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Decrease of Bcl-xL/Bcl-2-associated death promoter in 
hepatocellular carcinoma indicates poor prognosis
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Abstract: Bcl-xL/Bcl-2-associated death promoter (Bad) is a proapoptotic member of Bcl-2 family and plays a key 
role in tumor development. To explore the expression of Bad and its clinical significance in hepatocellular carcinoma 
(HCC), we analyzed a large cohort of 437 HCC samples by tissue microarray (TMA)-based immunohistochemistry. 
Our data showed that Bad expression was markedly decreased in 50.6% (221/437) of HCC tissues, compared with 
the adjacent nontumorous tissues. Bad expression was closely associated with adverse clinical characters such as 
clinical stage (P=0.007), tumor size (P=0.008), vascular invasion (P=0.024), tumor differentiation (P=0.018) and 
AFP level (P=0.039). Furthermore, Kaplan-Meier analysis indicated that low Bad expression was significantly corre-
lated to overall survival (P<0.0001) but not disease-free survival (P=0.587) and recurrence-free survival (P=0.707) 
of patients with HCC. Stratified survival analysis further confirmed the prognostic value of Bad. Moreover, multivari-
ate analyses revealed that Bad was an independent indicator of overall survival in HCC (hazard ration=0.589, 95% 
confidence interval: 0.483-0.717, P<0.0001). Collectively, our data suggest that Bad is down-regulated in HCC and 
serves as a promising biomarker for poor prognosis of patients with this fatal disease.
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Introduction

Hepatocellular carcinoma (HCC) is the fifth 
most common cancer worldwide and the third 
most common cause of cancer mortality [1]. 
Although surgical technique and anticancer 
drugs for target treatment of HCC have been 
improved, the overall survival (OS) rate remains 
low and the occurrence of postoperative 
relapse or metastasis remains high in patients 
with HCC [2, 3]. Lots of evidence showed that 
the loss of sensitivity to apoptosis is a potential 
mechanism of HCC invasion, metastasis and 
failing response to drug treatment [4, 5]. The 
sequential accumulation of genetic/epigenetic 
abnormalities of HCC endows the ability to 
escape the death mediated by apoptosis in 
which Bcl-2 family proteins play a key role [6, 
7]. However, the expression of several Bcl-2 
family proteins remains unclear in HCC. In par-
ticular, rare is known about the expression and 
clinical significance of Bad, a member of the 
BH3-only family proteins.

Bad characters as a pro-apoptotic protein and 
plays a crucial role in connecting the cell sur-
vival signaling pathway and apoptosis signaling 
pathway. Bad has been identified as a critical 
element of several anti-apoptotic signaling 
pathways in many types of cancer including 
colon, prostate and breast cancer [8-10]. The 
activity of Bad is primarily mediated by its con-
served phosphorylation sites including serines 
112, 136 and 155. Phosphorylated Bad fails to 
bind Bcl-xl or Bcl-2 proteins [11, 12]. Previous 
reports demonstrated that Bad was dephos-
phorylated to exert its lethal function [13, 14]. 
On the other hand, a large number of studies 
suggest Bad expression as a strong predictor of 
overall survival in many cancers. Cekanova M 
et al. demonstrated that Bad was down-regulat-
ed in breast cancer tissues and inhibited tumor 
invasion and migration [15]. Al-Bazz et al. 
reported that patients with high expression of 
Bad had a longer overall survival and disease-
free survival [16]. Huang Y et al. showed that 
low expression of Bad was associated with 
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shorter survival in non-small cell lung cancer 
(NSCLC) [17]. The prognostic value of Bad was 
also studied in diffuse large B-cell lymphoma 
[18]. In HCC, Bad has been identified as a 
potential therapeutic target and plays a key 
role in cell apoptosis, responding to sorafenib 
treatment [19]. However, the expression of Bad 
and its clinical significance in HCC remains 
elusive. 

In this study, the expression of Bad in 437 HCC 
patients was examined by tissue microarray 
(TMA)-based immunohistochemistry. Relation- 
ship between Bad expression and the clinico-
pathological features was assessed and the 
prognostic value of Bad in HCC was further 
determined.

