
RESEARCH ARTICLE

Implications of Bit1 and AIF overexpressions in esophageal
squamous cell carcinoma

Tianli Fan & Fang Tian & Shanyong Yi & Yang Ke &

Shengna Han & Lirong Zhang & Hongtao Liu

Received: 25 July 2013 /Accepted: 5 August 2013 /Published online: 17 August 2013
# International Society of Oncology and BioMarkers (ISOBM) 2013

Abstract Overwhelming evidence has demonstrated that
Bit1 and AIF as mitochondrial proteins are implicated in the
development and progression of a variety of tumors.
However, their expressions and biological functions in esoph-
ageal squamous cell carcinoma (ESCC) remain to be delin-
eated. In the present study, we found that Bit1, AIF, and Bcl-2
levels in ESCC tissues were significantly higher than those in
normal esophageal epithelial tissues and dysplasia tissues (P <
0.05). Stepwise investigation demonstrated that Bit1 and Bcl-
2 levels were both tightly associated with lymphatic metasta-
sis and TNM staging (P <0.05), and the levels of Bit1 mRNA
as well as AIF and Bcl-2 proteins were both closely related to
tumor differentiation (P <0.05), but not related to the patients'
age and gender (P >0.05). Importantly, Bit1 mRNA and pro-
tein levels in ESCC with lymphatic metastasis and TNM
staging in III and IV were markedly higher than that without
lymphatic metastasis and TMN staging in I and II. Further
analysis showed that expression of Bit1 protein was both
positively correlated with expressions of AIF and Bcl-2 pro-
teins (r =0.408 and 0.405, respectively;P <0.05). Correctively,

our data cited earlier suggest that Bit1 plays pivotal roles in the
development and progression of ESCC, and its biological
functions in ESCC may be closely associated with AIF and
Bcl-2 levels.
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Introduction

Esophageal cancer (EC) is one of the most common aggres-
sive human tumors with high morbidity and mortality in the
world [1, 2], and high incidence rates have been estimated for
Southern and Eastern Africa, Eastern Asia, and north central
China [3–6]. At present, most EC falls into two classes:
squamous cell carcinoma and adenocarcinoma, in which squa-
mous cell carcinoma represents approximately 90 % of all EC
worldwide [7]. Furthermore, the prognosis of esophageal
squamous cell carcinoma (ESCC) is quite poor, the overall
5-year survival rate is about 15 %, and most patients harbor
distant metastasis at the time of diagnosis [8–10]. Therefore, it
is particularly necessary to seek new molecular markers for
the diagnosis and therapy of patients with ESCC.

Bcl-2 inhibitor of transcription 1 (Bit1) protein encodes
179 amino acids with a known structure for its putative active
site [11]. Upon loss of cellular adherence (anoikis) of both
tumor and normal cells, Bit1, described as a mitochondrial
protein, elicits apoptosis when released from the mitochondria
into the cytosol but turns out to be the precursor of mitochon-
drial peptidyl-tRNA hydrolase 2 [11], indicating that Bit1 is
involved in cell apoptosis. Recently, Bit1 was found to be
tightly associated with the occurrence and development of
cervical carcinoma and was required for the survival of cervi-
cal cancer Hela cells [12]; an opposite report about Hela cells
revealed that the stable Bit1 knockdown contributed to the
proliferation of Hela cells [13]. Alternatively, Bit1 level was
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significantly inhibited in an advanced stage of breast cancer
and inhibition of Bit1 level improved cell adhesion and migra-
tion, suggesting that Bit1 functions as a tumor suppressor gene
in breast carcinoma [13]. Recent investigation revealed that
Bit1 level in ovarian cancer was significantly higher than that
in normal epithelial tissues [14], suggesting that Bit1 functions
as an oncogene in ovarian cancer. These conflicting data delin-
eating the opposite functions of Bit1 in different tumors as a
dominant oncogene or tumor suppressor gene may be mainly
dependent on the type of tumors, which will impel us to
investigate the function and expression of Bit1 in ESCC.

