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Abstract
Objective—Bax-Interacting Factor-1 (Bif-1) protein plays a critical role in apoptosis,
mitochondrial morphogenesis and autophagy, and its loss promotes tumorigenesis. The role of
Bif-1 in pancreatic cancer has not been studied.

Methods—We determined Bif-1 expression in 82 human pancreatic ductal adenocarcinomas
(PDC) and in 82 non-malignant pancreatic specimens (NMP), using immunohistochemistry and
tissue microarray. Bif-1 immunostain was semiquantitatively scored on a scale of 0 to 9.

Results—Bif-1 scores in NMP were either 6 or 9, with lower scores in only 19 of 82 NMP
(23.2%). Low Bif-1 expression (score < 6) was found in 37 of 82 PDC (45.1%), a proportion
significantly greater than that found in NMP (p = 0.005). Bif-1 expression was twice as likely to
be low in PDC as in NMP (RR = 1.95, 95% CI: 1.23, 3.09). Kaplan-Meier survival estimates
showed no difference in survival between patients with low and high Bif-1 expression (p = 0.21,
log-rank test).

Conclusions—Bif-1 expression is down-regulated in a subset of PDC. This novel finding is in
agreement with the tumor suppressor function of Bif-1. The lack of association with Bif-1
expression with patient survival may be best explained by the complexity of carcinogenesis.
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INTRODUCTION
The annual incidence of pancreatic cancer has risen over the last decade, with more than
42,000 new cases expected in 2009 (1–3). Pancreatic cancer is the fourth most-common
cause of death from cancer in men and women, with the great majority of these being ductal
adenocarcinomas. Furthermore, the 5-year survival of patients with ductal pancreatic cancer
is less than 5% and it has shown no improvement over the past 3 decades (1,3).

It is well documented that acquired resistance to programmed cell death or apoptosis is
essential for tumor development, progression and metastasis (4). For instance, aberrant
expression of Bcl-2 family proteins, growth factors, and cell receptors has been described in
pancreatic cancer (5–9). Mutations in p53 have been reported in 37–63% of pancreatic
ductal adenocarcinomas (10,11) and oncogenic K-ras mutations have been observed in 80%
of such cancers (12). CD44 variants 6 and 2 are over-expressed on pancreatic tumor cells,
and predict a decreased survival (13,14). Moreover, lysosomal cathepsins and laminin
receptors, as well as urokinase plasminogen activator (uPA) and its receptor (uPAR), have
been linked to the metastatic potential of pancreatic cancer cells (15–17).

Bif-1 (also known as endophilin B1 and SH3GLB1) was originally discovered by yeast two-
hybrid screenings for proteins that bind the pro-apoptotic Bcl-2 family protein Bax (18,19).
While Bif-1 over-expression promotes Bax activation and apoptosis (18), inhibition of Bif-1
expression suppresses Bax-dependent apoptosis in response to intrinsic death signals (20).
Bif-1 has also been shown to regulate mitochondrial morphogenesis (21). Moreover, Bif-1 is
involved in endocytic trafficking of growth factor receptors [22–24] and autophagy (25).
Bif-1 interacts with Beclin 1 through UVRAG and plays a role in autophagosome formation
(25). Importantly, suppression of Bif-1 expression promotes xenograft tumor growth and the
development of spontaneous tumors in mice (25).

While apoptotic evasion represents one of the true hallmarks of cancer, accumulating
evidence suggests that defects in autophagy also contribute to tumor development and
progression (26–29). Autophagy is an intracellular catabolic process that plays a vital role in
maintaining cellular homeostasis. It has been shown that the rate of autophagy is reduced
during chemical carcinogenesis in rats (13–15). Oncogenes, such as mTOR, Akt and Bcl-2,
suppress autophagy, whereas tumor suppressors, such as DAPK, p53 and PTEN, stimulate
autophagy (5,6,16,17). Moreover, mutation of autophagy genes, such as beclin 1, is
frequently detected in human cancer (9).

In this study we evaluated Bif-1 protein expression in 82 pancreatic ductal adenocarcinomas
using semi-quantitative immunohistochemistry and tissue microarray technology. We then
sought an association between level of Bif-1 expression and clinical outcomes.

