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Bioinformatics analysis of BIRC5 in human cancers
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Background: An inhibitor of apoptosis (IAP) family member, baculoviral IAP repeat containing five
(BIRCS) plays an important role in the occurrence and development of tumors. However, the underlying
mechanism in human cancers remains unclear.

Methods: In this study, we investigated BIRCS expression and explored the prognostic value of BIRCS in
different human cancers via bioinformatics analysis, including the databases of Oncomine, Gene Expression
Profiling Interactive Analysis (GEPIA), UALCAN, GEPIA, DriverDBv3, GeneMANIA, WEB-based Gene
Set Analysis Tool (WebGestalt) and TIMER.

Results: In most human cancers, BIRCS usually had higher expression compared to normal human tissues.
High expression of BIRCS could increase the mortality of patients with adrenocortical carcinoma (ACC),
kidney renal clear cell carcinoma (KIRC), low-grade glioma (LGG), liver hepatocellular carcinoma (LIHC),
and lung adenocarcinoma (LUAD) (P<0.05). Cox analysis demonstrated that high BIRCS expression was an
independent factor for poor overall survival (OS) [hazard ratio, (HR) >1, P<0.05]. There were differences
in BIRCS expression in the case of TP53 mutation, different tumor grades, and stages. Interactive genes for
BIRCS mainly participated in apoptosis, cell division, cell cycle, and cancer pathways, strongly suggesting
its oncogenic role in promoting cancer cell proliferation and cancer development. In addition, BIRCS
expression exhibited a close correlation with immune infiltration, which was related to the cumulative
survival rate, especially in LGG. The elevated expression of BIRC5 could be regulated through TP53
mutation, tumor stage, and tumor grade (P<0.05).

Conclusions: As a result of our findings, BIRC5 appears to be an independent unfavourable prognostic
biomarker in human cancers. BIRC5 may become a potential clinical target in the future for the treatment of

cancers.
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Introduction

Nowadays, the incidence and mortality of cancers are rapidly
growing around the world, regardless of socioeconomic
development level, resulting in a huge public health
challenge and serious social and economic burdens (1).
It was reported that at least 1.5 million people suffered
from cancers each year, and at least 600,000 people die of
malignant tumors in the United States every year (2). To
this day, many cancer biomarkers have been discovered,
such as alpha-feto protein (AFP) (a specific diagnostic
marker for liver cancer), carbohydrate antigen 199 (CA199)
(a diagnostic marker for gastrointestinal cancer) and
carcinoembryonic antigen (CEA) (broad spectrum tumor
biomarker). However, these cancer biomarkers are also
expressed in normal tissue and cannot fully and accurately
predict the survival and prognosis of cancer patients.
Therefore, it is urgent to investigate new biomarkers to
enhance the efficiency of diagnosis and improve the curative
effects of cancer treatments.

As a member of the inhibitor of apoptosis (IAP)
family, baculoviral IAP repeat containing 5 (BIRCS)
plays a major role in the cell division process and the
inhibition of apoptosis in cancers (3). As a component of
the chromosomal passenger complex (CPC), BIRCS is
involved in processes of cell division such as condensation
of chromosomes, maintaining correct kinetochore-
microtubule attachments, and correcting errors in
spindle assembly during mitosis (4). BIRCS can promote
angiogenesis by facilitating the survival and proliferation
of tumor vascular endothelial cells, thus providing oxygen
and nutrients to the nascent tumor cells (5). Previous
studies have demonstrated that BIRCS can protect tumor
cells from apoptosis by inhibiting caspases during mitosis.
Reichert et 4l. demonstrated that BIRCS is involved in the
DNA repair pathway through a direct interaction with
several proteins such as p53-binding protein 1 (53BP1),
mediator of DNA damage checkpoint 1 (MDC1), Ku70, or
the catalytic subunit of the DNA dependent protein kinase
1 (DNA-PKcs) (6). Overall, BIRCS has both proliferation-
enhancing as well as apoptosis-inhibiting functions, playing
an important role in tumorgenesis and tumor development.

Some research has identified the carcinogenic effects
of BIRCS in several malignant cancers. In one of the
first reports implicating BIRCS5 in carcinogenesis, Allen
et al. (7) concluded that BIRC5 overexpression led to an
increase in the conversion of papillomas to squamous cell
carcinomas (SCCs). In lung cancer, BIRC5 expression
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significantly increased from atypical adenomatous
hyperplasia lesions to bronchioloalveolar carcinomas (8).
High BIRCS expression leads to the high metastatic rate
and high mortality of hepatocellular carcinoma (9), which
also lead to a poor clinical outcome in oral SCC (10).
From these findings, it is plausible that BIRCS5 exhibits
detrimental biological functions in distinct types of cancers.
Although some experimental research had identified its
negative effects in cancer outcome and progress, including
tumor aggressiveness, cancer relapse, therapy resistance,
and poor clinical outcome (11), there is still no thorough
study concerning the molecular mechanism and biological
function of BIRCS as a novel biomarker in human cancers
to date. A deep understanding of BIRCS is of great
significance for cancer research.