Likewise, apoptosis-inducing factor (AIF) is implicated in
cell apoptosis in a caspase-independent manner, which mainly
occurs when it translocates to cell nucleus [15]. Recently,
multiple studies focus on the relationship between AIF and
tumors, including small lymphocytic lymphoma [16], diffuse
large B-cell lymphoma [16], colorectal cancer [17], lung
adenocarcinoma [18], ovarian cancer [19], etc. More notably,
our previous study demonstrated that TAp63γ expression
evoked the release of AIF and Bit1 from the mitochondria to
trigger cell apoptosis in ESCC [20]. Moreover, Bcl-2 family
proteins, whose members have both anti-apoptotic and pro-
apoptotic activity, have a central role in the control of
mitochondria-induced apoptosis [21]. These data suggest that
Bit1, AIF, and Bcl-2 may have common intrinsic connections
in the development and progression of a variety of tumors.

However, to date, the functions and intrinsic correlations of
Bit1, AIF, and Bcl-2 in ESCC remain elusive; therefore, in the
present study, we investigated the Bit1, AIF, and Bcl-2 levels in
ESCC tissues, analyzed the correlations between Bit1, AIF, and
Bcl-2 levels and clinicopathological features, and further inves-
tigated the correlations of Bit1 and AIF as well as Bcl-2 in ESCC
tissues. Our preliminary results presented herein will provide the
valuable basis for stepwise function analysis of Bit1 in ESCC.

Materials and methods

Tissue samples

Frozen esophageal tissues for quantitative real-time PCR
obtained in the period October to November of 2010 were
cut off during the operations in the department of cardiotho-
racic surgery in the Cancer Hospital of Anyang, Henan
Province. Forty-eight cases of ESCC specimens (33 highly
and moderately differentiated and 15 lowly differentiated), 50
cases of tumor-adjacent dysplasia specimens, and 50 cases of
adjacent tumor-free esophageal specimens matched with the
ESCC specimens were enrolled in this study.

Paraffin-embedded sections of esophageal tissues for im-
munohistochemistry analysis obtained in the period January
to August of 2010 were retrieved from the files of the
Department of Pathology, the First Affiliated Hospital of

Zhengzhou University. Among these cases, there were three
groups which included 60 cases of ESCC specimens (48
highly and moderately differentiated and 12 lowly differenti-
ated), 59 cases of tumor-adjacent dysplasia specimens, and 45
cases of normal epithelial samples.

Written informed consent was taken by the cited participants.
None of the patients had radiotherapy or chemotherapy before
surgery and were confirmed as ESCC by an experienced pathol-
ogist. The clinicopathological characteristics of all the patients
are summarized in Tables 2 and 4.

Quantitative real-time RT-PCR

Total RNA was extracted from 100 mg of esophageal frozen
specimens by using TRIzol reagent (Invitrogen, USA). The
cDNA was prepared using a reverse transcription reagent kit
(TaKaRa Company, Dalian, China) according to the manufac-
turer's instructions. Gene expression was quantified using ABI
7500 Real-Time PCR System (USA) for the target gene Bit1 and
the housekeeping gene β-actin with the following primers: Bit1,
5′-AGAGGTAGCTCACGCGATAGAA-3′ (forward) and 5′-
GCATCCCAAAGCATACTCGAA-3′ (reverse) (product length,
196 bp) as well as β-actin, 5′-TGGCACCCAGCACAATGAA-
3′ (forward) and 5′-CTAAGTCATAGTCCGCCTAGAAGCA-
3′ (reverse) (product length, 186 bp); β-actin was utilized as
normalization. Quantitative RT-PCR was performed in a total
reaction volume of 20μl containing 10μl SYBRPremix ExTaq,
0.4 μl forward primers, 0.4 μl reverse primers, 0.4 μl ROX
Reference Dye II, 6.8μl water, and 2μl cDNA. Thermal cycling
conditions were as follows: 30 s at 95 °C for initial denaturation,
followed by 40 cycles of 5 s at 95 °C and 34 s at 60 °C. Each
sample was tested in triplicate, and Bit1 relative level was
normalized using the 2−ΔΔCt method relative to β-actin
according to a previous description [22]. Evaluation of the result
of quantitative real-time RT-PCR was performed according to a
previous report [23].