MATERIALS AND METHODS
The present study is focused on 82 patients with stage IA – IIB ductal adenocarcinoma of
the pancreas who underwent pancreatectomy with curative intent, between 1987 and 2006 at
the Moffitt Cancer Center, and survived at least 30 days. The histologic diagnosis in each
case was confirmed by expert pathology review (DC, MG) of sections cut from fixed
surgical specimens that had been stained with hematoxylin and eosin. Data from the Moffitt
Cancer Registry, the patient’s medical record, the Anatomic Pathology database (CoPath),
and the Social Security Death Index were reviewed to determine the patient’s
clinicopathologic characteristics, American Joint Committee on Cancer (AJCC) anatomic
staging, survival of each patient after surgery, whether the patient was deceased as of most
recent knowledge, and if there was evidence of disease at that time. The study was approved
by the Institutional Review Board of the University of South Florida, Tampa.
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Selection of Cases and Construction of Tissue Microarrays
For immunohistochemical study we used stage-oriented human pancreatic cancer tissue
microarrays (TMAs) prepared in the Histology Laboratory of the Moffitt Cancer Center
Tissue Core Facility. TMAs were constructed using specimens of both pancreatic ductal
adenocarcinoma and non-malignant pancreas taken from adjacent to the cancer. Two
separate cores, 0.6 cm in diameter, were obtained for each pancreatic cancer specimen, as
well as for the non-malignant pancreas specimens taken from adjacent to the cancers. All
specimens used in constructing TMAs had been preserved in 10% buffered formalin prior to
embedding in paraffin.

Immunohistochemistry
The tissues were stained using the avidin-biotin-peroxidase method and anti-Bif-1 mouse
monoclonal antibody (Imgenex, San Diego, CA). TMA slides were dewaxed by heating at
55° C for 30 minutes and by three washes, five minutes each, with xylene. Tissues were
rehydrated by a series of five-minute washes in 100%, 95%, and 80% ethanol, and distilled
water. Endogenous peroxidase activity was blocked with 3% hydrogen peroxide for 20
minutes. After blocking with universal blocking serum (Ventana Medical Systems, Inc.,
Tucson, Arizona OMNIMAP) for 30 minutes, the samples were incubated with anti-Bif-1
mouse monoclonal antibody (Imgenex, dilution 1:2500) at 4° C overnight. The samples
were then incubated with biotin-labeled secondary antibody and streptavidin-horseradish
peroxidase for 30 minutes each (Ventana Medical Systems). The slides were developed with
3, 3’-diaminobenzidine tetrahydrochloride substrate (Ventana Medical Systems Inc. Tucson,
Arizona) and counterstained with hematoxylin (Ventana Medical Systems Inc. Tucson,
Arizona). The tissue samples were dehydrated and coversliped. Standard cell conditioning
following Ventana proprietary recommendations was used for antigen retrieval. The
specificity of the anti-Bif-1 monoclonal antibody was confirmed by immunoblot analysis of
Bif-1-positive and -negative cells (20,30). A negative control was included by omitting
Bif-1 antibody during the primary antibody incubation step.

Analytical and Statistical Methods
A semi-quantitative measure of Bif-1 expression was determined by two pathologists (DC,
MG) who independently scored stained tissue sections for intensity of Bif-1 immunostain
and percent of cells stained, with consensus scores determined for each section. Intensity of
immunostain was subjectively ranked on a scale of increasing intensity: 0, 1+, 2+, and 3+.
The percent of cells stained for Bif-1 was estimated on a scale of 0 to 3: 0 (0%), 1 (1–33%),
2 (34 66%), and 3 (67–100%). Bif-1 expression score was calculated as the product of the
intensity and percent-stained scores. Thus, the Bif-1 score can take on only the values 0, 1,
2, 3, 4, 6, and 9.

Association between variables was assessed by Fisher’s exact test. Relative risk (RR) was
used to compare the probability (risk) of Bif-1 expression being low between two groups of
patients. Disease-specific survival was estimated by the Kaplan-Meier method, using death
with evidence of disease as the endpoint. The log-rank test for equality of survival functions
was used to compare Kaplan-Meier survival curves.

RESULTS
A total of 82 patients who underwent resection of stage IA–IIB ductal adenocarcinoma of
the pancreas had fixed surgical cancer specimens immunostained for Bif-1. Adjacent non-
malignant pancreas specimens were stained in 75 of these 82 patients. In 7 additional
pancreatic cancer patients only non-malignant pancreas specimens taken from adjacent to
the cancer were stained, making a total of 82 non-malignant pancreas specimens stained.
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Clinical features, AJCC anatomic staging, and histologic characteristics for the 82 patients
whose cancer specimens were stained for Bif-1 are shown in Table 1.