In this study, we comprehensively investigated the
expression differences of BIRCS and evaluated its prognostic
value in cancers via available databases. We analyzed the
correlation of various clinical characteristics and survival in
several cancers by Cox analysis. In addition, the functional
network of BIRCS was revealed, demonstrating its potential
mechanism in cancer development. Finally, as substantial
attention has been focused on the critical role of the
immune microenvironment in tumor progression, we
mined the Tumor Immune Estimation Resource (TIMER)
database to analyze the potential correlation between
BIRCS5 and immune infiltration and further evaluate the
effects of the immune microenvironment on survival in
human cancers. The findings of our study demonstrated
that BIRCS expression was significantly associated with the
prognosis of adrenocortical carcinoma (ACC), kidney renal
clear cell carcinoma (KIRC), low-grade glioma (LGG), liver
hepatocellular carcinoma (LIHC), and lung adenocarcinoma
(LUAD) and provided available targets for these cancers.
We present the following article in accordance with the
REMARK reporting checklist (available at https://atm.
amegroups.com/article/view/10.21037/atm-22-3496/rc).

Methods

First, we used Oncomine database to explore the differential
mRNA expression levels of the BIRC5 in human cancers.
Second, we used GEPIA, UALCAN and DriverDBv3
database to explore the survival of cancers with differential
expression of BIRCS5. Third, we used survival package
coxph function in R to build univariate and multivariate
Cox analysis model to explore the relationship between the
expression of BIRC5 and other clinical information. Fourth,
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we used GEPIA, UALCAN and DriverDBv3 to explore
the BIRCS expression in different tumor grades, stages
and P53 mutation. Fifth, we used GeneMANIA database
to find genes associated with BIRCS and used WebGestalt
to perform Gene Ontology (GO) and Kyoto Encyclopedia
of Genes and Genomes (KEGG) pathway analysis. Finally,
used TIMER database to explore the relationship between
BIRCS and immunity.

Oncomine analysis

Gene expression array datasets from Oncomine (https://
www.oncomine.org/), an online cancer microarray database,
were used to analyze the transcription levels of the BIRCS
gene family in different cancers (12). The mRNA expression
levels of the BIRCS gene in cancer tissues were compared
with those in normal tissues. The cutoffs for P value and
expression fold change were defined as <0.0001 and >2,
respectively, and expressed gene rank in top 10%.

Gene Expression Profiling Interactive Analysis (GEPIA)
dataset

GEPIA is a newly developed interactive web server
for analyzing the RNA sequencing expression data of
9,736 tumors and 8,587 normal samples from The Cancer
Genome Atlas (TCGA) and the Genotype-Tissue Expression
(GTEX) projects, using a standard processing pipeline (gepia.
cancer-pku.cn) (13). GEPIA provides customizable functions
such as tumor or normal differential expression analysis,
profiling according to cancer types or pathological stages,
patient survival analysis, similar gene detection, correlation
analysis, and dimensionality reduction analysis.

UALCAN database
The UALCAN database (http://ualcan.path.uab.edu/

index.html), an online cancer microarray database, is a
comprehensive, user-friendly, and interactive web resource
for analyzing cancer omics data (14). The UALCAN
database was used to identify the biomarkers of potential
genes which we were interested in. It also provided graphs
of information on gene expression and patient survival.

DriverDBv3 database

The DriverDBv3 database, an online cancer microarray
database, is a comprehensive, user-friendly, and interactive
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web resource for analyzing cancer omics data (15). The
DriverDBv3 database was used to identify the biomarkers
of potential genes which we were interested in. It also
provided graphs of information on gene expression and
patient survival.

GeneMANIA database

The GeneMANIA database is used to generate hypotheses
about gene function, analyze gene lists, and determine
gene priority for functional analysis. It is usually used to
construct protein-protein interaction (PPI) networks and
predict the functions of genes of interest (16).

The interactive genes of BIRCS were input into the
WEB-based Gene Set Analysis Tool (WebGestalt) for
further gene annotation and analysis (17). WebGestalt was
used to perform GO and KEGG pathway analysis, and GO
term analysis included biological processes (BP), cellular
component (CC), and molecular function (MF). P values
<0.05 were considered as statistically significant.

TIMER database
The TIMER database (https://cistrome.shinyapps.io/

timer/), an online database for analyzing immune cell
infiltration, uses high-throughput sequencing (RNASeq
expression profiles) data to analyze the infiltration of
immune cells in tumor tissues. It mainly provides data on
the infiltration of 6 kinds of immune cells, namely B cells,
CD4" T cells, CD8" T cells, neutrophils, macrophages, and
dendritic cells (DCs) (18).

Statistical analysis

The statistics collected by TCGA were integrated and
implemented through R-3.6.3. We used logistic regression
to explore the relationship between BIRCS expression
and prognostic clinical information in cancer patients. In
addition, we further used survival package coxph function
in R to build multivariate Cox analysis model to explore the
relationship between the expression of BIRC5 and other
clinical information. P values <0.05 were considered as
statistically significant.

