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The tumor suppressor adenomatous polyposis coli (APC) is
mutated in familial adenomatous polyposis and in many sporadic
colorectal tumors. Adenomatous polyposis coli is known to
negatively regulate Wnt signaling by inducing the degradation of
b-catenin. Adenomatous polyposis coli also interacts with the
guanine nucleotide exchange factors Asef and Asef2 and stimu-
lates their activity, thereby regulating cell adhesion and migration.
Here we show that in confluent, non-motile MDCK II cells, Asef
⁄Asef2 are colocalized with APC at the sites of cell–cell adhesion at
the apical and junctional levels. In contrast, in colorectal tumor
cells containing mutated APC, significant amounts of Asef ⁄Asef2
and the truncated mutant APCs are localized mainly in the
cytoplasm. These results suggest that localization of the Asef
⁄Asef2-APC complex at the sites of cell–cell contact is critical for
the regulation of cell adhesion, and that the aberrant subcellular
localization of these complexes in colorectal tumor cells may con-
tribute to the cell’s aberrant adhesive and migratory properties.
(Cancer Sci 2013; 104: 1135–1138)

T he majority of somatic adenomatous polyposis coli (APC)
mutations in colon cancers are found in its central region,

called the mutation cluster region (MCR), and these typically
result in the generation of truncated gene products.(1) Normally,
APC protein interacts with b-catenin and induces its degrada-
tion.(2) However, mutation of APC in colorectal tumor cells
results in the accumulation of b-catenin, which interacts with the
T cell factor ⁄ lymphoid enhancer binding factor (TCF ⁄LEF)
family of transcription factors and activates transcription of tar-
get genes. Adenomatous polyposis coli also associates with the
lateral plasma membrane in an actin-dependent manner(3) and
has been shown to play a role in the maintenance of E-cadherin
based cellular adhesion.(4,5) Furthermore, APC interacts with
Asef and the closely related Asef2, which are Cdc42- and
Rac-specific guanine nucleotide exchange factors (GEFs), and
activates their GEF activity, thereby promoting reorganization
of the actin cytoskeletal network and cell migration.(6,7) Asef
was also found to inhibit E-cadherin-mediated cell–cell adhesion
when small colonies of MDCK cells were examined. By con-
trast, in confluent non-motile MDCK II cells, Asef increases
E-cadherin levels at the sites of cell-cell adhesion.(8)

In the present study, we compared the subcellular localization
of Asef ⁄Asef2 in non-motile versus motile cells. We also exam-
ined the relationship between the subcellular localization of
Asef ⁄Asef2 and the mutational state of APC in colorectal tumor
cells. We show that Asef ⁄Asef2 are colocalized with APC at the

sites of cell–cell adhesion in non-motile MDCK II cells and that
they accumulate in lamellipodia in hepatocyte growth factor
(HGF)-treated motile cells. Moreover, we demonstrate that lev-
els of cytoplasmic Asef and APC are higher in colorectal tumor
cells containing a mutated APC compared to cells containing
wild-type APC. Hence, the altered subcellular localization of
the Asef ⁄Asef2-APC complex may contribute to the aberrant
adhesive and migratory properties of colorectal tumor cells.

Materials and Methods

Antibodies. Rabbit polyclonal antibody (pAb) to Asef ⁄Asef2
was prepared by immunizing rabbits with a peptide containing
amino acids 73–126 of Asef (amino acids 98–150 of Asef2).
Mouse monoclonal antibody (mAb) to APC was generated as
described previously.(6) Rat mAb to E-cadherin (ECCD-2) was
obtained from Calbiochem. Mouse mAb against a-tubulin and
integrin b4 were from Oncogene Research and BD Transduc-
tion Laboratories, respectively.

Cell culture. Cells were cultured as shown in Table S1.
Polarized cells were grown on polycarbonate filters (Transwell,
Costar, Cambridge, MA, USA) with a 0.4 lm pore diam and
24 mm filter diameter. Cells were plated at an initial density
of 5.5 9 105 ⁄ cm2 (2.5 9 106 ⁄filter) and cultured in large
dishes with polypropylene filter supports. The cells were incu-
bated for 6 days before fixation and processing for immuno-
fluorescence.

