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ABSTRACT

Bromodomain (BRD3containing proteins are a classof epigeneticreaderswith unique recognitionfor N-acetyk
lysine in histones and functions of gene transcription and chromatin modification, known to be critical in
various cancers. However, little is known about the roles of distinct BRDcontaining protein genes in
hepatocellularcarcinoma(HCC)Most recently, we investigatedthe transcriptional and survivaldata of BRD1
BRD2,BRD3,BRD4,BRD7,BRD8,BRD9in HCCpatients through ONCOMINEUALCANHuman Protein Atlas.
GEPIA,cBioPortal, STRING,TIMER databases. BRD1/2/3/4/7/8/9 were over-expressedin HCCand were
significantly associatedwith clinical cancerstagesand pathologicaltumor grades.High mRNAexpressionsof
BRDA4/8/9 were promising candidate biomarkers in HCCpatients. The rate of sequence alternations in
BRD1/2/3/4/7/8/9 wasrelatively high (52%)in HC(atients, and the geneticalternations were correlated with
shorter overall survival and diseasefree survivalin HCCpatients. Additionally, the mRNAexpressionlevels of
individual BRDgenes were significantly positively associatedwith the immune infiltrating levelsof B cells,CD8
T cells, CD4 T cells, macrophages, neutrophils, and dendritic cells. And the associations between
BRD1/2/3/4/7/8/9 and diverseimmune marker setsshoweda significance Overall,theseresultsindicated that
BRD4/8/9could be potential prognosticmarkersand druggableepigenetictargetsin HCGoatients.

INTRODUCTION studies of HCC oncogenes wouiélp toidentify new
molecular markers of HCC progression and improv

Hepatocellular carcinoma (HCC) is the fifth most diagnastic and therapeutic options.

prevalent malignancy worldwide and ranked the

seconehighest cancemortality rate [1, 2]. Despite Acetylation of lysine residues on histone tails is one of
great efforts in HCC diagnosis and treatment, the the major epigenetic modificationlating to trans
prognosis of HCC remains pgaand less than 9% of criptional activation. The bromodomain (BRD), an
HCC patients could survive for more thiare years[3]. evolutionarily weltconserved domain of approximately

Though researchers have considered epigenetic and 110 amino eids, is the first protein module known to be
genetic alternatins as some of the dominant elements able to specifically recognize and bind toaletyt

in HCC [4], the underlying pathogenesis and etiology lysine of the histoneg5i8]. The human genome
onthemolecular level of HCGre stillobscure. Further encodes 61 BRDs in 46 nuclear and cytoplasmic
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proteins. Based on sequence and function homology,
this protein &mily could be divided into eight
subgroupg9]. BRD-containing proteins play important
roles in gene transcription, including serving as
transcription factors, transcriptional -cegulators,
or major recruiting factors for the assembly of
larger protein complexes. Moreover, they could
exert catalytic activities, such as ATpendent
chromatin remodeling, histone acetyltransferase (HAT),
methyltransferase [10] (Supplementary Table 1).
Therefore BRD-containing proteins are transcriptional
regulatorstha can launch chromatin remodelingn
prepaationfor transcription.

Complex interactions between tumor and host, enacted
by innate and adaptive immune cells and cytokines,
profoundly affect the progression and prognosisf
cancers[11]. Tumor infiltrations of neutrophils[12],
tumorassociated macrophages (TAMS)13] and
regulatory T cells (Tregq)L4] are associated with poor
prognosis in HCC patientshile infiltrating B cells[15],
CD8" cytotoxic T lymphocytes (CTLs)[16] and
dendritic cells (DCs) [17] predict favorable clinical
outcome of HCC. Moreover, elevat@dhelper 17/F
helper 1 Th17/Th) ratio may promote HCC
progression18] while elevatedT-helper 1/Fhelper 2
(Th1/Th32 ratio is correlated with a good prognoEi9].
Recently, seval studies have discovered that BRD
containing proteins may affect the immune
microenvironment[20i 22]. For example, BRD2 and
BRD4 controlled Th17 cell differentiation in a
bromodomairdependent manner by directly binding to
thelL17 genomic locu$21].

