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Background: Adrenocortical carcinoma (ACC) is an extremely rare malignant tumor with poor prognosis.
Existing treatment options have limited effects, and new therapeutic targets urgently need to be discovered.
TNFSF13B has been reported to be associated with the prognosis of clear cell renal cell carcinoma, but it
has not been studied in ACC.

Methods: TNFSF13B expression was analyzed and compared between ACC tumors and normal tissues
by using public datasets from TCGA and GTEx. Kaplan-Meier analysis was employed to evaluate survival,
and Cox regression was employed to evaluate clinicopathologic features. The upstream and downstream
regulatory mechanisms of TNFSF13B were also analyzed. GSEA was performed to explore the mechanisms
of TNFSF13B in ACC. Finally, 14 ACC clinical samples were used to verify the relationships between
TNFSF13B expression and disease-free survival (DFS) and overall survival (OS).

Results: TNFSF13B expression was significantly higher in ACC tissues than in normal tissues. The
prognosis of ACC patients with high TNFSF13B expression was worse than that of patients with low
TNFESF13B expression. High TNFSF13B expression was strongly correlated with poor prognosis, and
TNEFSF13B was a prognostic factor. TNFSF13B expression is modified by upstream miRNAs, methylation
and ubiquitination, and downstream, it interacts with other proteins. GSEA showed that regulation of
cholesterol biosynthesis by SREBP and SREBE, downstream signaling events of the B cell receptor (BCR)
and activation of gene expression by SREBF and SREBP were significantly enriched in the TNFSF13B high-
expression phenotype. Clinical samples confirmed that TNFSF13B expression was significantly associated
with DFS but not with OS.

Conclusions: TNFSF13B may be a potential prognostic molecular marker of poor survival in ACC

patients, offering a new therapeutic target.
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Introduction

Adrenocortical carcinoma (ACC) is a rare malignant tumor
originating from the adrenal cortex, with an incidence rate
of approximately 2.0 per million per year (1,2). The disease
can occur at any age, but it has two peak ages of onset in
childhood and middle age (3), and the incidence in females
is slightly higher than that in males (2,4). The prognosis
of the disease is extremely poor, and the overall survival
(OS) time of patient is usually short (2,5-7). The complete
removal of the primary tumor is one of the most important
treatment methods, but local recurrence, infiltration, or
distant metastasis often occur after surgery (4,8). Adjuvant
therapy, such as radiotherapy or chemotherapy, has been
investigated extensively in recent years. However, the exact
therapeutic effect is ambiguous among multiple research
teams (6,7,9-17). Mitotane is the standard treatment
for patients with end-stage ACC, and it is the only drug
approved by the Food and Drug Administration (FDA)
and by the European Medicines Agency (EMA) for the
treatment of metastatic ACC (18). The use of mitotane has a
certain curative effect on the survival of patients with ACC,
but the effect is limited and side effects occur (5,19-21).
Therefore, new therapeutic targets urgently need to be
identified. The identification of novel hub genes specific to
ACC may improve the effect of targeted therapy and bring
significant benefits to patients.

Tumor necrosis factor ligand superfamily member 13B
(ITNFSF13B), also known as BAFF, is a cytokine that belongs
to the tumor necrosis factor (TNF) ligand family encoded
by the TNFSF13B gene (22). This cytokine is an effective B
cell activator and plays an important role in the proliferation
and differentiation of B cells. It is expressed in a variety of
cells, including monocytes, macrophages and dendritic cells
(23,24). It is a ligand for three TNF receptors named TACI,
BCMA and BAFF-R (23,25). In a bioinformatics analysis
study, TNFSF13B was identified as a prognostic biomarker
for renal clear cell carcinoma (26). That study concluded that
high TNFSF13B expression in clear cell renal cell carcinoma
leads to poor prognosis. GSEA and TIMER analyses showed
that the expression of TNFSF13B was related to immune
signaling pathways and lymphocyte infiltration.

However, few studies focusing on the relationship
between TNFSF13B and ACC have been reported thus
far, and the role of TNFSF13B in ACC remains elusive.
Therefore, TNFSF13B expression was analyzed in ACC,
and its expression between tumor tissues and normal tissues
was compared using public datasets from The Cancer
Genome Atlas (TCGA) database and the Genotype-

© Translational Andrology and Urology. All rights reserved.

