
Binding between the Junctional Proteins Afadin and
PLEKHA7 and Implication in the Formation of Adherens
Junction in Epithelial Cells*

Received for publication, January 15, 2013, and in revised form, August 22, 2013 Published, JBC Papers in Press, August 29, 2013, DOI 10.1074/jbc.M113.453464

Souichi Kurita‡§, Tomohiro Yamada¶, Etsuko Rikitsu¶, Wataru Ikeda¶, and Yoshimi Takai‡§�1

From the ‡Division of Molecular and Cellular Biology, Department of Biochemistry and Molecular Biology, Kobe University
Graduate School of Medicine, Kobe, Hyogo 650-0017, Japan, the §Division of Pathogenetic Signaling, Department of Biochemistry
and Molecular Biology, Kobe University Graduate School of Medicine, Kobe, Hyogo 650-0047, Japan, the ¶KAN Research Institute,
Inc., Kobe, Hyogo 650-0047, Japan, and the �Core Research for Evolutional Science and Technology (CREST), Japan Science and
Technology Agency (JST), Kobe, Hyogo 650-0047, Japan

Background: Afadin is an important regulator of cell-cell adhesion.
Results: PLEKHA7 binds to afadin and this binding is required for the proper formation of adherens junction (AJ).
Conclusion: PLEKHA7 plays a cooperative role with nectin and afadin in the proper formation of AJ in epithelial cells.
Significance: The result indicates a novel regulatory mechanism for the formation of cell-cell adhesion.

Adherens junction (AJ) is a specialized cell-cell junction
structure that plays a role in mechanically connecting adjacent
cells to resist strong contractile forces and to maintain tissue
structure, particularly in the epithelium.AJ ismainly comprised
of cell adhesionmolecules cadherin and nectin and their associ-
ating cytoplasmic proteins including �-catenin, �-catenin,
p120ctn, and afadin. Our series of studies have revealed that nec-
tin first forms cell-cell adhesion and then recruits cadherin to
form AJ. The recruitment of cadherin by nectin is mediated by
the binding of �-catenin and p120ctn to afadin. Recent studies
showed that PLEKHA7 binds to p120ctn, which is associated
with E-cadherin, and maintains the integrity of AJ in epithelial
cells. In this study, we showed that PLEKHA7bound to afadin in
addition to p120ctn and was recruited to the nectin-3�-based
cell-cell adhesion site in a manner dependent on afadin, but not
on p120ctn. The binding of PLEKHA7 to afadin was required for
the proper formation ofAJ, but not for the formation of tight junc-
tion, inEpH4mousemammary glandepithelial cells. These results
indicate that PLEKHA7 plays a cooperative role with nectin and
afadin in the proper formation of AJ in epithelial cells.

Mono-layered columnar epithelial cells, which are simply
referred here to as epithelial cells, in small intestine, for
instance, form a sheet by adhering adjacent cells through cell-

cell junctions, such as tight junction (TJ),2 adherens junction
(AJ), and desmosome (1). In epithelial cells, TJ is localized at the
most apical side of the cell-cell adhesion site, and AJ is formed
just at the basal side of TJ. TJ is crucial for the barrier function
that prevents the passage of solublemolecules through the gaps
between cells (2) and is thought to be involved in the fence
function that keeps the cell surface lipids at the basolateral
region separated from those at the apical region (3), although
the latter function remains controversial (4). AJ plays a role in
mechanically connecting adjacent cells to resist strong con-
tractile forces and to maintain tissue structure particularly in
epithelial cells. In addition, AJ regulates the formation and
maintenance of TJ and desmosome (5).
AJ is formed by cell adhesion molecules (CAMs) cadherin

and nectin and their associating molecules and is undercoated
with the actin cytoskeleton associated with myosin (6, 7). Cad-
herin is a key Ca2�-dependent CAM with a single transmem-
brane segment and comprises a family consisting of over 100
members. Cadherin directly binds �-catenin and p120ctn (8).
�-Catenin in turn interacts with �-catenin, which binds many
peripheral membrane proteins, such as vinculin, �-actinin, and
EPLIN (9). Nectin is a Ca2�-independent Ig-like CAM with a
single transmembrane segment and comprises a family consist-
ing of four members: nectin-1, -2, -3, and -4 (10, 11). Nectin is
associated with actin filaments (F-actin) through afadin, an F-ac-
tin-binding protein. Afadin has some splicing isoforms, and epi-
thelial cells mainly express the longest one, l-afadin, hereafter
referred toas afadin.Our seriesof studieshave revealed thatnectin
first forms cell-cell adhesion and then recruits the cadherin-
catenin complex to the nectin-based cell-cell adhesion site at least
through the direct binding of afadin to �-catenin and the indirect
binding of afadin to p120ctn to formAJ (6, 10–14).
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Nectin is also involved in the formation of TJ in addition to
AJ (15). Themajor CAMs at TJ are claudin, occludin, and junc-
tional adhesionmolecule. Claudin is a Ca2�-independentCAM
with four transmembrane segments and comprises a family
consisting of �24 members in humans and mice (3, 16). Clau-
din forms TJ strands to seal the apposed plasma membranes of
adjacent cells. The structure of occludin is similar to that of
claudin, but its function has not yet been established. In addi-
tion to these CAMs, several peripheral membrane proteins,
such as ZO-1, -2, and -3, are localized at TJ and interact with
claudin, occludin, and junctional adhesion molecule to link
theseCAMs to F-actin.During and/or after the formation ofAJ,
nectin recruits first junctional adhesion molecule and then
claudin and occludin to the apical side of AJ, resulting in the
formation of TJ. It remains unknown how the trans-interac-
tions of nectin lead to the recruitment of the TJ components,
but afadin and ZO-1 and the interaction of these two proteins
are necessary for the recruitment of CAMs to TJ (15).
A recent study showed that PLEKHA7, a protein originally

