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Downregulation of BRD4 inhibits gallbladder cancer proliferation
and metastasis and induces apoptosis via PI3K/AKT pathway
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Abstract. Bromodomain containing protein 4 (BRD4) has
been demonstrated to play a critical role in tumor progression.
However, the expression and function of BRD4 in gallbladder
cancer (GBC) are still unknown. In this study, we report
that BRD4 expression level was significantly upregulated
in GBC tissues and GBC cell lines. We explored the corre-
lation between BRD4 levels and clinicopathological data
of GBC patients. The high expression level of BRD4 was
notably correlated with the poor prognosis of GBC patients.
Knockdown of BRD4 suppressed proliferation and migration
in NOZ and EH-GBI cells. The depletion of BRD4 in GBC
cell lines resulted in obvious cell apoptosis and downregulated
the expression levels of Bcl-2, p-PI3K and p-AKT. In vivo,
tumor volumes of nude mice were significantly decreased in
BRD4 silenced group. Our data suggested that downregula-
tion of BRD4 in GBC cells induced apoptosis by PI3K/AKT
pathway. Inhibition of BRD4 expression may be a novel thera-
peutic strategy for patients with GBC.

Introduction

Gallbladder cancer (GBC) is the most common and aggressive
cancer of the biliary tract, it constitutes 80-85% of total biliary
tract cancer. GBC shows a striking geographical variation in
its incidence, with high incidence has been reported from
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Asia, South America and some part of central Europe (1). GBC
incidence is relatively low (2.2/100,000) (2). However, GBC
is a notoriously lethal disease and has a poor prognosis, the
mean overall survival time is 6 months and 5-year survival
rate is 5% (3). Thus, it is critical to investigate the molecular
mechanisms of GBC progression, which may be helpful to
identify novel diagnostic and therapeutic target.

The bromodomain and extra terminal (BET) proteins,
which include BRD2, BRD3, BRD4 and BRDT, regulate
gene expression as the acetylated lysine binding domain
in chromatin (4,5). As the best-studied member of the BET
family, Bromodomain containing protein 4 (BRD4) has been
demonstrated to play an essential role in cell cycle and cell
proliferation (6,7). BRD4 functions as a transcription regulator
through interactions with P-TEFb, MYC and NF-«B (8.9).
Deregulation of BRD4 protein is increasingly found in several
different types of cancers such as colorectal cancer, breast
cancer, pancreatic cancer and lung cancer (5,10-12). BRD4 is
considered to be a compelling therapeutic target. However, the
role of BRD4 has not been well studied for gallbladder cancer.

In this study, we investigated the expression level and
potential roles of BRD4 in GBC, aiming to provide novel
insight into GBC diagnosis and therapy.

Materials and methods

Patient samples. All specimens were achieved from 51 GBC
patients with pathologically confirmed GBC after surgery
between 2013 and 2014 in Xinhua Hospital Affiliated to
Shanghai Jiaotong University. None of the patients received
radiotherapy or chemotherapy before surgery. The tissue
samples were staged on the basis of the AGCC-TNM
Classification of Malignant Tumors (7th edition). The
pathological classification was reviewed separately by two
experienced pathologists. Tissue samples were embedded in
paraffin prior to immunohistochemistry analysis. For quan-
titative real-time PCR, part of specimens were immediately
frozen in liquid nitrogen after resection. Informed consent
was obtained in all cases. Ethical approval was obtained from
the ethics committee of the Xinhua Hospital Affiliated to
Shanghai Jiao Tong University School of Medicine.
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Immunohistochemistry. Immunohistochemistry (IHC)
staining was performed according to the standard immuno-
peroxidase staining procedure (13). Immunoreactivity was
scored as follows: 0, <5% immunoreactive cells; 1, 5-25%
immunoreactive cells; 2, 25-50% immunoreactive cells;
3, 50-75% immunoreactive cells and 4 for >50% immuno-
reactive cells. The staining intensity of BRD4 expression
was visually scored as follows: 0, negative staining; 1, weak
staining; 2, moderate staining and 3 for strong staining. The
final score was the sum of extent and intensity. The specimens
were classified as negative (0-1), weak (2-3), moderate (4-5),
and strong (6-7) staining.