Materials and methods

Patients and tissue specimens

All specimens along with complete clinical and 
pathological data were obtained from 437 HCC 

patients who underwent surgical resection at 
Sun Yat-sen university cancer center, between 
January 2000 and December 2010. Eight 
paired HCC and corresponding adjacent nontu-
morous tissues after surgical resection imme-
diately stored at -80°C were subjected to west-
ern blot. The 437 patients aged from 13 to 68 
years (median age is 49). Tumor stage was 
defined according to tumor-node metastasis 
(TNM) classification of the American Joint Co- 
mmittee on International Union against Cancer. 
Tumor differentiation was assessed according 
to Edmonson and Steiner grading system. The 
use of tissues for this study has been approved 
by the Institute Research Medical Ethics Co- 
mmittee of Sun Yat-sen university cancer 
center.

Western blot

Western blot was performed to detect the 
expression level of Bad protein in HCC tissues. 
Tissues were collected and lysed with lysis buf-
fer (pH 7.4, containing 1% Triton X-100 and 
0.2% SDS). Then cell lysates were kept on ice 
for 30 min followed by centrifugation at 12,000 
rpm for 15 min at 4°C. The supernatant was 
separated and was stored in -80°C until 
required for the experiment. BCA assay kit from 
Thermo Fischer Scientific Inc. (Rockford, IL) 
was used to quantify the concentrations of the 
protein. Equal amounts of protein (30 μg) from 
various treatments were resolved by SDS-PAGE 
and transferred onto PVDF membranes. After 
blocking, the membranes were incubated over-
night with the primary monoclonal antibody 
against Bad (at a 1:1000 dilution, Cell signaling 
technology, USA) and GAPDH (1:1000, Santa 
cruz, USA), at 4°C and were then incubated 
with horseradish peroxides-conjugated sec-
ondary antibody (1:10000 dilution for rabbit 
antibody, 1:20000 dilution for mouse antibody) 
for 1 h at room temperature. After washing the 
membranes thrice with TBST, the protein-anti-
body complex was detected by enhanced che-
miluminescence detection system (Amersham, 
NJ). GAPDH was served as a loading control.

Tissue microarray (TMA) construction and im-
munohistochemistry

TMA containing 437 HCC and adjacent nontu-
morous liver tissues were constructed. All of 
the specimens were fixed in 4% formalin and 
embedded in paraffin. The corresponding histo-
logical H&E-stained sections were reviewed by 

Figure 1. Bad expression is down-regulated in fresh 
HCC samples. A. Expression of Bad in 8 paired HCC 
fresh tissue samples (T) and the corresponding non-
tumorous tissue samples (N) was determined by 
western blot. GAPDH was used as loading control. 
B. Relative Bad intensity normalized to GAPDH was 
calculated by Wilcoxon matched paired test (n = 8).
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a senior pathologist to mark out representative 
areas. Using a tissue array instrument (Beecher 
Instruments, Silver Spring, MD), each tissue 
core with a diameter of 0.6 mm was punched 
from the marked areas and re-embedded. 
Immunohistochemistry (IHC) analysis for Bad 
was performed using a standard two-step 
method [20]. TMA sections were baked over-
night at 37°C, and then deparaffinized and 
rehydrated. Slides were boiled in Ethylene 
Diamine Tetraacetic Acid (EDTA; 1 mmol/L; PH 
8.0) in a pressure cooker for antigen retrieval. 
Subsequently, slides were incubated overnight 
at 4°C with Bad antibody (1:500 dilution). After 
rinsed with PBS, the slides were incubated with 
a secondary antibody and stained with 3, 
3-diaminobenzidine tetrahydrochloride (DAB). 

Finally, the slides were counterstained with 
Mayer’s hematoxylin. Slides immunoreacted 
with PBS were used as the negative controls. 
Stained cell proportions were scored as fol-
lows: 0 (<5% stained cell); 1 (6-24% positively 
stained cells); 2 (25-49% positively stained 
cells); 3 (50-74% positively stained cells); 4 
(75%-100% positively stained cells). Staining 
intensity was graded according to the following 
standard: 0 (no staining); 1 (weak staining = 
light yellow); 2 (moderate staining = yellow 
brown) and 3 (strong staining = brown). The 
product of [positively stained cell proportion x 
stained intensity] served as the receptor score. 
The median value of IHC scores was 4; there-
fore low and high expression was set at scores 
of <4 and ≥4, respectively [21].

