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Abstract
Background Bromodomain-containing protein 4 (BRD4) is a reader of histone acetylation and is associated with a variety 
of diseases.
Aim To investigate the expression level of BRD4 in esophageal squamous cell carcinoma (ESCC), its prognostic value and 
its relationship with immune infiltration.
Methods The study included 94 ESCC patients from The Cancer Genome Atlas (TCGA) database and 179 ESCC patients 
from Affiliated Hospital 2 of Nantong University. The expression levels of proteins in tissue microarray were detected by 
immunohistochemistry. The prognostic factors were analyzed by Kaplan–Meier curve and univariate and multivariate cox 
regression. The ESTIMATE website was used to calculate the stromal, immune and ESTIMATE score. CIBERSORT was 
used to calculate the abundance of immune infiltrates. Spearman and Phi coefficient were used for correlation analysis. The 
TIDE algorithm was used to predict treatment response to immune checkpoint blockade.
Results BRD4 is up-regulated in ESCC, and high BRD4 expression level is associated with poor prognosis and adverse clin-
icopathological features. In addition, the monocyte count, systemic inflammatory-immunologic index, platelet-lymphocyte 
ratio, and monocyte-lymphocyte ratio in the BRD4 high expression level group were higher than in the low expression level 
group. Finally, we found that BRD4 expression level correlated with immune infiltration and that it was inversely correlated 
with infiltration of CD8 + T cells. Higher TIDE scores in the BRD4 high expression group than in the low expression group.
Conclusion BRD4 is associated with poor prognosis and immune infiltration in ESCC, and may be a potential biomarker 
for prognosis and immunotherapy application.
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Introduction

Esophageal cancer is the sixth leading cause of cancer death 
in the world whose main histological types include esopha-
geal squamous cell carcinoma (ESCC) and esophageal 

adenocarcinoma [1]. ESCC is regarded as the major type 
of esophageal cancer in China, accounting for about 90% 
of all types [2]. Although the treatment methods of ESCC, 
including surgical resection combined with radiotherapy and 
chemotherapy, molecular targeted therapy and immunother-
apy have been continuously improved, it can be seen that 
the prognosis of some patients is still poor [3]. Therefore, 
finding new biomarkers, stratifying risks of patients, and 
timely and accurate adjuvant treatment of high-risk patients 
are expected to effectively improve the prognosis.

Epigenetic alterations promote tumor occurrence and 
development by affecting multiple carcinogenic and tumor 
suppressor gene pathways and by activating, differentiat-
ing, and functioning of immune cells [4]. Bromodomain-
containing protein 4 (BRD4) is an important member of the 
bromodomain and extra-terminal domain (BET) family pro-
teins, an epigenetic reader linked to histone acetylation and 

Li Li and Lin Gao have contributed equally to this work and are 
co-first authors.

 * Hongbin Liu 
 lhb226001@163.com

1 Department of Pathology, Affiliated Hospital 2 of Nantong 
University and First People’s Hospital of Nantong 
City, Shengli Road No. 666, Nantong 226001, Jiangsu, 
People’s Republic of China

2 Medical Research Center, Affiliated Hospital 2 of Nantong 
University and First People’s Hospital of Nantong City, 
Nantong 226001, People’s Republic of China

http://crossmark.crossref.org/dialog/?doi=10.1007/s10620-023-07907-3&domain=pdf
http://orcid.org/0000-0002-6486-8066


2998 Digestive Diseases and Sciences (2023) 68:2997–3008

1 3

synchronized with gene transcription [5]. A large number of 
studies have shown that BRD4 is related to the occurrence 
and development of various tumors. According to reports by 
Qin et al., BRD4 regulates snail-driven metastasis of gas-
tric cancer cells by preventing FBXL14 or β-Trcp1 from 
binding to snail ubiquitination and stabilizing snail protein 
in an acetylation-dependent manner [6]. In addition, BRD4 
also regulates the transcription of a variety of pro-inflam-
matory and immunomodulatory genes, and has become an 
significant therapeutic target for diseases related to immune 
system and inflammation [7]. Previous studies have proved 
that BRD4 can be used as a potential biomarker to evaluate 
the prognosis of breast cancer, liver cancer, bladder can-
cer and other tumors [8–10]. It has demonstrated in the lat-
est published literature that BRD4 promotes the growth of 
ESCC. Thus, the inhibition of BRD4 can inhibit the growth 
of tumor cells [11, 12]. However, the prognostic value of 
BRD4 in ESCC and its role in immune microenvironment 
still remain unclear.