Mao et al. TNFSF13B reflects poor prognosis in ACC

Tissue Expression (GTEx) project. We then analyzed the
relationship between TINFSF13B expression and the clinical
parameters of ACC patients and assessed the correlation
of TNFSF13B expression with the disease-free survival
(DFS) and OS of patients. An analysis of the upstream and
downstream regulatory mechanisms of TNFSF13B was also
implemented. Gene set enrichment analysis (GSEA) was
performed to explore the mechanisms of TNFSF13B in
ACC. Finally, we used 14 ACC clinical samples of patients
recruited from Ruijin Hospital from 2013 to 2020 to verify
the relationships between TINFSF13B gene expression and
DEFS and OS. The purpose of this study was to explore
whether TNFSF13B can be used as a prognostic target in
ACC patients. The significant diagnostic and prognostic
value of TNFSF13B indicated that it may also be used in
clinical practice to assist clinical workers in the diagnosis
and treatment of ACC patients.

We present the following article in accordance with
the MDAR reporting checklist (available at https://dx.doi.
org/10.21037/tau-21-232).

Methods
Databases and identification of TNFSF13B differential

expression

Gene expression profiles of ACC tissues and normal adrenal
glands were downloaded from TCGA (https://portal.gdc.
cancer.gov/) and GTEx (https://www.gtexportal.org/home/
index.html). EdgeR (http://bioconductor.org/) was utilized
to identify differential TNFSF13B expression between
normal adrenal tissues and adrenal cortical carcinoma
tissues. The difference threshold was llog,FCI >1 and
P value <0.05. The clinical data of patients, such as age, sex,
pathological stage, survival and outcome, were downloaded

from the TCGA database.

TNFSF13B expression and prognosis
Based on the median expression of the TNFSF13B gene, the

cancer samples were divided into high and low expression
groups. The correlations between the expression levels of
TNFSF13B and patient DFS and OS were analyzed using
the Kaplan-Meier method. Univariate Cox regression
analysis was used to select possible prognostic factors.

MiRNA regulation and DNA methylation

Based on the predictions of multiple databases, the
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upstream miRNA of TNFSF13B might be regulated, and
the prediction results of multiple databases were analyzed
by VEEN. Through the miRDB, miRTarBase, miRMap,
miRanda and TargetScan online prediction websites,
miRNAs targeting the TNFSF13B gene were predicted,
and the multiple predicted miRNAs were summarized.
The miRNAs that were predicted by all five sites were
considered intersecting miRNAs. We also analyzed
the correlation between TNFSF13B methylation and
TNFSF13B expression in ACC.

Query for E3-TNFSF13B interactions in UbiBrowser

UbiBrowser (http://ubibrowser.ncpsb.org/) is an integrated
bioinformatics website tool designed to help users explore
the predicted and reported E3 substrate interactions and
ubiquitination sites of substrate proteins by querying E3 or
substrate; it contains 1,295 reported E3-substrate interactions
and 8,255 predicted E3-substrate interactions (27).
In the network view, the central node is the substrate to be
queried, and the surrounding nodes are the predicted E3
ligases. We used UbiBrowser to predict the potential E3
ligases of TNFSF13B.

Protein-protein interaction (PPI) network construction
and analysis

STRING (version 11.0, http://string-db.org) is a
database of known and predicted PPI networks (27). We
used this tool to construct a PPI network and predict
potential interactions between TNFSF13B and its targets.
Interactions with a cutoff score of 0.4 and above were
considered significant.

GSEA

GSEA software (http://software.broadinstitute.org/gsea/
downloads.jsp) was used to identify the enrichments for
biological functions and signal pathways based on the
TCGA clinical data of the ACC patients. According to the
expression level of TNFSF13B, the patients were divided
into two groups by a median threshold: the high expression
group and the low expression group. Enrichment analysis
of the GSEA gene set used the C2 set (curated gene sets) in
MSigDB (http://software.broadinstitute.org/gsea/msigdb).
Finally, we sorted all enriched pathways according to the
normalized enrichment score (NES).

