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BRD7: a novel tumor suppressor gene in
different cancers
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Abstract: BRD7 (bromodomain 7), also known as celtix-1, was first identified in nasopharyngeal carcinoma (NPC)
cells in 2000. BRD7 is a crucial component of both functional p53 and BRCA1 (breast cancer 1, early onset) path-
ways. Recently, the BRD7 tumor suppressor status has been fully established. Previous studies demonstrated that
BRD7 was downregulated in human breast cancer and the downregulation often associates with tumor progres-
sion. The expression of BRD7 was downregulated in various cancers, including breast cancer, NPC, gastric cancer,
colorectal carcinoma, ovarian cancer, and prostate cancer. Moreover, BRD7 inhibited cancer cell growth and metas-
tasis and promote apoptosis in vitro and in vivo via downregulating AKT pathway. In addition, BRD7 may regulate
many signaling pathways including ras-raf-MEK-ERK and RB/E2F. In this review, we provide an overview of current
knowledge concerning the role of BRD7 in tumor development and progression. To our knowledge, this is the first

review about the role of this novel tumor suppressor gene BRD7in tumor development and progression.

Keywords: BRD7, tumor suppressor gene, cancers

Introduction

Tumor suppressor genes (TSGs) are defined as
genes whose mutation predisposes the animal
to cancer. TSGs encode for a protein that inhib-
its tumor development through blocking cell
proliferation and/or contributing to the mainte-
nance of genome stability [1, 2]. Transcriptional
regulation is a process that converts the genet-
ic codes into RNA synthesis. The bromodomain
is an evolutionally conserved sequence existing
in more than 40 proteins. It can regulate gene
transcription through binding to acetylated his-
tones in chromosomal [3]. BRD7 (bromodo-
main 7), a novel bromodomain-containing pro-
tein of about 75 kD (BRD7), also known as
celtix-1, is a subunit of polybromo-associated
BRG1-associated factor (PBAF)- specific Swi/
Snfchromatin remodeling complexes [4]. BRD7
can bind to the four core histones, and deletion
of its bromodomain abolishes these interac-
tions [5, 6]. BRD7 is a crucial component of
both functional p53 and BRCA1 (breast cancer
1, early onset) pathways [7, 8]. It is essential for
the transcriptional activation of target genes of
P53, including P21, HDM2 and TIGAR.

Accumulating evidence has demonstrated that
BRD7 is involved in the development of multiple
cancers, serving as a tumor suppressor gene. It
is downregulated in many types of cancers,
including breast cancer, nasopharyngeal carci-
noma (NPC), gastric cancer, colorectal carcino-
ma, ovarian cancer, and prostate cancer. BRD7
expression was deleted in more than 3,000
tumor samples and cell lines from 54 cancer
subtypes, strongly indicating the role of BRD7
as a TSG [9]. It could inhibit cancer develop-
ment through multiple mechanisms.

BRD7Y: structural features and functions

Bromodomain-containing proteins (BCPs) are
large families of proteins involving in chromatin
remodeling, transcriptional control, and methyl
or acetyltransferase activity [10]. BCPs consist
of an evolutionally conserved domain, bromo-
domain (Brd), which contains a motif of 59-63
amino acids, flanked by structurally conserved
sequences to domain of 110 amino acids [3, 6].
BRD7 was first identified in 2000 as a member
of the BCPs family downregulated in Naso-
pharyngeal carcinoma (NPC) cells by cDNA
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Representational Difference Analysis [11].
BRD7 expression is mainly localized in the
nucleus as shown by immunofluorescence [12,
13]. The coding sequences of BRD7 gene
include 2,213 bp of nucleotides. BRD7 is pre-
dicted to encode a protein of 651 amino acids
with a molecular weight of 74 kDa. BRD7 was
mainly distributed in nucleus with a functional
nuclear localization signal (NLS) sequence
ranging from amino acid 65 to 96 [13].

BRD7 was ubiquitously expressed in human tis-
sues, including brain, heart, lung, colon and
breast [13, 14]. Researchers have showed that
BRD7 play significant roles in cell cycle control
and transcriptional regulation, involving in cel-
lular growth, apoptosis, cell cycle, and mobility
[15]. For instance, overexpression of BRD7
could arrest cycle progression from G1 to S
phase by regulating cell cycle-related mole-
cules in NPC [13]. During eukaryotic transcrip-
tion, the epigenetic information in chromatin is
interpreted by proteins with domains for recog-
nizing the histone codes. By binding to acety-
lated histone H3, BRD7 protein can transcrip-
tionally regulate its target genes and cell cycle
[6]. BRD7 inhibits basic transcription in several
viral and cellular promoters in the nucleus.
BRD7 influences gene regulation by interacting
with other transcription factors [16, 17]. For
example, BRD7 protein associates with tran-
scriptionally active chromatin in the nucleus
through interacting with interferon regulatory
factor 2 [12]. More importantly, the interaction
between BRD7 and p53 and p300 is required
for a subset of p53-regulated gene expressions
[7]. In addition, BRD7 can bind to BRCA1 in
breast cancer cells [8]. In addition, BRD7 may
regulate many signaling pathways including
ras-raf-MEK-ERK and RB/E2F [18]. Although
BRD7 is implicated in target gene repression,
its mechanism remains unclear.