This study evaluated the prognostic value in patients with 
ESCC by detecting the expression level of BRD4 in patients 
with ESCC through The Cancer Genome Atlas (TCGA) 
database and immunohistochemical methods. The correla-
tion between BRD4 and immune infiltration in ESCC was 
also further discussed in TCGA database.

Materials and Methods

Patient and Tissue Samples

In this study, a total of 94 ESCC samples were collected 
from TCGA (https:// www. cancer. gov/ about- nci/ organ izati 
on/ ccg/ resea rch/ struc tural- genom ics/ tcga). RNA-seq expres-
sion profile data and survival data were downloaded from 
TCGA. What's more, RNA-seq expression profile data of 
516 normal esophageal mucosa and muscle layers from 
GTEx database were downloaded from cancer genomics 
analysis platform from cancer genomics analysis platform 
from University of California Santa Cruz (UCSC Xena, 
http:// xena. ucsc. edu/) (Deadline: February 14, 2023).

This study included 179 patients with ESCC from Janu-
ary 2010 to December 2017 in Affiliated Hospital 2 of Nan-
tong University, of which 52 patients could obtain adjacent 
tissues of ESCC. Inclusion of samples should meet the fol-
lowing requirements: ESCC must be confirmed by pathol-
ogy, the primary tumor was first diagnosed without anti-
tumor treatment such as radiotherapy and chemotherapy 
before operation. And exclusion criteria included incom-
plete clinical data, loss to follow-up, and combination with 
other tumors. The final included cases were re-read by three 
qualified pathologists, and pTNM stage was carried out 
by UICC/AJCC stage system (8th edition, 2017). Overall 

survival (OS) is the time between the date of operation and 
the date of all-cause death or date of follow-up. Follow-up 
was performed by telephone until June 30, 2022.

Tissue Microarray and Immunohistochemistry

Tissue microarray was made from 2 mm tumor core and nor-
mal esophageal tissue from paraffin-embedded specimens 
fixed by formalin and then immunohistochemical stain-
ing was performed. After deparaffinization and hydration, 
antigen repair was promoted by heating in EDTA solution. 
The arrays were then probed with rabbit anti-human BRD4 
(dilute 1: 400; ab128874, Abcom) and rabbit anti-human 
CD8 (dilute 1: 100; ab237709, Abcom). DAB coloration was 
followed by counterstained with hematoxylin.

The stained sections were interpreted and scored by three 
qualified pathologists. Negative is scored as 0. Light yellow, 
which means weakly positive, is recorded as 1 point. Brown 
yellow means moderately positive, which is recorded as 2 
points. Dark brown, meaning strongly positive, is recorded 
as 3 points. Four 400 times visual fields were scored and 
then average value was taken (H-score = % unstained*0 + % 
weak staining*1 + % moderate staining*2 + %strong stain-
ing*3, score range 0 ~ 300) [11].

ESTIMATE Database

ESTIMATE (https:// bioin forma tics. mdand erson. org/ estim 
ate/) provides scores of tumor purity, presence level of stro-
mal cells and infiltration levels of immune cells in tumor 
tissues according to expression data.

TIMER Database

TIMER 2.0 (http:// timer. cistr ome. org/) is a comprehensive 
resource for systematically analyzing immune infiltration of 
different cancer types which provides abundance of immune 
infiltration estimated by various immune deconvolution 
methods. CIBERSORT method was used to calculate the 
immune infiltration scores of ESCC in TCGA database [13, 
14].

Statistical Analysis

SPSS 26.0, GraphPad Prism 8 and R software 4.0.5 were 
used for statistical analysis. R.utils, rjson and XML pack-
ages were used to read the raw data downloaded from TCGA 
database. Survival, dplyr and survminer packages were used 
to find the best cut-point value for grouping and perform 
Kaplan–Meier curve. Independent sample t test or rank sum 
test was adopted for comparison between measurement data 
groups, and χ2 test or Fisher exact test was used for com-
parison between counting data groups. The evaluation of 
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prognostic value of BRD4 was performed by univariate and 
multivariate cox regression. Spearman and Phi coefficient 
were used for correlation analysis, while TIDE algorithm 
was used to predict treatment response to immune check-
point blockade (ICB). Double tail P < 0.05 considered that 
the difference was statistically significant.