Quantitative real-time PCR. Total RNA was extracted from
GBC tissues and cells using TRIzol reagent. cDNA was
synthesized by using PrimeScript Reverse Transcriptase
(Takara, Osaka, Japan) following the manufacturer's instruc-
tions. The expression level of BRD4 was measured using the
SYBR-Green method, and products were detected by
StepOnePlus™ Real-time PCR system (Applied Biosystems,
Foster City, CA, USA). The primers used for amplification of
BRD4: BRD4 (forward primer) 5'-ACAACAAGCCTGGAG
ATGACA-3', BRD4 (reverse primer) 5'-GTTTGGTACCGT
GGAAACGC-3'; GAPDH (forward primer) 5-CAACAGCC
TCAAGATCATCAGC-3', GAPDH (reverse primer) 5“TTCTA
GACGGCAGGTCAGGTC-3". The relative gene expression
levels were calculated using the 22T analysis method (14).

Cell culture. The human GBC cell lines NOZ, EH-GBI,
GBC-SD, SGC-996 and OCUG were obtained from the
Shanghai Cell Institute National Cell Bank.NOZ and SGC-996
were cultured in Williams' medium E and RPMI-1640
medium (HyClone, Logan, UT, USA), respectively. The
EH-GBI1, GBC-SD and OCUG cells were cultured in DMEM
(Gibco, Grand Island, NY, USA). Cells were supplemented
with 15% fetal bovine serum (FBS; Gibco) at 37°C in a 5%
CO, incubator.

Immunofluorescence analysis. Cells were fixed in 4%
paraformaldehyde for 15 min at room temperature and then
permeabilized in 0.5% Triton for 5 min. 3% BSA was used
for blocking. The cells were incubated with anti-BRD4 anti-
body at 4°C for 12 h. Then, the cells were incubated with goat
anti-rabbit IgG (Beyotime, Shanghai, China) for 30 min, and
counterstained with Hoechst 33342 (Beyotime). A fluorescence
microscope (Leica DMI3000B; Leica, Wetzlar, Germany) was
used for observation.

SIRNA, plasmid and Lv-shRNA transfection. BRD4 siRNAs
were designed and synthesized by Biotend (Shanghai, China).
The siRNAs targeting human BRD4 were: BRD4-siRNAT:
5'-CCUGAUUACUAUAAGAUCAJTAT-3', BRD4-siRNA2:
5'-CAGUGACAGUUCGACUGAUATAT-3'. Cells were plated
onto 6-well plates at 30% density and transfected with
BRD4-siRNA or NC-siRNA using Lipofectamine 2000
(Invitrogen, Carlsbad, CA, USA) according to the manu-
facturer's protocol.

The pcDNA4c hBrd4 was obtained from Addgene
(Plasmid 14441), and the amino acid change T249P was modi-
fied by Longqian Biotech. Viafect Transfection Reagent was
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Table I. Relationship between BRD4 expression and relevant
factors in GBC patients.

BRD4 expression
Factors Cases Low High P-value
Sex 0.727
Male 10 4 6
Female 41 14 27
Age (years) 0.028
<60 10 7 3
=60 41 11 30
Histology 0.574
Well/moderate 45 17 28
Poor 6 1 5
T <0.001
Tis+T1+T2 20 14 6
T3+T4 31 4 27
N 0.025
Absent 26 13 13
Present 25 5 20
M 0.141
Negative 45 18 27
Positive 6 0 6
Tumor stage 0.002
0-1 6 6 0
II-1V 45 12 33

used for transfection. BRD4 expression level was detected by
gRT-PCR and western blotting.

pGMLYV-SC5 RNAI vectors encoding BRD4 (5'-CCTGAT
TACTATAAGATCA-3") were constructed by Genomeditech
(Shanghai, China). NOZ cells were infected at a multiplicity of
infection (MOI) of 80 in complete culture medium for 24 h.
gRT-PCR and western blotting were used to examine the
knockdown efficiency.

