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Bromodomain 4 protein is a predictor of survival  
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Abstract: Background: Bromodomain 4 (BRD4) protein is a double bromodomain-containing protein that binds pref-
erentially to acetylated chromatins. BRD4 is essential for cellular growth and has been implicated in cell cycle 
control, DNA replication and carcinogenesis. However, its expression profile and prognostic value in urothelial carci-
noma of the bladder (UCB) have not been investigated. Methods: Real-time quantitative PCR (qRT-PCR) and Western 
blot were used to explore BRD4 expression in UCBs and normal bladder tissues. Moreover immunohistochemistry 
(ICH) was used to detect the expression of BRD4 in UCBs. Spearman’s rank correlation, Kaplan-Meier plots and Cox 
proportional hazards regression model were used to analyze the data. Results: Up-regulated expression of BRD4 
mRNA and protein was observed in the majority of UCBs by qRT-PCR and Western blot when compared with their 
paired normal bladder tissues. Clinicopathological analysis was showed a significant correlation existed between 
the higher expression of BRD4 protein with the histological grade, lymph node metastasis and distant metastasis 
(P < 0.05); Survival analysis by Kaplan-Meier survival curve and log-rank test demonstrated that elevated BRD4 
expression in bladder cancer tissue predicted poorer overall survival (OS) compared with group in lower expression. 
Notably, multivariate analyses by Cox’s proportional hazard model revealed that expression of BRD4 was an inde-
pendent prognostic factor in UCB. Conclusions: These results suggest that the aberrant expression of BRD4 in hu-
man UCB is possibly involved in the tumorigenesis and development, and the BRD4 protein could act as a potential 
biomarker for prognosis assessment of bladder cancer. Further studies on the cellular functions of BRD4 need to 
address these issues.
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Introduction

Bladder cancer is the second most common 
genitourinary tumor in human populations, and 
it was estimated in 2013 that 72,570 new 
cases of cancer of the urinary bladder were 
diagnosed in the United States and 15,210 
deaths were attributable to bladder cancer [1]. 
Clinically, radical cystectomy (RC) remains the 
most common treatment for patients with mus-
cle-invasive UCB or for patients with superficial 
disease that is at high risk of recurrence and 
progression [2]. Despite advances in surgical 
technique and an improved understanding of 
the role of pelvic lymphadenectomy, the 5-year 
cancer-speciic survival (CSS) remains at only 
50-60% [3]. In addition, while providing impor-
tant prognostic information on UCB, the cur-

rently clinical and pathological variables have a 
limited ability to predict tumor recurrence, pro-
gression, and patient survival. The most possi-
bly underlying reason might be the heteroge-
neous biological properties of UCB. Therefore, 
the search for specific genes alterations which 
determine biological nature and behavior of 
UCB would be of utmost importance to optimize 
individual therapy. However, such reliable bio-
markers are still substantially limited.

The BrD and extraterminal domain (BET) pro-
teins bind to acetylated lysine residues in his-
tones, recruit chromatin-modifying enzymes to 
target promoters, and function as coactivators 
or corepressors in a context-dependent manner 
[4]. The BET family consists of BRD2, BRD3, 
BRD4, and the testisspecific member BRDT, 
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which share a common domain architecture 
[5]. BRD4 is a ubiquitously expressed nuclear 
protein of 200 kDa that contains two tandem 
bromo-domains (BDI and BDII) and an extrater-
minal (ET) domain [6]. Recent research showed 
BRD4 plays an imoprtannt role in the regulation 
of cell growth [7]. By photobleaching assays, 
Dey showed that BRD4 are mobile in the nucle-
us and transiently associate with acetylated 
chromatin, as has been reported for other non-
histone nuclear proteins [8]. Studies have 
revealed important roles for BRD4 proteins in 
development and certain types of cancer. For 
example, recent study showed BRD4 are higher 
expression in melanomas compared with nevi 
and BRD4 knockdown is sufficient to recapitu-
late the antitumoral effect of BET inhibitors in 
melanoma cell [9]. Zuber showed that suppres-
sion of BRD4 using shRNAs or the small-mole-
cule inhibitor JQ1 led to robust antileukaemic 
effects in vitro and in vivo [10]. So the function 
of BRD4 makes it a possible target in antican-
cer therapy. But there have been no reports 
about BRD4 in bladder cancer and the role of 
BRD4 in blader cancer is still unknown. 