Results

Up‑regulation of BRD4 Expression Level in ESCC

Firstly, this study compared the expression differences 
between ESCC and normal esophageal tissues of BET fam-
ily members in the database. The expressions of BRD2, 
BRD3, BRD4 and BRDT in ESCC were higher than those 
in normal esophageal tissues (Fig. 1A), among which BRD2 
and BRD4 accounted for the highest (Fig. 1B). After that, 
tissue microarray was used to verify the expression level of 
BRD4, which was expressed in the nucleus of cells, showing 
light yellow, brown yellow and dark brown according to the 
expression intensity. The results according to the statistics 
of the previous scoring system indicated that the expression 
level of BRD4 in ESCC was also up-regulated (Fig. 1C-D).

BRD4 High Expression Level Correlates with Poor 
Prognosis

To explore the correlations between BRD2/BRD4 and prog-
nosis, this study has derived survival data from the TCGA 
cohort. To start with, Kaplan–Meier curve was performed 
to determine the best cut-off value related to OS, by which 
BRD4 low expression level group and BRD4 high expres-
sion level group were divided. According to the analysis, 
the OS of BRD4 high expression level group was shorter 
(Fig. 2A). Similarly, Kaplan–Meier curve of our cohort 
showed that the OS of BRD4 high expression level group 
was shorter (Fig. 2B). The above results suggested that 
BRD4 high expression level correlated to poor progno-
sis. However, there was no significant correlation between 
BRD2 expression level and survival (Fig. 2C). Therefore, 
the further study put a main focus on BRD4.

Univariate and multivariate cox regression were con-
ducted on our cohort next. Univariate analysis showed that 
lymph node metastasis (P < 0.001), highly stage (P = 0. 
003), intravascular tumor thrombus (P < 0.001) and high 
expression level of BRD4 (P = 0. 008) were risk factors for 
OS in ESCC (Table 1). Multivariate analysis included indi-
cators whose P value was less than 0.2, and showed that 
lymph node metastasis (P = 0. 012) and intravascular tumor 
thrombus (P < 0.001) were the risk factors of OS in ESCC. 
However, BRD4 that the study was interested in was not 
statistically significant in multivariate analysis (P = 0. 081) 

(Table 1). To sum up, we believe that the high expression 
level of BRD4 is related to the poor prognosis of ESCC.

High Expression Level of BRD4 Is Associated 
with Adverse Clinicopathological Features

In order to explore which biological behaviors resulted in 
adverse prognostic outcomes are associated with BRD4, this 
study further analyzed the correlations between BRD4 and 
clinicopathological features. Likewise, BRD4 high expres-
sion level group and BED4 low expression level group were 
divided according to the best cut-off point determined by 
Kaplan–Meier survival curve. Our cohort analysis results 
showed that the high expression level of BRD4 was irrel-
evant to tumor occurrence sites, M stage, perineural invasion 
and intravascular tumor thrombus, but was related to T stage 
(P = 0. 001), N stage (P = 0. 034), clinical stage (P = 0. 005) 
and differentiation degree (P = 0. 020) (Table 2), indicating 
that the high expression level of BRD4 is related to adverse 
clinicopathological features and can affect the occurrence 
and development of ESCC.

BRD4 Expression Level Correlates with Systemic 
Inflammatory Response in ESCC

Next, the study collected the blood indexes of cohort cases 
one week before operation. Studies have shown that pre-
operative peripheral blood monocyte count, lymphocyte 
count, systemic inflammatory-immunologic index (SII, 
SII = platelet*neutrophil/lymphocyte), PLR (platelet/lym-
phocyte), MLR (monocyte/lymphocyte), NLR (neutrophil/
lymphocyte) were related to tumor prognosis [15–20]. The 
grouping method was the same as above, and differences of 
the above six indexes between the two groups were com-
pared. The results showed that the monocyte count (P = 0. 
006), SII (P = 0. 015), PLR (P = 0. 042) and MLR (P = 0. 
010) in the high expression level group of BRD4 were higher 
than those in the low expression level group (Fig. 3), indi-
cating that BRD4 might regulate the systemic inflammatory 
response of patients with ESCC.

