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Abstract: The functions of B-cell CLL/lymphoma 7B (BCL7B) are unknown and the protein lacks any known func-
tional domains. The aim of this study was to investigate the role of BCL7B in the motility and invasiveness of pan-
creatic cancer cells. Immunohistochemistry was performed to determine whether high BCL7B expression in human
pancreatic cancer tissues is correlated with poor prognosis. High BCL7B expression was an independent predictor
of worse overall survival of pancreatic cancer patients. Immunocytochemistry showed that BCL7B was accumulated
in cell protrusions of migrating pancreatic cancer cells. Knockdown of BCL7B inhibited the motility and invasiveness
of pancreatic cancer cells through a decrease in cell protrusions. Phosphoprotein array analysis was performed to
determine BCL7B-associated intracellular signaling pathways. Suppression of BCL7B increased phosphorylated
CREB expression in pancreatic cancer cells, and knockdown of CREB promoted the motility and invasiveness by
increasing cell protrusions. The combined data suggest that BCL7B promotes pancreatic cancer cell motility and

invasion through a signaling pathway that involves dephosphorylation of CREB.
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Introduction

The B-cell CLL/lymphoma 7 (BCL7) family in-
cludes three members, BCL7A, BCL7B, and
BCL7C. The family was discovered through the
involvement of the BCL7A gene in a complex
translocation seen in a Burkitt lymphoma cell
line [1]. The cloning of chromosomal translo-
cations from haematologic malignancies has
facilitated the identification of several gene
families of importance in the control of normal
cell differentiation, proliferation and cell death
[2]. Although this phenomenon points to poten-
tially important roles of the BCL7 family, partic-
ularly BCL7A, in the regulation of cell growth,
chromosomal rearrangements affecting BCL7B
or BCL7C have not been detected in hemato-
logic malignancies [3]. BCL7B belongs to a fam-
ily of highly conserved genes involved in early
embryonic development; BCL7B is located in a
region at 7q11.23 which is consistently deleted
in the Williams-Beuren contiguous gene dele-

tion syndrome [3]. Hemizygous loss of 7q11.23,
and the concomitant reduced expression of
BCL7B, has been reported in pilocytic astrocy-
tomas [4]. Despite these potentially important
links to disease, the cellular roles of the BCL7
family are largely unknown, and the proteins
lack any known functional domains [5].

CREB belongs to the leucine zipper class of
transcription factors [6, 7]. Pathologically, CREB
promotes hepatocellular carcinoma progres-
sion by promoting angiogenesis and resistance
to apoptosis [8]. Phosphorylated CREB inter-
acts with diverse transcriptional co-activators,
including the histone acetyltransferases and
CREB-binding protein (CBP/p300), thereby in-
creasing CREB's transcriptional activity [9, 10].
CREB activates transcription in response to
cAMP, intracellular Ca?*, various growth factors
(e.g. nerve growth factor, fibroblast growth fact-
or and the insulin growth factor 1), as well as
cytokines, including IL-4, IL-10, IL-13 and trans-
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forming growth factor-3 [11, 12]. CREB activity
might also be controlled by its subcellular local-
ization [13]. The underlying molecular mecha-
nisms driving CREB overexpression and activa-
tion in tumors have not yet been elucidated in
detail [14]. In some cases, CREB is considered
to be an oncogenic transcription factor because
it is overexpressed and/or constitutively phos-
phorylated in several human cancers, and in-
duces a cell growth and antiapoptotic survival
signal [15]. The functions of CREB in PDAC
remain unknown.

Here, we show that the overexpression of
BCL7B in pancreatic cancer tissue is signifi-
cantly correlated with overall survival, and
BCL7B contributes to the formation of addition-
al membrane protrusions by decreasing CREB
phosphorylation, resulting in increased motility
and invasiveness of PDAC cells.

Material and methods
Antibodies

Anti-BCL7B antibody (HOO009275) was pur-
chased from Abnova (Taipei City, Taiwan). The
JLA20 anti-actin antibody (MABT219) was pur-
chased from Merck Millipore (Temecula, CA).
Anti-myc (sc-789) antibody was purchased from
Santa Cruz Biotechnology (Santa Cruz, CA).
Anti-BCL7A antibody (C20948) was purchased
from Assay Biotechnology Company (Sunnyvale,
CA). Anti-CREB antibody (A301-669A) was pur-
chased from Bethyl Laboratories (Montgomery,
TX).

Primary human PDAC samples

Tumor tissues were obtained from 102 patients
who underwent surgical treatment for PDAC
and received surgical resection during 1999-
2014 at the Departments of Surgery, Kochi
Medical School Hospital (Nankoku, Japan) and
Matsuyama Shimin Hospital (Matsuyama, Ja-
pan), as published previously [16]. All patients
had clinical records and none of them received
chemotherapy or radiation therapy before sur-
gery. Of these patients, 83 received adjuvant
chemotherapy with gemcitabine or S-1, or ch-
emoradiation therapy after resection of PDAC.
Tumors were classified according to the classi-
fication of pancreatic carcinoma of the Japan
Pancreas Society [17] and UICC TNM classifica-
tion [18]. The study was approved by the ethical
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review board of Kochi Medical School and
Matsuyama Shimin Hospital prior to patient
recruitment. Written informed consent was
acquired from each patient prior to initiation.

Immunohistochemical staining

Immunohistochemistry was carried out, as pub-
lished previously [16]. Tissue sections from nor-
mal pancreas, brain, lung, liver and kidney were
purchased from Biochain (Hayward, CA).