Figure 2. Expression of Bad was decreased in HCC tissues by IHC. Representative micrographs of negative (A), weak 
(B), moderate (C) and strong (D) staining of Bad in HCC tissues, as well as high expression of Bad in normal liver 
tissue (E) were shown. (F) Reproducibility of the measurement in all 437 patients was calculated using the Wilcoxon 
matched paired test.
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Statistical analysis

Statistical analyses were performed using the 
SPSS 16.0 software (SPSS, Chicago, IL, USA). 
The Student’s t test was used for comparison 
between groups. The X2 test was performed to 
analyze the correlation between Bad expres-
sion and clinic pathological parameters. The 
Kaplan-Meier method (the log-rank test) was 
used for survival curves. Cox regression model 
with stepwise manner (forward, likelihood ratio) 
was utilized to perform a multivariate analysis. 
P<0.05 (two-tailed) was considered statistically 
significant.

tissues, Bad expression was remarkably redu- 
ced in tumor. Furthermore, low Bad expression 
in tumor tissue was identified in 53.5% 
(234/437) of cases, according to the cutoff 
value defined by IHC score. Statistically, Bad 
expression was significantly lower in tumor tis-
sue (Figure 2F). 

We next intended to disclose the clinical signifi-
cance of Bad in HCC. The relationship between 
Bad expression and clinicopathological fea-
tures was analyzed. Significant differences we- 
re revealed in clinical stage (P=0.007), tumor 
size (P=0.008), vascular invasion (P=0.024), 
tumor differentiation (P=0.018) and AFP level 

Table 1. Correlation of clinicopathological parameters and Bad expres-
sion in the HCC (n=437)
Variable All cases Low expression High expression P valuea

Age (years)b 0.110
    <49 203 117 (57.6%) 86 (42.3%)
    ≥49 234 117 (50.0%) 117 (50.0%)
Gender 0.128
    Male 397 208 (52.4%) 189 (47.6%)
    Female 40 26 (65.0%) 14 (35.0%)
HBsAg 0.438
    Positive 368 200 (54.3%) 168 (45.7%)
    Negative 69 34 (49.3%) 35 (50.7%)
AFP (ng/ml) 0.039
    <20 103 46 (44.7%) 57 (55.3%)
    ≥20 334 188 (56.3%) 146 (43.7%)
Cirrhosis 0.096
    Yes 365 189 (51.8%) 176 (48.2%)
    No 72 45 (62.5%) 27 (37.5%)
Tumor size (cm) 0.008
    <5 94 39 (41.5%) 55 (58.5%)
    ≥5 343 195 (56.9%) 148 (43.1%)
Tumor multiplicity 0.075
    Single 269 135 (50.2%) 134 (49.8%)
    Multiple 168 99 (58.9%) 69 (41.1%)
Differentiation 0.018
    Well-Moderate 305 152 (49.8%) 153 (50.2%)
    Poor-undifferentiated 132 82 (62.1%) 50 (37.9%)
Stage 0.007
    I-II 237 113 (47.7%) 124 (52.3%)
    III-IV 200 121 (60.5%) 79 (39.5%)
Vascular invasion 0.024
    Yes 94 60 (63.8%) 34 (36.2%)
    No 343 174 (50.7%) 169 (49.3%)
aChi-square test; bMedian age; AFP, alpha-fetoprotein; HBsAg, hepatitis B surface antigen.

Results

Bad is decreased in 
fresh HCC tissues

We first examine the 
expression level of Bad in 
8 paired HCC tissues by 
western blot. According 
to the results, the expres-
sion of Bad was notice-
ably lower in HCC tissues 
than that in the corre-
sponding adjacent nontu-
morous tissues in 62.5% 
(5/8) of cases (Figure 
1A). Comparison of the 
relevant densities indica- 
ted a significant decrease 
of Bad expression in tu- 
mor tissues (Figure 1B).

Low Bad expression is 
associated with the poor 
clinicopathological pa-
rameters

In order to detect the ex- 
pression of Bad in clinical 
HCC samples, 437 paraf-
fin-embedded HCC tis-
sues were collected to 
construct tissue microar-
ray. Results of IHC rev- 
ealed that Bad was main-
ly presented in the cyto-
plasm in both tumorous 
tissues and nontumorous 
tissues (Figure 2A-E). In 
50.6% (221/437) of HCC 
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(P=0.039) (Table 1). There was no statistical 
relationship between Bad expression and the 
rest clinic pathological parameters, including 
age, gender, cirrhosis, HBsAg and tumor multi-
plicity (Table 1).  