BRD4 Expression Level Correlates with Immune 
Infiltration in ESCC

In order to further explore the correlations between BRD4 
and immune infiltration in ESCC, the study analyzed the 
TCGA ESCC cohort. Firstly, the data were imported into 
ESTIMATE website. And then, stromal, immune and ESTI-
MATE score were performed. The results showed that the 
immune score of BRD4 high expression level group was 
lower than that of BRD4 low expression level group (P = 0. 
02) (Fig. 4A). Next, the immune infiltration scores of ESCC 
in TCGA ESCC cohort were calculated by CIBERSORT 
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method on TIMER 2.0 website. The results indicated that the 
scores of CD8 + T cells and neutrophils were lower, and the 
scores of CD4 + memory resting T cells and myeloid den-
dritic resting cells were higher in the BRD4 high expression 
level group (Fig. 4B). We then examined the expression of 
CD8 in ESCC tissues in tissue microarray, which was mainly 
expressed in the cytoplasm. The Phi coefficient was -0.337, 
indicating a negative correlation between BRD4 and CD8, 
which was consistent with the results of TCGA database 
(Fig. 4C, Table 3).

The High Expression Level of BRD4 Correlated 
with the Low Response Rate of Immunotherapy

In the study, common genes related to immune escape and 
chemokines, interleukins and interferons in tumor micro-
environment were collected [21]. The correlation analysis 
between above genes and BRD4 was conducted in TCGA 
ESCC cohort. The results indicated that BRD4 is positively 
correlated with related molecules promoting immune escape 
[22, 23], such as TGFB1 and STAT3. However, it was nega-
tively correlated with molecules related to killing tumor cells 
[24], such as CD8B (Fig. 5A-B). Finally, we used TIDE 
algorithm to predict ICB response, and the results showed 
that both in TCGA esophageal cancer and ESCC cohorts, the 
BRD4 high expression level group had a higher score than 
the low expression level group (Fig. 5C-D).

Fig.1  BRD4 is up-regulated in ESCC. a Expression level of BET 
family in ESCC and normal esophageal tissues in TCGA and GTEx 
databases. b Differential expression level of BET family in ESCC in 
TCGA database. c Expression level of BRD4 in ESCC tumor tissues 
and adjacent tissues in tissue microarray. d Typical immunohisto-
chemical staining of ESCC tumor tissues and adjacent tissues in tis-
sue microarray. ns P ≥ 0.05, ***P < 0.001

◂

Fig.2  BRD4 expression level and OS in ESCC. a Kaplan–Meier curve of BRD4 expression level in the TCGA ESCC cohort. b Kaplan–Meier 
curve of BRD4 expression level in tissue microarray. c Kaplan–Meier curve of BRD2 expression level in the TCGA ESCC cohort
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Discussion

According to the statistical report of GLOBOCAN in 2020, 
the number of new cases of esophageal cancer ranked sev-
enth among 36 cancers in the world, and the number of 
fatal cases ranked sixth [25]. At present, the treatment of 
esophageal cancer mainly includes surgical resection, radi-
otherapy, chemotherapy, molecular targeted therapy and 
immunotherapy. In recent years, higher importance has 
been attached to immunotherapy. Besides, tumor vaccines 
and checkpoint inhibitors have also been used in the treat-
ment of esophageal cancer. Compared with esophageal 
adenocarcinoma, ESCC is more suitable for immunother-
apy due to its biological characteristics [26]. At present, 
pembrolizumab and Nivolumab have been approved by 
the US Food and Drug Administration (FAD) for the treat-
ment of esophageal cancer [27]. Although more advanced 
treatment methods have been adopted, most patients with 
ESCC still suffered from poor prognosis. Therefore, it is 
of great urgency to find new biomarkers, carry out risk 
stratification of patients, conduct timely and accurately 
adjuvant treatment for high-risk patients.

