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Abstract: It is well known that lung cancer is the 1st leading cause of death worldwide. Many reports have demon-
strated that Bad, the Bcl-xL/Bcl-2-associated death promoter plays a crucial role in the intrinsic apoptosis pathway. 
The aim of this study was to explore the expression of Bad and its clinical significance in small cell lung carcinoma 
(SCLC) By analyzing the expression of Bad in 147 SCLC patient specimen, we found that Bad expression was remark-
ably decreased in 55.8% (82/147) cases, compared with the neighboring non-tumor tissues. Further study showed 
that Bad expression was correlated with adverse clinical characters such as clinical stage (P = 0.001), tumor size 
(P = 0.036) and tumor recurrence (P = 0.030). Furthermore, the results of Kaplan-Meier analysis showed that low 
Bad expression was significantly correlated to overall survival (P < 0.0001) and disease-free survival (P = 0.017) 
of patients with SCLC. Moreover, multivariate analyses revealed that Bad was an independent indicator of overall 
survival in SCLC (hazard ration = 0.620, 95% confidence interval: 0.389-0.987, P < 0.001). In summary, we can 
conclude that patients with SCLC represent downregulation of Bad and the latter could be served as a useful bio-
marker for the outcomes of SCLC.
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Introduction 

According to the data of Global cancer statis-
tics, lung cancer is the most common cancer 
worldwide and is the first leading cause of can-
cer-related deaths in male and female [1]. Lung 
cancer can be divided into two types: non-small 
cell lung cancer (NSCLC) and small-cell lung 
cancer (SCLC). The most aggressive type is 
small-cell lung cancer (SCLC) and it accounts 
for 15-18% of all lung cancer diagnoses [2]. 
However, the treatment for SCLC is still difficult 
and the disease-free survival (DFS) is short [3]. 
In fact, the median survival of SCLC patients is 
about 15-20 months and the 5-year survival is 
less than 15% [4]. Although surgical technique, 
chemotherapy and radiation therapy for treat-
ment of SCLC have been improved, it is difficult 
to cure due to the propensity of SCLC to metas-
tasis early [5]. 

Apoptosis or the programmed cell death is cru-
cial in the development of multi-cellular organ-

isms and the protection against diseases such 
as malignant tumor [6]. Apoptosis have been 
recognized as the most important type of cell 
death and it includes two pathways: the extrin-
sic pathway (death receptor mediated pathway) 
and the intrinsic pathway (mitochondrial medi-
ated pathway) [7]. In the intrinsic pathway, the 
B-cell lymphoma 2 protein (Bcl-2) family pro-
teins play very important role. The Bcl-2 family 
proteins comprise 25 pro- and anti-apoptotic 
members. it has been reported that the Bcl-2 
family members exist genetic and epigenetic 
alterations in many human cancers [8]. In SCLC, 
the sequential accumulation of genetic/epigen-
etic abnormalities endows the ability to escape 
apoptosis by deleting the pro-apoptotic gene 
and amplifying the anti-apoptotic gene espe-
cially amplification of the gene Bcl2-l1 and Bc2-
l2 genes [9]. Somebody had showed that the 
protein level of Bcl-2 was increased in more 
than 90% of cases with metastatic SCLC and 
high expression and intensity of Bcl-2 protein is 
associated with the chemo-resistant in SCLC 
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cell lines [10, 11]. Furthermore, Bcl-2 expres-
sion could serve as an independent prognostic 
marker for poor prognosis of SCLC [12]. The 
Bcl-xL/Bcl-2-associated death promoter (Bad) 
is an important member of Bcl-2 family. Bad 
belongs to the pro-apoptotic family members 
which contains only the BH3 domain [13]. 
Previous studies have showed that Bad as a 
crucial element is involved in the anti-apoptotic 
signaling pathways in many cancers such as 
colon cancer, prostate cancer, breast cancer 
[14-16]. While the Bad was phosphorylated at 
several sites such as serines 112, 136 and 
155, it loses the ability to bind Bcl-2 proteins 
and thus become inactivity [17]. In a wide range 
of malignant tumors, the expression of Bad 
could be as a strong predictor of overall survival 
and superior prognostic marker. Weimin Li et al. 
showed that Bad expression is decreased in 
non-small cell lung cancer tissues compared to 
normal lung tissues and demonstrated that the 
loss of Bad may be an independent and power-
ful predictor of adverse prognosis in NSCLC 
[18]. However, Pauline R.M. Dobson et al. 
showed that the strong BAD expression is relat-
ed to a favorable prognosis but is not an inde-
pendent prognostic factor and the AKT pathway 
may contribute to the prognosis of invasive 
breast cancer [15]. However, there is no study 
confirmed the expression of Bad in patient with 
SCLC and its clinical significance. Further study 
should be done to investigate that Bad could be 
a novel biomarker and prognostic predictor for 
making individual therapy strategies in patients 
with SCLC. It is also worthy to gain a deeper 
understanding of the molecular events involved 