Evaluation of BCL7B staining

Staining was evaluated by two independent
observers (SN and MF) who were blinded to
clinical and outcome data. BCL7B expression
levels were classified semi-quantitatively based
on the total combined scores of positive-stain-
ing tumor cell percentage (1, < 50% reacting
cells; 2, 50-80% reacting cells; 3, > 80%) and
staining intensity (1, weaker than the intensity
of surface staining in the islet of Langerhans; 2,
equal to the intensity of the islet of Langerhans;
3, stronger than the intensity of the islet of
Langerhans). A total immunohistochemical sc-
ore was calculated by summing the percentage
score and the intensity score. BCL7B expres-
sion was classified into two groups based on
total score (low group, 2-3; high group, 4-6) with
reference to a previous report [16, 19].

Cell culture

The human PDAC cell line S2-013, a subline
of SUIT-2, was obtained from Dr. T. lwamura
(Miyazaki Medical College, Miyazaki, Japan)
[20]. The human PDAC cell line, PANC-1 [21]
was purchased from the American Type Culture
Collection (Manassas, VA). HPNE immortalized
normal pancreatic epithelial cells were a kind
gift from Dr. Michel Ouellette (University of
Nebraska Medical Center, NE) [22]. All cells
were grown in Dulbecco’s modified Eagle’s
medium (DMEM; Gibco-BRL, Carlsbad, CA) sup-
plemented with 10% heat-inactivated fetal calf
serum (FCS) at 37°C in a humidified atmo-
sphere saturated with 5% CO,,

Confocal immunofluorescence microscopy

Immunocytochemistry was carried out, as pub-
lished previously [23]. Briefly, coverslips were
coated with 10 pg/mL fibronectin (Sigma-
Aldrich, St. Louis, MO) for 1 h at room tempera-
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ture. S2-013 cells were seeded on fibronectin-
coated glass coverslips, incubated for 5 h;
and then fixed with 4% paraformaldehyde
and permeabilized with 0.1% Triton X-100.
Blocking solution (3% BSA/PBS) was added,
followed by incubation with the primary an-
tibody for 1 h. After washing, Alexa488-,
Alexab94-, or Alexa647-conjugated secondary
antibody (Molecular Probes, Carlsbad, CA) was
applied. In some experiments, a commercial
antibody-labeling technology (Zenon; Life Te-
chnologies, Carlsbad, CA) was used according
to the manufacturer’s instructions to conjugate
green or red fluorophores to primary antibod-
ies. Each specimen was visualized using a
Zeiss LSM 510 META microscope (Carl Zeiss,
Gottingen, Germany).

PDAC cells that formed cell protrusions, in
which peripheral actin structures were accumu-
lated, were counted by two blinded individuals
(KD and KH). Four independent visual fields
were counted via microscopic observation to
count the number of cells that formed cell pro-
trusions. Data are derived from three indepen-
dent experiments.

SiRNA treatment

A single mixture with four different siRNA oligo-
nucleotides targeting BCL7B or CREB was pur-
chased from Qiagen (FlexiTube GeneSolution
GS9275 and GS1385, respectively; Valencia,
CA) and a single mixture with four different
scrambled negative control siRNA oligonucle-
otides was obtained from Santa Cruz (37007).
One day prior to transfection, S2-013 and
PANC-1 cells that expressed BCL7B and CREB
were seeded to ensure that density was at
40-50% confluence at the time of transfection.
The cells were transfected with 80 pmols
of each siRNA mixture in siRNA transfection
reagent (Qiagen) following the manufacturer’s
instructions. After incubation for 48 h, the cells
were harvested for functional studies or molec-
ular analyses as described below.

Immunoblot analysis of cell lysates

Each cell pellet was extracted using lysis buffer
[Tris-HCI (pH 7.4), sodium dodecyl sulfate (SDS),
mercaptoethanol and glycerol]. The cell extr-
acts were boiled for 5 min in loading buffer and
then an equal amount of cell extract was
analyzed by SDS-poly acrylamide gel electro-
phoresis (PAGE) and western blotting. Primary
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antibodies were diluted according to the manu-
facturer’s instructions and incubated overnight
at 4°C. Subsequently, horseradish peroxidase-
linked secondary antibodies were added at a
dilution of 1:5,000 and incubated at room tem-
perature for 1 h. The membranes were washed
with PBS and the immunoreactive bands were
visualized using the ECL Plus kit according to
the manufacturer’s instructions.

In vitro growth rate by MTT assay

Cells were each seeded at a concentration of 5
x 10* cells per well using 12-well plates. The
viability of cells was evaluated by 3-(4,5-dimeth-
ylthiazol-2-yl)-2,5-diphenyltetrazolium bromide
(MTT) assay according to the manufacturer’s
instructions. Briefly, cell counting kit-8 solution
(Dojindo, Kumamoto, Japan) was added to each
well at a concentration of 1/10 volume, and the
plates were incubated at 37°C for an additional
3 h. Absorbance was then measured at 490
nm, and at 630 nm as a reference, with a
Microplate Reader 550 (Bio-Rad, Hercules, CA).

Trans-well motility assay

Cells (3.0 x 10%) were plated in the upper cham-
ber of BD BioCoat Control Culture Inserts (24-
well plates, 8-um pore size; Becton Dickinson,
San Jose, CA). Serum-free culture medium was
added to each upper chamber, and medium
containing 5% FCS was added to the lower
chamber. After a 12-h incubation, four indepen-
dent visual fields were examined microscopi-
cally to count the number of cells that had
moved to the lower chamber.

Matrigel invasion assay

A two-chamber invasion assay was used to
assess cell invasion (24-well plates, 8-um pore
size membrane coated with a layer of Matrigel
extracellular matrix proteins; Becton Dickinson).
Cells (4.0 x 10% suspended in serum-free
medium were seeded into the upper chamber
and allowed to invade towards a 5% FCS che-
moattractant in the lower chamber. After a
20-h incubation, four independent visual fields
were examined microscopically to count the
number of cells that had moved to the lower
chamber.