BRD4 is an important member of the BET family. 
BRD4 domain plays a significant role in gene transcrip-
tion, DNA replication and repair by binding with tran-
scription regulators, and is related to the occurrence and 
development of various human diseases [28]. A large 
number of studies have shown that BRD4 is up-regulated 

in a variety of tumors, including non-small cell lung can-
cer, ovarian cancer, multiple myeloma, gastric cancer, 
colorectal cancer and prostate cancer [29–34]. This study 
observed that BRD4 was highly expressed in ESCC, which 
was consistent with previous studies. In addition, previous 
studies have shown that BRD4 can be used as a potential 
biomarker for evaluating the prognosis of tumors such as 
breast cancer, liver cancer, and bladder cancer [8–10]. 
This study also found that high expression level of BRD4 
was associated with poor prognosis of ESCC. Besides, 
univariate and multivariate cox regression showed that 
high expression level of BRD4 was a risk factor for OS 
of ESCC in univariate analysis. However, BRD4 that we 
focused on lacks statistical significance in the multiple 
analysis. Since the factors involved were in great quantity 
that the result might be affected by insufficient sample 
size. Therefore, BRD4 might also be a potential biomarker 
for evaluating the prognosis of ESCC.

To explore which biological behaviors resulted in 
adverse prognostic outcomes are associated with BRD4, 
the study further analyzed the correlations between BRD4 
and clinicopathological features. The results of our cohort 
showed that the high expression level of BRD4 was uncor-
related to tumor location, M stage, perineural invasion and 
intravascular tumor thrombus, but was related to T stage, 
N stage, clinical stage and differentiation degree. A large 

Table 1  Univariate and 
multivariate cox regression of 
characteristics associated with 
OS in our cohort

Variables Univariate analysis Multivariate analysis

Hazard Ratio 95%CI P value Hazard Ratio 95%CI P value

Age(years)
> 60 vs ≤60 1.293 0.826-2.052 0.260
T stage
T3+T4 vs T1+T2 1.202 0.805-1.796 0.368
N stage
N1+N2+N3 vs N0 2.072 1.409-3.046 0.000 1.688 1.123-2.536 0.012
M stage
M1 vs M0 1.883 0.914-3.879 0.086 0.234
Clinical stage
III+IV+vs+I+II 1.777 1.215-2.600 0.003 0.646
Differentiation
Medium and low vs High 1.436 0.865-2.384 0.162 0.417
Margin
Positive vs Negative 1.364 0.689-2.701 0.373
Perineural invasion
Yes vs No 1.262 0.806-1.975 0.309
Intravascular tumor thrombus
Yes vs No 3.206 2.075-4.952 0.000 2.642 1.672-4.173 0.000
BRD4 expression
High vs Low 1.766 1.162-2.685 0.008 0.081
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number of studies have shown that preoperative inflam-
matory indicators in peripheral blood, including mono-
cyte count, lymphocyte count, SII, PLR, NLR and MLR, 
can effectively evaluate the prognosis of tumor patients 
[15–20]. We tried to analyze whether the expression of 
BRD4 is related to the above six indexes in this study. The 
results showed that monocyte counts were higher in the 
BRD4 high expression group. Similarly, the SII, PLR and 
MLR index of the BRD4 high expression level group were 
also higher. Previous studies have shown that BRD4 can 
regulate the expression of immune checkpoint genes. Stud-
ies by Zhao et al. indicated that BRD4 can regulate the 
expression of B7-H3 in pancreatic cancer [35]. In addition, 
Studies by Kazumi Ebine et al. showed that the interaction 
between BRD4 and IRF1 can regulate the expression of 
PD-L1 in pancreatic cancer [36]. Therefore, we further 

analyzed the relationship between BRD4 and immune 
infiltration in ESCC.

In addition to tumor cells, solid tumors also contain 
special cellular and non-cellular components, which con-
stitute the tumor microenvironment. The cellular compo-
nents of tumor microenvironment mainly include neuroen-
docrine cells, adipocytes, endothelial cells, mesenchymal 
cells, immune inflammatory cells and fibroblasts [37]. The 
microenvironment also changes during tumor development. 
Initially, most of the infiltrating immune cells play an anti-
tumor effect, but a small number of immune cells will pro-
mote the development of tumors, but the specific subtypes 
need to be further studied [38]. What is clear is that T cells 
play a suppressive role. Activated T cells are associated with 
a good prognosis in a variety of tumors [39]. After that, 
the infiltrating immune cells will gradually increase, but the 

Table 2  Correlations between 
BRD4 expression level and 
clinicopathologic features in our 
cohort

Note: Fisher's exact test was used for # labeled, and chi-square test was used for the others