Given the important roles of BRBontaining proteins

in regulating gene transcription and chromatin
remodeling, alternations (mutations, oepression,
deletions, translocationstc.) of these proteins have
reportedly a close relationship with the tuigenesis
and progression of various types of cancer. Recent
studies have found aberrant expressions and their
prognostic values in some BREdntaining protein
genes in HCC. For example, BRD4 was significantly
up-regulated in HCC tissues compared with aeljec
normal tissues. Antheforced expression of BRD4 was
sufficient to promote tumor growth and epithelial
mesenchymal transition in HC(Q23]. Significantly
downregulation of BRD7 hal been found in HCC
tissues and HCC cell lines, and higher BRD7 expoessi
was correlated witha higher survival rate[24].
Nevertheless, the roles of distinct BRDntaining
protein genes in the development and progression of
HCC remained unknown. In the current study, we
aimed to address thigiestionthrough irdepth analysis

of the expressions, mutations and predictive signaling
pathways of 7 members from BRD gene family, namely

BRD1, BRD2, BRD3, BRD4, BRD7, BRD8 and BRD9,
and their associations with prognosis and immune
infiltrates in HCC patients.

RESULTS

Over-expression of BRDBcontaining protein genes in
HCC patients

Seven BRDBcontaining protein genes have been
identified in the human genome, and their
transcriptionakexpressiorand proteinic expressichave
been determined using the ONCOMINE tatzase,
UALCAN and Human Protein AtlasAs shown in
Figure 1and Table 1 the mRNA expression levels of
sevenBRD genes in 20 types of cancers compared to
normal tissues were firstly examined by ONCOMINE.
Noticeably, except for BRD1, BRD2/3/4/7/8/9 showed
a commonly ugregulated expression pattern in HCC
samples (folechange: > 1P-value < 0.001). BRD2 and
BRD7 mRNA expressions showed 1.7&d (P =
7.90E6) and 1.44€old (P = 7.75E5) elevation from
Wurmbach Liver dataset in liver sample5],
respectiely. In Chen Liver datas€i6], BRD3 up
regulation was found in HCC samples compared to
nomal tissues with a fold change of 1.5« 4.52E

11) while Wurmbach observed 1.58#d elevation
[25] (P = 2.24E4). Similarly, BRD4 expression showed
1.78%fold elevation in Roessler Liver datag2T] (P =
4.69E7). BRD8 mRNA expression showed significant
elevation in HCC tissues in Wurmbach Liver dataset
[25] with a fold change of 1.517P(= 5.95E7) and
Chen Liver datasdq®6] with a fold change of 1.406°(

= 1.99E9), respectively. In comparison with normal
tissues, BRD9 mRNA expression in HCC samples
exhibited 1.526old elevation in Roessler Liver dataset
[27] (P = 1.14E7) and 1.46Fold increase in
Wurmbach Liver datas¢?5] (P = 9.67ED5).

Next, the mRIA expression levels of 7 BRDontaining
protein genes between HCC and liver tissuesewlso
detected using the UALCAN portalhe resultshowed
higher mRNA expressions of BRD1/2/3/4/7/8/9 in
primary HCC tissueshan innormal tissuesHigure 2

all P < 0.05). Therelationshipof mMRNA expressiosiof
distinct BRD genes with clinicopathological parameters
(including cancer stages and tumor grades in individual
patienty was also analyzed. As shown iRigure 3
when classified by clinical stages, 7 BRDn#ining
protein genes were remarkably ocwpressed in all
stage subgroups compared to normal tissues, and
patients with a more advanced stage of HEQedto
express higher mRNA levelsPatients in stage 3
expressed thehighest mRNA expressionlevels.
However,no statistical significance was foubétween
the stage 4 group arible other groups, probably owing
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to asmall sample size in stage 4. Consistently, as shown
in Figure 4 the mRNA expressions of 7 BRD
containing protein genes elevated along witke th
severity of histological grade in HCC. Taken together,
these results indicated thathe mRNA levels of
BRD1/2/3/4/7/8/9 were commonly tnegulated in HCC
and correlated with cancer stages and histological
grades in HCC patients.