© Translational Andrology and Urology. All rights reserved.

3277

Sample collection and quantitative veal-time polymerase
chain reaction (qPCR)

From 2013 to 2020, 14 ACC specimens were collected
from the Department of Urology at Ruijin Hospital,
Shanghai Jiao Tong University School of Medicine. The
study conformed to the provisions of the Declaration of
Helsinki (as revised in 2013). The institutional Committee
abandoned the ethical review because it did not affect the
treatment strategy. Informed consent to use their tissues for
research was obtained from each patient prior to surgery.
The samples were stored in liquid nitrogen. Then, total
RNA was extracted by the Eastep® Super Total RNA
Extraction Kit (Promega, China). A reverse-transcription kit
(Promega, China) was used to reverse transcription of total
RNA into the first strand of complementary DNA. QPCR
was then performed with a Quantstudio™ Dx Real-Time
PCR System (Thermo Fisher Scientific, USA). Endogenous
gene glyceraldehyde 3-phosphate dehydrogenase
(GAPDH) was used as a reference control. Genes were
amplified by the following specific primers: GAPDH
forward (5'-GGAGCGAGATCCCTCCAAAAT-3"),
GAPDH reverse (5'-GGCTGTTGTCATA
CTTCTCATGG-3"); TNFSF13B forward
(5'-GGGAGCAGTCACGCCTTAC-3"), and TNFSF13B
reverse (5'-GATCGGACAGAGGGGCTTT-3"). The
experiment was repeated twice, and the average Ct from the
values obtained for each reaction was calculated. The fold
change of the target genes against that of the reference gene
was calculated from the 27**“values.

Statistical analysis

R 4.0.2 (http://www.r-project.org) and GraphPad Prism 8
(https://www.graphpad.com) were used for all data analyses.
EdgeR was performed to explore the differential expression
levels of TNFSF13B between ACC tissues and normal
tissues. Kaplan-Meier survival analysis was performed to
estimate the correlations between TNFSF13B expression
and DFS and OS. The associations between prognosis and
clinical characteristics were evaluated by univariate Cox

-AAC
‘ values of

regression analysis. The mRNA expression 2
clinical samples were converted logarithmically. Then, the
patients were divided into a high TNFSF13B expression
group and a low TNFSF13B expression group according
to the median value. With the follow-up data of patients,
the survival function of GraphPad Prism software was used

to draw K-M survival curves. Statistical significance was
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Figure 1 High expression of TNFSF13B leads to poor prognosis in ACC. (A). TNFSF13B was more highly expressed in ACC than in
normal tissues. (B,C) K-M survival curves revealed that the prognosis of ACC patients with high TNFSF13B expression was worse than
that of patients with low TNFSF13B expression in terms of both DFS (B) and OS (C). ACC, adrenocortical carcinoma; CPM, counts
per million; DFS, disease-free survival; FC, fold change; HR, hazard ratio; OS, overall survival; TNFSF13B, tumor necrosis factor ligand

superfamily member 13B.

Table 1 Univariate Cox regression analysis of the relationship between clinicopathological variables and prognosis

Clinicopathological variables Hazard ratio 95% Cl P value
TNFSF13B expression 1.01 1-1.01 0.002
Age 1.01 0.987-1.04 0.379
Gender 1 0.469-2.14 0.999
Pathological stage 2.91 1.86-4.56 0.000
T stage 3.38 2.11-5.14 0.000
N stage 2.04 0.769-5.4 0.152
M stage 6.15 2.71-14 0.000
Tumor purity 20.3 0.148-2790 0.230
Lymph node 1.07 1.01-1.12 0.018

Cl, confidence interval; TNFSF13B, tumor necrosis factor ligand superfamily member 13B.

defined as P<0.05.