In the present study, we examined both BRD4 
mRNA and protein expression by real-time 
quantitative PCR (qRT-PCR) and Western blot 

ple’s Hospital of Tongji University (Shanghai, 
China) was retrieved. The cases selected were 
based on distinctive pathologic diagnosis of 
UCBs, undergoing transurethral resection, par-
tial cystectomy and radical cystectomy without 
preoperative chemotherapy or radiotherapy. 
The disease stage of each patient was classi-
fied or reclassified according to the 2002 AJCC 
staging system [11]. The patients were totally 
41 men and 47 women, whose age range from 
38 to 79 years (median: 59 years). 
Clinicopathological characteristics in our study 
are presented in Table 1. All patients were fol-
lowed up until November 2013 with a median 
observation time of 38 months. 

Patients were only included in the study if they 
had provided written consent to participate in 
the study after receiving oral and written infor-
mation regarding its course and purpose. 
Approval for the study was received from the 
Ethics Committee of the host institution.

Real-time quantitative PCR

Total RNA was isolated tissue using TRIZOL 
reagent according to the manufacturer’s proto-
col (Invitrogen). RNA was reverse transcribed 
using SuperScript First Strand cDNA System 
(Invitrogen) according to the manufacturer’s 

and investigate the expression 
of the human BRD4 proteins by 
Immunohistochemistry (IHC) 
and identify their potential 
roles in tumor occurrence, 
development and prognosis for 
patients with bladder cancer.

Materials and methods

Patients and specimens

For qRT-PCR and Western blot 
analysis, we collected 12 
paired fresh UCBs and normal 
tissue samples from patients 
who underwent surgery bet- 
ween March 2013 and 
November 2013. In addition, a 
cohort of 88 formalin fixed, 
paraffin embedded tissues of 
UCBs diagnosed between 
January 2007 and December 
2011 at the Department of 
Urology, Shanghai Tenth Peo- 

Table 1. Correlation between Bromodomain 4 expression and 
clinicopathological characteristics of urothelial carcinoma of the 
bladder patients

Parameters Group Total
BRD4 expression

P value
Low High

Gender Male 41 23 18 0.170
Female 47 33 14

Age (years) < 59 37 24 13 0.838
≥ 59 51 32 19

Histological grade G1 30 27 3 0.000
G2, G3 58 29 29

Tumor size (cm) < 3.5 cm 43 28 15 0.778
≥ 3.5 cm 45 28 17

Tumor stage Ta, T1 57 37 20 0.736
T2, T3, T4 31 19 12

Lymph nodes metastasis N0 75 54 21 0.000
N1, N2 13 2 11

Distant metastasis No 78 55 23 0.000
Yes 10 1 9

Tumor multiplicity Unifocal 46 27 19 0.313
Multifocal 42 29 13
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Figure 1. Expression of BRD4 mRNA and protein in the human UCB surgical 
specimens. A. Rrelative mRNA expression of BRD4 was higher in UCB tissues 
than in matched normal bladder tissues (P < 0.05). B. BRD4 protein expres-
sion was higher in the UCB tissues than in matched normal bladder tissues. N, 
normal bladder tissues; T, UCB tissues. 

instructions. The BRD4 sense primer was 
5’-CAAATCCAGCATCTCAGCAG-3’, and the anti-
sense primer was 5’-AGGAAGCACCCACAATC- 
TACA-3’. For the GAPDH gene, the sense primer 
was 5’-TGCACCACCAACTGCTTAGC-3’, and the 
antisense primer was 5’-GGCATGGACTGTGG- 
TCATGAG-3’. The PCR amplification were per-
formed for 40 cycles of 94°C for 30 s, 60°C for 
30 s, and 72°C for 30 s, on a Applied Biosystems 
7900HT (Applied Biosystems) with 1.0 μl of 
cDNA and SYBR Green Real-time PCR Master 
Mix (Takara). Data was collected and analyzed 
by SDS2.3 Software (Applied Biosystems). The 
expression level of each candidate gene was 
internally normalized against that of the GAPDH. 
The relative quantitative value was expressed 
by the 2-ΔΔCt method. Each experiment was per-
formed in triplicates and repeated three times. 