A comparative investigation of protein expression
patterns of 7 BRErontaining proteins in HCC as

performed using the Human Protein Atlas. As shown in
Figure 5 BRD1/2/4/8/9 were not expressed in normal
liver tissues, while their protein expressions were

observed low and mediurrexpressedn HCC tissues
(Figure 5A,5B, 5D, 5F, 5G). BRD3/7 were observed
low-expressed in normal tissues, while their protein
expressions were found mediuand highexpressed in
HCC tissues Kigure 5C,5E). In short, these resslt
suggested that mRNA and protein expressions of
BRD1/2/3/4/7/8/9 were commonly ovekpressed in
HCC patients.

Prognostic values of BRDBcontaining protein genes
in HCC patients

Using GEPIA, we next evaluated the prognostic value
of the mMRNA expressions of 7 BR@ntaining protein
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Normal Normal
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Figure 1. Transcription levels of 7 BRDntaining protein genes in different types of cancers (ONCOMINE database).
numbers in colored cells show the quantities of datasets with statistiagiyfisant mMRNA overexpression (red) or downexpression (blue) of
target genes. Cell color was determined by the best gene rank percentile for the analysis within the cells. The numbeeihrepcesents

the number of analyses that satisfied the threfth such as gene rank percentile (10P9)alue (0.001), and fold change (1).
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Table 1. Significant changes of 7 BRihtaining protein genes expression in mMRNA level between HCC and normal

liver tissues (ONCOMINE).

Fold Change P value t-test Reference
BRD1
NA NA NA NA
BRD2
1.726 7.90E6 5.096 Wurmbach Liver
BRD3
1.523 452E11 6.902 Chen Liver
1.592 2.24E4 4.327 Wurmbach Liver
BRD4
1.781 4.69E7 5.791 Roessler Liver
BRD7
1.446 7.75E5 4.356 Wurmbach Liver
BRD8
1.517 5.95E7 5.730 Wurmbach Liver
1.406 1.99E9 6.205 Chen Liver
BRD9
1.526 1.14E7 6.493 Roessler Liver
1.462 9.67E5 4.452 Wurmbach Liver

genes in HCC patients. The patients were separated into BRD9 (HR = 1.686, 95% CI1.1882.394, andP =

high and low expression groups based on the median
value. As shown ifrigure § higher mRNA expressions

of BRD3/7/8/9 were significantly associated with
unfavorable overall survival (OS) of HCC patien
(Figure 6C, 6Ei6G). However, no significant
correlation was observed between mRNA expressions
of BRD1/2/4and OS of HCC patients Kigure 6A,6B,

6D). Moreover, the patients with higher BRD7/8/9
expression levels had worse disefse survival
(DFS) than those with lower BRD7/8/9 expression
levels (Supplementary Figure NUE3). In contrast,
BRD1/2/3/4 expressions showed no correlation with
DFS in HCC patientéSupplementary Figure 1AD).

In the present study we also conducted further research
to invesigate the independent prognostic values of
BRD-containing protein genes for OS and DFS of HCC
patients. The clinicopathological data and mRNA
sequencing othe BRD genes of 364 patients in TCGA
liver cancer data were downloaded from the cBioPortal.
Variables which showed a correlation withO 0. 1
univariate analysis were included into the multivariate
Cox regression analysis. Univariate analysis for OS
demonstrated that vascular invasion (HR = 1.384, 95%
Cl: 1.00%31.914, andP = 0.050), a more advanced
pathologic stage (HR = 1.660, 95% CI: 1.35835,
andP < 0.001), high mRNA expressions of BRD7 (HR
= 1.472, 95% CI: 1.04Q.083, and® = 0.029), BRDS8
(HR = 1.913, 95% CI: 1.342.723, andP < 0.001) and