BCL7B- and CREB-rescue construct

Reverse transcription-PCR (RT-PCR) was used
to amplify the entire coding sequence of BCL7B
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Table 1. Summary of characteristics in 102 patients of pancreatic

Statistical analysis

cancer
Characteristics Percentage (%) Charasteristics Percentage (%) qu the Immgnohlstoche-
- - mical analysis, we per-
Age at surgery Distant metastasis* formed statistical analy-
40-50 39 [n=4] MO 96.1 [n=98] sis using R (version 3.3.3;
50-60 16.7 [n = 17] M1 3.9 [n = 4] The R Foundation’ Wieny
60-70 31.4 [n=32] Histologyt Austria), as published pre-
70-80 40.2 [n=41] PanIN 2.0 [n=2] viously [16]. Fisher’s exact
> 80 78 [n=8] Well 30.4 [n=31] test was used to assess
Gender Moderate 55.8 [n=57] the association_ between
Male 54.9 [n=56] Poor 118 [n=-12)  BCL/B expression leve-
Female 45.1 [n=46] Venous invasiont 's and chmcopathologlfzal
parameters. The following
Stage* vo 55.4 [n=57] parameters were exam-
0 20 [n=2] v1 30.7 [n=31] ined: age, sex, and the
IA 39 [n=4] v2 109 [n=11] TNM classification or pa-
IB 7.8 [n=8] v3 3.0 [n=3] thological stage, based on
A 31.4 [n=32] Lymphatic invasiont the Japan Pancreas Soc-
I8 481 [n=49] Iy0 42.6 [n=43] iety [17] and UICC [18]
M 29 [n=3] Iyl 33.6 [n=34] scor?ngI sgstems. Overall
v 39 [n=4] 12 19.9 [n=21) ~ SUvval time was mea-
Primary tumor* [ ] I§3 3.9 [[n _ 4]] sured from the date of sur-
gery to the date of death
Tis 2.0 [n=2] BCL7B expression due to any cause, or last
Tl 59 [n=6] Low 72.5 [n=74] clinical follow-up as deter-
T2 14.6 [n=15] High 275 [n=28] mined by review of elec-
T3 755 [n=77] tronic medical records.
T4 20 [n=2] Survival curves were plot-
Regional lymph nodes* ted using the Kaplan-
NO 461 [n=47] Meier methoq and were
N1 539 [n=55] compared using the log-

*, Classified according to the classification of International Union against Cancer; t,
Classified according to the classification of pancreatic cancer of Japan Pancreas Soci-

ety; PanIN, pancreatic intraepithelial neoplasia.

and CREB mRNA. The resultant PCR product
was inserted into a pCMV6-Entry vector (Ori-
gene Technologies, Rockville, MD) bearing a
C-terminal myc-DDK-tag. X-tremeGENE HP DNA
Transfection Reagent (Roche, Penzberg, Ger-
many) was used to transiently transfect target
cells with the BCL7B-rescue construct and the
CREB-rescue construct.

Determination of patterns of protein phos-
phorylation

Relative phosphorylation levels of 38 selected
proteins in scrambled control-siRNA transfect-
ed S2-013 cells and BCL7B-siRNA transfected
S$2-013 cells were obtained by profiling 46
specific phosphorylation sites using the Pro-
teome Profiler Human Phospho-Kinase Array
Kit ARYO03 from R&D Systems (Minneapolis,
MN), as published previously [24].
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rank test (Mantel-Cox). Su-
rvival rates are expressed
as the median value and
interquartile range (IQR).
Independent factors for
overall survival including age, sex and patho-
logical stage were assessed with Cox propor-
tional hazards regression analysis. The relative
hazard for each patient was calculated from
coefficients determined by Cox regression. For
the in vitro experiments, StatFlex software
(Ver6; YUMIT, Osaka, Japan) and SAS software
(Ver 9.1.3; SAS Institute, Cary, NC) were used
for statistical analysis. Student’s t-test was
used for the comparison of continuous vari-
ables. P values < 0.05 were considered to be
statistically significant, and all tests were
two-tailed.

Results
BCL7B expression in human PDAC tissues

In the surgical specimens from 102 patients
with PDAC, expression levels of BCL7B were
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Figure 1. Immunohistochemistry with anti-BCL7B antibody. A. Immunohis-
tochemical staining of PDAC tissues using anti-BCL7B antibody. Magnifica-
tions: x 200. B. Expression of BCL7B in normal pancreas. Magnifications:

Next, we examined the corre-
ATl 5-":" ' lation between BCL7B expres-

ot en

P
LR

sion and PDAC patient progno-
sis. The follow-up period for
the 102 PDAC survivors rang-
ed from 18 to 192 months
(median, 64.0 mo). Kaplan-
Meier survival analysis show-
ed that the overall survival
time for patients with high
BCL7B expression was signifi-
cantly shorter than that of pa-
tients with low BCL7B expres-
sion (P < 0.001) (Figure 2A
and 2B). Furthermore, univari-
ate and multivariate analyses
were used to confirm the in-
dependent prognostic signifi-
cance of BCL7B in PDAC (Ta-
ble 3). Univariate and multi-
variate analyses revealed that
stage Ill and IV and high
BCL7B expression were inde-
pendent prognostic factors for
worse patient survival. These
results suggested that BCL7B
participated in PDAC progres-
sion.