Western blot assay

Tissues were lysed in lysis buffer containing 
protease inhibitor cocktail. Protein concentra-
tion was determined using a Bio-Rad protein 
assay system (Bio-Rad). Equivalent amounts of 
proteins were separated by SDS-PAGE, and 
then transferred to polyvinylidene difluoride 
membranes (Bio-Rad). After being blocked in 
Tris-buffered saline (TBS) containing 5% non-
fat milk, the membranes were incubated with 

primary antibodies against 
BRD4 (1:500; Abcam), 
β-actin (1:1000; Abcam) at 
4°C for 12 hours, and then 
with anti-rabbit IgG second-
ary antibody conjugated to 
horseradish peroxidase at 
room temperature for 2 
hours. ECL detection reagent 
(Amersham Lifen Science, 
Piscataway, NJ) was used to 
demonstrate the results. 

Immunohistochemistry 
staining

Paraffin sections (4 μm thick) 
were deparaffinized in xylene 
and rehydrated in grade 
alcohol, followed by boiling in 
10 mmol/L of citrate buffer 
(pH 6.0) for antigen retrieval. 
After inhibition of endoge-
nous peroxidase activities 
for 30 min with methanol 

containing 0.3% H2O2, the sections were 
blocked with 2% bovine serum albumin for 30 
min and incubated overnight at 4°C with pri-
mary monoclonal rabbit anti-human BRD4 anti-
body (1:200; Abcam). After washing thrice with 
PBS, the slides were incubated with horserad-
ish peroxidase-conjugated goat anti-rabbit IgG 
for 30 min, followed by reaction with diamino-
benzidine and counterstaining with Mayer’s 
hematoxylin. Negative control was done by 
omission of the primary antibody and substitut-
ing it with non-specific rabbit IgG. 

Evaluation of immunohistochemical staining

The evaluation of the immunohistochemical 
staining was performed independently by two 
authors without knowledge of the clinicopatho-
logical information. The immunoreactive scores 
besides BRD4 were determined by the sum of 
extension and intensity as literature reported 
previously [12]. The intensity of the staining 
was scored using the following scale: 0, no 
staining of the tumor cells; +, mild staining; ++, 
moderate staining and +++, marked staining. 
The area of staining was evaluated and record-
ed as a percentage: 0, less than 5%; +, 5%-25%; 
++, 26%-50%; 3+, 51%-75% and 4+, more than 
75%. The combined scores were recorded and 
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Figure 2. BRD4 protein expression in UBC surgical specimens and patient survival. A. ICH analysis of BRD4 protein 
expression in 88 cases of UCB tissues. 1. ICH expression of BRD4 in normal bladder tissues (× 100). 2. ICH expres-
sion of BRD4 in normal bladder tissues (× 200). 3. ICH expression of BRD4 in UCB tissues (× 100). 4. ICH expression 
of BRD4 in UCB tissues (× 200). B. The survival analysis of BRD4. Patients with higher BRD4 expression in tumor 
tissue were closely correlated with poorer overall survival than patients with tumor with lower expression (P < 0.05, 
respectively).
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graded as follows: -, 0; +, 1-2; ++, 3-5; +++, 6-7. 
Additionally, for statistical analysis, the − and 
1+ cases were pooled into the low-expression 
group, and the 2+ and 3+ cases were pooled 
into the high-expression group.

