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Association of BCSC-1 with human esophageal squamous cell carcinoma
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Breast cancer suppressor candidate-1 (BCSC-1) is a newly identified candidate tumor suppressor gene. BCSC-1 shows decreased 
levels in a variety of cancer types. In this study, we investigated the association between BCSC-1 and human esophageal squamous 
cell carcinoma (ESCC). BCSC-1 expression was detected in ESCC and normal tissues adjacent to tumor tissues by Western blot 
analysis and real-time PCR as well as immunohistochemistry of paraffin sections. The relationships between BCSC-1 expression 
and various clinicopathological characteristics were analyzed. Western blot analysis and real-time PCR showed that levels of 
BCSC-1 protein and mRNA expression in ESCC significantly decreased compared with those in adjacent normal tissues. Immu-
nohistochemistry exhibited marked reduction of BCSC-1 in 38 of 105 ESCC specimens. Moreover, downregulation of BCSC-1 
was associated with the grade of tumor cellular differentiation (P<0.05). These findings indicate that BCSC-1 downregulation in 
ESCC is associated with carcinogenesis and may play important roles during the process of ESCC cancer development.
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Esophageal cancer is one of the most aggressive malignan-
cies and the sixth leading cause of cancer deaths worldwide 
[1]. Esophageal squamous cell carcinoma (ESCC) is the most 
common histological form of esophageal cancer. The disease 
is characterized by regional variations in incidence. Over 50% 
of all ESCC cases reported worldwide occurred in China. 
Despite tremendous advances in diagnostic techniques and 
therapeutic methods, ESCC remains a devastating malignancy 
because of late diagnoses and its aggressive nature. Therefore, 
early diagnosis and targeted therapy are essential to understand 
the molecular aberrations involved in the occurrence and 
development of ESCC.

Inactivation of tumor suppressor genes (TSG) and activa-
tion of oncogenes have been observed in ESCC occurrence and 
development. Molecular studies have also revealed frequent 
genetic abnormalities, such as p53 mutations, loss of p16MAT1 
and/or p15 expression, reduced Rb expression, amplification of 
cyclinD1, elevations in c-myc, COX-2 expression, cytoplasmic 
ß-catenin level [2], and inactivation of GSK3β [3]. Moreover, 
altered expression of some growth- or differentiation-related 
genes has been associated with ESCC [4, 5]. However, these 
observations are insufficient to understand the common path-
ways of carcinogenesis and malignant development of ESCC, 
and the molecular mechanisms of this disease have yet to be 
convincingly identified.

The breast cancer suppressor candidate-1 (BCSC-1, 
NM_014622) gene is a newly identified candidate tumor 
suppressor gene that is also called LOH11CR2 [6]. BCSC-1 is 
located at chromosome 11q23 and encodes a 786 amino acid 
protein with a predicted molecular mass of 86 kDa containing 
two conserved domains, a vault protein inter-alpha-trypsin 
inhibitor domain at the N-terminus and a von Willebrand 
factor type A domain at the C-terminus. However, the precise 
biological function of this protein is unknown. Several studies 
have shown that BCSC-1 is downregulated or lost in breast 
cancer-derived cells [6], lung adenocarcinoma [7], nasopha-
ryngeal carcinoma [8], cervical carcinoma [9], and melanoma 
[10]. These data indicate that aberrant expression of BCSC-1 
may lead to tumorigenesis. Nevertheless, the relationship be-
tween BCSC-1 expression and ESCC remains unclear.

In the present study, we investigate BCSC-1 expression in 
ESCC by Western blot analysis, real-time PCR, and immuno-
histochemistry. Our study provides evidence of a correlation 
between BCSC-1 expression and ESCC.

Materials and methods

Tissue specimens. A total of 105 pathologically and 
clinically confirmed ESCC and adjacent histologically normal 
tissues were obtained from patients who did not receive any 

mailto:juimmu@163.com


766 C. L. ZHAO, W. J. YU, Z. Q. GAO, W. T. LI, W. GAO, W. W. YANG, W. G. FENG, J. Y. JU

treatment before surgery at the affiliated hospital, Weifang 
Medical University, Weifang, China. Primary tumor regions 
and the corresponding histological normal esophageal mu-
cosa from the same patients were separated by experienced 
pathologists and immediately stored at −80 °C until use for 
immunohistochemistry, RNA isolation, or protein extraction. 
Samples were obtained and used with the written informed 
consent of the patients and approval of the institutional ethics 
committee.