Subcellular localization of
BCL7B in PDAC cells grown
on fibronectin

x 200. C. Representative BCL7B staining of normal brain, lung, liver and

kidney. Magnification: x 200.

evaluable in all 102 cases, and the specimens
were classified into low-expressing (72.5%) and
high-expressing (27.5%) BCL7B groups (Table
1). BCL7B was localized in the cytoplasm of
cell bodies in PDAC cells (Figure 1A). BCL7B
immunoreactivity was not seen in normal pan-
creatic ducts (Figure 1B). Normal brain, lung,
liver and kidney were not obviously stained with
the anti-BCL7B antibody (Figure 1C).

Association between BCL7B expression, and
clinicopathological characteristics, and sur-
vival

The associations between BCL7B expression
and clinicopathological factors are shown in
Table 2. There was no significant correlation
found between overall expression score and
the clinicopathological features examined.
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Immunocytochemistry was us-

ed to determine the subcellu-
lar localization of BCL7B in two types of cul-
tured PDAC cell lines; moderately differentiated
(82-013) [20] and poorly differentiated (PANC-
1) [241]. Fibronectin induces the formation of
membrane protrusions at the leading edge of
PDAC cells [23, 25]. There were fewer mem-
brane protrusions formed by S2-013 and Panc-
1 cells when the cells were cultured without
fibronectin than when the cells are grown on
fibronectin [23]. In S2-013 and PANC-1 cells
cultured on fibronectin, BCL7B was mainly pres-
ent in the cytoplasm of cell bodies, and BCL7B
was also localized in the nucleus and mem-
brane protrusions, each of which had many
peripheral actin structures (Figure 3A). In addi-
tion, it was noted that BCL7B, which accu-
mulates in membrane protrusions containing
many peripheral actin structures, accumulated
in abundance in the S2-013 and PANC-1 cells

Am J Cancer Res 2018;8(3):387-404
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Table 2. Correlation between BCL7B expression and
clinicopathological parameters

BCL7B expression
Low High P
Percentage (%)
Stage* 0.572
0 1.4 [n=1] 3.6 [n=1]
IA 40 [n=3] 3.6 [n=1]
B 95 [n=7] 3.6 [n=1]
IA 311 [n=23] 321 [n=9]
1B 48.6 [n=36] 50.0 [n=14]
I 27 [n=2] O [n=0]
v 27 [n=2] 71 [n=2]
Primary tumor* 0.258
Tis 1.4 [n=1] 3.6 [n=1]
T1 6.7 [n=5] 3.6 [n=1]
T2 176 [n=13] 71 [n=2]
T3 71.6 [n=53] 85.7 [n=24]
T4 27 [n=2] O [n=0]
Regional lymph nodes* 1
NO 459 [n=34] 46.4 [n=13]
N1 54.1 [n=40] 53.6 [n=15]
Distant metastasis* 0.302
MO 97.3 [n=72] 92.9 [n=26]
M1 27 [n=2] 71 [n=2]
Histologyt 0.774
PanIN 1.4 [n=1] 3.6 [n=1]
Well 29.7 [n=22] 32.1 [n=9]
Moderate 58.1 [n=43] 50.0 [n=14]
Poor 10.8 [n=8] 14.3 [n=4]
Venous invasiont 1
vO +v1 86.5 [n=64] 85.7 [n=24]
V2 +v3 13.5 [n=10] 14.3 [n=4]
Lymphatic invasiont 0.798
lyO + Iyl 74.3 [n=55] 78.6 [n=22]
ly2 +1y3 25.7 [n=19] 21.4 [n=6]

*, Classified according to the classification of International Union
against Cancer; t, Classified according to the classification of pancre-
atic cancer of Japan Pancreas Society; PanIN, pancreatic intraepithe-
lial neoplasia.

Localization of BCL7B in cell protru-
sions

To quantitate the subcellular distribu-
tion of BCL7B in S2-013 and PANC-1 cul-
tured with or without fibronectin, cell
lysates were fractionated into deter-
gent-soluble and -insoluble (cytoskele-
tal) fractions. The amounts of BCL7B
and actin in the insoluble fraction in-
creased in response to culture on fibro-
nectin (Figure 4A), which indicates that
BCL7B translocated from cytosol to the
actin cytoskeletal fraction following cul-
ture on fibronectin.

To determine whether alteration of actin
cytoskeleton dynamics could directly
affect the subcellular distribution of
BCL7B, we treated S2-013 and PANC-1
cells with the actin depolymerising ag-
ent, Cytochalasin D. There were fewer
peripheral actin structures in fibronec-
tin-stimulated S2-013 and PANC-1 cells
exposed to 100 uM Cytochalasin D for
12 h than in fibronectin-stimulated non-
treated cells and BCL7B was localized
in the cytoplasm in the treated cells
(Figure 4B). BCL7B was localized in
cell protrusions of fibronectin-stimulat-
ed non-treated S2-013 and PANC-1 cells
(Figure 4B).

