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BCL2 interaction with actin in vitro may inhibit cell motility
by enhancing actin polymerization
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In addition to its well-defined role as
an antagonist in apoptosis, we propose
that BCL2 may act as an intracellular
suppressor of cell motility and adhesion
under certain conditions. Our evidence
shows that, when overexpressed in both
cancer and non-cancer cells, BCL2 can
form a complex with actin and gelso-
lin that functions to- decrease gelso-
lin-severing activity to increase actin
polymerization and, thus, suppress cell
adhesive processes. The linkage between
increased  BCL2 and increased actin
polymerization on the one hand and sup-
pression of cell adhesion, spreading and
motility on the other hand, is a novel
observation that may provide a plausible
explanation for why BCL2 overexpres-
sion in some tumors is correlated with
improved patient survival. In addition,
we have identified conditions in vitro
in which F-actin polymerization can be
increased while cell motility is reduced.
These findings underscore the possibility
that BCL2 may be involved in modulat-
ing cytoskeleton reorganization and may
provide an opportunity to explore signal
transduction pathways important for cell
adhesion and migration and to develop
small molecule therapies for suppression
of cancer metastasis.

Introduction

BCL2 (B cell lymphoma-2) is best
known as an anti-apoptotic protein and
this function has been the focus of most
studies of this protein in cancer cells.”?
However, the functional role(s) of BCL2
in tumor development and progression
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are quite unclear and often contradic-
tory. For example, BCL2 has been shown
not to transform cells or inhibit cell
cycle progression.”® Data from previ-
ously published studies also indicate that
BCL2 can inhibit cell differentiation and
enhance the tumor progression in some
types of cancer.>*'" Also, clinical obser-
vations reporting that BCL2 expression
in breast cancer can be associated with
a favorable prognosis suggests a possible
beneficial role for BCL2 in suppressing
tumor progression and metastasis.'" In
our investigation, BCL2 overexpression
inhibited cell adhesion, spreading and
motility in NIH3T3 and MCE7 cells,
which was associated with increased
actin polymerization.” Taken together,
these multiple and complex functions
suggest that BCL2 can act as a “cell
defender” to protect against signaling,
which results in cell migration, division
and death. Our research findings not
only present a new function for BCL2,
but also suggest that actin polymeriza-
tion may be an important process that
integrates multiple signaling pathways
to govern cancer cell motility. Thus,
actin polymerization represents a target
for drug development for prevention of
cancer metastasis.

BCL2 Inhibits Cell Adhesion,
Spreading and Motility

Dynamic remodeling of the cytoskeleton
is required for cell adhesion, spreading
and motility. Our initial discovery came
from a surprising observation that MCF7
cells engineered to overexpress BCL2
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were cultured to confluence in 35 mm dishes. The

Figure 1. Actin polymerization agent inhibits cell motility in a concentration dependent manner.
(A and B) The actin stabilizing agent, jasplakinolide, inhibits A2058 human melanoma cell
migration in the wound healing migration assay in a concentration-dependent manner. Cells

cultured in the presence of the indicated concentrations of jasplakinolide for 16 h, then fixed
and photographed. The cell motility is expressed by the distance from the edge of wounding to
the site of front moving cells in the computer image. Dotted lines indicate the original extent of
the “wound.” (C) Jasplakinolide (100 nM) inhibits A2058 cell invasion assay through a Matrigel
reconstituted basement membrane after 24 h. The extent of inhibition is approximately 80%.

cell layers were then wounded with a tip and

(MCF7-BCL2 cells) spread more slowly
than MCF7-control cells after low density
seeding. Similar results were obtained by
using several different BCL2 transfected
clones of MCF7 cells. These observa-
tions were confirmed in NIH3T3 cells
that overexpressed BCL2 compared to
vector only control NIH3T3 cells. These
results suggested that overexpression of
BCL2 may have affected the integrity of
the cytoskeleton. To further investigate
the possible effect of BCL2 on cell motil-
ity, doxycycline inducible NIH3T3 cells
overexpressing mouse BCL2 and MCF7
cells overexpressing human BCL2 were
established. The experiments with these
cells consistently showed that BCL2
expression decreased cell motility by both
in vitro “wound healing” and transwell
cell migration/invasion assay using fetal
bovine serum as a chemoattractant. These
results raised the possibility that BCL2
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may be a critical regulator of cytoskeleton
reorganization.