Immunohistochemical Observations
Figure 1 shows representative examples of cancer and non-malignant pancreas
immunohistochemically-stained for Bif-1, along with their respective Bif-1 expression
scores. In all cases expressing Bif-1 the staining was cytoplasmic and diffusely granular. In
some cases there was variation in intensity within the same lesion. In such event the
intensity score was assigned based on the predominant staining intensity and the percent of
positive cells was calculated based on the amount of lesion showing the predominant
intensity.

Bif-1 Expression in Cancer and Non-Malignant Pancreas
The stain was localized to the pancreatic duct epithelium, but also in the acinar cells and in
the neuroendocrine cells of the islets of Langerhans. We first considered the expression of
Bif-1 in non-malignant pancreas by inspection of the frequency distribution of expression
scores in 82 non-malignant pancreas specimens (Figure 2A). The great majority of Bif-1
scores in nonmalignant pancreas were either 6 or 9, with a lower Bif-1 expression being
found in only 19 of 82 non-malignant specimens (23.2%). It is this normally-low percentage
of non-malignant pancreas specimens with low Bif-1 expression to which we compared
Bif-1 expression in cancer to determine if Bif-1 expression was lost in pancreatic cancer.

The frequency distribution of Bif-1 expression scores for the 82 pancreatic cancer specimens
is shown in Figure 2B. Bif-1 expression scores were low in 37 of 82 cancer specimens
(45.1%), which was significantly greater than the proportion of non-malignant specimens
(23.2%) with an expression score of less than 6 (p = 0.005). Bif-1 expression was about
twice as likely to be low (score less than 6) in pancreatic cancers than in non-malignant
pancreas (RR = 1.95, 95% CI: 1.23, 3.09).

Bif-1 Expression in Cancer and Clinical Outcomes
Kaplan-Meier survival estimates by Bif-1 score were done for the 82 patients who
underwent pancreatectomy for cancer and had their tumor evaluated for Bif-1 expression.
Survival for patients with low Bif-1 expression did not differ significantly from those with
high Bif-1 expression (p = 0.21).

We considered whether low Bif-1 expression (score less than 6) in pancreatic cancer might
be associated with the presence of histopathologic characteristics regarded as portending an
adverse clinical outcome. Table 2 shows the RR of low Bif-1 expression by the presence of
potentially-adverse histopathologic characteristics. RR was calculated as the ratio of the
probability (risk) of Bif-1 expression being low in patients with the specified characteristic
being present to the probability in patients without that characteristic. No RR differed
significantly from 1.00, indicating that Bif-1 expression was independent of the presence of
each histopathologic characteristic (p > 0.50 in all instances).

DISCUSSION
Evidence of a role for loss of Bif-1 tumor suppressor activity in carcinogenesis has been
found at the chromosomal level, in transcription, and in the protein product for a number of
different cancers. The human Bif-1 gene is mapped to chromosome 1p22, a chromosome in
which loss of heterozygosity (LOH) is frequently found in many tumor types (31–39). As an
example, a homozygous deletion of Bif-1 has been reported in mantle cell lymphomas (31).
Moreover, it has been shown that Bif-1 mRNA levels are down-regulated in lung carcinoma
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(40) and colon cancer (41). At the protein level, several reports described findings similar to
ours, with subsets of tumors retaining Bif-1 expression, and others loosing such expression.
For example, approximately 60% of gastric carcinoma [42], 21% of prostate cancer [43],
23% of colorectal adenocarcinoma [44], and 15% of invasive bladder cancer [45] are Bif-1
negative as determined by immunohistochemistry. Moreover, Bif-1 expression is down-
regulated during clinical progression of breast carcinoma in situ to invasive and metastatic
carcinomas [46]. However, somatic mutation of bif-1 gene is rare in common human cancers
[47].

In this study, we found for the first time that Bif-1 was under-expressed in about 45% of
pancreatic cancers, in contrast to the high levels normally expressed in nonmalignant
pancreas. This novel finding is consistent with the function of Bif-1 as a tumor suppressor.
However, it remains to be determined whether loss of Bif-1 tumor suppressor activity in
pancreatic cancer would occur through reduced Bax activation with resultant decrease in
apoptosis, inhibition of autophagy, or both.