Immunostaining. MDCK II cells were fixed with methanol-
acetone (1:1) at �20°C for 5 min (Figs 1,2) or 3.7% formalde-
hyde in PBS (Fig. 1b). Fixed cells were double-stained with
rabbit pAb to Asef and rat mAb to E-cadherin, or rabbit pAb
to Asef and mouse mAb to APC, or rabbit pAb to Asef and
trimetylrhodamine isothiocyanate (TRITC)-conjugated phalloi-
din (Molecular Probes, Eugene, OR, USA) for 60 min at room
temperature. Staining patterns obtained with these antibodies
were visualized by incubation with fluorescein isothiocyanate
(FITC)-labeled anti-rabbit IgG (for Asef), TRITC-labeled anti-
rat IgG (for E-cadherin) or TRITC-labeled anti-mouse IgG (for
APC), respectively. The cells were photographed with a Carl
Zeiss LSM510 (Carl Zeiss, Jena, Germany) laser scanning
microscope.

Subcellular fractionation. Confluent cells grown on 10-cm
dishes were homogenized in 600 lL of lysis buffer (50 mM
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HEPES, pH 7.5, 50 mM NaCl, 1 mM MgCl2, 2 mM EDTA,
10 lg ⁄mL aprotinin and leupeptin, 1 mM phenylmethylsul-
fonyl fluoride, 500 lM sodium orthovanadate, 10 mM pyro-
phosphate, 10 mM NaF, and 1 mM dithiothreitol). The lysate
was centrifuged at 500 g for 10 min to remove the nuclear
fraction, and then the supernatant was recentrifuged at
120 000 g for 45 min (cytoplasmic fraction).

Immunoblotting. Immunoblotting was performed as described
previously.(7)

Results

Subcellular localization of Asef ⁄Asef2 in MDCK II cells. To
examine the subcellular distribution of Asef and Asef2 in non-
motile cells, we stained small colonies of MDCK II cells with
an antibody that recognizes both Asef and Asef2. We found
that Asef ⁄Asef2 were present predominantly at sites on the
plasma membrane involved in cell–cell contact, and colocalized
with E-cadherin (Fig. 1a). Asef ⁄Asef2 was not found in regions
of the plasma membrane that were not in contact with other
cells. We next examined the subcellular localization of Asef
and Asef2 in motile cells using MDCK II cells treated with
HGF, which induces cell scattering and migration. We found
that Asef ⁄Asef2 accumulated in membrane ruffles and lamelli-
podia in HGF-treated MDCK II cells, as we reported previ-
ously(9) (Fig. 1b). Thus, the subcellular localization of Asef and
Asef2 are different between non-motile and motile cells.

Colocalization of membrane-associated Asef ⁄Asef2 and APC in
polarized MDCK II cells. We next examined the localization of
Asef ⁄Asef2 in MDCK II cells that had been grown on
micropore filters to produce polarized, epithelial-like monolay-
ers. Confocal z-sections of polarized MDCK II cells showed
that Asef ⁄Asef2 and E-cadherin were localized predominantly

at the lateral plasma membrane and were barely detectable at
either the apical or basal membrane (Fig. 2a). We also
examined whether Asef ⁄Asef2 are colocalized with APC in
polarized MDCK II cells. Adenomatous polyposis coli has
been reported to exhibit two distinct peripheral locations in
these cells: an actin-dependent APC pool associated with the
lateral plasma membrane and basal APC clusters that depend
predominantly on microtubules.(3) We found that Asef ⁄Asef2
and APC were colocalized at the sites of cell–cell contact in
polarized MDCK II cells, and were barely detectable in
clusters of APC at the basal zones (Fig. 2b). These results sug-
gest that the Asef ⁄Asef2-APC complex plays some role at the
sites of cell–cell adhesion.