Ethical statement

The study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013).
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Figure 1 Different human cancers express different levels of BIRCS. Data from the Oncomine database showing increased or decreased

expression of BIRCS in different cancers. The BIRCS expression profiles for all tumor samples and normal tissue pairs were based on the

GEPIA database. CNS, central nervous system; BIRCS, baculoviral

Results
BIRCS expression levels in distinct types of buman cancers

We used the Oncomine database to determine the BIRCS
gene expression profiles across tumor samples and paired
normal tissues. BIRCS expression significantly increased
in bladder cancer, brain and central nervous system (CNS)
cancer, breast cancer, esophageal cancer, head and neck
cancer, liver cancer, lung cancer, ovarian cancer, prostate
cancer, and sarcoma. It is worth noting that lower BIRCS
expression was seen in brain and CNS cancer, breast cancer,
leukemia, and liver cancer compared to normal samples
in some analyses (Figure 1). GEPIA was used to further
evaluate the differences in BIRCS expression between
various tumors and normal tissues. The results revealed
that the expression of BIRC5 was higher in ACC, bladder
urothelial carcinoma (BLCA), breast invasive carcinoma
(BRCA), cervical and endocervical cancers (CESC), colon

© Annals of Translational Medicine. All rights reserved.

TAP repeat containing 5.

adenocarcinoma (COAD), lymphoid neoplasm diffuse large
B-cell lymphoma (DLBC), esophageal carcinoma (ESCA),
glioblastoma multiforme (GBM), head and neck squamous
cell carcinoma (HNSC), KIRC, LGG, LIHC, LUAD,
lung squamous cell carcinoma (LUSC), ovarian serous
cystadenocarcinoma (OV), pancreatic adenocarcinoma
(PAAD), prostate adenocarcinoma (PRAD), rectum
adenocarcinoma (READ), skin cutaneous melanoma
(SKCM), stomach adenocarcinoma (STAD), thymoma
(THYM), uterine corpus endometrial carcinoma (UCEC),
and uterine carcinosarcoma (UCS) compared with adjacent
normal samples.

Prognostic potential of BIRCS in different cancers

We used GEPIA based on the RNA sequencing data in
TCGA to explore whether high BIRCS5 expression was
related to poor clinical outcomes in cancer patients, which
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Figure 2 An analysis of survival curves in the GEPIA database comparing cancer types that express BIRCS highly and lowly. OS and DFS
curves of ACC (n=76), KIRC (n=515), LGG (n=512), LIHC (n=364), and LUAD (n=478). BIRCS, baculoviral IAP repeat containing 5;

GEPIA, Gene Expression Profiling Interactive Analysis; OS, overall survival; DFS, disease-free survival; ACC, adrenocortical carcinoma;

KIRC, kidney renal clear cell carcinoma; LGG, low-grade glioma; LIHC, liver hepatocellular carcinoma; LUAD, lung adenocarcinoma;

HR, hazard ratio.

can reveal the prognostic value of BIRCS in tumors. It
was found that high BIRCS5 expression was associated with
poor overall survival (OS) and disease-free survival (DFS)
in ACC (OS log-rank P=6.5¢-06, HR =6.5; DFS log-rank
P=5.4e-04, HR =3.3), KIRC (OS log-rank P=2.2¢-04, HR
=1.8; DFS log-rank P=0.006, HR =1.7), LGG (OS log-rank
P=2.4e-08, HR =2.9; DFS log-rank P=0.002, HR =1.6),
LIHC (OS log-rank P=6.7¢-05, HR =2; DFS log-rank
P=0.002, HR =1.6), and LUAD (OS log-rank P=2.2¢-04,
HR =1.8; DFS log-rank P=0.014, HR =1.5), but had less
impact on other human cancers. Due to its correlation with
poor prognosis in ACC, KIRC, LGG, LIHC, and LUAD
patients, BIRCS might serve as a prognostic biomarker in
cancers (Figure 2).

Meanwhile, the UALCAN was also used to determine the
prognosis of patients with BIRC5-related tumors. Notably,
we found that high BIRCS expression was correlated with
poor outcomes in ACC (P<0.0001), KIRC (P<0.0001),
LGG (P<0.0001), LIHC (P=0.00025), and LUAD (P=0.037;
Figure 3). Moreover, the DriverDBv3 database was further
used to obtain the survival rates of patients with BIRCS-
related tumors. The results suggested that high BIRCS
expression was correlated with poor progression-free

interval (PFI), OS, and disease-specific survival (DSS) in

© Annals of Translational Medicine. All rights reserved.

ACC (PFI log-rank P=1.3%e-7, HR =5.12; OS log-rank
P=7.18e-11, HR =11.9; DSS log-rank P=5.9¢-10, HR
=11.8), KIRC (PFI log-rank P=5.55¢-16, HR =3.57; OS log-
rank P=1.48e-11, HR =2.89; DSS log-rank P=2.22¢-15, HR
=4.46), LGG (PFI log-rank P=1.15¢-08, HR =2.35; OS log-
rank P=3.47¢-12, HR =3.73; DSS log-rank P=5.74¢-12, HR
=3.9), and LIHC (PFT log-rank P=7.51e-04, HR =1.66; OS
log-rank P=4.53e-05, HR =2.07; DSS log-rank P=1.53e-04,
HR =2.37). The poor prognosis OS, DSS in LUAD (OS
log-rank P=0.029, HR =1.4; DSS log-rank P=1.23e-03, HR
=1.85). Meanwhile, in LIHC, high BIRCS expression was
correlated with poor prognostic disease-free interval (DFI)
(DFI log-rank P=0.00104, HR =1.73) (Figure 4). The results
from the DriverDBv3 database were consistent with the
results from the GEPIA and UALCAN databases. From
the above findings, we can conclude that BIRCS expression
may be a potential prognostic factor in ACC, KIRC, LGG,
LICH, and LUAD patients.