Statistical analysis

Computerized statistical analyses were per-
formed using the Statistical Package for the 
Social Sciences (SPSS), version 18.0. The t-test 
was used to analyze the data from qRT-PCR 
and Western blot in the tissues. Clinical and 
histopathologic information and the results 
from the ICH studies were entered into a data-
base. The significance of BRD4 expression for 
tumor was analyzed by the Kaplan-Meier meth-
od, and the differences were evaluated by the 
log-rank test. Multivariable recurrence-free sur-
vival analyses were performed with the Cox pro-
portional hazards model. Differences were con-
sidered significant if the P-value from a 
two-tailed test was < 0.05.

Results

Expression of BRD4 mRNA and protein in UCB 
tissues

We first examined BRD4 mRNA expression in 
12 fresh urothelial carcinoma of bladder and 
paired adjacent normal bladder tissues by real-

time quantitative PCR. It showed that the 
increasing BRD4 mRNA expression could be 
detected in bladder cancer samples in compar-
ison with the normal bladder samples (P < 
0.05, Figure 1A). To investigate whether BRD4 
was also elevated at the protein level, Western 
blot was performed. We found that the protein 
level of BRD4 in tumor samples was significant-
ly higher than that in normal bladder samples 
(Figure 1B).

Immunohistochemical analysis of BRD4 
expression in urothelial carcinoma of bladder 
samples

We further analyzed BRD4 protein level in UCBs 
tissues and normal bladder tissues using an 
immunohistochemical approach. The tumorous 
or non-tumor staining was semiquantitatively 
scored by the intensity and the percentage of 
positive staining. ICH staining showed that the 
BRD4 protein was mainly accumulated in the 
nuclei of malignant cells. And the expression of 
BRD4 in UCBs was significantly higher than in 
normal bladder tissues (Figure 2A). 

Relationship between BRD4 expression and 
UCB patients’ clinicopathologic variables

In our UCB cohort, the relationship between the 
expression of BRD4 and patient clinical charac-

Table 2. Prognostic factors in Cox proportional hazards model

Variable
Univariate analysis Multivariate analysis

Risk ratio 95% CI P Risk ratio 95% CI P
Gender 1.097 0.746-1.827 0.563
    Male vs Female
Age (years) 1.327 0.575-2.318 0.464
    ≥ 59 vs < 59
Tumor multiplicity 1.216 0.897-2.351 0.714
    Unifocal vs Multifocal
Tumor stage 3.783 2.964-4.587 0.107
    ≥ T1 vs < T1
Histological grade 3.741 2.363-6.946 < 0.001 3.417 2.411-6.637 < 0.001
    G2, G3 vs G1 
Lymph node 4.472 3.267-7.616 < 0.001 3.324 2.079-5.745 0.012
    N1-2 vs N 0

Distant metastasis 6.737 3.894-16.144 < 0.001 4.013 2.368-7.436 0.014
    M1 vs M0

Bromodomain 4 3.677 2.149-6.936 0.016 3.372 1.874-6.017 < 0.001
    high vs low
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teristics was shown in Table 1. High expression 
of BRD4 was found to significantly correlate 
with higher histological grade (P < 0.001), 
lymph node metastasis (P < 0.001) and distant 
metastasis (P < 0.001). No significant differ-
ence in BRD4 expression was observed with 
gender, age, tumor size, tumor stage and tumor 
multiplicity (P > 0.05).

Relationship between clinicopathologic fea-
tures, BRD4 expression, and UCB patients’ 
survival: univariate survival analysis

In univariate survival analyses, cumulative sur-
vival curves were calculated according to the 
Kaplan-Meier method. Differences in survival 
times were assessed using the log-rank test. 
First, to confirm the representativeness of the 
UCBs in our study, we analyzed established 
prognostic predictors of patient survival. 
Kaplan-Meier analysis demonstrated a signifi-
cant impact of well-known clinical pathological 
prognostic parameters, such as histological 
grade, lymph node status and distant metasta-
sis status on patient survival (P < 0.05, Table 
2). Assessment of survival in UCBs patients 
revealed that higher expression of BRD4 was 
correlated with adverse survival of UCB patients 
(P = 0.016, Table 2, Figure 2B).