Immunohistochemistry. Immunohistochemistry was car-
ried out following procedures described previously [11]. Tissue 
samples were fixed in formalin and embedded in paraffin. 
Paraffin-embedded sections about 4 µm thick were deparaffin-
ized in xylene, rehydrated in graded ethanol, and incubated in 
3% hydrogen peroxide in methanol to block endogenous per-
oxidase. Following antigen retrieval by microwaving in citrate 
buffer (pH 6.0) for 20 min, slides were incubated overnight 
with BCSC-1 monoclonal antibody (Santa Cruz, CA, USA) 
at 1:100 dilution and 4 °C. The second (peroxidase) step was 
performed using the UltraSensitive Streptavidin-Peroxide Kit 
(Zhong Shan Golden Bridge, Beijing, China) according to the 
manufacturer’s protocol. DAB and hematoxylin were used as 
the chromogen and counterstain, respectively. Sections were 
finally sealed with neutral resin.

Evaluation of immunohistochemical staining. The 
expression score of BCSC-1 was determined in terms of stain-
ing intensity and immunoreactive cell percentage. Staining 

intensity was rated as follows: negative (0), bordering (1), 
weak (2), and strong (3). Staining extent was rated according 
to the percentage of positive cells in the field. Samples with no 
stained cells were rated as 0, while those with 25%, 25%–50%, 
and 50% stained cells were rated 1, 2, and 3, respectively. The 
results of staining intensity and staining extent were used to 
obtain an overall staining score. Staining samples with scores 
of 0, 1–2, 3–4, and 5–6 were marked (−), (±), (+), and (++), 
respectively. The evaluation criteria for BCSC-1 expression 
have been described previously [12].

Western blot analysis. The experiment was performed 
as described previously [13]. Whole cell extracts were pre-
pared by homogenizing frozen ESCC tissue samples in lysis 
buffer (10 mmol/L Tris-HCl [pH 7.5], 150 mmol/L NaCl, 
1% NP40) containing a cocktail of protease inhibitors. After 
centrifugation, supernatants were collected and used for 
immunoblot analysis. The proteins were separated by SDS-
PAGE and subsequently transferred onto polyvinylidene 
difluoride membranes (Millipore, Bedford, MA, USA). Blots 
were blocked and probed with antibodies against BCSC-1 
(1:500 dilution) and ß-actin (1:5,000 dilution) (Santa Cruz). 
After washing, the blots were incubated with horseradish 
peroxidase–conjugated secondary antibodies and visualized 
by super ECL detection reagent (Applygen, Beijing, China).

RNA extraction and real-time PCR. Total RNAs from the 
frozen tissue specimens were extracted using Trizol reagent 
(Promega, Madison, USA), and cDNA was synthesized from 
3–5 µg of RNA using reverse transcription reagents (Takara, 
Dalian, China) according to the manufacturer’s directions. 
Real-time PCR assay was performed as described previously 
[14]. SYBR Premix Ex Tap (Takara) in an ABI Prism 7500 se-
quence detector (Applied Biosystems, Darmstadt, Germany) 
was used. The specific primer pairs used were as follows: 
BCSC-1: 5’-GGAATTCATGGTG CACTTCTGTGGCCT3’ 
and 5’-GTCTAGAGCTCAAAAGGCAAAGATAGCAG3’. 
ß-actin: 5’-TGACGTGGACATCCGCAAAG-3’ and 5’-
CTGGAAGGTGGACAGCG AGG-3’. ß-actin was applied as 
the input interference. The PCR cycling conditions included 
35 cycles of denaturation at 95 °C for 40 sec, annealing at 58 
°C for 30 sec, and extension at 72 °C for 30 sec. The mean 
BCSC-1 level of the three real-time PCR experiments was 
calculated for each case. Results of the real-time PCR data are 
presented as CT, which is defined as the threshold PCR cycle 
number at which an amplified product is first detected. The 
average CT was calculated for both BCSC-1 and ß-actin, and 
∆CT was determined as the mean of the triplicate CTs for BC-
SC-1 minus the mean of the triplicate CTs for ß-actin. ∆∆CT, 
which represents differences between paired tissue samples, 
was calculated by the formula ∆∆CT= (∆CT of tumor–∆CT of 
normal). The relative expression level (defined as fold change) 
of the target gene BCSC-1 (2−∆∆C

T) was normalized to the 
endogenous ß-actin reference and expressed relative to the 
amount of target gene in the control sample.