Univariate and multivariate analysis of patient
characteristics and survival

To investigate whether BIRCS expression was an
independent prognostic factor in cancer patients, we
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Figure 3 An analysis of survival curves in the UALCAN database comparing cancer types that express BIRCS highly and lowly. Survival
curves of ACC (n=79), KIRC (n=531), LGG (n=511), LIHC (n=365), and LUAD (n=502) (P<0.05). ACC, adrenocortical carcinoma; KIRC,
kidney renal clear cell carcinoma; LGG, low-grade glioma; LIHC, liver hepatocellular carcinoma; LUAD, lung adenocarcinoma; BIRCS,

baculoviral TAP repeat containing 5.

performed univariate and multivariate Cox regression
analysis to identify variables associated with survival, such
as age, gender, tumor grade, tumor stage, tumor node
metastasis classification, and the gene expression in ACC,
KIRC, LGG, LIHC, and LUAD based on TCGA database.
The multivariate analysis indicated that tumor and BIRCS
expression were significant independent prognostic
factors for OS in ACC patients (tumor HR =3.1 P=0.03;
BIRCS HR =1.17, P<0.001). Age, stage, grade, and BIRCS
expression were significant independent prognostic factors
for OS in KIRC patients (age HR =1.035, P<0.001; grade
HR =1.449, P=0.002; stage HR =1.974, P<0.001; BIRC5
HR =1.071, P<0.001). Age, grade, and BIRCS5 expression
were significant independent prognostic factors for OS in
LGG patients (age HR =1.06, P<0.001; grade HR =2.371,
P<0.001; BIRCS HR =1.021, P=0.027). BIRCS expression
was a significant independent prognostic factor for OS in
LIHC patients (BIRC5 HR =1.019, P=0.016), while age,
stage, and BIRCS5 expression were significant independent
prognostic factors for OS in LUAD patients (age HR
=1.023, P=0.008; stage HR =1.596, P<0.001; BIRC5 HR
=1.021, P=0.005) (Figure 5, lable 1).

© Annals of Translational Medicine. All rights reserved.

Re-analysis of the prognostic value of BIRCS expression in
different cancers

In order to determine the tumors in which BIRCS
expression showed prognostic value, we used the GEPIA
and UALCAN databases to further analyze these tumors.
Our results showed that the expression level of BIRCS was
higher in ACC, KIRC, LGG, LIHC, and LUAD patients
than in normal samples (Figure 6). The BIRCS5 expression
level was significantly related to tumor grades in KIRC,
LGG, and LIHC (Figure 7). Moreover, BIRCS expression
was also associated with tumor stages in KIRC and LIHC
patients based on TCGA samples (Figure §). In summary,
BIRCS expression may be a potential prognostic factor in
these cancer patients.

Correlation between BIRCS expression level and TP53
mutation in cancers

To assess the expression of BIRCS in defined types of
cancers with TP53 mutation, we used the UALCAN
database to investigate the correlation between BIRCS

Ann Transl Med 2022;10(16):888 | https://dx.doi.org/10.21037/atm-22-3496
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Figure 4 BIRCS gene prognostic information from DriverDBv3. PFI, OS, and DSS curves of ACC, KIRC, and LGG. PFI, OS, DSS, and
DFI curves of LIHC. OS and DSS curves of LUAD (P<0.05). BIRCS, baculoviral IAP repeat containing 5; PFI, progression-free interval,
OS, overall survival; DSS, disease-specific survival; ACC, adrenocortical carcinoma; KIRC, kidney renal clear cell carcinoma; LGG,

low-grade glioma; DFI, disease-free interval; LIHC, liver hepatocellular carcinoma; LUAD, lung adenocarcinoma.
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Figure 5 Univariate and multivariate Cox analysis of BIRCS expression and other clinicopathological factors in ACC, KIRC, LGG, LIHC,

and LUAD. BIRCS, baculoviral TAP repeat containing 5; ACC, adrenocortical carcinoma; KIRC, kidney renal clear cell carcinoma; LGG,

low-grade glioma; LIHC, liver hepatocellular carcinoma; LUAD, lung adenocarcinoma.
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Table 1 Univariate and multivariate Cox analysis of BIRCS expression and other clinicopathological factors in ACC, KIRC, LGG, LIHC, and LUAD