BRD7 status in human cancers

Recently, accumulating studies have found that
BRD7 expression is decreased or lost in human
cancers, consistent with its role as a tumor
suppressor gene. In this section, we will sum-
marize the current studies on the expression of
BRD7 in different human malignancies.

Nasopharyngeal carcinoma (NPC)

BRD7 was first identified as an NPC-associated
gene in 2000 since it was decreased in both
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NPC biopsies and cell lines than in normal
nasopharyngeal epithelial tissues [12]. Since
then, several studies have demonstrated that
BRD7 act as tumor suppressor/susceptibility
genesindifferentstages of NPC. Overexpression
of BRD7 inhibited cell proliferation and capabil-
ity to form colonies, blocking the cell cycle pro-
gression from G1 to S phase. In addition, it was
proved that BRD7 decreased NPC cells growth
through inhibiting B-catenin and ERK1/2 path-
ways [19]. In order to investigate the underlying
mechanisms of decreased BRD7 expression in
NPC, Liu et al. showed that DNA methylation
could decrease BRD7 expression in NPC cells
through silencing BRD7 promoter activity and
inhibitingits binding to nuclear protein (possibly
Sp1) [20]. In addition, the methylation frequen-
cy of BRD7 promoter was higher in the tissue
and blood samples from NPC patients than that
from normal controls, indicating the potential
role of DNA methylation of BRD7 promoter as a
diagnostic marker in NPC. Wu et al. [21]. found
that BRD7 could increase BRD2-induced NPC
cell apoptosis. In addition, BRD7 blocked cell
cycle progression through GO/G1 by suppress-
ing ras/MEK/ERK, Rb/E2F and Wnt signaling
pathways [15, 22]. In summary, BRD7 was
decreased in NPC and functioned as a TSG.
BRD7 may be potential diagnostic and treat-
ment targets for NPC in the future.

Breast cancer

BRD7 is a binding partner of BRCA1 and
involved in the regulation of approximately 30%
of BRCA1 targets [8]. BRD7 is required for the
BRCA1-mediated transcriptional regulation of
the estrogen receptor. Depletion of BRCAL or
BRD7 resulted in loss of ERa expression in
breast cancer cells, as well as resistance to ful-
vestrant treatment [8]. BRD7 was downregulat-
ed and even deleted in p53-wild-type, but not
mutant, breast cancer cells [23]. However,
sequence analysis proved that BRD7 was not a
frequent high-penetrance breast cancer sus-
ceptibility gene since its variants only repre-
sented rare polymorphisms [24]. In addition,
another study proved that no pathogenic BRD7
germ-line mutations were found in German
patients with familial breast cancer and the 40
Triple Negative Breast Cancer (TNBC) patients,
ruling out the role of BRD7 in the genetic pre-
disposition to breast cancer [25].

Pancreatic cancer (PC)

A two-stage case-control study was conducted
to investigate the associations between 14
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common variants in 6 genes (SMARCA4,
SMCRB1, PBRM1, BRD7, ARID1, and ARID2)
and the risk of PC. Variant rs11644043, in the
8th intron of BRD7 gene, demonstrated consis-
tent significant association with increased risk
of PC in both discovery and validation stages
[26]. The study suggested variants in BRD7
might contribute to the susceptibility of PC in
the Chinese population

Colorectal cancer (CRC)

Zhang et al. reported no significant difference
of mMRNA expression levels of BRD7 between
the gastric/colorectal cancer tissues and the
corresponding normal tissues [27]. However, a
recent study by Wu et al. showed that BRD7
expression level was lower in 117 cancer tis-
sues and CRC cell lines compared with that in
normal colon epithelial cells and adjacent non-
cancerous tissue samples [28]. In addition,
expression level of BRD7 was positively corre-
lated with clinical stage and TNM classification
in CRC patients. Low/none BRD7 expression
indicated shorter overall survival time and
served as an independent prognostic factor for
CRC patients.

Prostate cancer

Tripartite motif 24 (TRIM24) could enhance
transcriptional activity of androgen receptor
(AR) in prostate cancer cells through interac-
tion with AR [29]. TRIM24 could also bind to
BRD7 and negatively regulate cell proliferation
and growth. By binding to TRIM24, BRD7 was
found to inhibit prostate cancer cells growth
and repress the AR transactivation activity [29].
These findings indicate that BRD7 plays a role
in  AR-mediated transcription in prostate
cancetr.