Results

High expression of TNFSF13B leads to poor prognosis in
Aacc

We compared the expression levels of TNFSF13B in 79
ACC tissues and 190 normal tissues. Table S1 lists the
expression levels of TNFSF13B in a total of 269 samples.
TNFSF13B was expressed at higher levels in ACC
tissues than in normal adrenal gland tissues (P<0.0001,
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Figure 1A4). Kaplan-Meier survival curves revealed that
the prognosis of ACC patients with high TNFSF13B
expression was worse than that of ACC patients with low
TNFSF13B expression in terms of both DFS (P<0.0001)
and OS (P<0.01) (Figure 1B,C). The univariate Cox
regression analysis results showed that high TNFSF13B
expression was correlated with poor prognosis [hazard
ratio (HR) =1.01, 95% confidence interval: 1-1.01, P<0.01;
Table 1]. Moreover, other variables, such as pathologic stage,
T stage, M stage and lymph nodes, were also associated
with the prognosis of ACC patients. These results indicate
that the expression of TNFSF13B is a prognostic factor and
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Figure 2 Upstream and downstream regulation mechanisms. (A) The miRDB, miRTarBase, miRMap, miRanda and TargetScan databases
predicted 76, 9, 41, 9, and 64 miRNAs targeting TNFSF13B, respectively. The results are shown by Venn Diagram. (B) A significant
negative correlation was identified between the methylation level and expression level of TNFSF13B. (C) Network view of the predicted
E3-substrate interactions in the UbiBrowser web service. (D) Construction of the protein-protein interaction network between TNFSF13B
and its target proteins. Abbreviations of E3 ligases are annotated in Table S2. Abbreviations of E3 type are annotated in Table S3.
Abbreviations of protein-protein interaction are annotated in Table S4. CPM, counts per million; HM450K, Illumina 450k methylation
arrays; TNFSF13B, tumor necrosis factor ligand superfamily member 13B.

that increased TINFSF13B levels are associated with poor
DFS and OS.

Upstream and downstream regulation mechanisms

The miRDB, miRTarBase, miRMap, miRanda and
TargetScan databases predicted 76, 9, 41, 9, and
64 miRNAs targeting TNFSF13B, among which there were

© Translational Andrology and Urology. All rights reserved.

3 intersecting miRNAs (Figure 24), namely, hsa-miR-30a-
3p, hsa-miR-30d-3p, and hsa-miR-30e-3p. A significant
negative correlation was identified between the methylation
level of TNFSF13B and the expression level of TNFSF13B
(P<0.01) (Figure 2B). To identify the potential E3 ligases
of TNFSF13B, we queried TNFSF13B as a substrate in
the UbiBrowser web tool. The 4 predicted E3 ligases with
middle-confidence interactions and 36 predicted E3 ligases
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Figure 3 Gene set enrichment analysis according to the expression of TNFSF13B in TCGA. BCR, B-cell receptor; SREBF, sterol-

regulatory element binding factor; SREBP, sterol-regulatory element binding protein; TCGA, The Cancer Genome Atlas; TNFSF13B,

tumor necrosis factor ligand superfamily member 13B.

with low-confidence interactions are presented in Table S2.
Figure 2C displays them. The protein-protein interaction
network is shown in Figure 2D.

GSEA

GSEA was performed to identify the potential signaling
pathways involved in ACC between the low and high
TNEFSF13B mRNA expression groups. Figure 3 shows the
top 3 pathways in terms of the NES for the high and low
TNFSF13B expression groups analyzed by GSEA. The
high TNFSF13B group was enriched in the following
terms: regulation of cholesterol biosynthesis by SREBP
and SREBF, downstream signaling events of the B cell
receptor (BCR) and activation of gene expression by
SREBF and SREBP. Conversely, the low TNFSF13B group
was enriched in the following pathways: synthesis of bile

© Translational Andrology and Urology. All rights reserved.

acids and bile salts, synthesis of bile acids and bile salts via
7-alpha-hydroxycholesterol, and synthesis of bile acids and
bile salts via 27-hydroxycholesterol.