Characteristic Patients (n=179) BRD4 expression χ2 P value

N % Low High

Age(years) 0.237 0.626
≤60 46 25.70 34 12
>60 133 74.30 103 30
Gender 0.202 0.653
Female 43 24.02 34 9
Male 136 75.98 103 33
Location 1.000#

Upper 13 7.26 10 3
Middle and lower 166 92.74 127 39
T stage 10.519 0.001
T1+T2 63 35.20 57 6
T3+T4 116 64.80 80 36
N stage 4.512 0.034
N0 98 54.75 81 17
N1+N2+N3 81 45.25 56 25
M stage 0.217#

M0 170 94.97 132 38
M1 9 5.03 5 4
Clinical stage 7.981 0.005
I+II 106 59.22 89 17
III+IV 73 40.78 48 25
Differentiation 5.373 0.020
High 35 19.55 32 3
Medium and low 144 80.45 105 39
Perineural invasion 2.444 0.118
No 143 79.89 113 30
Yes 36 20.11 24 12
Intravascular tumor thrombus 2.195 0.138
No 146 81.56 115 31
Yes 33 18.44 22 11
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immune cells with killing effect will gradually disappear, 
which may be the exhaustion of T cells, leading to immune 
escape of tumor cells [40].

We used the ESTIMATE website to perform stromal, 
immune, and ESTIMATE score for the TCGA ESCC 
cohort. The results showed that the immune score of the 
BRD4 high expression level group was lower than that of 
the low expression level group. Next, the immune infiltra-
tion scores in TCGA ESCC cohort were calculated using 
CIBERSORT on the TIMER 2.0 website. The results 
showed that BRD4 expression level was negatively cor-
related with the infiltration of CD8 + T cells, which is the 
killing immune cells. Similarly, the expression of CD8 
in ESCC tissues was detected in tissue microarray, and 
the correlation analysis was performed with the expres-
sion level of BRD4, and there was a negative correlation 
between them. Subsequently, the correlation analysis 
between BRD4 and common immune escape genes and 
chemokines, interleukins and interferons in the tumor 
microenvironment was carried out. The results showed that 
BRD4 was positively correlated with molecules related to 

promoting immune escape [22, 23], such as TGFB1 and 
STAT3. However, it is negatively correlated with mol-
ecules related to killing tumor cells [24], such as CD8B. 
Therefore, patients with high BRD4 expression level may 
be more susceptible to immune escape.

Finally, the TIDE algorithm was used to predict the 
response to ICB, and the results showed that both in the 
TCGA esophageal cancer and ESCC cohorts, higher TIDE 
scores in the BRD4 high expression group than in the low 
expression group. Therefore, esophageal cancer patients 
with high BRD4 expression level may not be suitable for 
immunotherapy. When BRD4 is highly expressed, the com-
bination of BRD4 inhibitors and immunotherapy may be a 
novel therapeutic strategy to improve the efficacy of patients 
with esophageal cancer.

In conclusion, BRD4 is up-regulated in ESCC. The high 
expression level of BRD4 in ESCC is associated with poor 
prognosis, adverse clinicopathological features, immune 
infiltration, and low response rate to immunotherapy. There-
fore, BRD4 may be a potential biomarker for the prognosis 
and immunotherapy application of ESCC.

Fig. 3  BRD4 expression level and systemic inflammatory response 
markers. a BRD4 expression level and total monocyte count. b BRD4 
expression level and total lymphocytes count. c BRD4 expression 

level and SII. d BRD4 expression level and PLR. e BRD4 expres-
sion level and MLR. f BRD4 expression level and NLR. ns P ≥ 0.05, 
*P < 0.05, **P < 0.01
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Fig. 4  BRD4 expression level and immune infiltration. a BRD4 
expression level and stromal, immune, and ESTIMATE score. b CIB-
ERSORT was used to calculate the infiltration scores of 22 immune 

cells. c Typical immunohistochemistry staining of CD8 in ESCC 
tumor tissues. *P < 0.05

Table 3  Correlations between 
BRD4 and CD8 expression 
level in our cohort

Patients (n = 179) BRD4 Phi Cramer's V Lambda P value

N % Low High

CD8 − 0.337 0.337 0.143 0.000
Negative 56 31.28 31 25
Positive 123 68.72 106 17
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