Univariate Cox analysis

Multivariate Cox analysis

Variables
HR 95% Cl lower  95% CI higher P HR 95% Cl lower  95% CI higher P
Parameter ACC
Stage 2.90 1.84 4.57 4.14E-06 0.69 0.23 2.07 5.10E-01
T 3.36 2.10 5.39 4.70E-07 3.10 1.12 8.60 2.96E-02
N 2.06 0.77 5.47 1.48E-01 2.41 0.75 7.74 1.41E-01
BIRC5 1.18 1.12 1.24 6.25E-11 1.17 1.10 1.24 8.85E-07
Parameter KIRC
Age 1.03 1.02 1.05 3.44E-06 1.04 1.02 1.05 4.21E-06
Gender 0.95 0.69 1.31 7.73E-01 1.01 0.73 1.40 0.936207
Grade 2.32 1.88 2.86 5.32E-15 1.45 1.14 1.84 0.00227
Stage 1.90 1.67 2.18 4.55E-21 1.97 1.55 2.51 2.51E-08
T 1.95 1.65 2.31 4.31E-15 0.78 0.57 1.05 0.102536
BIRC5 1.10 1.07 1.14 4.12E-10 1.07 1.03 1.1 0.000282
Parameter LGG
Age 1.06 1.05 1.08 1.56E-15 1.06 1.04 1.08 5.22E-13
Gender 1.06 0.73 1.55 7.62E-01 1.00 0.68 1.46 0.982209
Grade 3.12 2.06 4.72 7.44E-08 2.37 1.53 3.67 0.000105
BIRC5 1.04 1.02 1.05 1.13E-05 1.02 1.00 1.04 0.026774
Parameter LIHC
Age 1.01 1.00 1.03 1.77E-01 1.01 1.00 1.03 0.183864
Gender 0.82 0.56 1.21 3.17E-01 0.90 0.60 1.34 0.601633
Grade 1.12 0.87 1.45 3.82E-01 1.15 0.88 1.52 0.300125
Stage 1.67 1.36 2.06 1.12E-06 1.11 0.48 2.58 0.80897
T 1.65 1.36 2.01 5.82E-07 1.45 0.65 3.24 0.362703
BIRC5 1.03 1.01 1.04 5.60E-05 1.02 1.00 1.03 0.016356
Parameter LUAD
Age 1.01 1.00 1.03 1.36E-01 1.02 1.01 1.04 0.008298
Gender 1.08 0.79 1.49 6.29E-01 0.89 0.65 1.23 0.492271
Stage 1.67 1.44 1.93 8.30E-12 1.60 1.35 1.88 2.88E-08
T 1.55 1.27 1.88 1.48E-05 1.19 0.97 1.47 0.099176
BIRC5 1.02 1.01 1.04 0.001906 1.02 1.01 1.04 0.00484

ACC, adrenocortical carcinoma; KIRC, kidney renal clear cell carcinoma; LGG, low-grade glioma; LIHC, liver hepatocellular carcinoma;
LUAD, lung adenocarcinoma; HR, hazard ratio.
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Figure 6 A box plot of the expression levels of BIRCS in tumors according to GEPIA database (P<0.05). The box plot shows the relative
expression of BIRCS in normal and ACC, KIRC, LGG, LIHC, and LUAD samples. *, P<0.05, compared with normal group. BIRCS,
baculoviral IAP repeat containing 5; GEPIA, Gene Expression Profiling Interactive Analysis; ACC, adrenocortical carcinoma; KIRC, kidney

renal clear cell carcinoma; LGG, low-grade glioma; LIHC, liver hepatocellular carcinoma; LUAD, lung adenocarcinoma.
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Figure 7 Based on the UALCAN database, box plot showing BIRCS expression levels in tumors (P<0.05). The box plot shows the relative
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clear cell carcinoma; LGG, low-grade glioma; LIHC, liver hepatocellular carcinoma.
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Expression of BIRC5 in KIRC based on
individual cancer stages

Expression of BIRC5 in LIHC based on
individual cancer stages
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Figure 8 Box plot of BIRCS5 expression levels based on tumor stage using UALCAN data (P<0.05). The box plot shows the relative
expression of BIRCS in different KIRC and LIHC stage samples. BIRCS5, baculoviral IAP repeat containing 5; KIRC, kidney renal clear cell

carcinoma; LIHC, liver hepatocellular carcinoma.
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Figure 9 Based on UALCAN database information, BIRCS expression levels are plotted in tumors according to their TP53 mutation status
(P<0.05). The box plot shows the relative expression of BIRCS in ACC, LGG, LIHC, and LUAD between TP53 non-mutant samples and
TP53-mutant samples. BIRCS, baculoviral IAP repeat containing 5; ACC, adrenocortical carcinoma; LGG, low-grade glioma; LIHC, liver

hepatocellular carcinoma; LUAD, lung adenocarcinoma.

expression and TP53 mutation status. Our results showed

that BIRCS5 expression was up-regulated in the presence
of TP53 mutation in ACC, LGG, LIHC, and LUAD

© Annals of Translational Medicine. All rights reserved.

compared to TP53 non-mutant tissues (Figure 9). The

results indicated that TP53 mutations could cause high

levels of BIRCS expression in certain cancers, such as ACC,
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LGG, LIHC, and LUAD, thereby playing an important
role in tumorigenesis and tumor progression.