Independent prognostic factors for UCB: multi-
variate cox regression analysis

Since variables observed to have a prognostic 
influence by univariate analysis may covariate, 
the expression of BRD4 and those clinicopatho-
logical parameters that were significant in uni-
variate analysis (histological grade, lymph node 
status and distant metastasis status) were fur-
ther examined in multivariate analysis. The 
results showed that the expression of BRD4 
was an independent prognostic factor for over-
all patient survival (relative risk: 3.372, CI: 
1.874-6.017, P < 0.001, Table 2). With regard 
to other parameters, histological grade, lymph 
node status and distant metastasis status 
were also shown to be an independent prog-
nostic factor for overall survival (P < 0.05, Table 
2). 

Discussion

As a highly conserved class of epigenome read-
ers, the bromodomain (BrD)-containing pro-
teins have been shown to exert key roles at the 

interface between chromatin remodeling and 
transcriptional regulation. A left-handed four-
helix bundle characterizes the three-dimen-
sional structure of the BrD, which consists of a 
hydrophobic cleft between two conserved 
loops that interact with acetylated lysine resi-
dues [13]. In humans, there are estimated to be 
61 BrDs encoded in 46 proteins, including 
chromatin regulators of the SWI/SNF super-
family of DNA helicases, histone acetyltransfer-
ases, as well as the BrD and extraterminal 
domain (BET) family of transcriptional regula-
tors [14-16]. The BET family consists of BRD2, 
BRD3, BRD4, and the testis-specific member 
BRDT, which share a common domain architec-
ture [17]. BET proteins bind to acetylated lysine 
residues in histones, recruit chromatin-modify-
ing enzymes to target promoters, and function 
as coactivators or corepressors in a context-
dependent manner [18]. Recent studies have 
revealed important roles for BET proteins in 
development, inflammation, and certain types 
of cancer. For example, high BRD2 levels have 
been found in a subset of human leukemia, and 
BRD2 overexpression in the lymphoid lineage 
triggers the development of B-cell lymphoma 
suggesting a prooncogenic function for this pro-
tein [19]. Previous studies have reported that 
BRD4 sustains melanoma proliferation and 
suppression of BRD4 using shRNAs or the 
small-molecule inhibitor JQ1 led to robust anti-
leukaemic effects [9, 10]. 

Bladder carcinogenesis is characterized by dis-
tinct morphological, genetic and cellular events. 
Development and progression of bladder can-
cer to metastasis and lethal state are believed 
to be driven by multiple genetic alterations, the 
nature of which has remained poorly under-
stood. In the present study, we sought to deter-
mine whether there was any difference in BRD4 
expression between UCBs and normal tissue 
samples which had not been studied previous-
ly. This study demonstrated that BRD4 proteins 
were up-regulated in the UCBs, and explored 
available evidence of close correlation of BRD4 
expression and the total patients’ survival dur-
ing a five-year follow-up survey.

To directly address the potential roles for BRD4 
protein in the occurrence and development of 
bladder cancer, an elaborate experiment was 
conducted and a rigorous analysis was per-
formed of human BRD4 mRNA and proteins on 
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a bladder cancer samples. Our results revealed 
that the BRD4 expression in bladder cancer tis-
sues was remarkably higher than that in normal 
bladder tissues (P < 0.05). Miguel’s study also 
indicated that the abnormal expression of 
BRD4 might be correlated with Melanoma 
oncogenic event [9]. 

In the present study, we found the expression 
level of BRD4 in nucleus was significantly asso-
ciated with histological grade (P < 0.001), 
lymph node metastasis (P < 0.001) and distant 
metastasis (P < 0.001). It is suggested that 
BRD4 are associated with tumor development 
and progression and may promote tumor inva-
sion. We further imagined that the BRD4 pro-
teins may interfere with the activation of cellu-
lar signal transduction pathway, cell division 
cycle and tumor angiogenesis to influence bio-
logical behavior of tumor, and this had just 
been unraveled in the latest relevant research-
es. The role of DNA histone modification and 
related epigenetic mechanisms in carcinogen-
esis is now widely appreciated, as evidenced by 
the development of novel histone deacetylase 
inhibitors [20]. Recent study showed that Both 
Brd2 and Brd4 bind acetylated histones and 
mobilize chromatin modification to control cell 
cycle [21]. Brd4 thus plays a fundamental role 
in cell cycle and transcriptional programs that 
are important in cancer and viral transforma-
tion [22]. The findings suggest a novel role of 
BRD4 in carcinogenesis. 