Roles of BCL7B in cell motility and inva-
sion of PDAC cells

To determine whether BCL7B was in-
volved in the motility and invasiveness
of PDAC cells, BCL7B expression in
S2-013 and PANC-1 cells was transient-
ly suppressed by BCL7B-specific small
interfering RNA (siRNA) (Figure 5A). The
expression of another BCL7 family mem-
ber, BCL7A, did not change in response

cultured on fibronectin compared with the cor-
responding cells that were not cultured on fibro-
nectin (Figure 3A). Z stack panels showed that
S$2-013 cells grown on fibronectin exhibited
intracellular expression of BCL7B in membrane
protrusions (Figure 3B). BCL7B was weakly
expressed in the normal pancreatic ductal
HPNE cells [22] cultured on fibronectin and in
HPNE cells not cultured on fibronectin (Figure
30C).
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to BCL7B-siRNA-transfection (Figure 5A). Sil-
encing of BCL7B in S2-013 and PANC-1 cells
did not affect cell growth in an in vitro MTT
assay (Figure 5B). Silencing of BCL7B signifi-
cantly reduced cell motility in these PDAC cell
lines (Figure 5C). Cellular invasive potential
was similarly assayed using Matrigel-coated
Boyden chambers, and cell invasion was signifi-
cantly reduced by silencing of BCL7B in $S2-013
and PANC-1 cells (Figure 5D). A BCL7B-rescue
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Table 3. Univariate and multivariate analysis of prognostic factors for overall survival

Overall survival

Univariate Multivariate
HR (95% CI) P HR (95% Cl) P

Stage*

O+IA+1IB 1.0 (reference) 1.0 (reference)

1A 1.159 (0.714-1.881) 0.549 6.547 (2.183-19.64) 8.009e-04

1B 1.356 (0.854-2.151) 0.196 6.961 (2.374-20.41) 4.078e-04

I+ 1v 3.035(1.301-7.081) 0.010 16.61 (4.419-62.42) 3.185e-05
Age 1.021 (0.995-1.048) 0.110 1.016 (0.989-1.043) 0.233
Gender 1.107 (0.696-1.761) 0.666 1.196 (0.747-1.913) 0.455
BCL7B expression 0.440 (0.267-0.726) 0.001 0.343 (0.195-0.603) 1.960e-04
Diameter of primary tumor 1.338 (1.176-1.524) 1.045e-05
Histologyt 1.383 (0.846-2.261) 0.1965
Lymphatic invasiont (IyO + lyd or ly2 + ly3) 1.269 (0.751-2.145) 0.3733
Venous invasiont (vO + v1 or v2 + v3) 1.928 (1.034-3.593)  0.0388

Intrapancreatic nerve invasiont (nO + n1 orn2 + n3) 1.500 (0.947-2.377) 0.0839

*, Classified according to the classification of International Union against Cancer; t, Classified according to the classification of pancreatic
cancer of Japan Pancreas Society.

construct was transiently transfected into The exogenous BCL7B from the rescue con-
scrambled control-siRNA and BCL7B-siRNA struct was localized in the cytoplasm of cell
transfected S2-013 cells, and expression of bodies and in cell protrusions of S2-013 cells,
myc-tagged BCL7B was confirmed (Figure 5E). similar to endogenous BCL7B (Figure 5F).
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A 52013 (fibronectin -)

52-013 (fibranectin +)

BCL7B Actin Merge/DARI Mouse |gG/DAPI

(Control)

PANC-1 (fibronectin -)

BCL7B Actin Merge/DAPI Mouse IgG/DAPI
(Control)

PANC-1 (fibronectin +)

BCL7B Actin Merge/DAPI Mouse 1gG/DAPI

(Contrl)

BCL7B Actin Merge/DAPI Mouse IgG/DAPRI
(Control)

- - ) -

52-013, Confocal Z stack

B

BCL7B/DAFI ActinDAPI Merge/DAPI

PANC-1, Confocal £ stack

BCL7B/DAPRI Actin/DARI Merge/DAPI

HPNE (fibronectin -)

HPNE (fibronectin +)

BCL7B Actin Merge/DARI BCL7B Actin Merge/DAPI

Figure 3. The distribution of BCL7B in PDAC cells. A. Immunocytochemistry on S2-013 and PANC-1 cells that were
cultured with or without fibronectin. The cells were labeled with anti-BCL7B antibody (green) and phalloidin (red;
actin filaments). Arrows; BCL7B localized in cell protrusions. Blue; DAPI staining. Scale bars; 10 ym. B. Confocal Z
stack shows intracellular BCL7B and the accumulation of BCL7B (green) in membrane protrusions of S2-013 and
PANC-1 cells grown on fibronectin. Actin filaments were labeled by phalloidin (red). Arrows; BCL7B localized in cell
protrusions. The upper and right panels in the confocal Z stack show a vertical cross-section (yellow lines) through
the cells. Scale bars; 10 ym. C. Immunocytochemistry on HPNE cells that were cultured with or without fibronectin.
The cells were labeled with anti-BCL7B antibody (green) and phalloidin (red). Scale bars; 10 um.

BCL7B-siRNA transfected S2-013 and PANC-1
cells expressing the rescue construct could
rescue cell motility and invasiveness inhibited

Roles of BCL7B in forming cell protrusions

We analyzed peripheral actin structures in

after BCL7B silencing (Figure 5G and 5H).
These results indicated that BCL7B promoted
PDAC cell motility and invasion.

394

membrane ruffles of scrambled control-siRNA
and BCL7B-siRNA transfected S2-013 and
PANC-1 cells cultured on fibronectin. Peripheral

Am J Cancer Res 2018;8(3):387-404



BCL7B promotes cell motility and invasion

A Fibronectin - Fibronectin +
S2-013 PANC-1 52-013 PANC-1
5 1 5 | kDa S 15 1
IE: BCLTE | - - — 40 IB: BCL7E METSST——
1B Actin e e—— 3T L S e e — 37
B 52-013 cells grown on fioronectin

PANC-1 cells grown on fibronectin

Vehicle

Cytochalasin D

Actin Merge/DAPI

BCL7B Actin Merge/DAPI
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S2-013 and PANC-1 cells cultured with or without fibronectin were fractionated into Triton X-100-soluble (S) and
-insoluble (1) fractions. Each fraction was run on SDS-PAGE and blotted using anti-BCL7B and the JLA20 anti-actin
antibodies. Data are representative of three independent experiments. B. Confocal immunofluorescence micro-
scopic images of S2-013 and PANC-1 cells that were pretreated with 200 uM Cytochalasin D for 12 h and were then
incubated on fibronectin. Cells were stained with anti-BCL7B antibody (green). Actin filaments were labeled with
phalloidin (red). Arrows; BCL7B localized in cell protrusions. Blue; DAPI staining. Scale bars, 10 um.