PPI network analysis via GeneMANIA

"To further investigate the molecular mechanism of BIRCS
in cancers, we used the GeneMANIA tool to generate a
PPI network that revealed the correlations among genes for
BIRCS. We found that CASP9, EVIS5, CDCAS, KIF20A,
AURKB, and DIABLO had a strong relationship with
BIRCS. Other proteins including KLHL9, KLHL13,
RACGAP1, CUCL3, INCENP, SGO1, KIF23, XPOl,
CDC6, CENPE, AURKA, GINS2, CASP7, and XIAP were
also closely associated with BIRCS alterations (Figure 10A).

Functional enrichment analysis of BIRCS

BIRCS5-related signaling pathways based on over-
representation analysis (ORA) demonstrated statistical
significance [false discovery rate (FDR) <0.05, (NOM)
P value <0.05] in enrichment of GO and KEGG terms
(Figure 10). ORA results showed differential enrichment
of interactive genes for BIRCS in KEGG, and the KEGG
pathway analysis by ORA showed that BIRCS5 co-expressed
genes primarily participate in apoptosis, ubiquitin mediated
proteolysis, platinum drug resistance, legionellosis, colorectal
cancer, small cell lung cancer, and pathways in cancer
(Figure 10B). BP analysis (Figure 10C) showed enrichment
in the regulation of cytokinesis, regulation of cell division,
cytokinesis, mitotic sister chromatid segregation, and mitotic
nuclear division, among others. CC analysis (Figure 10D)
showed enrichment in the midbody, spindle midzone, and
CPC, among others. In addition, BIRCS co-expressed genes
participate in the MF items (Figure 10E) of histone serine
kinase activity, cysteine-type endopeptidase activity, and
histone kinase activity, among others. These results suggest
the widespread impact of BIRCS on the global transcriptome.

Immune infiltration levels and cumulative survival
correlated with BIRCS in cancers

A correlation was found between BIRCS expression and
immune infiltration levels in ACC, KIRC, LGG, LIHC,
and LUAD via the TIMER database. The results showed a
positive correlation between BIRCS expression and tumor
purity in ACC, LGG, and LIHC, but negatively related in
KIRC, and had no relationship with LUAD tumor purity.
We also found that the infiltration levels of B cells, CD4" T

© Annals of Translational Medicine. All rights reserved.
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cells, CD8" T cells, macrophages, neutrophils, and DCs in
LGG and LIHC were all positively related to the expression
of BIRCS. In KIRC, these infiltration-related cells also
had a positive relationship with BIRCS expression, except
for CD4" T cells. In ACC, BIRCS expression was only
positively correlated with B cell and DC infiltration levels.
In addition, significant negative correlations were observed
between BIRCS and levels of B cells, CD4" T cells, and
DCs infiltrating, but no relationship with CD8" T cells,
macrophages, and neutrophils in LUAD (Figure 11). Thus,
it may be that BIRCS is a key role in immune infiltration in
these 5 cancers.

Moreover, the TIMER database was used to evaluate the
association between cumulative survival, different immune
infiltration levels, and BIRCS in ACC, KIRC, LGG, LIHC,
and LUAD patients. Notably, in LGG patients with high
expression of BIRCS, high infiltration of B cells, CD4" T
cells, CD8" T cells, macrophages, neutrophils, and DCs was
significantly correlated with poor outcome. However, the
results had no statistical significance in ACC, KIRC, and
LIHC, indicating that cumulative survival was not related
to immune cell infiltration in these cancers. In LUAD
patients with high BIRCS expression, poor prognosis was
only shown to be correlated with high expression of DCs
(Figure 12). The results indicated that the cumulative
survival rate, especially in LGG, was significantly correlated
with immune infiltration.

Discussion

BIRCS, as a member of the IAP family, is composed of
N-terminal baculovirus and IAP repeat (BIR) domains (19).
Its expression has been reported in many cancers, such as
LGG (20), bladder cancer (21), breast cancer (22), and lung
cancer (23). Although the role of BIRCS in the occurrence
and development of tumors has been verified in some
tumors, further deep analysis of BIRCS in human cancers
has yet to be performed. In our study, we screened out 5
cancers (ACC, KIRC, LGG, LIHC, and LUAD) which
exhibited high BIRC5 mRNA expression and led to poor
outcomes among T'CGA database. We then determined the
clinical and prognostic value of BIRCS in human cancers
according to online databases. We hope that our research
will be helpful for the clinical prediction, treatment, and
prognosis of these 5 cancers.