Immunohistochemistry

Bit1 protein expression was detected by using the Strept
Avidin–Biotin Complex (SABC) Reagent Kit (Boster
Biological Engineering Co., Ltd., Wuhan, China) in the three
groups of the paraffin-embedded blocks of esophageal tissues
with Bit1, Bcl-2, and AIF polyclonal antibodies (Santa Cruz
Biotechnology, Santa Cruz, CA, USA) according to the man-
ufacturer's procedures. PBS, instead of Bit1, Bcl-2, and AIF
primary antibodies, was used as a negative control.

Evaluation of staining

All of the normal and neoplastic cells that both exhibited
cytoplasmic immunoreactivity with clearly brown-yellow
were regarded as Bit1, Bcl-2, and AIF positive staining. A
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scoring system for Bit1, Bcl-2, and AIF positive staining was
carried out according to a previous publication with minor mod-
ification [24]. The percentage of positive staining cells was count-
ed by randomly selecting ten fields to count the positive cells
under the high power microscope. The percentage of positive
immunostaining cells was scored as follows: 0 (none), 1 (<10%),
2 (10–50 %), 3 (51–80 %), or 4 (>80 %). Staining intensity was
scored in the following: 0 (negative), 1 (weak staining), 2 (mod-
erate staining), or 3 (strong staining). Multiplication of the scores
for the percentage of positive staining cells and staining intensity
resulted in four classifications from 0 to +++: negative, 0 (score
0–1); weak staining, + (score 2–3); moderate staining, ++ (score
4–5); strong staining, +++ (score 6–7).

Statistical analysis

SPSS 17.0 statistical software package (SPSS, Inc., Chicago,
IL, USA) was used for statistical treatment. For the measure-
ment data, data were presented as mean±SD. Differences
among the groups were determined using one-way ANOVA,
and then multiple comparisons between groups were
performed using LSD t -test. For the count data, rank sum test
was used in the comparisons between groups. The relation-
ships among protein expressions in ESCC were performed
using Spearman rank correlation test. A value of P less than
0.05 was considered as statistically significant.

Results

Elevated Bit1 mRNA level in ESCC tissues

Quantitative real-time RT-PCR was utilized to detect Bit1
mRNA level in 48 cases of ESCC tissues, 50 cases of

dysplasia tissues, and 50 cases of normal esophageal epithelial
tissues. The results demonstrated that Bit1 mRNA level in
ESCC tissues (1.581±1.235) was significantly higher than
those in dysplasia tissues (1.141±0.623) and normal esopha-
geal epithelial tissues (1.086±0.588), and there were signifi-
cant differences among the three groups (F =4.024,
P=0.020) (Fig. 1; Table 1); conversely, there was no differ-
ence in Bit1 mRNA level between dysplasia tissues and
normal esophageal epithelial tissues (P >0.05) (Fig. 1;
Table 1). These data presented herein suggest that Bit1 at high
levels may be tightly associated with the development and
progression of ESCC.

Relationship between Bit1 mRNA level
and clinicopathological features in ESCC tissues

To elucidate the possible role of Bit1 mRNA level in the
development and progression of ESCC, we performed the
investigation regarding the association of Bit1 mRNA level
in ESCC patients with various clinicopathological features,
such as gender, age, tumor differentiation, lymphatic

Fig. 1 Overexpression of Bit1 mRNA in ESCC. Total RNA was
extracted from 48 cases of ESCC tissues, 50 cases of dysplasia tissues,
and 50 cases of normal esophageal epithelial tissues subjected to the first-
strand cDNA synthesis kit, and quantitative real-time PCR analysis was
performed according to “Materials and methods”. a Bit1 mRNA levels in
ESCC tissues were significantly higher than that in normal esophageal

epithelial tissues, and significant difference was displayed between ESCC
tissues and normal esophageal epithelial tissues. b Quantitative real-time
PCR analysis revealed higher levels of Bit1 mRNA in ESCC tissues than
in dysplasia tissues, and there were evident differences between ESCC
tissues and dysplasia tissues

Table 1 Expression of Bit1 mRNA in different esophageal tissues

Tissues Number of
samples, N

Bit1 relative
mRNA level
(x� s )