actin structures in cell protrusions were less
abundant in BCL7B-siRNA transfected S2-013
and PANC-1 cells compared with control-siRNA
transfected S2-013 and PANC-1 cells (S2-013,
Figure 6A; PANC-1, Figure 6B). Next we tested
whether the phenotypic effect of knockdown of
BCL7B could be rescued by overexpression of
BCL7B (52-013, Figure 6C; PANC-1, Figure 6D).
Transfection of a BCL7B-rescue construct into
BCL7B-siRNA transfected S2-013 and PANC-1
cells rescued the decrease in peripheral actin
structures at the protrusions caused by the
BCL7B-siRNA.

To quantify the degree of inhibition caused by
suppression of BCL7B, we observed the induc-
tion of membrane protrusions. In BCL7B-siRNA
transfected S2-013 and PANC-1 cells cultured
on fibronectin, suppression of BCL7B inhibited
the formation of protrusions compared with
control-siRNA transfected S2-013 and PANC-1
cells (S2-013, Figure 7A; PANC-1, Figure 7B).
Transfection of a BCL7B-rescue construct into
BCL7B-siRNA transfected S2-013 and PANC-1
cells rescued the decrease in the protrusions
caused by the BCL7B-siRNA (S2-013, Figure
TA; PANC-1, Figure 7B). These results indicated
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that BCL7B drove rearrangement of peripheral
actin to induce formation of additional mem-
brane protrusions.

Links of BCL7B to associated cell sighaling
pathways

To determine whether BCL7B could regulate
the activity of phosphoproteins, we performed
phosphoprotein array analysis in the scrambled
control-siRNA transfected S2-013 cells and
BCL7B-siRNA transfected S2-013 cells grown
on fibronectin (Figure 8). Of the 38 kinases
investigated, suppression of BCL7B upregulat-
ed the activity of cAMP responsive element
binding protein (CREB). Other kinases, includ-
ing Src-family tyrosine kinases, did not show
differences in phosphorylation between the
scrambled control-siRNA transfected S2-013
cells and BCL7B-siRNA transfected S2-013
cells.

Effects of CREB on cell protrusion formation

CREB belongs to a large family of basic leucine
zipper-containing transcription factors, includ-
ing c-jun, c-fos and c-myc [6]. Although primarily
localized in the nucleus, CREB can also be
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Figure 5. Roles of BCL7B in the motility and invasiveness of PDAC cells. (A) siRNA oligonucleotides targeting BCL7B
(siBCL7B) or negative control scrambled siRNAs (Scr) were transiently transfected into S2-013 and PANC-1 cells.
Western blotting was performed using anti-BCL7A and BCL7B antibodies. (B) Effects of knockdown of BCL7B on
cell growth. S2-013 and PANC-1 cells were transiently transfected with Scr or siBCL7B for 48 h, and then MTT assay
was used to measure cell growth. Data were derived from three independent experiments. Columns, mean; bars,
SD. (C, D) Scr or siBCL7B was transiently transfected into S2-013 and PANC-1 cells. Motility (C) and two-chamber
invasion assays (D) were performed. Migrating cells in four fields per group were scored. Data were derived from
three independent experiments. Columns, mean; bars, SD. *P < 0.005 compared with Scr-transfected control (Stu-
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dent’s t-test). (E) Mock control vector or myc-tagged BCL7B-rescue construct were transiently transfected into Scr
control-siRNA and BCL7B-siRNA transfected S2-013 cells. The endogenous and myc-tagged BCL7B was revealed
by western blotting with anti-myc and anti-BCL7B antibodies. (F) S2-013 cells were transfected with a myc-tagged
BCL7B-rescue construct, incubated on fibronectin and analyzed by confocal immunofluorescence, using anti-myc
antibody (green). Actin filaments were labeled by phalloidin (red). Blue; DAPI staining. Scale bar; 10 ym. (G, H)
Mock control vector or myc-tagged BCL7B-rescue constructs were transiently transfected into Scr control-siRNA and
BCL7B-siRNA transfected S2-013 and PANC-1 cells, and 48 h later motility (G) and two-chamber invasion (H) assays
were performed. Migrating cells in four fields per group were counted. Data were derived from three independent
experiments. Columns, mean; bars, SD. *P < 0.008 and **P < 0.05 compared with corresponding BCL7B-siRNA
transfected cells that were transfected with mock vector (Student’s t-test).
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Figure 6. Roles of BCL7B in the peripheral actin rearrangements. (A, B) Confocal immunofluorescence microscopic
images. siRNAs targeting BCL7B (siBCL7B) or negative control scrambled siRNAs (Scr) were transiently transfected
into S2-013 (A) and PANC-1 (B) cells. The cells were incubated on fibronectin and screened with anti-BCL7B anti-
body (green) and phalloidin (red). Arrows; peripheral actin structures in cell protrusions of Scr-transfected cells.
Blue; DAPI staining. Scale bars; 10 um. (C, D) Confocal immunofluorescence microscopic images. The mock control
vector or myc-tagged BCL7B-rescue construct were transiently transfected into Scr control-siRNA and BCL 7B-siRNA
transfected S2-013 (C) and PANC-1 (D) cells. 48 h later, the cells were incubated on fibronectin. Cells were stained
with anti-myc antibody (green). Actin filaments were labeled by phalloidin (red). Arrows, cell protrusions reinstated
by exogenous BCL7B in BCL7B-siRNA transfected cells. Blue; DAPI staining. Scale bars; 10 ym.