Subcellular distribution of Asef in colorectal tumor cells. It is
known that the subcellular localization of truncated mutant
APCs in colorectal tumor cells is different from that of
wild-type APC.(3) We therefore examined the subcellular
distribution of Asef in colorectal tumor cells expressing
either wild-type or truncated mutant APC. Colorectal tumor
cell lines cultured to confluence were fractionated into
cytoplasmic and membrane fractions and the amounts of Asef
and APC in each fraction were measured by immunoblotting
analysis. Consistent with previous reports,(3) the levels of
cytoplasmic APC in colorectal tumor cells harboring an APC
mutation (SW480, SW620, HT29, Caco-2 and LoVo cells)
were significantly higher than those in MDCK II and colorec-
tal tumor cells with wild-type APC (HCT116 and SW48
cells) (Fig. 3). Furthermore, we found that the levels of Asef
in the cytoplasm were also increased in colorectal tumor cells
having APC mutations. In addition, we found that the total
amounts of APC in colorectal tumor cells containing mutant

(a)

(b)

Fig. 1. Subcellular localization of Asef ⁄Asef2 in MDCK II cells.
(a) Subcellular localization of Asef ⁄Asef2 and E-cadherin in small colo-
nies of MDCK II cells. (b) Subcellular localization of Asef ⁄Asef2 in
MDCK II cells treated with HGF. After stimulation with HGF (20 ng ⁄mL
for 2 h), cells were stained for Asef ⁄Asef2 and actin (trimetylrhod-
amine isothiocyanate [TRITC]-phalloidin). Arrows indicate the regions
of Asef ⁄Asef2 accumulation in membrane ruffles. Bar, 10 lm.
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Fig. 2. Subcellular localization of Asef ⁄Asef2 and E-cadherin in
polarized MDCK II cells. Cells were stained with antibodies against the
indicated proteins. (a, lower panels) z-section along the line indicated
in upper panel. (b, upper panels) Apical, junctional levels; (b, lower
panels) basal levels. Bar, 10 lm.
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APC were greater than those containing wild-type APC muta-
tions, except for LoVo cells. However, we found no relation-
ship between the total expression levels of Asef and the
mutational state of APC in colorectal tumor cells (Fig. 3c).
These results suggest that a significant fraction of the
Asef-APC complex is not associated with the membrane, but
rather is present in the cytoplasm in colorectal tumor cells
having a mutated APC.

Discussion

In the present study, we showed that Asef is colocalized with
APC at the sites of cell–cell contact in polarized non-motile
MDCK II cells. We previously showed that expression of Asef
causes an increase in the amounts of E-cadherin and actin fila-
ments present at the sites of cell–cell contact.(8) Furthermore,
it has been shown that APC is involved in the maintenance of
E-cadherin-mediated cellular adhesion.(4,5) Thus, our findings
raise the possibility that APC-induced activation of Asef at the
sites of cell–cell contact in non-motile cells may be important
for the regulation of E-cadherin-mediated cell adhesion. On
the other hand, Asef is colocalized with APC in the lamellipo-
dia in motile MDCK II cells treated with HGF. We speculate
that the different subcellular localizations of Asef may deter-
mine whether Asef stimulates E-cadherin-mediated cell–cell
adhesion or cell migration.
We previously reported that the preckstrin homology (PH)

domain of Asef binds to PtdIns(3–5)P3 and targets Asef
to the cell–cell adhesion sites in MDCK II cells.(8) However,

we found that the levels of plasma membrane-associated
Asef in colorectal tumor cells containing a mutant APC
were significantly lower than those in colorectal tumor cells
containing wild-type APC. Truncated mutant APCs present
in colorectal tumor cells retain the armadillo repeat domain
and are still able to interact with Asef via this domain.(6)

Thus, the cytoplasmic localization of Asef in colorectal
tumor cells containing mutant APC may be directed by the
truncated APC. Our results suggest that the aberrant subcel-
lular localization of the Asef ⁄Asef2-APC complex in colo-
rectal tumor cells may contribute to their aberrant adhesive
and migratory properties.
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