F value P value

ESCC 48 1.581±1.235 4.024 0.020
Dysplasia 50 1.141±0.623

Normal 50 1.086±0.588

ESCC compared to dysplasia, P=0.009; ESCC compared to normal
esophageal tissues, P=0.001; dysplasia compared to normal esophageal
tissues, P=0.314
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metastasis, and TNM staging. As indicated in Table 2, a
positive correlation between Bit1 mRNA level and lymphatic
metastasis, TNM staging, and tumor differentiation was found
(both P <0.05), but not related to the patients' gender and age
(all P >0.05). More notably, Bit1 mRNA level in ESCC
tissues with lymphatic metastasis was markedly higher than
that in ESCC tissues without lymphatic metastasis (P=0.001)
(Fig. 2a), and similar results were displayed in TNM staging
(P=0.003) (Fig. 2b), implying that Bit1 at a higher level
predicts stronger aggressiveness in ESCC.

Overexpression of Bit1 protein in ESCC tissues

Immunohistochemistry was used to detect the Bit1 protein
level in 60 cases of ESCC tissues, 59 cases of dysplasia
tissues, and 45 cases of normal esophageal epithelial tissues.
The results revealed that Bit1 protein was mainly localized in
the cytoplasm of ESCC tissues with brown staining (Fig. 3a–c).
Among all the 60 cases of ESCC, 59 cases of dysplasia tissues,
and 45 cases of normal esophageal epithelial tissues, 50
(83.33 %), 21 (35.60 %), and three (6.67 %) exhibited the
overexpression of Bit1 protein, respectively (Table 3).
Compared to that of normal esophageal epithelial tissues and
dysplasia tissues, there was an obvious increase in Bit1 protein
level in ESCC tissues (P<0.05) (Table 3). These protein expres-
sion profiles suggest that Bit1 may function in the progression of
ESCC.

Elevated expressions of Bcl-2 and AIF proteins in ESCC
tissues

To further delineate the expressions of Bcl-2 and AIF proteins
closely related to Bit1 in ESCC tissues, immunohistochemistry
was utilized to investigate the expressions of Bcl-2 and AIF
proteins in different esophageal tissues. The results revealed that
positive expression rate of Bcl-2 protein in ESCC tissues (100%)
was significantly higher than those in dysplasia tissues (91.50%)
and normal esophageal epithelial tissues (77.78 %) (P<0.05)
(Fig. 3d–f; Table 3). In addition, AIF protein level in ESCC
tissues (50.00 %) was markedly higher than those in dysplasia
tissues (28.81 %) and normal esophageal epithelial tissues
(22.22 %) (P<0.05); however, there was no difference in AIF
level between dysplasia tissues and normal esophageal epithelial
tissues (P>0.05) (Fig. 3g–i; Table 3).

Fig. 2 Bit1 mRNA at high level predicts higher aggressiveness in ESCC.
Bit1 mRNA relative levels in ESCC tissues with various clinicopatho-
logical features including lymphatic metastasis and TNM staging, and
SPSS 17.0 software was utilized to investigate the statistical results. a
Bit1 mRNA level in ESCC tissues with lymphatic metastasis was higher

than that in ESCC tissues without lymphatic metastasis, and there was
significant difference between the two groups. b Bit1 mRNA levels in
ESCC tissues with TNM staging in III–IV was higher than that in ESCC
tissues with TNM staging in I–II, and there was significant difference
between the two groups

Table 2 Association of Bit1 mRNA level in ESCC patients with various
clinicopathological features

Clinicopathological
features

Number of
samples, N

Bit1 relative
mRNA level
(x� s )

T value P value

Gender 1.535 0.222

Male 29 1.756±1.335

Female 19 1.241±0.965

Age (year) 0.051 0.822

≥60 25 1.657±1.220

<60 23 1.498±1.275

Differentiation 25.419 0.000

Moderate and well 33 1.243±0.793

Poor 15 2.385±1.702

Lymphatic metastasis 21.195 0.000

No 20 0.951±0.437

Yes 28 2.059±1.427

TNM staging 22.449 0.000

I–II 21 1.036±0.441

III–IV 27 1.995±1.474
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Correlations between Bit1 protein expression
and clinicopathological features in ESCC tissues