found in the cytoplasm and mitochondria [26]. in the nucleus of S2-013 and PANC-1 cells
Consistent with this, CREB was mainly localized grown on fibronectin (Figure 9A). Suppression
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Figure 8. Analysis of cell signaling pathways that
might associate with BCL7B activities. Human phos-
phoprotein arrays showing differential phosphoryla-
tion of proteins in scrambled control-siRNA trans-
fected S2-013 cells and BCL7B-siRNA transfected
S2-013 cells grown on fibronectin. Data are repre-
sentative of three independent experiments.

of BCL7B did not significantly alter the subcel-
lular localization of CREB in the nucleus of
S$2-013 and PANC-1 cells grown on fibronectin
(S2-013, Figure 9B and 9D; PANC-1, Figure 9C
and 9D).

To determine whether CREB participated in the
induction of membrane protrusions, we ana-
lyzed peripheral actin structures in membrane
ruffles of scrambled control-siRNA and CREB-
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transfected S2-013 and PA-
NC-1 cells compared with con-
trol-siRNA  transfected S2-
013 and PANC-1 cells (S2-
013, Figure 10B; PANC-1, Fig-
ure 10C). In CREB-siRNA tra-
nsfected S2-013 and PANC-1
cells cultured on fibronectin,
the formation of protrusions
was induced compared with
control-siRNA transfected S2-
013 and PANC-1 cells (Figure
10D). These results indicated
that CREB could decrease the
formation of cell protrusions.

Roles of CREB in cell motility
and invasion of PDAC cells

To determine whether CREB was involved in the
motility and invasiveness of PDAC cells, CREB
expression in S2-013 and PANC-1 cells was
transiently suppressed by CREB-specific siRNA.
In trans-well motility assays, the motility of
S$2-013 and PANC-1 cells was significantly high-
er in CREB-knockdown cells compared with
control cells (Figure 11A). Cellular invasive
potential was similarly assayed using Matrigel-
coated Boyden chambers, and cell invasion
was significantly promoted by silencing of CREB
in S2-013 and PANC-1 cells (Figure 11B). A
CREB-rescue construct was transiently trans-
fected into S2-013 cells, and expression of
myc-tagged CREB was confirmed in S2-013
cells (Figure 11C). The exogenous CREB from
the rescue construct was localized in the nucle-
us and the cytoplasm of cell bodies in S2-013
cells grown on fibronectin (Figure 11D), similar
to endogenous CREB. CREB-siRNA transfected
S$2-013 and PANC-1 cells expressing the res-
cue construct could abrogated the changes to
cell motility and invasiveness that were caused
by the CREB-siRNA (Figure 11E and 11F).
These results indicated that CREB inhibited the
motility and invasiveness of PDAC cells.
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Scale bars; 10 ym. (D) Quantification of the nuclear localization of CREB in
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Data were derived from three independent experiments. Columns, mean;

in S2-013 and PANC-1 cells in
which both BCL7B and CREB
had been suppressed (Figure
12A and 12B). Transfection
of a BCL7B-rescue construct
into S2-013 and PANC-1 cells
in which both BCL7B and
CREB had been suppressed
did not rescue the decrease in
cell motility and invasiveness
caused by the BCL7B-siRNA.
These results indicated that
CREB was necessary for the
BCL7B-associated promotion
of motility and invasiveness.

Discussion

Our study revealed several
new characteristics and func-
tions of BCL7B: 1) overexpres-
sion of BCL7B in pancreatic
cancer tissue was significantly
correlated with overall surviv-
al, 2) BCL7B was accumulated
in cell protrusions, and incr-
eased the formation of the
protrusions, 3) BCL7B was as-
sociated with dephosphoryla-
tion of CREB, 4) CREB func-
tioned in decreasing the for-
mation of protrusions and in-
hibiting cell motility and inva-
sion of PDAC cells, and 5) inhi-
bition of CREB contributed to
BCL7B-associated promotion

bars, SD.

Roles of BCL7B and CREB in cell motility and
invasion of PDAC cells

To evaluate whether CREB is necessary for
BCL7B to promote cell motility and invasion, we
performed motility and two-chamber invasion
assays in S2-013 and PANC-1 cells in which
both BCL7B and CREB had been suppressed.
Suppression of both BCL7B and CREB in
S$2-013 and PANC-1 cells did not significantly
affect cell motility or invasion compared with
control-siRNA transfected S2-013 and PANC-1
cells (Figure 12A and 12B). We tested whether
the phenotypic effect of knockdown of BCL7B
could be rescued by overexpression of BCL7B
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of the motility and invasive-
ness of PDAC cells.