In vitro cell proliferation assays. The CCK-8 (Cell Counting
Kit-8; Dojindo, Kumamoto, Japan) assay was performed to
evaluate cell proliferation. NOZ and EH-GBI cells were plated
at a density of 1x10° cells per well in 96-well plates. The absor-
bance value (OD) was measured at 450 nm using a Spectra
Max 190 (Molecular Devices, Sunnyvale, CA, USA).

In the colony formation assay, cells were planted in
6-well plates with 600 cells per well and were cultured for
9 and 14 days, respectively. Then, the colonies were fixed in
4% paraformaldehyde and stained with 0.5% crystal violet
(Beyotime). The number of colonies was photographed and
counted under a microscope.

Migration andinvasion assays. Cell migration and invasion were
performed using 24-well Transwell chambers (Corning Inc.,
Corning, NY, USA). Briefly, the upper chamber was seeded
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Figure 1. BRD4 overexpression is associated with poor prognosis of GBC patients. (A) The comparison of BRD4 mRNA expression level between GBC tumor
tissues and adjacent non-tumor tissues using qRT-PCR. (B) Relative BRD4 expression level in GBC tissues and their corresponding non-tumor tissues (2°4°T).
(C) IHC staining for BRD4 expression in non-tumor tissues and tumor tissues from GBC patients (scale bar, 100 ym). (D) Average staining scores for BRD4
expression in GBC tumor tissues and adjacent tissues (P<0.001). (E) The overall survival of GBC patients based on BRD4 expression level.

with 2x10* cells in 200 ul serum-free medium, while the lower
chamber was filled with 500 ul basal medium containing 15%
FBS. After 20 h of incubation, cells were fixed with 4% parafor-
maldehyde for 20 min and stained with crystal violet for 20 min.
Then cells on the upper surface of the upper chambers were
scraped. Five fields were chosen randomly for analysis.

Apoptosis assay. Apoptosis was inspected using an
Annexin V-FITC Apoptosis Detection kit (BD Pharmingen,
San Diego, CA, USA). Cells were harvested and washed three
times with PBS. Next, 100 gl of Annexin V binding buffer
(1X), 5 ul of PI (50 pg/ml) and 5 ul of FITC (BD Pharmingen)
were added to the cell suspensions and incubated for 15 min at
room temperature in the dark. Apoptosis array was analyzed
using FACS Canto II (BD Pharmingen).

Western blotting. Total protein was extracted using RIPA
buffer (Cell Signaling, Danvers, MA, USA). Cell proteins were
separated by SDS-PAGE and then transferred onto PVDF
membranes (Millipore Corp., Billerica, MA, USA). Blots
were blocked with 5% skim milk at room temperature for 2 h.
The PVDF membranes were reacted with a series of primary
antibodies at 4°C overnight. The anti-BRD4 antibody was
acquired from Abcam (Cambridge, MA, USA). Primary anti-
bodies against E-cadherin, vimentin, N-cadherin, Bax, Bad,
Bcl-2, PI3K, p-PI3K, AKT, p-AKT, INK, p-JNK, GAPDH

were obtained from Cell Signaling Technology. Then, the blots
were reacted with the appropriate HRP-conjugated secondary
antibody and quantified using a Gel Doc 2000 (Bio-Rad,
Hercules, CA, USA).

Inhibitor reagent. PI3K/AKT pathway inhibitor GDC-0941
was purchased from MCE. Cells were treated with different
GDC-0941 concentrations of 0, 1, 3, 10 xM. Total proteins
were isolated for western blotting after 72 h incubation.

Nude mouse subcutaneous xenograft model. Male nude mice
(four-week-old) were purchased from the Shanghai Laboratory
Animal Center of the Chinese Academy of Sciences (Shanghai,
China). All procedures were approved by the Ethics Committee
of Xinhua Hospital Affiliated to Shanghai Jiaotong University
School of Medicine. NOZ cells (Lv-shNC/Lv-shBRD4 group,
2x10%) were subcutaneously injected into the left axilla of nude
mice (n=5 mice/group). The tumour volumes were measured
(1/2 x width? x length) weekly. The nude mice were sacrificed
after 4 weeks and tumors were weighed. Tumor tissues were
stored for western blotting and gqRT-PCR analysis.