in SCLC progression in order to identify novel 
potential targets for therapy.

The aim of this study is to understand further 
the detection, extent and significance of Bad 
expression in SCLC, we examined immunohis-
tochemically a series of SCLC paraffin samples 
for Bad proteins. Relationship between Bad 
expression and the clinicopathological features 
was assessed and the prognostic value of Bad 
in SCLC was further determined.

Materials and methods

Patients and tissue specimens

All specimens were obtained from 147 SCLC 
patients who underwent surgical resection at 
Department of Thoracic Surgery, Zhumadian 
Central Hospital, between January 2000 and 
December 2007 and approved by the Regional 
Ethical Committee of Zhumadian Central 
Hospital. For Western blot and quantitative 
RT-PCR expression studies, ten paired SCLC 
and corresponding adjacent nontumorous tis-
sues after surgical resection immediately 
stored at -80°C were subjected to western blot. 
The 147 patients aged from 20 to 81 years 
(median age is 57). The median follow-up peri-
od was 15 months (range: 1-66 months). Tumor 
stage was defined according to tumor-node 
metastasis (TNM) classification of the American 
Joint Committee on International Union against 
Cancer. Tumor differentiation was assessed 
according to Edmonson and Steiner grading 
system. 

Figure 1. Expression of Bad in SCLC tissue samples by western blot. A. Protein levels of Bad in SCLC tissue samples 
by Western blot. Representative images of Bad expression were presented. The ratio of Bad/GAPDH was indicated 
below. B. Relative intensity of Bad normalized to GAPDH was calculated (n = 8).
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Western blot

We performed the Western blot to analyze the 
protein level in SCLC tissues according to previ-
ous protocols [19]. Briefly, the tissue lysates 
were collected and the concentrations of the 
protein were quantified by BCA assay kit 
(Thermo Fischer Scientific Inc.). Then, 30 μg of 
protein from each sample were examined on 
10% SDS-PAGE gels and transferred onto PVDF 
membranes at 100 V for 60 min. After blocked 
by 5% nonfat milk for 1 h at room temperature, 
the membranes were incubated with primary 

antibody against Bad (at a 1:1000 dilution) or 
GAPDH (at a 1:1000 dilution) overnight at 4°C. 
After rinsed with TBST for 3 times, the mem-
branes were incubated with peroxidase-conju-
gated secondary antibody (1:5000 dilution) for 
1 h at room temperature. Eventually, we detect-
ed the single bands by enhanced chemilumi-
nescence detection system (Amersham, NJ).