To clarify the potential role of Bit1 protein in the development
and progression of ESCC, we performed an investigation

about the association of Bit1 protein expression in ESCC
patients with various clinicopathological features, such as
gender, age, tumor differentiation, lymphatic metastasis, and
TNM staging. As shown in Table 4, a positive correlation
between Bit1 protein expression and lymphatic metastasis and

Fig. 3 Immunohistochemistry
analysis for the expressions of
Bit1, Bcl-2, and AIF proteins in
various esophageal tissues
(SABC, ×400). a Strong positive
expression of Bit1 protein in
ESCC tissues; b positive
expression of Bit1 protein in
dysplasia tissues; c negative
expression of Bit1 protein in
normal esophageal epithelial
tissues; d positive expression of
Bcl-2 protein in ESCC tissues;
e weak positive expression of
Bcl-2 protein in dysplasia tissues;
f negative expression of Bcl-2
protein in normal esophageal
epithelial tissues; g positive
expression of AIF protein in
ESCC tissues; h weak positive
expression of AIF protein in
dysplasia tissues; i negative
expression of AIF protein in
normal esophageal epithelial
tissues

Table 3 Expressions of Bit1, Bcl-2, and AIF proteins in different esophageal tissues

Tissues Number of
samples, N

Expression of
Bit1 protein

Overexpression rate
(%)

Expression
of Bcl-2
protein

Positive expression
rate (%)

Expression
of AIF
protein

Positive expression
rate (%)

− + ++ +++ − + ++ − + ++

ESCC 60 0 10 45 5 83.33 0 37 23 100.00 30 19 11 50.00

Dysplasia 59 4 34 21 0 35.60 5 46 8 91.50 42 16 1 28.81

Normal 45 16 26 3 0 6.67 10 32 3 77.78 35 10 0 22.22

Overexpression rate denotes that the number of positive (++) and strong positive (+++) is divided by the number of N in each group. For Bit1 protein,
dysplasia compared to ESCC, Z=−5.526, P=0.000; normal compared to ESCC, Z=−7.835, P=0.000; regarding the comparison of dysplasia tissues and
normal tissues, Z=−4.462, P=0.000. For Bcl-2, dysplasia compared to ESCC, Z=−3.520, P=0.000; normal compared to ESCC, Z=−4.740, P=0.000;
regarding the comparison of dysplasia tissues and normal tissues, Z=−2.091, P=0.036. For AIF, dysplasia compared to ESCC, Z=−2.779, P=0.005;
normal compared to ESCC, Z=−3.235, P=0.001; regarding the comparison of dysplasia tissues and normal tissues, Z=−0.798, P=0.425
− negative, + weakly positive, ++ positive, +++ strong positive
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TNM stage was found (both P <0.05), but not related to the
patients' gender, age, and differentiation (all P >0.05). More
notably, Bit1 protein expression in ESCC tissues with lym-
phatic metastasis was markedly higher than that in ESCC
tissues without lymphatic metastasis (P=0.000) (Table 4),
and similar results were found in TNM staging (P=0.000)
(Table 4), predicting that Bit1 protein at a higher level is
tightly associated with stronger aggressiveness in ESCC.

Correlations between Bcl-2 and AIF protein expressions
and clinicopathological features in ESCC tissues

To further investigate the possible role of Bit1 in ESCC, we
analyzed the relationships between the two proteins, Bcl-2 and
AIF, which were closely associated with Bit1 in a variety of
tumors [12, 20], and clinicopathological features in ESCC
tissues.We found that Bcl-2 expression was closely associated
with tumor differentiation, lymphatic metastasis, and TNM
stage (P <0.05), but not related to the patients' age and gender
(P >0.05) (Table 4). Most remarkably, AIF was only associ-
ated with tumor differentiation in all studied clinicopatholog-
ical features (P <0.05) (Table 4). These data suggest that Bcl-2
and AIF may play an important role in the development and
progression of ESCC.