PDAC is known for its aggressive growth, and
is characterized by early tissue invasion and
metastasis with poor prognosis [27, 28]; how-
ever, BCL7B expression was not significantly
correlated with any clinicopathologic factors.
This may be due to the remarkably short overall
survival of patients with PDAC. It is notable that
patients with high BCL7B expression had sig-
nificantly worse overall survival in both univari-
ate and multivariate analyses, suggesting that
it might be a novel and independent prognostic
factor for PDAC. Moreover, we confirmed that
BCL7B was not expressed in normal organs
such as pancreas, brain, lung, liver, and kidney.
Our results indicate that BCL7B is a significant
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Figure 10. Roles of CREB in forming cell protrusions. (A) siRNA oligonucle-
otides targeting CREB (siCREB) or negative control negative control scram-
bled siRNAs (Scr) were transiently transfected into S2-013 and PANC-1 cells.
Western blotting was performed using anti-CREB antibody. (B, C) Confocal
immunofluorescence microscopic images. Scr or siCREB were transiently
transfected into S2-013 (B) and PANC-1 (C) cells. The cells were incubated
on fibronectin and screened with anti-CREB antibody (green) and phalloidin
(red). Blue; DAPI staining. Scale bars; 10 um. (D) Quantification of the data
shown in (B and C). The values represent the number of cells with cell pro-
trusions in which peripheral actin structures were increased. All cells in four
fields per group were scored. Data were derived from three independent
experiments. Columns, mean; bars, SD. *P < 0.05 compared with the corre-
sponding Scr-transfected control S2-013 and PANC-1 cells (Student’s t-test).

prognostic factor that predicts the overall sur-
vival of patients with PDAC.

IGF2BP3-bound mRNAs are
localized in cytoplasmic RNA
granules that accumulate in
membrane protrusions of PD-
AC cells [29, 30]. IGF2BP3-
bound mRNAs are preferen-
tially translated in membrane
protrusions inducing further
formation of membrane pro-
trusions, and promoting cell
invasiveness and tumor meta-
stasis [29, 30]. BCL7B mRNA
is one of the IGF2BP3-bound
transcripts in S2-013 cells
grown on fibronectin [29]. Th-
us, our previous reports sug-
gest that local translation of
BCL7B mRNA in the protru-
sions may be associated with
cell invasion and metastasis.

We showed that BCL7B was
involved in the inactivation of
CREB in PDAC cells. CREB is a
crucial zinc finger transcrip-
tional factor, which regulates
a wide range of biological pro-
cesses to orchestrate proper
cell differentiation and cell
growth [6, 7]. Zinc transport
and zinc homeostasis play
important roles in cancer pro-
gression, especially in PDAC
and breast cancer [31, 32].
However, other reports have
shown that CREB suppresses
tumorigenesis, particularly by
inhibiting the invasion and
migration of PDAC, breast can-
cer and colorectal cancer cells
[33, 34]. Similar to a previous
report [33], we showed that
knockdown of CREB increased
cell protrusions and promoted
cell motility and invasion of

PDAC cells. The CREB pathway contributes to
inhibiting the motility and invasiveness of PDAC

cells by modulating the formation of cell protru-

BCL7B is located in a chromosomal region com-
monly deleted in Williams syndrome [4]. The
role of BCL7B loss in this syndrome is yet to
be established. Furthermore, little is known
about the roles of BCL7B in malignancies. We
recently reported that insulin-like growth fac-
tor-2 mRNA-binding protein 3 (IGF2BP3) and

sions. Knocking down both BCL7B and CREB
did not modulate cell motility and invasion in
PDAC cells, and the rescued expression of
BCL7B did not promote cell motility and inva-
sion in BCL7B-siRNA and CREB-siRNA trans-
fected PDAC cells. These results indicated
that CREB could play a critical role in BCL7B-
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Figure 11. Roles of CREB in the motility and invasiveness of PDAC cells. (A, B) siRNA oligonucleotides targeting
CREB (siCREB) or negative control scrambled siRNAs (Scr) were transiently transfected into S2-013 and PANC-1
cells. After 48 h, motility (A) and two-chamber invasion (B) assays were performed. Migrating cells in four fields per
group were scored. Data are representative of three independent experiments. Columns, mean; bars, SD. *P <
0.05 compared with Scr-transfected control (Student’s t-test). (C) Mock control vector or myc-tagged CREB-rescue
construct were transiently transfected into S2-013 cells. Western blotting was performed using anti-myc and anti-
CREB antibodies. (D) S2-013 cells were transiently transfected with mock control vector or myc-tagged CREB-rescue
construct, incubated on fibronectin and analyzed by confocal immunofluorescence, using anti-myc antibody (green).
Actin filaments were labeled by phalloidin (red). Blue; DAPI staining. Scale bar; 10 um. (E, F) Mock control vector
or myc-tagged CREB-rescue constructs were transiently transfected into Scr control-siRNA and CREB-siRNA trans-
fected S2-013 and PANC-1 cells and 48 h later motility (E) and two-chamber invasion (F) assays were performed.
Migrating cells in four fields per group were counted. Data were derived from three independent experiments. Col-
umns, mean; bars, SD. *P < 0.02 compared with corresponding CREB-siRNA transfected cells that were transfected
with mock vector (Student’s t-test).

associated promotion of motility and invasive-
ness. The mechanisms by which BCL7B medi-
ates the dephosphorylation of CREB, and CREB
inhibits cell motility and invasion are still
unknown. BCL7B-mediated dephosphorylation
of CREB may contribute to the regulation of
membrane ruffles, resulting in the promotion of
PDAC cell motility and invasion. Future studies
should evaluate BCL7B-associated CREB sig-
naling cascades, and the transcriptional tar-
gets of CREB that coordinate the actin-cyto-

401

skeletal remodeling that is required for cell
spreading and cell motility and invasion.

In conclusion, BCL7B promotes cell motility and
invasion, and may be a useful marker for pre-
dicting the outcome of patients with PDAC.
Mechanistically, we provide the first evidence
that BCL7B-mediated dephosphorylation of
CREB could regulate the formation of mem-
brane protrusions, resulting in the promotion of
PDAC cell motility and invasion. In addition, the
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functional importance of BCL7B mediated regu-
lation of motility and invasiveness in PDAC cells
suggests that inhibition of 1) BCL7B expres-
sion, 2) CREB dephosphorylation by BCL7B, or
4) a combination thereof, may be effective for
PDAC targeted molecular therapy.
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