Immunohistochemistry

The paraffin sections were dewaxed in xylene 
and alcohol, boiled with EDTA (1 mmol/L; PH 

Figure 2. Expression of Bad in 
HCC tissues by IHC. A. The expres-
sion of Bad in normal lung tissues 
and SCLC tissues. B. ICH scores 
of the measurement in all 147 pa-
tients were calculated using the 
Wilcoxon matched paired test.
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8.0) and treated with 3% H2O2 for 10 minutes. 
The IHC analysis was performed using the envi-
sion two-step method [20]. briefly, the slides 
were incubated with primary antibody (Bad, at 
1:500 dilution) overnight at 4°C and then 
washed in PBS for 3 times before the second-
ary antibody was added. After 1 hour at room 
temperature, the slides were stained with DAB 
and counterstained with Mayer’s hematoxylin. 
Slides that were not incubated with primary 
antibody were used as the negative controls. 
Stained cell proportions were scored as previ-
ous described [21]. The product of [positively 
stained cell proportion x stained intensity] 
served as the receptor score. The median value 
of IHC scores was 4; therefore low and high 
expression was set at scores of < 4 and ≥ 4, 
respectively [22].

Low Bad expression is associated with the 
poor clinic pathological parameters

For further study, we performed IHC to assess 
the expression of Bad in 147 paraffin-embed-
ded SCLC tissues who received tumor resec-
tion. Our data showed that Bad was mainly 
located in the cytoplasm in both cancer tissues 
and normal tissues (Figure 2). Elsewhere, the 
scattered staining of Bad in nuclear was also 
observed in both cases. In addition, Bad 
expression is lower in SCLC compared to nor-
mal tissues (Figure 2) which is consisted with 
our previous results. After examining the rela-
tionship between Bad expression and clinico-
pathologic factors, we found a significant differ-
ence was observed in clinical stage (P = 0.001), 
tumor size (P = 0.036), NSE level (P = 0.005), 

Table 1. Correlation of clinic pathological parameters and 
Bad expression in the SCLC (n = 147)

Variable All 
cases

Low  
expression

High  
expression

P  
valuea

Age (years)b 0.255
    < 57 55 34 (57.6%) 21 (42.3%)
    ≥ 57 92 48 (50.0%) 44 (50.0%)
Gender 0.712
    Male 88 48 (52.4%) 40 (47.6%)
    Female 59 34 (65.0%) 25 (35.0%)
Lymph node metastasis 0.490
    Yes 87 45(54.3%) 42 (45.7%)
    No 42 19 (49.3%) 23 (50.7%)
LDH (U/L) 0.326
    < 240 77 40 (44.7%) 37 (55.3%)
    ≥ 240 70 42 (56.3%) 28 (43.7%)
NSE (µg/L) 0.005
    ≤ 12.5 54 22 (51.8%) 32 (48.2%)
    > 12.5 93 60 (62.5%) 33 (37.5%)
Tumor size (cm) 0.036
    < 5 65 30 (41.5%) 35 (58.5%)
    ≥ 5 82 52 (56.9%) 30 (43.1%)
Tumor location 0.560
    Left 82 44 (50.2%) 38 (49.8%)
    Right 65 38 (58.9%) 27 (41.1%)
Stage 0.001
    I-II 53 20 (47.7%) 33 (52.3%)
    III-IV 94 62 (60.5%) 32 (39.5%)
Tumor recurrence 0.030
    Yes 55 37 (63.8%) 18 (36.2%)
    No 92 45 (50.7%) 47 (49.3%)
a, Chi-square test; b, Median age.

Statistical analysis

Statistical analyses were performed 
using the SPSS 16.0 software (SPSS, 
Chicago, IL, USA). The Student t test 
was used for comparison between 
groups. The x2 test was performed to 
analyze the correlation between Bad 
expression and clinic pathological 
parameters. The Kaplan-Meier me- 
thod (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.