Expression of Bit1 protein is positively correlated to the levels
of Bcl-2 and AIF proteins

It is documented that Bit1 exerting biological functions is
closely associated with Bcl-2 and AIF expressions in a variety

of tumors [12, 20]. To preliminarily elucidate the possible
molecular mechanisms of Bit1-mediated apoptosis, we ex-
plored the relationship between Bit1 protein expression and
Bcl-2 as well as AIF proteins expressions. We found that
expressions of Bcl-2 and AIF proteins were positively corre-
lated with expression of Bit1 protein (r =0.405 and 0.408,
respectively; both P <0.05) (Table 5).

Discussion

Increasing evidence has demonstrated that Bit1 is implicated
in various biological processes during the development and
progression of tumors, including proliferation, apoptosis, sur-
vival, invasion, and metastasis [12–14, 20, 25–27]; most
importantly, Bit1 plays an essential role in a large number of
signaling pathways closely related to the development and
progression of tumors, such as NF-kappa B signaling pathway
[12], ERK signaling pathway [25], integrin-specific signaling
pathway [28], etc., implying the important function of Bit1 in
the development and progression of multiple different tumors.
Recently, Hua et al. [14] performed the investigation regard-
ing the expression of Bit1 in 78 cases of serious papillary
adenocarcinoma and 78 cases of corresponding normal epi-
thelial ovarian tissues by immunohistochemistry; the result
revealed that positive ratios of Bit1 expression were 100 % in
78 cases of serious papillary adenocarcinoma tissues but only
33.3 % of positive ratios in 78 cases of corresponding normal
epithelial ovarian tissues, suggesting that Bit1 was tightly
associated with ovarian serious papillary adenocarcinomas.

Table 4 Correlations between expressions of Bit1, Bcl-2 and AIF proteins and clinicopathological features

Clinicopathological
features

Number of cases, N Expression of
Bit1 protein

Z value P value Expression
of Bcl-2
protein

Z value P value Expression
of AIF
protein

Z value P value

− + ++ +++ − + ++ − + ++

Gender −1.438 0.150 −0.517 0.605 −0.608 0.543

Male 42 0 5 33 4 0 25 17 21 11 10

Female 18 0 5 12 1 0 12 6 9 8 1

Age (year) −0.665 0.506 −1.132 0.258 −1.346 0.178

≥60 39 0 6 29 4 0 22 17 18 11 10

<60 21 0 4 16 1 0 15 6 12 8 1

Differentiation −0.671 0.502 −2.896 0.004 −2.413 0.016

Moderate and well 48 0 9 35 4 0 34 14 29 10 9

Poor 12 0 1 10 1 0 3 9 1 9 2

Lymphatic metastasis −3.901 0.000 −2.422 0.015 −0.260 0.795

No 22 0 9 13 0 0 18 4 11 8 3

Yes 38 0 1 32 5 0 19 19 19 11 8

TNM stage −3.737 0.000 −2.795 0.005 −1.402 0.161

I–II 24 0 9 15 0 0 20 4 14 8 2

III–IV 36 0 1 30 5 0 17 19 16 11 9

524 Tumor Biol. (2014) 35:519–527



Further investigation demonstrated that Bit1 overexpression
in ovarian cancer was markedly correlated with histologic
grade and overall survival rate [14]. These studies gave prom-
inence to the important role of Bit1 in the development and
progression of tumors. Therefore, in the present study, we
investigated Bit1 mRNA and protein level by quantitative
real-time RT-PCR and immunohistochemistry; we found that
Bit1 expression in ESCC tissues was significantly higher than
those in dysplasia tissues and normal esophageal epithelial
tissues (P <0.05), suggesting that Bit1 may function as an
oncogene in the progression of ESCC.