Interestingly, we observed that Bc/2"
mouse embryonic fibroblasts (MEFs)
showed higher cell motility when com-
pared to Bc/2*'* MEFs and exhibited lower
levels of F-actin polymerization. One ear-
lier study showed that, compared to the
wild type, there is no increase in apoptotic
cells in Bcl2” mouse intestinal crypts
(where intestinal epithelial stem cells are
located), while there is an increase of apop-
totic cells in the colonic crypt.”® These
results suggest that loss of BCL2 may not
only cause apoptosis in epithelial stem
cells but may also result in abnormal stem
cell migration depending upon the tissue
location. Another example illustrates that
grey hair observed in Bc/2”~ mice may be
due to the loss of melanocyte stem cells.'*"
The critical question remains whether the
grey hair results because of a abnormal
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niche-to-niche migration of these cells,
a niche that may not support these stem
cells, thus resulting in the loss of melano-
cyte stem cells. These observations may
provide another approach to study the
role of BCL2 expression in stem cells that
change their stem cell niche and exhibit
reduced apoptosis potential.

BCL2 Enhances Actin
Polymerization

One of the common processes involved
in cell spreading, adhesion and motility
is actin polymerization and depolymer-
ization.'®" We showed that F-actin is
increased in cells that overexpress BCL2
compared to cells with native levels of
expression of BCL2. Moreover, we found
that lysates from cells that overexpress
BCL2 have little effect on actin polymer-
ization, while control lysates significantly
inhibited actin polymerization. This result
confirmed previous findings that BCL2
rescued latrunculin B induced MCF710A
apoptosis by enhancing actin polymeriza-
tion.”” Moreover, lysates of MCF7 cells
that overexpressed BCL2 decreased gel-
solin-severing activity. Altogether, these
data suggest a substantial and consistent
change in actin polymerization machinery
in response to increased BCL2 expression.

Both cell motility and cancer cell
metastasis involve cycles of adhesion and
de-adhesion that are dependent on the
strength of the adhesiveness to the sub-
strate.” BCL2 causes loss of E-cadherin
and a2 integrin subunit in human mam-
mary epithelial cells, suggesting that
it may inhibit cell adhesion on certain
substrates.® However, others report that
BCL2 may enhance cell adhesion. We
found that BCL2 expression caused a
decrease in cell-cell adhesion in a 12G10
activating  anti-p1
body induced cell-cell adhesion assay,*
a process that requires both the a2 inte-
grin and F-actin polymerization. BCL2
affects actin polymerization and thus, can
modulate cell attachment, spreading and
migration. Jasplakinolide induces actin
polymerization in A2058 melanoma cells,
which causes inhibition of cell migration.
Furthermore, its concentration is inversely
correlated with the extent of cell motility
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(Fig. 1A and B). Moreover, jasplakino-
lide greatly inhibits transwell motility of
A2058 cells (Fig. 1C). This result sup-
ports our previous finding that higher lev-
els of actin polymerization result in lower
cell motility.

In conclusion, we propose that the
enhanced actin polymerization may have a
central role in BCL2 mediated inhibition
of cell adhesion, spreading and motility
and the association with reduced cancer
metastasis.

Proposed Mechanism

Although increased by a5B1-integrin
expression in CHO cells,” BCL2 has
been previously shown to reduce a2, but
not B1 integrin expression.® Rac-GTP was
reported to be critical in regulating F-actin
turnover, nucleation, elongation, barbed
end capping and decapping.’*® When
compared the level of Rac-GTP by control
cells and cells overexpressing BCL2, we
found no difference in the levels of Rac-
GTP, suggesting that this pathway was
not involved (Fig. 2). In contrast, a clear
downregulation of gelsolin severing activ-
ity was detected suggesting that the activ-
ity of F-actin severing activity by gelsolin
(but not the level of gelsolin expression)
may be regulated by BCL2 expression.
We also found that BCL2 formed a pro-
tein complex that included gelsolin and
actin. Although these findings suggest
that BCL2 may affect actin polymeriza-
tion by inhibiting the F-actin severing
activity of gelsolin, it is uncertain whether
the role of BCL2 on actin polymerization
is the result of BCL2 direct binding with
actin, since recombinant BCL2 appears
to have little effect on increasing actin
polymerization. However, we hypothesize
that a protein complex is likely responsible
for the BCL2 downregulation of gelsolin
severing activity since gelsolin normally
(in cell at rest) localized in the cytoplasm
to keep its potential severing activity*®
(Fig. 3). Direct observation of enhanced
actin polymerization in BCL2 expressed
cells  using imaging techniques
should be performed to characterize the
detailed mechanism. Previously, BCL2
was reported to bind paxillin directly.?”
It is important to determine if paxillin
is part of the BCL2-gelsolin complex.

live
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NIH3T3
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Vector BCL2 Vector BCL2 Vector BCL2 Vector BCL2

in both MCF-7 cells and NIH3T3 cells.