Ultimately, a total of 88 patients histologically 
proven bladder cancer with follow-up informa-
tion were conducted a systematically analysis 
to confirm the relationship of the BRD4 pro-
teins and outcome of patient initially. Our find-
ing demonstrated that patients with lower 
expression of BRD4 in tumor tissue had a bet-
ter overall survival than patients with higher 
expression (P = 0.016, respectively), providing 
an evidence that elevated expression of BRD4 
in bladder cancer might facilitate an increased 
malignant and worse prognostic phenotype. It 
is noteworthy that by multivariate Cox analysis 
combining expression of BRD4 proteins with 
other parameters, BRD4 was found as an inde-
pendent prognostic factor for patient survival 
(P < 0.001). The aberrant expression of BRD4 
protein linked to a poor prognosis of patients 
has never been investigated in bladder cancer 
before.

In conclusion, we reported for the first time that 
BRD4 expression was upregulated in clinical 
UCB tissues, and high expression of BRD4 was 
associated closely with a more malignant clini-
cal feature and poor prognosis of UCB patients. 
Our results suggest that BRD4 over-expression 
might be useful as a prognostic factor for UCB 
patients. Apparently, a further understanding 
of the molecular mechanism by BRD4 in human 
UCB would help in the discovery of novel tar-
geted agents and might also lead to the devel-
opment of new approaches for effective thera-
py of human UCB.

Disclosure of conflict of interest

None.

Address correspondence to: Dr. Jun-Hua Zheng, 
Department of Urology, Shanghai Tenth People’s 
Hospital, Tongji University, Shanghai 200072, 
China. E-mail: junhuazheng07@gmail.com

References

[1] Siegel R, Naishadham D and Jemal A. Cancer 
statistics, 2013. CA Cancer J Clin 2013; 63: 
11-30.

[2] Cookson MS. The surgical management of 
muscle invasive bladder cancer: a contempo-
rary review. Semin Radiat Oncol 2005; 15: 10-
18.

[3] Stein JP, Lieskovsky G, Cote R, Groshen S, Feng 
AC, Boyd S, Skinner E, Bochner B, Thangathu-
rai D, Mikhail M, Raghavan D and Skinner DG. 
Radical cystectomy in the treatment of inva-
sive bladder cancer: long-term results in 1,054 
patients. J Clin Oncol 2001; 19: 666-675.

[4] Filippakopoulos P, Qi J, Picaud S, Shen Y, Smith 
WB, Fedorov O, Morse EM, Keates T, Hickman 
TT, Felletar I, Philpott M, Munro S, McKeown 
MR, Wang Y, Christie AL, West N, Cameron MJ, 
Schwartz B, Heightman TD, La Thangue N, 
French CA, Wiest O, Kung AL, Knapp S and 
Bradner JE. Selective inhibition of BET bromo-
domains. Nature 2010; 468: 1067-1073.

[5] Matzuk MM, McKeown MR, Filippakopoulos P, 
Li Q, Ma L, Agno JE, Lemieux ME, Picaud S, Yu 
RN, Qi J, Knapp S and Bradner JE. Small-mole-
cule inhibition of BRDT for male contraception. 
Cell 2012; 150: 673-684.

[6] Wu SY and Chiang CM. The double bromodo-
main-containing chromatin adaptor Brd4 and 
transcriptional regulation. J Biol Chem 2007; 
282: 13141-13145.

[7] Jang MK, Mochizuki K, Zhou M, Jeong HS, 
Brady JN and Ozato K. The bromodomain pro-
tein Brd4 is a positive regulatory component of 
P-TEFb and stimulates RNA polymerase II-de-



BRD4 expression in urothelial carcinoma of bladder

4238 Int J Clin Exp Pathol 2014;7(7):4231-4238

pendent transcription. Mol Cell 2005; 19: 523-
534.