0.003) were correlated with unfavorable OS
(Supplementary Table 3). Multivariate analy&isther
suggestedhat high BRD8 expression (HR = 1.545, 95%
Cl: 1.0072.369, andP = 0.046) wassignificantly
associated withunfavorable OS h HCC patients
(Supplementary Table 4). Moreover, in univariate Cox
regression analyster DFS HCC patients with vascular
invasion (HR = 1.687, 95% CI: 1.288210, andP <
0.001), high pathologic stage (HR = 1.731, 95% CI:
1.4502.066, and P < 0.001), ad high mRNA
expressions of BRD2 (HR = 1.479, 95% CI: 1.092
2.003, andP = 0.011), BRD4 (HR = 1.608, 95% CI:
1.1872.177, and® = 0.002), BRD8 (HR = 1.905, 95%
Cl: 1.4042.585, andP < 0.001) and BRD9 (HR = 1.794,
95% CI: 1.322.434, andP < 0.001) had worse DFS
(Supplementary Table 3jnd multivariate analysigor
DFS showed that high mRNA expressions of BRD4
(HR = 1.609, 95% CI: 1.1192.313, andP = 0.010),
BRD8 (HR = 1.703, 95% CI: 1.192.435, andP =
0.004) and BRD9 (HR = 1.590, 95% CI: 1.1D291,

iand P = 0.013) were independently correlated with

worseDFS (Supplementary Table $jonsequently, via
multivariate survival analysis, BRD4/8/9 expressions
were independently associated with worse DFS, and
BRD8 was also independently correlated with
unfaworable OS, suggesting BRD4/8/9 were promising
prognostic factors in HCC patierathough BRD4 and
BRD9 were not independent predictors of OS in HCC
patients.
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Figure 2. mRNA expression of 7 distinct B&ihtaining protein genesn HCC tissues and adjacent normal liver tissues from
TCGA database (UALCAMNRNA expressions of 7 BRanhtaining protein genes were ovexpressed in primary HCC tissues compared to

normal tissuesAi G). *** P< 0.001.
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Figure 3. The associatidmetween mRNA expression of 7 distinct BRBntaining protein genes and individual HCC cancer
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Figure 4. The association between mRNA expressibii distinct BREcontaining protein genes and HCC tumor grades from
TCGA database (UALCAMRNA expressions of 7 BR@ntaining protein genes were remarkably correlated with tumor grades. Along
with the severity of histological grade in HCC, the mRNAresgions of 7 BREbntaining protein genes elevated. The highest mRNA
expressions of BRD4/8/9 were found in tumor gradé4K G), while the highest mRNA expressions of BRD1/2/3/7 were found in tumor
grade 3QAI G B). *P< 0.05, *P< 0.01, **P< 0.001.
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Figure 5. Representative immunohistochemistry images of 7 distinct 8Ritaining proteins in HCC tissues and normal liver
tissues (Human Protein AtlasBRD1/2/4/8/9 were not expressed in normal liver tissues, while their low and medium proteinssiqs

were observed in HCC tissués B, D, F, G). Low expressions of BRD3/7 were observed in normal liver tissues, while their medium and high
protein expressions were found in HCC tiss@E)(
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Figure 6. Associations between mRNA expression ofheB&DBcontaining protein gene in tumor tissues and OS of HCC
patients (GEPIA)Each mRNA expression of B&iDtaining protein gene in tumor tissue was stratified into high or low expression using
the median expression value as the -ofit point. The corrgsonding Pvalue for Logank test in all HCC patients was showed. Higher mRNA
expressions of BRD3/7/8/9 were significantly associated with poorer OS in HCC p&lien@).(However, mRNA expressions of BRD1/2/4
showed no correlation with prognosis in Healients @, B, D).

www.agingus.com 17549 AGING