Statistical analysis. Statistical analyses were performed with
SPSS software (version 22.0). The Student's t-test and non-
parametric tests were used when necessary. The Kaplan-Meier
test was used for the overall survival analysis. Subsequently,
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Figure 2. Expression and knockdown efficiency of BRD4 in GBC cell lines. (A and B) Expression levels of BRD4 in the GBC cell lines NOZ, EH-GBI,
GBC-SD, SGC-996 and OCUG were detected by qRT-PCR and western blotting. (C) Immunofluorescence targeting BRD4 (green) and Hoechst 33342 (blue)
staining in NOZ and EH-GBI cells (x200). (D-F) Knockdown efficiency of BRD4 in NOZ and EH-GBI cells tested by qRT-PCR and western blotting. GADPH

was used as the loading control. ““P<0.001.

the Cox proportional hazards model was used for independent
prognostic factors analysis. All assays were independently
performed 3 times. P<0.05 was considered to indicate a statis-
tically significant difference.

Results

High expression of BRD4 correlates to poor prognosis of
GBC patients. To investigate the expression level of BRD4
in GBC tissues, we first compared BRD4 mRNA expression
in 34 pairs of GBC tissues. The results showed that BRD4
expression was higher in tumor tissues than in adjacent non-
tumor tissues (P=0.01) (Fig. 1A and B). Then we evaluated
BRD4 protein levels in 51 archived paraffin-embedded speci-
mens of GBC tissues using immunohistochemistry (Fig. 1C).
As shown in Fig. 1D, the BRD4 expression level was higher
in tumor tissues than in their corresponding adjacent
normal tissues (P<0.001). We further analyzed the correla-
tion between BRD4 levels and clinicopathological data of
GBC patients. The BRD4 levels were significantly related
to pathologic T stage (P<0.001), lymph node metastasis
(P=0.025) and TNM stage (P=0.002) (Table I). The mean
overall survival time of GBC patients with medium or high
[4-7] BRD4 expression was 10.00+6.91 months, significantly
lower than patients with negative or low [0-3] BRD4 expres-
sion (24.67+6.72 months, P<0.001) (Fig. 1E). Multivariate

Cox regression analysis indicated that BRD4 expression
level was an independent prognostic factor in GBC patients
(P=0.028, Table II).

BRD4 expression in GBC cell lines. Five established gall-
bladder cancer cell lines (NOZ, EH-GBI1, GBC-SD, SGC-996,
OCUG) were analyzed for expression of BRD4 by qRT-PCR
and western blotting. Fig. 2A and B showed that BRD4 expres-
sion was significantly increased in GBC cell lines, particularly
in the NOZ and EH-GBI lines. Immunocytochemical staining
confirmed that BRD4 protein mainly expressed on the cell
nucleus of GBC cells (Fig. 2C).

Then we transfected gallbladder cancer cell lines
with siRNAs against BRD4. We evaluated the efficiency
of siRNA transfection by qRT-PCR and western blot-
ting. The results showed that BRD4 mRNA and protein
expression were clearly suppressed after transfection with
BRD4-siRNA (Fig. 2D and E).

Effect of BRD4 on proliferation in GBC cells. To explore the
role of BRD4 in GBC cell proliferation, we conducted CCK-8
and colony formation assays. Fig. 3A and B showed that the
proliferative ability was inhibited in NOZ and EH-GBI cells
when silencing BRD4 (P<0.01). Meanwhile, downregulation
of BRD4 reduced colony formation capacity of GBC cells
(P<0.001) (Fig. 3C and D).



INTERNATIONAL JOURNAL OF ONCOLOGY 51: 823-831, 2017

827

Aoy NOZ 8 EHGB-1
—— CON —— CON
3
- NC ]ﬂ -= NC :I*"’
—— SIRNA —— SIRNA

-

Relative growth (A450)
[ ]

Relative growth (A450)
(]
(—)

U=t T T 1
1 2 3 4 5
Time (days)

=)
-
[ =)
LF%)
£
th

Time (days)
C Control NC BRD4-siRNA D
- ) 600+ hhikd
' » 500+ i
2
N 2 4004
> g
’ S 300+
-
2
Z 200-
=
o n
—_ L Ll Al II ]
g g & & & &
= /‘}C 4" ;;S- \b > c,’s'
=] éo < o‘\a' (CS, *2\9 >
S NS
<