[8] Dey A, Chitsaz F, Abbasi A, Misteli T and Ozato 
K. The double bromodomain protein Brd4 
binds to acetylated chromatin during inter-
phase and mitosis. Proc Natl Acad Sci U S A 
2003; 100: 8758-8763.

[9] Segura MF, Fontanals-Cirera B, Gaziel-Sovran 
A, Guijarro MV, Hanniford D, Zhang G, Gonza-
lez-Gomez P, Morante M, Jubierre L, Zhang W, 
Darvishian F, Ohlmeyer M, Osman I, Zhou MM 
and Hernando E. BRD4 sustains melanoma 
proliferation and represents a new target for 
epigenetic therapy. Cancer Res 2013; 73: 
6264-6276.

[10] Zuber J, Shi J, Wang E, Rappaport AR, Her-
rmann H, Sison EA, Magoon D, Qi J, Blatt K and 
Wunderlich M. RNAi screen identifies Brd4 as 
a therapeutic target in acute myeloid leukae-
mia. Nature 2011; 478: 524-528.

[11] Fleming ID, Henson J, Hutter D, O’Sullivan, So-
bin and Yarbro. AJCC cancer staging manual. 
Lippincott-Raven Philadelphia, 1997.

[12] Lynch HT and Smyrk TC. Identifying hereditary 
nonpolyposis colorectal cancer. N Engl J Med 
1998; 338: 1537-1538.

[13] Dhalluin C, Carlson JE, Zeng L, He C, Aggarwal 
AK and Zhou MM. Structure and ligand of a 
histone acetyltransferase bromodomain. Na-
ture 1999; 399: 491-496.

[14] Sanchez R and Zhou MM. The role of human 
bromodomains in chromatin biology and gene 
transcription. Curr Opin Drug Discov Devel 
2009; 12: 659-665.

[15] Tamkun JW, Deuring R, Scott MP, Kissinger M, 
Pattatucci AM, Kaufman TC and Kennison JA. 
brahma: A regulator of Drosophila homeotic 
genes structurally related to the yeast tran-
scriptional activator SNF2SWI2. Cell 1992; 68: 
561-572.

[16] Wilson BG and Roberts CW. SWI/SNF nucleo-
some remodellers and cancer. Nat Rev Cancer 
2011; 11: 481-492.

[17] Matzuk MM, McKeown MR, Filippakopoulos P, 
Li Q, Ma L, Agno JE, Lemieux ME, Picaud S, Yu 
RN, Qi J, Knapp S and Bradner JE. Small-mole-
cule inhibition of BRDT for male contraception. 
Cell 2012; 150: 673-684.

[18] Belkina AC and Denis GV. BET domain co-regu-
lators in obesity, inflammation and cancer. Nat 
Rev Cancer 2012; 12: 465-477.

[19] Greenwald RJ, Tumang JR, Sinha A, Currier N, 
Cardiff RD, Rothstein TL, Faller DV and Denis 
GV. Eμ-BRD2 transgenic mice develop B-cell 
lymphoma and leukemia. Blood 2004; 103: 
1475-1484.

[20] Sebova K and Fridrichova I. Epigenetic tools in 
potential anticancer therapy. Anticancer Drugs 
2010; 21: 565-577.

[21] Zuber J, Shi J, Wang E, Rappaport AR, Her-
rmann H, Sison EA, Magoon D, Qi J, Blatt K and 
Wunderlich M. RNAi screen identifies Brd4 as 
a therapeutic target in acute myeloid leukae-
mia. Nature 2011; 478: 524-528.

[22] Yang Z, Yik JH, Chen R, He N, Jang MK, Ozato K 
and Zhou Q. Recruitment of P-TEFb for stimula-
tion of transcriptional elongation by the bromo-
domain protein Brd4. Mol Cell 2005; 19: 535-
545.