Bad expression is correlated to poor outcomes 
in HCC

In the cohort of this study, the mean survival 
time was 29.2 months for the patients with 
high Bad expression, while it was 16.8 months 
for patients with low Bad expression. Kaplan–
Meier survival analysis was performed to deter-
mine the correlation between Bad expression 

and the survival of HCC patients. The results 
suggested that patients with low Bad expres-
sion were likely to be with significantly shorter 
overall survival (P<0.0001, Figure 3A) but not 
disease-free survival (P=0.587, Figure 3B) and 
recurrence probability (P=0.707, Figure 3C). 

The prognostic value of Bad was further con-
firmed by stratified survival analysis. Low ex- 
pression of Bad was closely connected with 
poor overall survival after surgical resection in 
eight subgroups classified by the factors con-
tributing to poor outcome of HCC patients 
(Figure 4).

Figure 3. Low Bad expression in HCC tissue indicates 
unfavorable overall survival. Probabilities of overall 
survival (A), disease-free survival (B) and recurrence-
free survival (C) of 437 HCC patients were analyzed 
using Kaplan-Meier survival analysis (log-rank test).
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Univariate and multivariate analyses of prog-
nostic variables in HCC patients 

We next evaluated the effect of Bad, as well as 
the other clinicopathologic parameters, on 
prognosis of HCC by using univariate analysis. 
Results indicated that Bad, serum AFP level, 
tumor size, tumor multiplicity, tumor differentia-
tion, clinical stage, liver cirrhosis and vascular 
invasion were responsible for efficacy of surgi-
cal treatment in HCC patient (P<0.0001) (Table 
2). Furthermore, multiple Cox regression analy-
sis indicated that Bad expression was an inde-
pendent predictor for overall survival of HCC 

patients (HR=0.589, 95% confident interval: 
0.483-0.717, P<0.0001) (Table 2).

Discussion

Bad is a BH3-only protein which is selectively 
dimerized with Bcl-xL or Bcl-2, neutralizing their 
death repression effect and facilitating cell 
apoptosis [22-24]. It is differently expressed in 
human cancers. In the present study, Bad was 
markedly down-regulated in HCC tissues, com-
pared with the corresponding adjacent nontu-
morous tissues, using TMA-Based IHC in a 
large cohort of 437 patients. In line with our 

Figure 4. The correlation of Bad expression with overall survival was confirmed in morphologic and pathological HCC 
subgroups. Kaplan-Meier survival analyses (log-rank test) were performed in eight subgroups divided by the factors 
contributing to poorer outcomes of HCC patients.
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data, Antoine et al. showed that protein expres-
sion of Bad  was gradually increased from HCC 
to normal liver in three paired fresh tissues 
[19]. The downregulation of the proapoptotic 
counterpart Bad may be a pivotal event respon-
sible for the reducing sensitivity to apoptosis in 
HCC progression. 

Our data showed that low Bad expression was 
associated with large tumor size, higher serum 
AFP level, poor tumor differentiation, advanced 
clinical stage and high incidence of vascular 
invasion, indicating that the loss of Bad might 
serve as a hallmark of advanced tumor stage. 
The relationship of Bad expression level with 
clinicopathological parameters has also been 
determined in other tumors. Decreased Bad 
was closely correlated with larger tumor size 
and estrogen receptor (ER) in primary breast 
cancer [16]. Low Bad expression was shown to 
be significantly associated with advanced clini-
cal stages in diffuse large B-cell lymphoma 

(DLBCL) [18]. In response to survival factors, 
Bad is phosphorylated, leading to the binding 
to 14-3-3 and the injury of its death-promoting 
activity [25, 26]. Whether Bad is phosphorylat-
ed in tumor tissues required further investi- 
gation.