Statistical analysis. The relationship between BCSC-1 ex-
pression and clinicopathological characteristics was analyzed 

Figure 1. Downregulation of BCSC-1 in human esophageal squamous cell 
carcinoma. A: BCSC-1 expression was detected in ESCC tumors (T) and 
the corresponding normal epithelia (N) by Western blot analysis using 
mAb anti-BCSC-1. The same blot was reprobed with ß-actin antibody as 
the loading control. B: The mRNA expression of BCSC-1 was examined 
in ESCC tumor and paired adjacent tissue samples by real-time PCR.  
The representative data are shown as the mean±SD of three independent 
experiments. *, P<0.01, compared with  adjacent tissue samples. 
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by χ2 tests with Statistical Package for Social Scientists software 
(SPSS, Inc., Chicago, IL, USA). P< 0.05 was considered statisti-
cally significant.

Results

BCSC-1 protein and mRNA expression in ESCC. Where-
as the high expression of BCSC-1 was detected in normal 
adjacent epithelia by Western blot analysis, BCSC-1 protein 
was downregulated to different degrees in ESCC (Fig. 1A).  
Consistent with the Western blot analysis results, real-time 
PCR showed that the levels of BCSC-1 mRNA expression 
were reduced more significantly (P<0.01) in ESCC than in 
adjacent normal tissues (Fig. 1B).

Immunohistochemical analysis of BCSC-1 expression 
in ESCC. BCSC-1 expression in ESCC at the protein level 
was studied and compared with that of normal adjacent epi-
thelia by immunohistochemical staining. BCSC-1 was highly 
expressed beyond the suprabasal level of normal esophageal 
squamous epithelium. The gene is mainly localized in the cell 
membrane and cytoplasm but can be observed in the nucleus 
in some individuals. BCSC-1 expression was remarkably 
reduced in ESCC tissues (Fig. 2). Table 1 shows the immuno-
histochemistry data. In adjacent normal tissues, the positive 
rate of BCSC-1 staining was 100% (105/105). BCSC-1 expres-
sion was downregulated more significantly in ESCC (36.2.0%, 
38/105) than in normal adjacent tissues (P<0.0001).

BCSC-1 downregulation correlates with ESCC cellular 
differentiation. The association between BCSC-1 expression 
and degree of tumor differentiation was examined. As shown 
in Fig. 3, strong staining of BCSC-1 appeared in ESCC with 
good differentiation. ESCC tissues with moderate or poor 

Table1. Association of BCSC-1 downregulation with clinicopathologic 
features in ESCC

Clinical features Total
BCSC-1 expression

P-value
(-)or(±) (+) (++)

In general <0.0001
Tumor tissue 105 38 43 24
Normal adjacent tissue 105 0 0 105

Gender 0.2155
Male 90 34 34 22
Female 15 4 9 2

Age, y 0.1166
≤60 49 13 23 13
>60 56 25 20 11

Differentiation <0.0001
Well 21 3 5 13
Moderate 59 13 35 11
Poor 25 22 3 0

Tumor invasion 0.2070
T1 41 16 18 7
T2 30 12 12 6
T3 34 10 13 11

Lymph node metastasis 0.6774
N0 83 29 33 21
N1 22 9 10 3

Clinical stage 0.7541
0 and I 40 16 18 6
IIa and IIb 56 18 21 17
III 9 4 4 1

Figure 2. Immunohistochemical staining of BCSC-1. Localization and ex-
pression levels of BCSC-1 in ESCC tissue sections were detected using mAb 
anti-BCSC-1. A, B: Strong expression of BCSC-1 appears in the spinous 
layer of normal esophageal squamous epithelium. BCSC-1 is mainly local-
ized in the cell membrane and cytoplasm in normal mucosa. C, D: Weak 
staining of BCSC-1 in ESCC. Magnification: ×100 (left), ×400 (right).

Figure 3. Expression BCSC-1 in ESCC tissues with different degrees of 
differentiation. A, B: Strong staining of BCSC-1 in ESCC with good dif-
ferentiation. C, D: Heterogeneous cytoplasmic BCSC-1 expression in ESCC 
with moderate differentiation. E, F: Focal staining of BCSC-1 in ESCC with 
poor differentiation. Magnification: ×100 (left), ×400 (right).
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differentiation exhibited lower expression levels of BCSC-1 
protein than tumors with good differentiation (P<0.0001). 
Table 1 summarizes the relevant data.