ACC is an extremely rare cancer and its incidence
rate is less than 2 per million every year. Research has
demonstrated that BIRCS participates in the apoptosis of

Ann Transl Med 2022;10(16):888 | https://dx.doi.org/10.21037/atm-22-3496
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Figure 10 BIRCS associated protein interaction network, KEGG analysis, and GO analysis. (A) Protein-protein interaction network of
BIRCS (GeneMANTIA). (B) Gene sets enriched in BIRCS’s target network identified by KEGG analysis. (C) Gene sets enriched in the
target network of BIRCS identified by BP analysis. (D) Gene sets enriched in BIRCS’s target network identified by CC analysis. (E) Gene
sets enriched in the BIRCS target network identified by MF analysis. KEGG, Kyoto Encyclopedia of Genes and Genomes; BP, biological
process; CC, cellular component; ME, molecular function; BIRCS, baculoviral IAP repeat containing 5.
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Figure 11 Correlations between BIRCS expression and immune infiltration levels in ACC, KIRC, LGG, LIHC, and LUAD. The expression
of BIRCS5 was normalized by log2 TPM for log scale. BIRCS, baculoviral IAP repeat containing 5; ACC, adrenocortical carcinoma; KIRC,

kidney renal clear cell carcinoma; LGG, low-grade glioma; LIHC, liver hepatocellular carcinoma; LUAD, lung adenocarcinoma; TPM,
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ACC (24,25). This study indicated that low expression of
BIRCS inhibited the occurrence and development of ACC,
and BIRCS could be one of the diagnostic and prognostic
biomarkers of ACC. In our study, high BIRC5 expression
led to a poor outcome in ACC. P53, also known as TP53,
has been proven to be a tumor suppressor gene associated
with tumorigenesis (25,26). One of the important functions
of P53 is to regulate cell division and proliferation (26), and
P53 mutation occurs in more than 50% of tumor patients
(27,28). In normal cell cycles, P53 performs its DNA repair
function. If the repair fails, it can cause cell apoptosis (28). In
our research, we found that BIRCS expression was increased
in ACC with TP53 mutation compared to non-TP53
mutant ACC, which indicated that BIRCS may participate in
tumorigenesis via the TP53 signaling pathway. In addition,

© Annals of Translational Medicine. All rights reserved.

univariate and multivariate Cox analysis showed that BIRCS
was an independent prognostic factor in ACC patients.
These results illustrated that BIRCS plays an important role
in tumorigenesis and could serve as a prognostic biomarker
in ACC patients.

A recent study showed that BIRCS expression was up-
regulated in KIRC, a type of renal cell carcinoma (RCC),
and promotes KIRC proliferation and tumorigenicity (29).
In our study, we found that high expression of BIRCS
could promote the poor prognosis of KIRC patients. The
UALCAN database showed that BIRCS expression in
cancer was higher than in normal samples. In addition, Cox
regression analysis revealed the independent prognostic value
of BIRCS for KIRC patients. As shown in the pathological
stage plot, increased expression of BIRC5 would lead to
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Figure 12 The impact of infiltration levels of multiple immune cells on cumulative survival in ACC, KIRC, LGG, LIHC, and LUAD.

ACC, adrenocortical carcinoma; KIRC, kidney renal clear cell carcinoma; LGG, low-grade glioma; LIHC, liver hepatocellular carcinoma;

LUAD, lung adenocarcinoma.

the increase of tumor grade and TNM stage. This result
suggested that high BIRCS expression may be a high risk
factor for KIRC and was associated with the severity of
KIRC. Furthermore, the promoter methylation level of
BIRCS is higher in KIRC than in normal tissues, indicating
another molecular mechanism of BIRCS in tumorigenesis.
Opverall, BIRCS is a high risk factor of KIRC and may be one
of the key genes affecting the prognosis of KIRC.

As LGG is accompanied by many morbidities, its
treatment is still a huge clinical problem. Many genes have
been shown to be related to the prognosis of LGG, such
as Engrailed 1 (EN1) (30) and secreted phosphoprotein 1
(SPP1) (31). However, the relationship between BIRCS
and LGG has rarely been reported. In our study, we found
that BIRCS was highly expressed in LGG, and the high
expression of BIRCS was closely related to the occurrence
and development of LGG. BIRCS was also an independent

© Annals of Translational Medicine. All rights reserved.

prognostic factor for LGG patients. Meanwhile, high
BIRCS expression associated with TP53 mutation could
lead to the increase of tumor grade in LGG. This indicates
the regulatory mechanism of BIRCS as a carcinogenic agent
of LGG. Therefore, BIRCS is a potential marker for the
improvement of LGG survival and prognostic accuracy.
BIRCS overexpression is also an oncogenic event in
LIHC (32). In previous work, elevated BIRC5 expression
was found to be associated with poor outcome in LIHC
patients, which is consistent with our findings. In
addition, our research also confirmed that BIRCS was up-
regulated in LIHC with TP53 mutation, while promoter
methylation of BIRCS5 was down-regulated in LIHC,
which prompts further investigation into the potential
molecular mechanisms or signaling pathways of BIRCS in
the tumorigenesis and progression of LIHC. High BIRCS
expression was linked to higher histological grade and
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TNM stage in LIHC patients. Taken together, BIRCS
may not only be a diagnostic and prognostic biomarker for
LIHC, but may also be a novel target for LIHC treatment.