Prognostic analysis indicated that HCC patients 
with high Bad expression survived longer in our 
studied cohort. Furthermore, Cox regression 
analysis revealed that Bad remained to be an 
independent prognostic factor for overall sur-
vival. This might be due to the pro-survival 
effect of Bad depletion. Yu et al. reported that 
loss of Bad reduced the chemosensitivity of 
Epirubicin Adriamycin (EADM) and Navelbine 
(NVB) in human breast carcinoma [27]. In addi-
tion, recent studies provided a comprehensive 
understanding of the role of Bad in tumorigen-
esis. Bad-deficient mice possess an increased 
incidence of diffuse large B-cell lymphoma by 
exposed to sublethal gamma-irradiation [28]. 

Table 2. Univariate and multivariate analysis of clinicopathological and Bad for overall and disease-
free survival in HCC (n=437)

Variables
Univariate analysis Multivariate analysis

HR (95% CI) P value HR (95% CI) P value
Overall survival
    Age (<49 vs. ≥49 years) 0.905 (0.749-1.093) 0.301 
    Gender (female vs. male) 0.980 (0.707-1.358) 0.903 
    HBV (positive vs. negative) 1.090 (0.840-1.413) 0.517 
    Tumor size (<5 vs. ≥5 cm) 1.525 (1.212-1.919) 0.000 1.159 (0.894-1.503) 0.264 
    Tumor multiplicity (single vs. multiple) 1.261 (1.038-1.531) 0.019 0.953 (0.761-1.194) 0.677
    Liver cirrhosis (yes vs. no) 0.737 (0.571-0.950) 0.019 0.846 (0.651-1.100) 0.213 
    AFP (<20 vs. ≥20 ng/mL) 1.479 (1.183-1.849) 0.001 1.303 (1.037-1.638) 0.023 
    Vascular invasion (yes vs. no) 1.930 (1.531-2.434) 0.000 1.432 (1.107-1.854) 0.006 
    Tumor differentiation 1.328 (1.080-1.633) 0.007 1.188 (0.962-1.467) 0.109
    TNM (I-II vs. III-IV) 1.768 (1.460-2.141) 0.000 1.363 (1.053-1.764) 0.019 
    Bad expression (low vs. high) 0.535 (0.441-0.650) 0.000 0.589 (0.483-0.717) 0.000 
Disease-free survival
    Age (<49 vs. ≥49 years) 0.917 (0.702-1.197) 0.523 
    Gender (female vs. male) 1.014 (0.640-1.607) 0.954 
    HBV (positive vs. negative) 1.059 (0.727-1.542) 0.765 
    Tumor size (<5 vs. ≥5 cm) 1.021 (0.751-1.387) 0.897 
    Tumor multiplicity (single vs. multiple) 0.820 (0.616-1.091) 0.173 
    Liver cirrhosis (yes vs. no) 0.819 (0.578-1.159) 0.259 
    AFP (<20 vs. ≥20 ng/mL) 1.145 (0.843-1.555) 0.385 
    Vascular invasion (yes vs. no) 1.118 (0.792-1.578) 0.525 
    Tumor differentiation 0.966 (0.714-1.307) 0.823 
    TNM (I-II vs. III-IV) 0.844 (0.639-1.114) 0.230 
    Bad expression (low vs. high) 1.077 (0.822-1.410) 0.590 
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The silence of the Akt/Bad pathway paves the 
way for malignant transformation into Adult 
T-cell leukemia/lymphoma (ATLL) [29]. The- 
refore, low expression of Bad in HCC tissues 
may promote tumor generation and progres-
sion, in turn to result in adverse prognosis.

Stratified survival analysis further indicated 
that low Bad expression was significantly cor-
related with shorter overall survival after surgi-
cal resection in eight subgroups classified by 
the factors conferring to adverse clinical out-
come. This suggested that low expression of 
Bad could be of clinical use for defining a set of 
patients with adverse prognosis. It is generally 
accepted that histology differentiated degree, 
vascular invasion and serum AFP level could 
affect the prognosis of HCC patients [30-32]. 
However, there are variable limits in providing 
critical information for patient prognosis pre-
diction. Therefore, monitoring the dynamic 
expression of Bad may replenish the panel to 
identify a set of patients at risk of HCC pro- 
gression.

In conclusion, our data showed that decreased 
Bad expression is related to larger tumor size, 
higher serum AFP level, advanced clinical sta- 
ge, poorer tumor differentiation and high inci-
dence of vascular invasion. Low Bad expres-
sion was correlated with unfavorable survival. 
Our study therefore provides an promising bio-
marker for predicting the postsurgical progno-
sis of patients who suffered from HCC.
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