE 5 | Relationship of BRAP expression with patients’ PFI. (A) Forest plots of hazard ratios of BRAP in 33 cancer types. (B) Kaplan–Meier PFI curves for
patients stratified by different expression levels of BRAP in ACC and LIHC.

(Lewis et al., 2018; Guo et al., 2020). In addition, genetic
polymorphisms in BRAP locus are associated with a risk of
colorectal cancer (Schumacher et al., 2015). Our last study
showed that BRAP amplification occurs in many types of human
cancer (Zhao et al., 2017). These previous studies all indicate that
BRAP may be aberrantly expressed in various cancers and play
important roles in cancer carcinogenesis and progression. In the
present study, we found for the first time that BRAP is abnormally
overexpressed in human pan-cancer including ACC, BLCA,

BRCA, CESC, CHOL, COAD, ESCA, GBM, HNSC, KICH, KIRC,
KIRP, LAML, LGG, LIHC, LUAD, LUSC, OV, PAAD, PRAD,
READ, SKCM, STAD, THCA, and UCS compared with normal
tissues. These results are consistent with our previous study that
BRAP is overexpressed in a high proportion of ESCC compared
with their normal counterparts.

In normal cells, MMR ensures the high fidelity of DNA
replication. The MMR system is composed of several
heterodimers including MLH1/PMS2, MSH2/MSH6, and
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FIGURE 6 | BRAP expression is correlated with immune infiltration and immune checkpoint marker. (A) BRAP expression is positively correlated with immune
infiltration in COAD, KIRC, and LIHC. (B) Correlation analysis of BRAP expression level with 40 common immune checkpoint gene levels in human pan-cancer.
*P < 0.05, **P < 0.01, ***P < 0.001.
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EPCAM that recognize and correct gene mutations including
base substitutions, insertions, deletions, or mismatches during
DNA replication (Boland and Goel, 2010). Mutation or defects
in MMR gene can result in increasing accumulation of genetic
errors and lead to genome or microsatellite instability that
attributes to the occurrence of tumors (Armaghany et al.,
2012). These indicate that MMR gene mutation is a predictor
of tumorigenesis. In the present study, by correlation analysis,
we found that BRAP expression was strongly correlated with
five MMR genes (MLH1, MSH2, MSH6, PMS2, and EPCAM)
mutation levels in human pan-cancer and UCS and CHOL
were exceptions. The alteration of DNA methylation is one
of the important factors of tumor development (Szigeti et al.,
2018). Recent research has shown that hypermethylation of
the gene promoter is a common epigenetic feature of cancer
(Manoochehri et al., 2020; Yin et al., 2020). In the present study,
we found that BRAP expression was strongly correlated with
DNMT1, DNMT2, DNMT3A, and DNMT3B expression in
human pan-cancer, such as ACC, BLCA, BRCA, CESC, COAD,
ESCA, GBM, HNSC, KIRP, LAML, LGG, LIHC, LUSC, OV,
PAAD, PCPG, PRAD, SKCM, STAD, THCA, THYM, UCEC,
and UVM. These results strongly support our conclusion that
aberrantly overexpressed BRAP may play an important role
in tumorigenesis by regulating MMR gene mutation level and
DNA methylation.

In this study, we analyzed the correlation between BRAP
levels and prognosis of patients in human pan-cancer. Results
revealed that an increased BRAP expression correlated with poor
prognosis in several tumor types, especially in LIHC. Whether
OS, DFI, or PFI analysis, the survival time of LIHC patients with
high BRAP expression was less than that of LIHC patients with
low BRAP expression. These results indicate that BRAP may be a
potential prognosis marker in LIHC.

In recent years, tumor microenvironment is a hot topic in
tumor research. The immune microenvironment composed of
tumor-infiltrating lymphocytes (B cells and T cells) and other
immune cells (dendritic cells, macrophages, and neutrophils)
is an important part of tumor microenvironment, which is
regarded as the “seventh marker feature” of tumor (Junttila
and de Sauvage, 2013). Tumor-infiltrating lymphocyte is a key
component of the immune microenvironment. Studies reveal
that it plays an important role in tumor immunity to inhibit or
promote tumor progression (Woo et al., 2014; Berntsson et al.,
2016; Carvajal-Hausdorf et al., 2017; Lianyuan et al., 2018; Xu
et al., 2018). Classical dendritic cell is the first group of cells
that initiate inflammatory response. It can present antigens to
CD4 + and CD8 + T cells and bridge the natural immune
and adaptive immune. Under normal conditions, it shows a
strong anti-tumor immune ability. However, with the role of
chemotactic factor, dendritic cells that are collected to tumor
tissues are immature and impaired in antigen presentation
ability, which are helpful to tumor immune escape (Srikrishna
and Freeze, 2009). Immune escape is considered as one of
the signs of cancer development. Macrophages constitute the
first line of defense for anti-tumor immunity. However, TAMs
cannot kill tumor cells, but participate in the process of tumor
development (Shan et al., 2020). Neutrophils are early infiltrating

inflammatory cells, which play a key role in initiating and
expanding inflammatory response. Matrix metalloproteinase
(MMP) secreted by neutrophils can reshape extracellular matrix,
reduce the cell interaction, and enable tumor cells to escape
immune surveillance and promote distant metastasis (Fetz et al.,
2020; Liu and Liu, 2020). These all indicate that tumor-infiltrating
immune cells play an important role in tumor progression.
However, little is known about the roles that BRAP plays in the
immune microenvironment. In our present study, we found that
BRAP expression was significantly correlated with six immune
infiltrating cells including B cell, CD4 + T cell, CD8 + T cell,
dendritic cell, macrophage cell, and neutrophil cell in COAD,
KIRC, and LIHC. These results are consistent with previous
study that BRAP could activate inflammatory cascades (Liao
et al., 2011). Moreover, the correlation between BRAP expression
and immune checkpoint marker implicates the role of BRAP in
regulating tumor immunology in LIHC. These novel findings
constitute substantial progress in identifying the important role
of BRAP in immune infiltration.

In summary, the present study has indicated that BRAP
overexpression correlates with poor prognosis and increases
immune infiltration levels in B cells, CD4 + T cells, CD8 + T
cells, dendritic cells, macrophage cells, and neutrophil cells of
multiple cancers, especially in LIHC. In addition, in LIHC, BRAP
expression was strongly correlated with the immune checkpoint
marker. However, these results were based on data analysis.
Further experimental verification will be carried out in our
next study. Therefore, BRAP may play an important role in
tumor immunity and be a potential prognosis biomarker in
patients with LIHC.
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