A recent study has shown that high expression of BIRCS is
closely related to the poor prognosis of LUAD patients (33).
In our study, patients with high expression of BIRCS
had poorer OS, FP, PPS, and DMFS than those with
low expression of BIRC5 in LUAD. Simultaneously, the
expression level of BIRCS with TP53 mutation and the
promoter methylation level of BIRC5 were both increased
in LUAD tissues. BIRCS also served as an independent
prognostic factor for LUAD patients. These results
suggest that BIRCS may be a key molecular biomarker for
LUAD diagnosis and treatment. Further research should
be performed to help improve the understanding of the
molecular mechanisms of BIRCS5 in LUAD tumorigenesis
and progression.

To further probe the signaling events controlling
abnormal BIRCS expression, we investigated the BIRCS
co-expression network. The functional consequences of
BIRCS mainly include proliferation, invasion, metastasis,
apoptosis, and drug resistance in different human cancers.
These findings showed that BIRCS is involved in the
process of cancer development. As shown in the network,
CASP9 has a strong correlation with BIRCS5 through
intricate mechanisms. CASP9, which is produced by
normal cells, plays a key role in cell survival, proliferation,
and apoptosis (34,35). CASP9 is a member of the caspase
family. The accumulation of CASP9 in cells leads to DNA
damage, which activates cell apoptosis (36). However, the
IAP family proteins can reduce intracellular CASP9 and
prevent programmed cell death (37). In this study, we
constructed the interaction network of BIRC5-associated
genes, and BIRCS5 was found to be involved in various
signaling pathways, BPs, CCs, and MFs, including cell
apoptosis, pathways in cancer, cell division, cell cycle, CPC,
and histone serine kinase activity.

CASP7 is also an important member of the caspase
family (38). A recent study reported that CASP7
participated in the death of cancer cells (39). Our study
suggests that BIRC5 may regulate cell apoptosis through
CASP7. Moreover, BIRCS was predicted to interact with
AURKB, CDCAS, KIF20A, and DIABLO, which were
related to mitotic nuclear division, cell cycle, cytokinesis,
and cell division (40-42). Our study showed that BIRCS is
involved in the BP of cancer development by interacting
with critical molecules.

A variety of mechanisms are used by cancer cells to
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interact with immune cells metabolically. Zheng et al.
analyzed multiple aspects of infiltrating T cells in tumors,
including clustering, dynamics, and developmental
trajectory, and the results showed that tumors were
abundantly expressed with Tregs and exhausted CD8"
T cells (43). A study by Shalapour ez 4/. indicates that
tumors are driven by IgA-producing cells that suppress
CDS8" T cells (44). As a crucial element in the occurrence,
development, and treatment of tumors, the immune system
plays an important role in cancer biology. The tumor
immune microenvironment (TIME) is made up of the
components of the immune system, including cells and
molecules. Therefore, to display the status of TIME, it
is necessary to illustrate the relationship between tumor
immune cell infiltration and gene signatures. Based on our
findings, B cells, CD4" T cells, CD8" T cells, macrophages,
neutrophils, and DCs in LGG and LIHC were all
positively related to the expression of BIRCS. In KIRC,
these infiltration-related cells had a positive relationship
with BIRCS expression, except CD4" T cells. In ACC
and LUAD, the infiltration level of several immune cells
also had positive or negative correlations with the BIRCS
expression level. In addition, we further demonstrated that
immune infiltration of the tumor microenvironment was
associated with a longer cumulative survival in a 150-month
follow-up of LGG patients. Our results demonstrated that
immune infiltration participates in tumor progression and
is associated with poor LGG outcome, and BIRC5 may
have a potential novel immune-regulatory effect in ACC,
KIRC, LGG, LIHC, and LUAD. This lays a foundation
for further study of the immune regulatory role of BIRCS
and provides insights into using immunotherapy as a new
treatment in human cancers, though this still requires
further research regarding the underlying mechanisms.

In order to analyze BIRCS5 and human cancers, we
performed a comprehensive analysis by using multiple
online bioinformatics databases. The advantages of this
method were the large sample size, low cost, and the
ability to perform multi-omics and functional analyses.
In spite of this, some limitations remain in this study.
Firstly, some cancers had small sample sizes, such as ACC.
Second, this study only analyzed data in online databases,
and experiments such as RT-PCR, western blotting, and
immunohistochemistry are needed to verify the results of
this study.

A number of online bioinformatics platforms and web
tools were used in this mining study to systematically
analyze expression level, correlated genes, prognostic

Ann Transl Med 2022;10(16):888 | https://dx.doi.org/10.21037/atm-22-3496



Annals of Translational Medicine, Vol 10, No 16 August 2022

value, and immune regulatory role of BIRCS in human
cancers (ACC, KIRC, LGG, LIHC, and LUAD). These
bioinformatics analyses revealed that BIRCS expression
was significantly up-regulated in these 5 cancers. While,
there was a negative correlation between its expression and
patient prognosis. Elevated BIRCS expression could be
related to tumor grade, tumor stage, and TP53 mutation.
Our findings also highlight the importance of BIRCS
expression and potential BIRC5-associated pathways in
cancer development. These results provide us with a wealth
of information on the importance of BIRC5 in cancer and
its potential role in the detection of some malignant cancers.
Next, tests should be performed to further determine the
exact molecular mechanisms of BIRCS in tumor cells.
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