Validation of clinical samples by qPCR

The ACC clinical samples of patients recruited from Ruijin
Hospital were used to verify the relationship between
TNFSF13B expression and prognosis. Tzble 2 summarizes
the demographic, clinical and pathological characteristics
of the 14 patients. The scoring methods of GRAS (28)
and mGRAS (29) are described in detail at the bottom of
the table. As shown in Figure 44, Kaplan-Meier survival
curves revealed that the prognosis of ACC patients with
high TNFSF13B expression was worse than that of patients
with low TNFSF13B expression in terms of DFS (P<0.05).
However, there was no difference between the two groups
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Table 2 Summary of the demographic, clinical and pathological
variables of the 14 patients included in the study

Variables n %
Age (year)

<50 5 35.71

>50 9 64.29
Gender

Male 5 35.71

Female 9 64.29
ENSAT (stage)

| 1 7.14

I 8 57.14

1]l 2 14.29

I\ 3 21.43
Ki67 (%)

<10 4 28.57

10-19 4 28.57

>20 6 42.86
GRAS*

0 4 28.57

1 3 21.43

2 4 28.57

3 3 21.43
mGRAS”

0-1 5 35.71

2-3 4 28.57

4-5 3 21.43

6-7 2 14.29
OS (months)

<12 3 21.43

13-24 5 35.71

>24 6 42.86

DFS (months)

<12 6 42.86
13-24 4 28.57
>24 4 28.57

A The GRAS score is accumulated by the following four items (28): grade
(Weiss score <3 and Ki67 <20% =0; Weiss score =3 or Ki67 =20% =1),
resection status (RO =0; R1 or R2 =1), age (<50 years =0; =50 years
=1), and symptoms (absent =0; present =1). ¥ The mGRAS score is
accumulated by the following five items (29): age (<50 years =0; =50
years =1), symptoms (absent =0; present =1), ENSAT (stage |-l =0; stage
Il =1; stage IV =2), resection status (RO =0; RX =1; R1 =2; R2 =3), and
Ki67 (0-9% =0; 10-19% =1; >20% =2). ENSAT, European Network for
the Study of Adrenal Tumors; GRAS, Grade, Resection status, Age, and
Symptoms of hormone hypersecretion; mGRAS, modified GRAS; OS,
overall survival; DFS, disease-free survival.
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in OS (P=0.1413) (Figure 4B).

Discussion

TNFSF13B is a member of the TNF superfamily. Its
coding gene is located on chromosome 13q32-34 (30), and
the protein it encodes is involved in many physiological
activities of life. As an important B lymphocyte stimulating
factor, the normal expression of TNFSF13B is important
for the survival, proliferation and differentiation of B cells.
TNFSF13B deficiency may lead to a decrease in humoral
immune function. Studies have shown that TNFSF13B
knockout mice have severe B cell defects (31), and the
numbers of B cells in the splenic marginal zone and follicles
are significantly reduced, which will cause a sharp drop
in serum total immunoglobulin levels (32). In addition,
TNFSF13B can effectively promote the apoptosis of tumor
cells. TNFSF13B inhibits the growth of human lymphoma
cells (U937), prostate cancer cells (PC-3), colon cancer cells
(HT-29), cervical cancer cells (HeLa), breast cancer cells
(MCF-7) and embryonic kidney cells (A293). In U937 cells,
researchers found that TNFSF13B could induce apoptosis
by activating caspase-3 to degrade PARP (33).

However, the abnormal expression of TNFSF13B is
also closely related to the occurrence and development
of certain diseases. First, TNFSF13B is associated with
tumorigenesis. In the serum of patients with follicular-type
non-Hodgkin's lymphoma, researchers found that the level
of TNFSF13B was three times that in normal people (34).
In another study, serum levels of TNFSF13B increased
in newly diagnosed patients with IgG type multiple
myeloma (MM) compared with healthy volunteers, and the
concentration of TNFSF13B increased in the late stage
with the progression of MM (35). In addition, TNFSF13B
is believed to be related to autoimmune diseases such as
rheumatoid arthritis, systemic lupus erythematosus and
Sjogren’s syndrome. An analysis of biological samples from
patients with various autoimmune diseases confirmed that
high serum TNFSF13B levels were associated with these
diseases (24). Similarly, researchers found that TNFSF13B
mRNA transcription levels increased in the brain tissues
of experimental autoimmune encephalomyelitis mice (31).
Moreover, TNFSF13B may be associated with infectious
diseases. Researchers found elevated levels of TNFSF13B
in the serum of HIV patients (36). Finally, TNFSF13B
has important links with the occurrence and development
of diabetes. Diabetes could be prevented in TNFSF13B-
deficient NOD mice (37). TNFSF13B blockers inhibit the
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Figure 4 Relationship between the mRNA expression of TNFSF13B in ACC clinical samples and prognosis was verified by qPCR. (A).
K-M survival curves revealed that the prognosis of ACC patients with high TNFSF13B expression was worse than that of patients with low
TNFSF13B expression in terms of DFS. (B) K-M survival curves revealed that there was no difference between the two groups in OS. ACC,

adrenocortical carcinoma; DFS, disease-free survival; OS, overall survival; gPCR, quantitative real-time polymerase chain reaction.

development of diabetes (38), and TNFSF13B-blocking
compounds can delay the onset and reduce the incidence
rate of diabetes (37).