Results

Bad is decreased in fresh SCLC tis-
sues

First, we determined the expression 
levels of Bad in 8 paired HCC tissues 
by western bolt. The results of western 
blot showed that Bad expression was 
significantly decreased in SCLC tis-
sues than that in the corresponding 
adjacent nontumorous tissues in  
75% (6/8) of cases (Figure 1A). 
Simultaneously, the altered expres-
sion of Bad between tumor and adja-
cent nontumor tissues appeared sta-
tistically significant (Figure 1B).
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and tumor recurrence (P = 0.030), but there 
was no statistical relationship between Bad 
expression and the rest clinic pathological 
parameters, such as age, gender or tumor loca-
tion (Table 1). 

Low expression of Bad was related to the poor 
prognosis of SCLC patients

The association between Bad expression and 
the survival of SCLC patients was detected by 
Kaplan-Meier survival analysis. The results 
showed that patients with lower Bad expres-
sion were likely to be with significantly shorter 
overall survival (P < 0.001, Figure 3). Further- 
more, a significant difference was observed 
between the expression of Bad and disease-
free survival (P = 0.017, Figure 3B). 

Univariate and multivariate analyses of prog-
nostic variables in CSLC Patients 

We next evaluated the expression of Bad and 
other clinicopathologic parameters on progno-
sis of SCLC with univariate analysis. According 
to the results, Bad, as well as serum NSE level, 
tumor size and tumor recurrence was respon-
sible for efficacy of surgical treatment in SCLC 
patient, by showing that Bad expression was 
significantly associated with overall survival (P 
< 0.0001) (Table 2). Furthermore, Bad expres-
sion and those clinic pathologic variables which 
made significant in univariate analysis were fur-
ther calculated in multivariate analysis (Table 2 
and Table 3). Results suggested that Bad 
remained to be an independent predictor for 

Figure 3. Relationship between Bad expression and SCLC prognosis. Bad protein level showed prognostic role in 
overall survival (A), disease-free survival (B) a, as indicated by Kaplan-Meier analysis. Statistical significance was 
assessed with the log-rank test. (P < 0.05; n = 147).

Table 2. Univariate and multivariate analysis of clinic pathological and Bad for overall survival in SCLC 
(n = 147)
Variables Univariate analysis Multivariate analysis

HR (95% CI) P value HR (95% CI) P value
Overall survival
    Age (< 49 vs. ≥ 49 years) 1.010 (0.660-1.543) 0.557 
    Gender (female vs. male) 0.882 (0.580-1.341) 0.903 
    Lymph node metastasis  (yes vs. no) 0.590 (0.226-1.540) 0.281 
    Tumor size (< 5 vs. ≥ 5 cm) 2.312 (1.259-4.246) 0.007 2.059 (1.711-3.892) 0.000 
    LDH (U/L) 0.656 (0.256-1.682) 0.380 
    NSE (μg/L) 0.837 (0.731-1.902) 0.059 
    Tumor recurrence (yes vs. no) 0.451 (0.244-0.831) 0.011 0.444 (0.245-0.803) 0.007 
    Tumor location 0.995 (0.617-1.606) 0.984 
    Stage (I-II vs. III-IV) 1.391 (0.834-2.319) 0.206 
    Bad expression (low vs. high) 0.620 (0.389-0.987) 0.044 0.530 (0.350-0.803) 0.003 
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overall survival (hazard ration = 0.620, 95% 
confidence interval: 0.389-0.987, P < 0.001) of 
SCLC patients (Table 2).

Discussion

In the present study, we first investigate the 
relationship between Bad expression and clinic 
pathological variables as well as survival out-
come in SCLC patients. Our data showed that 
both mRNA and protein levels of Bad was 
decreased from SCLC tissues to normal tis-
sues. This result was consistent with the 
reports that expression of Bad is down regulat-
ed in human breast carcinoma and gastric can-
cer [23, 24]. The Bad expression was signifi-
cantly associated with tumor size indicating 
that the loss of Bad may facilitate SCLC growth. 
However, we did not observe a significant rela-
tionship between Bad expression and lymph 
node metastasis in paraffin SCLC samples. In 
addition, the absence of Bad expression was 
significantly associated with worse tumor stage 
and also indicated a significant relationship 
with NSE level and the tumor recurrence. These 
results were agreeable with the previous find-
ings that the Bad may play a crucial rule in cell 
proliferation and apoptosis [25]. In our study, 
we found that low expression of Bad in SCLC 
patients was significantly associated with sev-
eral malignant tumor characteristics, such as 
advanced stage and high NSE level which indi-
cated that Bad might be served as a hallmark 
of advanced stage tumors.