Ovarian cancer

BRD7 expression was decreased in the ovarian
cancer tissues compared with normal controls.
In addition, high-grade serous cancer demon-
strated lower expression of BRD7 than low-
grade serous cancer. Transfection of BRD7 to
ovarian cancer cells suppressed cell viability
and invasion and increased apoptosis.
Furthermore, BRD7 decreased tumor weight in
vivo in orthotopic mouse model. Moreover, the
tumor suppressive effects of BRD7 are
p53-independent. BRD7 can negatively regu-
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late B-catenin pathway, decreasing its accumu-
lation in the nucleus. In conclusions, BRD7
played a tumor suppressor role in epithelial
ovarian cancers through inhibiting [-catenin
pathway [30].

Endometrial carcinoma

A recent study by Park et al. showed that inter-
action between miR-200c and BRD7 played sig-
nificant roles in growth of endometrial cancer
cells. MiR-200c¢ was upregulated in endometri-
al carcinoma. In addition, anti-miR or pre-miR-
200c could regulate cell survival, proliferation,
and apoptosis in endometrial cancer cells.
Furthermore, miR-200c regulated the translo-
cation of B-catenin from the cytoplasm to the
nucleus through inhibiting the expression of
BRD7, leading to increased expression of cyclin
D1 and c-myc [31].

Osteosarcoma

Osteosarcoma is the most common type of pri-
mary malignant bone tumor in childhood and
adolescence. BRD7 acted as a tumor suppres-
sor in osteosarcoma, inhibiting the G1/S transi-
tion during cell cycle. In addition, BRD7 could
be regulated by anaphase-promoting complex/
cyclosome (APC/C), which could directly bind
and degrade BRD7. BRD7 mutant resistant to
degradation by APC/C is more efficient than the
wild-type protein at suppressing proliferation,
colony formation, and tumor growth of osteo-
sarcoma in vitro and in vivo. Furthermore, pro-
tein levels of BRD7 were inversely correlated
with Cdhl or Cdc20, and lower BRD7 expres-
sion was associated with poor prognosis in
patients with osteosarcoma [32, 33]. Further-
more, the BRD7 mutant resistant to degrada-
tion by APC/C showed more efficient at inhibit-
ing proliferation, colony formation, and tumor
growth of osteosarcoma both in vitro and in
vivo compared with the wild-type protein.
ProTAME, an inhibitor of APC/C, combined with
chemotherapeutic drugs, can efficiently targets
osteosarcoma in vitro. Therefore, APC/C-BRD7
pathway may be a novel therapeutic strategy
for osteosarcoma.

Glioma
BRD7 was highly expressed in gliomas and its

expression level was negatively correlated with
LRRC4 expression. In addition, transcriptional
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Table 1. BRD7 expressions in human cancers

Cancer type Expression Role in tumor References
Nasopharyngeal carcinoma Decreased tumor suppressor 12, 19, 20, 21
Breast Cancer Depletion, decreased polymorphisms tumor suppressor 8, 23,24, 25
Pancreatic cancer Variants 26
Colorectal cancer Decreased tumor suppressor 27,28
Prostate cancer tumor suppressor 29
Ovarian cancer Decreased tumor suppressor 30
Endometrial carcinoma Decreased tumor suppressor 31
Osteosarcoma Decreased tumor suppressor 32,33
Glioma Decreased tumor suppressor 33
Oral squamous cell carcinomas Methylation 35
ylation of BRD7 is frequent in
Gene mutation and Epigenetic || c-Myc miRNA cancers [35] (Table 1).
ﬂ Mechanisms of BRD7 tumor
suppressive functions
BRD7
I Brd7 may contribute to can-
cer development through va-
ras’ MEK/ERK || Rb/E2F p53 BRCAI1 IRF-2 rious mechanisms. First
u ly, BRD7 regulates cell cycle
| | progression through regulat-
ing cell cycle associated cru-
Cell Cell Cell Cell cial molecules. For example,
proliferation apoptosis Invasion/metastasis | | survival BRD7 could inhibit NPC cell

Figure 1. Proposed model of tumorigenesis due to loss or decreased BRD7
expression. Reduced BRD7 expression caused by gene mutations or epi-
genetic changes, c-Myc and miRNA, induced cell apoptosis, suppressed cell
survival, proliferation, invasion and metastasis by ras/MEK/ERK pathway or

other genes.

regulation of BRD7 was dependent on miR-182
and miR-381. Previous studies showed that
LRRC4 was a direct target gene of miR-381 and
miR-182, both of which were involved in patho-
logical malignant progression [33]. The silenc-
ing of miR-182 and miR-381 decreased the
proliferation in vitro and growth of glioma cell in
vivo by intracranial transplanted tumor model
in rats.