At present, ACC is still a serious challenge to human
medicine. Due to its low incidence, there are not as many
studies on ACC as other tumors, and drugs with definite
therapeutic effects are also very limited. For decades,
mitotane has been the first choice of adjuvant drug for
the treatment of ACC. It is recommended for people
with a high risk of recurrence, and it is increasingly used
as an adjuvant treatment after surgical resection of ACC.
However, mitotane can affect the production of steroids (2).
It can cause mitochondrial damage, interfere with the
function of the mitochondrial respiratory chain, and induce
the morphological fragmentation of the mitochondrial
membrane necessary for the activity of the respiratory
chain and the production of steroids. In addition, mitotane
is a strong inducer of CYP3A4 activity, leading to the
inactivation of glucocorticoids (2). Furthermore, mitotane
is an inhibitor of sterol-O-acyltransferase 1 (SOATT1) (5),
which causes the accumulation of free cholesterol, which
is toxic to cells. However, the value of this drug is still a
controversial issue, as only a few studies have compared
patients in a sufficiently large treatment group with a
control group (8). It is worth noting that the use of mitotane
is often accompanied by some adverse reactions (5).
The most common adverse reactions are neurotoxicity,
such as dizziness, headache, drowsiness, and ataxia; liver
damage, such as elevated transaminase; and gastrointestinal

© Translational Andrology and Urology. All rights reserved.

disorders, such as nausea, vomiting, diarrhea, and upper
abdominal discomfort (5). These side effects limit the use of
mitotane to a certain extent.

Our study, based on public databases, found that
TNFSF13B was highly expressed in ACC, and the
expression level of TNFSF13B in ACC was significantly
associated with poor prognosis. At the same time, we
used a public database to predict factors related to the
upstream and downstream mechanisms of TNFSF13B,
such as miRINA regulation, methylation, ubiquitination and
protein-protein interactions, which provided a direction for
further study on the role of TNFSF13B in the occurrence
and development of ACC. The abnormal secretion of
steroid hormones, such as adrenal cortex hormones and
sex hormones, is an important cause of clinical symptoms
in patients with adrenal cortical cancer. Cholesterol is the
precursor substance of steroid hormone synthesis (39),
and its synthesis and decomposition state directly affect the
metabolism of steroid hormones. The GSEA results showed
that TNFSF13B is significantly related to cholesterol
metabolism, which more strongly illustrates the role of
TNFSF13B in the occurrence and development of adrenal
cortical carcinoma. Based on this, we believe that our
research is credible and clinically valuable. Our findings
strongly indicate that TNFSF13B may be a potential
biomarker or target of ACC, providing a potential new
therapeutic target for ACC.

Although this study determined the prognostic value
of TNFSF13B in ACC, there are still some limitations.
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First, the number of clinical samples was too small, and
the follow-up time was not long enough. For these two
reasons, we failed to verify the difference in OS between the
two groups. In future studies, with more cases and longer
follow-up times, the important role of the TNFSF13B gene
can be confirmed in ACC with poor prognosis. Second,
due to the heterogeneity of the data set, there may be some
errors in our analysis results. More data sets need to be used
to verify our conclusions. Third, the conclusions of our
analysis are based on the expression of TNFSF13B mRNA,
and further research is needed to evaluate the protein
expression and direct mechanism of TNFSF13B.

Conclusions

In our current study, we found that ACC patients with high
TNFSF13B expression had a poorer prognosis than those
with low TNFSF13B expression. TNFSF13B may be a
potential prognostic molecular marker of poor survival in
ACC patients, offering a new therapeutic target.
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