In the results of Kaplan-Meier survival analysis, 
we found that SCLC patients with high Bad 

expression possess longer overall survival 
time. We next found that Bad may serve as an 
independent prognostic factor for overall sur-
vival by Cox regression analysis. The results of 
univariate analysis showed that high Bad 
expression was a statistically significant indica-
tor of longer overall survival and disease-free 
survival of SCLC patients. The results were 
agreeable with the reports of Albazz et al. and 
Sinicrope et al. in breast cancer and colon can-
cer which demonstrated that the loss of Bad 
protein was an independent poor prognostic 
marker for disease free survival and was asso-
ciated with increased mortality and poor prog-
nosis [16, 23]. The down regulation of BAD 
expression was related to a worse survival in 
SCLC patients and this could be explained by 
the fact that Bad is a death regulator and its 
loss could make the tumor more aggressive 
and therefore indicated a poor prognosis. 
Korsmeyer SJ et al. established Bad-deficient 
mice model and the mice eventually showed an 
increased incidence of hematopoietic malig-
nancy principally attributable to diffuse large B 
cell lymphoma (DLBCL) which demonstrated 
that Bad plays a crucial rule in tumor progres-
sion [26]. Our data demonstrated that evalua-
tion of Bad expression could be a promising 
prognostic marker in SCLC. SCLC showed a 
shorter doubling time and higher growth rate 
than non-small cell lung cancer and the mecha-
nism related to the biological behavior is not 
yet resolved, but it is postulated that decreased 
amounts of Bad may inactivate a signal for 
tumor cell death. Our findings add new data to 
the emerging picture of the association 
between Bad expression and longer survival of 
SCLC patients. 

Table 3. Univariate and multivariate analysis of clinicopathological and Bad for disease-free survival 
in SCLC (n = 147)
Variables Univariate analysis Multivariate analysis

HR (95% CI) P value HR (95% CI) P value
Disease-free survival
    Age (< 49 vs. ≥ 49 years) 1.035 (0.654-1.638) 0.884 
    Gender (female vs. male) 1.111 (0.701-1.761) 0.654 
    Lymph node metastasis  (yes vs. no) 0.723 (0.237-2.208) 0.569 
    Tumor size (< 5 vs. ≥ 5 cm) 1.224 (0.812-1.417) 0.623 
    LDH (U/L) 0.770 (0.488-1.215) 0.261 
    NSE (μg/L) 0.786 (0.455-1.315) 0.169 
    Tumor recurrence (yes vs. no) 1.385 (0.824-1.778) 0.000 0.301 (0.167-0.544) 0.000
    Tumor location 0.689 (0.442-1.076) 0.102 
    Stage (I-II vs. III-IV) 0.964 (0.580-1.602) 0.887 
    Bad expression (low vs. high) 0.703 (0.428-1.154) 0.030 0.577 (0.386-0.864) 0.008
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Furthermore, other studies also showed that 
the loss of Bad was related to worse DFS in 
patients with malignant glioma [27]. In the 
present study, our data showed that Bad may 
be involved in SCLC metastasis and cell pro-
gression. However, the detailed mechanism by 
which Bad is involved in regulating the SCLC 
progression requires future investigation. 
Overall, we found that Bad protein level was 
decreased in SCLC patients and was associat-
ed with poor prognosis. According to the results, 
Bad could act as an independent prognostic 
biomarker in SCLC. To detect the expression of 
Bad in SCLC patients may improve new thera-
peutic strategies.
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