Figure 2. The level of Rac-GTP is not changed by BCL2 expression. Wild-type MCF-7 cells and
NIH3T3 or cells that overexpress BCL2 were starved for 24 h before stimulation with serum
containing medium. Cells were harvested 5 min after stimulation. Equal amount of cell lysate
were used for Rac activation assay. Whole cell lysate was used as input to show a total Rac. The
levels of PAK-1 PBD binding Rac, termed Rac-GTP, were shown in the same blot. The membrane
was blotted with antibody against Rac followed with HRP-conjugated anti-mouse antibody. The
results showed the same level of Rac-GTP in the vector control and the cells that overexpress BCL2

Additional questions, such as to which
domains of the BCL2 protein are involved
in the formation of a complex, and how
this complex functions in the regulation
of actin polymerization is critical to fur-
ther development.

Involvement in Cancer Metastasis

Our observation that increased BCL2
expression is correlated with increased
F-actin _polymerization and = decreased
cell motility suggests that BCL2 may
participate, in general, in cellular pro-
cesses requiring cell adhesion and migra-
tion (such as cancer cell metastasis and
stem cell homing). The correlation of
cell motility with cancer metastasis may
explain why BCL2 expression in can-
cer cells may be associated with a lower
metastatic potential, a better clinical out-
come and a more favorable prognosis."
Therefore, these results suggest that BCL2
expression within a tumor may function
to confine the tumor cells to the tumor
mass and inhibit metastasis.

BCL2 effects on actin polymeriza-
tion, cell adhesion, cell motility, and
thus potentially on cancer cell metasta-
sis appears to be cell type specific. Our
observation that BCL2 enhances actin
polymerization is consistent with the
results with MCF10A mammary epithe-
lial cells.®® Owverexpression of BCL2 in
estrogen receptor-positive MCF-7 mam-
mary carcinoma cells results in decreased
cell surface E-cadherin and the disruption
of junction complexes between cells.?®
of human
mammary epithelial cells involves a high

However, transformation
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level of BCL2 expression.”” BCL2 also
promotes the growth of human breast
epithelial cells independent of cell anchor-
age.’® Furthermore, BCL2-mediated cell
survival promotes metastasis of EpH4
BMEKDD mammary epithelial cells.”
These results indicate that cancer metas-
tasis involves multiple complex processes
and that cancer cell adhesion and motil-
ity may contribute only a part. BCL2
expression enhances cell survival under
unfavorable conditions encountered in
the metastatic process, resulting in the
enhanced metastatic potential of blad-
der cancer.? Loss of BCL2 was reported
to inhibit migration of retinal endothelial
cells, while enhancing cell adhesion and
the motility of ureteric bud cells.*** The
cell type and context specific basis as to
why different type of cells display different
effects or even paradoxical opposite effects
are not clear. In addition, distince BCL2
expression level profiles of different cell
type may dampen the BCL2 effect or even
reverse its functions. Different in vitro
experimental conditions may also contrib-
ute the experimental differences observed
and discrete conclusions reached.

Conclusion

Our recent findings not only reveal a
potential new function for BCL2 on cell
adhesion and cell motility, but also sug-
gest a target for cancer therapy. Current
evidence shows that BCL2 functions
include the regulation of apoptosis, cell
proliferation, cell differentiation and cell
motility. These functions are intrinsically
inter-correlated.”® Since increased actin
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Figure 3. Model illustrating a proposed mechanism for regulation of cell adhesion and motility by BCL2. The cells normally have a balance between
active (free) gelsolin and bound gelsolin within the cytoplasm. Outside-in signaling results in the recruitment of actin regulating proteins, including
gelsolin, resulting in cytoskeleton reorganization. Under certain conditions, such as increased BCL2 expression, the BCL2 binds actin and forms a com-
plex containing gelsolin resulting in reduction of free gelsolin. The increase of F-actin thus results in inhibition of cell motility.

polymerization usually correlates with
decreased cell motility, we hypothesize
that actin polymerization may be a critical
target for development of anti-metastatic
therapeutics. Current cancer drug devel-
opment strategies are confronted with
many challenges; e.g., drugs targeting
only one molecule may not work because
of the redundant functions of other simi-
lar functional molecules. The ultimate fate
of a cell must be dependent on a balance
between “cell defenders” and “cell destroy-
ers.” The evolutionary significance of the
BCL2 function is still largely unknown
and requires further development. We
hope that our research findings can be a
starting point for future research.
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