Figure 3. Effect of BRD4 silencing on GBC cell proliferation. (A and B) Cell growth curves of NOZ and EH-GBI cells detected by the CCK-8 assay.
(C) Macroscopic images of colonies formed by treated GBC cells. (D) Bar graph of the colony numbers. “P<0.01, ““P<0.001.
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Figure 4. BRD4 silencing inhibits metastasis of GBC in vitro. (A) Transwell migration and invasion assays showed that knockdown of BRD4 inhibited GBC
metastasis (scale bar, 100 gm). (B and C) Bar chart show the number of invading cells. (D) Western blotting was used to detect the expression levels of
E-cadherin, N-cadherin and vimentin. ““P<0.001.
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Figure 5. Effect of BRD4 silencing on GBC cell apoptosis. (A and B) Cell apoptosis was evaluated in NOZ and EH-GBI cells by flow cytometry. Error bars
represent the mean + SD (n=3). (C) Western blotting was used to assess the protein expression of Bad, Bax and Bcl-2. (D) Expression levels of PI3K/AKT
and JNK/SAPK pathway proteins were determined by western blotting. (E and F) gqRT-PCR and western blotting demonstrated that BRD4 expression level
was upregulated in NOZ cells after transfected with BRD4 full length plasmid. (G) Cell growth condition of treated NOZ cells detected by the CCK-8 assay.
(H) Protein levels of BRD4, p-AKT and AKT in treated NOZ cells after 72 h using western blotting. ““P<0.001.

Knockdown of BRD4 inhibits GBC cell metastasis. To deter-
mine whether BRD4 deregulation affects GBC metastasis,
we performed transwell assays. As shown in Fig. 4A-C,
knockdown of BRD4 significantly decreased the migration
and invasion abilities of GBC cells. This suggested that BRD4
could enhance the metastatic capacity of GBC. Then we
examined proteins relative to epithelial-mesenchymal transi-
tion (EMT). Results revealed that when BRD4 was depleted,
the expression of epithelial marker E-cadherin increased,
while the expression of Vimentin and N-cadherin (mesen-
chymal markers) decreased (Fig. 4D).

BRD4 silencing induces apoptosis in GBC cell lines via
PI3K/AKT pathway. To explore if and how BRD4 affects

apoptosis, we conducted flow cytometry analysis. The results
showed that apoptotic and dead cells increased significantly in
the cells with BRD4 siRNA transfection (P<0.001). The apop-
tosis rates of BRD4 siRNA groups were 16.86 and 16.43% in
NOZ cells and EH-GBI cells, respectively (Fig. SA and B).
This indicated that the inhibition of BRD4 affected GBC cell
apoptosis. Next, we detected the protein levels of several Bcl-2
family proteins. As shown in Fig. 5C, upregulation of Bax and
Bad protein and downregulation of Bcl-2 were induced when
transfected with BRD4 siRNA in GBC cells.

The PI3K/AKT and JNK/SAPK signaling pathways have
been demonstrated to play essential roles in Bad regula-
tion (15,16). We found that the expression levels of p-PI3K
and p-AKT decreased significantly when BRD4 was silenced.
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Table II. Univariate and multivariate analysis for overall survival in GBC patients.

Univariate analysis Multivariate analysis

Variables HR (95% CI) P-value HR (95% CI) P-value
Sex (male/female) 1.006 (0.341-2.967) 0.991

Age (<60/=60) 1.062 (0.392-2.879) 0.906

Histology (well + moderate/poor) 0.801 (0.187-3.427) 0.765

T (Tis + T1 + T2/T3 + T4) 2.833 (1.088-7.379) 0.033 1.217 (0.396-3.743) 0.732
N (absent/present) 2.286 (0.968-5.402) 0.059

M (negative/ positive) 4012 (1.410-11.411) 0.009 2.413 (0.823-7.078) 0.109
Tumor stage (0-1/ 1I-1V) 4.353 (0.584-32.453) 0.151

BRD4 expression (low/high) 5.474 (1.740-17.215) 0.004 4.336 (1.173-16.027) 0.028

HR, hazard ratio; CI, confidence interval.