Oral squamous cell carcinomas

Promoter hypermethylation of TSG resulted in
gene silencing, which is the most frequent
event in carcinogenesis [34]. Using methylation
sensitive enzyme technique, methylation of
BRD7 promoter region was observed in 17/20
(74%) well differentiated oral squamous cell
carcinoma samples, suggesting that the meth-
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growth and arrest them in
GO/G1 phase through regulat-
ing gene transcriptions involv-
ed in ras/MEK/ERK and Rb/
E2F pathways [18]. In addi-
tion, c-Myc could negatively
regulate expression of BRD7
gene. The promoter activity of BRD7 was nega-
tively associated with c-Myc expression[36,
37]. Moreover, BRD7 acted its tumor suppres-
sive role by interaction with p53. BRD7 was
required for efficient p53-mediated transcrip-
tion of a subset of target genes [7, 9]. BRD7
could also bind to BRCA1, which was required
for the BRCA1-mediated transcriptional regula-
tion of the estrogen receptor in breast cancer.
Depletion of BRCA1 or BRD7 resulted in loss of
ERa expression in breast cancer cells and
resistance to fulvestrant treatment [8]. More-
over, BRD7 protein could also interact with nu-
clear transcription factor Interferon Regulatory
Factor-2 (IRF-2), which was involved in the tran-
scriptional control at the G1/S-phase transition
of the cell cycle [12]. The adenovirus nuclear
protein, E1B-AP5 is a member of the nuclear rib
nucleoprotein family involved in mRNA process-
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ing and transport. BRD7 could form a complex
with E1B-AP5, thereby affecting its transcrip-
tion activity [5]. BRD7 interacted with three
core subunits of the polycomb repressor com-
plex 2 (PRC2) including SUZ12 [16]. Further-
more, BRD7 co-localized on tumor-suppressor
genes ST7 and retinoblastoma-like protein 2
(RBL2) promoters, correlating with hypermeth-
ylation of H3R8, H4R3 and H3K27 in patient-
derived mantle cell lymphoma (MCL) and
chronic lymphocytic leukemia (CLL) cell lines
[16]. BRD2 mainly localizes in nucleus in two
distribution patterns, diffused and dotted, and
BRD2 has distinct roles in initiating apoptosis,
and the dotted distribution pattern of BRD2 in
nucleus may be a morphologic marker of cell
apoptosis. BRD7 could interact with the region
from amino acid 430 to 798 of BRD2 [38]. The
promoter region of the BRD7 gene was respon-
sive to several transcriptional factors, including
Spil, E2F, and E2F6, indicating that those tran-
scriptional factors were associated with the
BRD7 promoter activity [37]. Interaction of
BRD7 to acetylated histone H3 is the underly-
ing molecular mechanism of BRD7’s transcrip-
tional regulation role on its target genes and
cell cycle inhibition role in NPC cells. Bro-
modomain-deleted BRD7 mutant could not
inhibit E2F3 promoter activity and cell cycle
G1-S progression because of the loss of affinity
with acetylated histone H3 (Figure 1) [6].

Implications in cancer management

BRD7 was deregulated in a multiple human
cancers and provides a potential target for anti-
cancer therapies. Firstly, BRD7 can act as
molecular biomarkers for cancer diagnosis. By
detecting the BRD7 levels, such as alterations
in gene and protein levels, the risk of cancer
development and progression, as well as the
prognosis can be predicted. In addition, since
BRD7 was decreased in many cancers, re-intro-
duction of BRD7 gene or to stabilization of
BRD7 protein level may be an attractive strate-
gy for cancer management. Restoration of its
tumor suppressing function may inhibit tumor
growth, serving as a potential target for cancer
therapy.

Conclusions and future directions

In summary, BRD7, decreased in a various
human malignances, plays a tumor suppres-
sive role in carcinogenesis. BRD7 exerts its
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tumor suppressor function through regulating
several gene transcription involved in cell cycle
progression, such as p53, c-myc, IRF-2 and
E2F3 [16, 36]. All of those genes are involved in
the tumorigenesis and might be the underlying
mechanism for the tumor suppressive func-
tions of BRD7. Although recent studies have
characterized the molecular mechanisms of
BRD7 in transcriptional regulation, studies on
the molecular mechanism that lead to the
deregulations of BRD7 were relatively limited.
Further investigations are required to identify
the status of BRD7 in other cancers as well as
its molecular functions. In addition, more in
vivo experiments are needed to confirm the
tumor suppressive role of BRD7 in mouse
models.
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