BCSC-1 expression and other clinicopathological fea-
tures of ESCC. The correlation between BCSC-1 status and 
other ESCC clinicopathological features was evaluated. Results 
showed no significant correlation between BCSC-1 downregu-
lation and patient gender, age, tumor invasion, lymph node 
metastasis, and clinical stage (P>0.05).

Discussion 

Martin et al. [6] first cloned BCSC-1 by constructing 
a physical map of the LOH11CR2 minimal region of loss on 
11q23-q24 associated with lung and breast carcinoma and 
determined that BCSC-1 is a candidate tumor suppressor 
gene. This finding was subsequently verified by Zhou et al. [8] 
and Anghel et al. [10]: Zhou et al. found that BCSC-1 shows 
tumor suppressor functions in nasopharyngeal carcinoma, 
and Anghel et al. demonstrated that BCSC-1 is a melanoma 
tumor suppressor. Therefore, the accumulated evidence indi-
cates that BCSC-1 is downregulated in a number of different 
cancer types. 

In the present study, we demonstrated the downregula-
tion of BCSC-1 in ESCC by Western blot analysis, real-time 
PCR, and immunohistochemistry. Approximately 36.2% of 
the ESCC samples exhibited marked reductions in BCSC-1 
expression whereas all adjacent normal tissues showed 
BCSC-1 expression. Interestingly, the decreased expression of  
BCSC-1 was associated with the grade of ESCC differentia-
tion. Thus, inactivation of the BCSC-1 gene may contribute 
to the occurrence and progression of ESCC. To investigate 
this possibility, function experiments on ESCC cells and 
explorations of the related molecular mechanisms must be 
performed in the near future.

Little is known about the cellular function and related 
molecular mechanism of BCSC-1 involved in tumorigenesis. 
Tumorigenesis is a very complicated process regulated by 
a number of factors [15–20]. TSG has been found to exhibit 
multiple inhibitive effects on tumorigenesis [21–23]. Although 
BCSC-1 has been identified as a candidate tumor suppressor 
gene, its biological function in cancer is largely unknown. 
BCSC-1 is located at chromosome 11q23–q24, which is lost 
in a significant number (39%) of primary breast cancer cells 
[24]. Deletion of this chromosomal region and/or hyper-
methylation of the BCSC-1 promoter may also be observed 
in lung adenocarcinoma [7], nasopharyngeal carcinoma [8], 
and cervical carcinoma [9]. The BCSC-1 gene has been shown 
to reside at a locus that is likely to harbor tumor-suppressor 
genes in cutaneous malignant melanoma [25]. 

To explore the molecular mechanism by which BCSC-1 
influences cancer development and progression, several 
studies have focused on the interaction between BCSC-1 
and the signal transduction pathway. Ectopic BCSC-1 
in nasopharyngeal carcinoma cells results in enhanced 

cell aggregation associated with increased expression of 
E-cadherin/α-catenin, and BCSC-1 suppression promotes 
Wnt signaling [8]. BCSC-1 expression decreases in human 
metastatic melanoma, and its ectopic expression in meta-
static melanoma-derived cell lines blocks tumor formation 
in vivo as well as melanoma cell proliferation in vitro while 
increasing cell migration. BCSC-1 binds to Sox10, which 
downregulates MITF, thereby resulting in a switch of 
melanoma cells from a proliferative phenotype to a migra-
tory phenotype. Therefore, BCSC-1 is a novel regulator of 
the MITF pathway [10]. Taking the results together, BCSC-1 
downregulation may contribute to tumorigenesis and ma-
lignant progression of ESCC by altering the properties of 
cell aggregation, proliferation, and /or migration. These 
previous studies also indicate that a better understanding of 
the molecular mechanism of BCSC-1 would provide a novel 
therapeutic strategy for treating patients with cancer.

In summary, we have demonstrated that BCSC-1 is down-
regulated in human esophageal squamous cell carcinoma 
compared with that in adjacent normal tissue. Downregu-
lation of BCSC-1 is associated with the grade of ESCC 
differentiation. Our study presents important information on 
the role of BCSC-1 in ESCC. BCSC-1 may serve as a novel 
molecular target for diagnosing and treating ESCC. Further 
study is necessary to elucidate the molecular mechanisms of 
BCSC-1 functions in esophageal neoplastic transformation 
and development.
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