However, INK and p-JNK protein expression levels were not
changed compared with controls (Fig. 5SD).

To verify our findings, we transfected BRD4 full-length
plasmid into NOZ cell lines, the expression level of BRD4 was
markedly upregulated (Fig. SE and F). Then cells were treated
with a PI3K/AKT inhibitor (GDC-0941). The cell prolifera-
tion was inhibited (Fig. 5G) while BRD4 expression remained
unchanged (Fig. SH).

Knockdown of BRD4 inhibits tumor growth in vivo. To evaluate
the effect of BRD4 on GBC growth in vivo, we constructed
NOZ cell lines stably expressing shRNA-BRD4 or the nega-
tive control. Then, we injected subcutaneously Lv-shBRD4

and negative control NOZ cells into nude mice (Fig. 6A).
The tumor volume and weight were significantly inhibited
in the Lv-shBRD4 group compared to the negative control
group (Fig. 6B and C). The mRNA and protein level of BRD4
decreased in the BRD4-silenced group compared with nega-
tive control group (Fig. 6D). These results confirmed that
BRD4 is essential for GBC growth regulation.

Discussion
BRD4 has been proved to possess a significant effect on cell

biological activity as an important BET family member. In
recent years, the effect of BRD4 has been observed in various
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types of cancer tissues and cell lines (6,17-20). In this study,
for the first time, we evaluated BRD4 expression in GBC
tissues. We found that BRD4 was significantly upregulated
in GBC tissues compared to their adjacent non-cancerous
tissues. Moreover, high BRD4 expression level was correlated
with poor prognosis in GBC patients. This indicates that high
BRD4 protein expression may be a crucial prognostic indicator
for GBC. We also demonstrated the significant suppression of
GBC by downregulating the expression of BRD4 both in vitro
and in vivo.

EMT has been implicated as an integral part of metas-
tasis, and clarifying the underlying molecular mechanism
of the latter is crucial for clinical therapies (21). Twist is a
key member of EMT-activating transcriptional factors.
Twist expression represses E-cadherin-mediated cell-cell
adhesive processes and activates mesenchymal markers (22).
The available evidence shows that di-acetylated Twist binds
the second bromodomain of BRD4 in basal-like breast
cancer (23). Another study shows that the administration
of BRD4 inhibitor readily abolished TGF-induced EMT in
small cell lung cancer (21). In this study, knockdown of BRD4
in GBC cells enhanced protein expression of the epithelial
marker E-cadherin and reduced the protein expression of
mesenchymal markers N-cadherin and vimentin. Our data
suggest that BRD4 downregulation inhibits migration and
invasion of GBC cells by inducing EMT.

The initiation of apoptosis results in cell death. Bcl-2
family which includes pro- and anti-apoptotic molecules act
as regulatory protein (24,25). All the BH3-only proteins,
which include Bcl-2-associated death promoter (Bad), can
activate Bcl-2-associated X protein (Bax) indirectly by
binding to and inhibiting the BCL-2 (26). Our data further
supported that cancer cell death occurred due to decreased
expression of Bcl-2 and increased expression of Bad and Bax
in BRD4 depleted GBC cells. The previous study indicates
that PI3K/AKT is involved in Bad inactivation, whereas the
JNK pathway is associated with Bad activation (27). In our
study, depletion of BRD4 inhibited the expression of phos-
phorylation AKT, but we did not find expression change for
JNK. Moreover, BRD4 expression level remained unchanged
after using PI3K/AKT inhibitor, which confirmed that
downregulation of BRD4 in GBC cells induced apoptosis via
PI3K/AKT pathway.

In summary, we demonstrated that BRD4 deregulation
is involved in GBC progression. Knockdown of BRD4 could
effectively affect cell proliferation, metastasis and apoptosis in
GBC cell lines and inhibit tumor growth in vivo. We hypoth-
esize that BRD4 plays an essential role in GBC apoptosis
by downregulating phosphorylation levels of AKT via the
PI3K/AKT pathway. Inhibition of BRD4 expression may be a
novel therapeutic strategy for GBC. Therefore, BRD4 may be
a novel promising prognostic marker and an antitumor target
in the treatment of GBC.
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