It is well documented that Bcl-2 and AIF expressions are
tightly associated with the development and progression of
tumors [29–33], especially implicated in apoptosis of tumor
cells [15, 19, 34, 35], which may be an underlying molecular
therapeutic target [35, 36]. Bcl-2 as an extensively investigat-
ed apoptosis-inhibitive gene has been demonstrated to be
overexpressed in multiple different tumors including breast
carcinoma [37] and gastric carcinoma [38], but only 18 %
overall expression for ESCC [39]. Jeong et al. [40] found that
AIF protein expression was detected in both cancer cells and
normal mucosal epithelial cells in all of the 103 colorectal
carcinoma tissues with higher intensities of AIF immunostain-
ing than the normal cells in 83 cases (80.5%). Additionally, an
increased expression of AIF in malignant gastric epithelial
cells compared to the normal mucosal cells was also found
[41]. These investigations indicate that Bcl-2 and AIF proteins
play pivotal roles in the development and progression of the
tumors. To further clarify the role of Bcl-2 and AIF proteins in
ESCC, expressions of Bcl-2 and AIF proteins were analyzed
by immunohistochemistry. We found that the positive expres-
sion rate of Bcl-2 in ESCC was 100 %, which may be
somewhat different from the results of Hsia et al. [39]. The
result of AIF expression in ESCC displayed a similar tendency
with that of Bcl-2; however, there was no difference in AIF
level between dysplasia tissues and normal esophageal epi-
thelial tissues. Our results suggest that Bcl-2 and AIF at a high
level may play a central role in the occurrence and develop-
ment of ESCC; however, the precise molecular mechanism for
this event remains to be elucidated.

Increasing evidence has demonstrated that clinicopatholog-
ical features, such as tumor differentiation, TNM stage, and
lymph node metastasis, are the most critical prognostic factors
for determining the clinical outcomes in esophageal cancer
[42]. To date, few studies that examine the relationships
between Bit1 and AIF expressions and clinicopathological
features of ESCC have been available. Here, to investigate
the potential role of the Bit1 and AIF expressions in the
development and progression of ESCC, we analyzed the
correlations of Bit1 mRNA and protein as well as AIF protein
with clinicopathlogical parameters of ESCC. We found a
positive correlation of Bit1 protein expression with lymphatic
metastasis and TNM stage, but not related to the patients'
gender, age, and differentiation. Stepwise analysis revealed
that Bit1 mRNA and Bcl-2 overexpressions were closely
associated with tumor differentiation, lymphatic metastasis,
and TNM stage, but AIF overexpression was only related to
tumor differentiation. Notably, discrepancy of Bit1 mRNA
and protein in tumor differentiation may be involved in the
changes of transcriptional and translational levels of Bit1;
nevertheless, precise mechanisms for this event remain to be
identified. Collectively, these data suggest that a combination
of Bit1 and Bcl-2 may be a novel predictor for ESCC metas-
tasis; further investigations regarding the relationship of the
three proteins remain to be explored.

Bit1 was previously reported to be a mitochondrial protein
that regulated cell death through modulating Bcl-2 expression
[12]. Ectopic expression of Bcl-2 had no effect on apoptosis
mediated by cytoplasmically expressed Bit1; however, these
proteins partially prevented AES-induced apoptosis, possibly
by stabilizing the mitochondria and thereby suppressing the
release of endogenous mitochondrial Bit1 [28]. Our previous
investigation demonstrated that mitochondria-released
proapoptotic proteins, AIF and Bit1, were important factors
in a TAp63gamma-induced EC9706 cell apoptosis pathway
[20], suggesting that AIF and Bit1 may be both associated
with cell apoptosis. To further elucidate the relationships
between Bit1 and Bcl-2 as well as AIF, correlation analysis
results revealed that Bit1 expression was both positively re-
lated to the expressions of Bcl-2 and AIF, which will provide a

Table 5 Relationships between Bit1 and Bcl-2 as well as AIF protein expressions in ESCC

Protein expression Bcl-2 r P value AIF r P value

− + ++ +++ − + ++ +++

Bit1 0.405 0.001 0.408 0.001

− 0 0 0 0 0 0 0 0

+ 0 9 1 0 8 2 0 0

++ 0 28 17 0 22 15 8 0

+++ 0 0 5 0 0 2 3 0

− negative, + weakly positive, ++ positive, +++ strong positive
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new strategy for us to investigate the function of Bit1 in ESCC
in the future.

In summary, our results presented herein suggest that
overexpression of Bit1 may play an essential role in the
development and progression of ESCC, and positive correla-
tions of Bit1 expression with Bcl-2 and AIF levels will pro-
vide new evidence for Bit1 molecular target therapy.
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