As already noted, a number of the biochemical and molecular changes that occur in
pancreatic cancer have been shown to be associated with differences in tumor behavior and
clinical outcome. We found, however, that survival after pancreatectomy in patients who
had low Bif-1 expression did not differ from survival in those who had the high level of
Bif-1 expression most often found in non-malignant pancreas. Having failed to find that
survival differed by Bif-1 expression, we considered that various histopathologic
characteristics have been reported to be individually predictive of survival after
pancreatectomy with curative intent. These characteristics include, but are not limited to,
anatomic tumor extent as defined by AJCC staging, and tumor histologic characteristics. We
recently reported that a simple combination of histopathologic characteristics reflecting
aggressiveness of tumor biology (histologic differentiation, lymphatic invasion within the
tumor, and local extrapancreatic tumor extension) was predictive of survival after
pancreatectomy (48). When we considered whether loss of Bif-1 expression might be
associated with these and other potentially adverse histopathologic characteristics, we were
unable to find an association.

Loss of Bif-1 expression in a subset of patients with ductal pancreatic cancer is presumptive
evidence of a role for loss of Bif-1 tumor suppressor activity in pancreatic carcinogenesis.
Yet, we were unable to demonstrate an association between loss of Bif-1 expression and
clinical outcome, a finding that may be best explained by the complexity of carcinogenesis.
For example, one explanation might be that loss of Bif-1 tumor suppressor activity may be
more important in earlier stages of carcinogenesis, while factors other than loss of Bif-1
tumor suppressor activity may dominate the outcome after pancreatectomy. Nevertheless,
finding a loss of Bif-1 expression in pancreatic adenocarcinoma is an important step in
understanding the biology of the disease, and one which may help design new targeted
molecular strategies for treatment of a cancer that has been resistant to therapy thus far.
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Figure 1. Distribution of Big-1 stain in pancreatic cellular components and in pancreatic
adenocarcinoma
A: Bif-1 staining the non neoplastic pancreatic acinar cells. Case representing IHC score 3.
B: Bif-1 staining the non neoplastic pancreatic ductal cells. Case representing IHC score 6.
C: Bif-1 staining non neoplastic pancreatic ductal cells (left) and islet cells (right)
D: A Bif-1 negative pancreatic ductal adenocarcinoma (PDA). Case representing IHC score
0.
E: A Pancreatic ductal adenocarcinoma weakly immunoreactive with Bif-1 antibody. Case
representing IHC score 3.
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F: A Bif-1 positive pancreatic ductal adenocarcinoma (PDA). Case representing IHC score
9.
All pictures X200
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Figure 2.
Frequency distribution of BIF-1 scores in A) 82 non-malignant pancreatic specimens taken
from adjacent to pancreatic cancer and B) 82 pancreatic cancer specimens. The normally-
high level of BIF-1 expression in non-malignant pancreas is indicated by BIF-1 scores to the
right of the dashed line.
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TABLE 1

Clinical features, AJCC anatomic staging and histologic characteristics of 82 patients who underwent
resection of stage IA–IIB ductal pancreatic cancer with curative intent and survived at least 30 days after
surgery

n (%)

Gender 50 female : 32 male

Median Age 66 yr, range (25, 87)

Stage Group

 IA–tumor ≤ 2 cm, confined to pancreas, no positive nodes 5 (6%)

 IB–tumor > 2 cm, confined to pancreas, no positive nodes 13 (16%)

 IIA–local extrapancreatic extension without celiac axis or SMA involvement, no positive nodes 29 (35%)

 IIB–regional node metastasis 35 (43%)

T Classification

 T 1–tumor ≤ 2 cm, confined to pancreas 9 (11%)

 T 2–tumor > 2cm, confined to pancreas 16 (19%)

 T 3–local extrapancreatic extension without celiac axis or SMA involvement 57 (70%)

N Classification–regional node metastases (N 1) 36 (44%)

R Classification–microscopically positive resection margin (R 1) 23 (28%)

Histologic Differentiation

 well 19 (23% of 82)

 moderate 49 (60% of 82)

 poor & undifferentiated 14 (17% of 82)

Lymphatic invasion present 55 (67% of 82)

Venous invasion present 36 (44% of 82)

Perineural invasion present 72 (88% of 82)

Staging as per American Joint Committee on Cancer (AJCC) Staging Manual, 6th edition
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