identified as a member of pleckstrin homology (PH) domain
containing, family A (17, 18), binds to both p120ctn and Nezha
(19). p120ctn binds to the juxtamembrane region of E-cadherin,
whereas Nezha binds to the minus end of microtubules. Thus,
PLEKHA7 connects the microtubule network to AJ through
p120ctn and Nezha in human colon carcinoma Caco2 cells.
E-cadherin,�-catenin,�-catenin, p120ctn, and EPLIN are local-
ized not only at AJ but also at the basal side of AJ along the
lateral plasma membranes of attached epithelial cells (9). In
contrast, PLEKHA7 is strictly localized at AJ like the nectin-
afadin system in Caco2 cells (19). It was more recently shown
that PLEKHA7 binds to paracingulin, which is known to inter-
act with ZO-1, and is localized at AJ in Madin-Darby canine
kidney (MDCK) cells (20). However, paracingulin is localized
not only at AJ but also at TJ (21). It was proposed that paracin-
gulin is localized at AJ and TJ by binding to PLEKHA7 and
ZO-1, respectively (20). Thus, it still remains unknown how
PLEKHA7 is localized strictly at AJ in epithelial cells.
Because the nectin-afadin system is strictly localized at AJ in

epithelial cells, we examined here whether PLEKHA7 is
recruited to AJ through this system and found that PLEKHA7
bound to afadin in addition to p120ctn and was associated with
nectin by binding to afadin. In addition, we found that this
binding of PLEKHA7 to afadin was required for the proper
formation of AJ, but not for the formation of TJ, in EpH4mouse
mammary gland epithelial cells. We show here this novel regu-
latory mechanism for the formation of AJ in epithelial cells.

EXPERIMENTAL PROCEDURES

Plasmid Constructions—A plasmid for HA-tagged PLEKHA7
(HA-PLEKHA7)was constructed by usingMultiSiteGateway Pro
system for two and three fragments (Invitrogen). The mouse
cDNA for PLEKHA7, which corresponds to the longest one
(1266 amino acids (aa)) among the transcripts predicted in the
UCSC genome browser, was cloned from the kidney of C57/
BL6 mice by RT-PCR and inserted into pDONR entry vector
(Invitrogen). A cDNA for HA tag was amplified by PCR and
inserted into pDONR entry vector. pCX4-puro-DESTwas con-
structed by using a retroviral vector, pCX4 (22), which was

modified with a drug-resistant gene against puromycin using
Gateway RfA cassette (Invitrogen). pCX4-puro-HA-PLEKHA7
was obtained by using LR recombination reaction. The cDNAs
for human p120ctn isoform 3AB (accession number AF062338)
and mouse Nezha (accession number BC048787) were cloned
from the human small intestine and the kidney of C57/BL6
mice, respectively, by RT-PCR and inserted into the pDONR
entry vector. To construct the plasmids for the truncated
mutants of PLEKHA7, the following fragments of PLEKHA7
were amplified by PCR and cloned into pDONR entry vectors:
�WWPH (corresponding to 538–1266 aa), �CC (1–696 aa),
WWPH (1–374 aa), WW (1–119 aa), and PH (120–374 aa).
PLEKHA7-�AfBR (1–119 and 375–1266 aa), which lacks the
afadin-binding region (AfBR), was constructed by QuikChange
site-directed mutagenesis (Stratagene). The plasmid for EGFP-
tagged rat afadin was constructed as described previously (14).
The plasmids for the full-length and the following fragments of
afadin N-terminally tagged with FLAG were constructed as
described previously (15): N-PDZ (1–1100 aa), PDZ-C (1016–
1829 aa), NN (2–500 aa), NC (501–1100 aa), RA (2–350 aa),
FHA (351–500 aa), DIL (501–1020 aa), and PDZ (1001–1100
aa). For bacterial expression of GST-taggedAfBR of PLEKHA7,
the N-terminal fragment of human p120ctn isoform 3AB
(p120-N; 2–295 aa), and the C-terminal fragment of mouse
Nezha (Nezha-C; 940–1252 aa), the cDNAs for each fragment
were amplified by PCR and subcloned into pGEX-4T1 vector
(GE Healthcare). The plasmids for shRNA expression were
constructed using pSIREN-retroQ-GFP vector (Clontech) as
described previously (23). The 21-base targeting sequence for
mouse PLEKHA7 was 5�-AAGGAGAATAAAGATCAGCTA-
3�, and that for mouse afadin was 5�-AAGACAATCCTGCTG-
TCTACT-3�. As a control, we used a nontargeting sequence,
5�-AAACAAGATGAAGAGCACCAA-3�. To construct the
shRNA-resistant PLEKHA7 (sr-PLEKHA7), three bases in the
shRNA target sequence in the HA-PLEKHA7 cDNA were mu-
tated (5�-AAAGAAAACAAAGATCAGCTA-3�) by muta-
genesis. DNA sequences of constructs were validated by
sequencing.
Antibodies—A mouse mAb against afadin was prepared as

described (24). A rat mAb against E-cadherin (ECCD2) was a
kind gift fromDr.M. Takeichi (Center for Developmental Biol-
ogy, RIKEN, Japan). The following rabbit polyclonal antibodies
(pAbs) were purchased from commercial sources: anti-afadin
(Sigma-Aldrich), anti-GFP (Medical and Biological Laborato-
ries), anti-HA (Medical and Biological Laboratories), and anti-
PLEKHA7 (HPA038610; Sigma-Aldrich). The followingmouse
mAbs were purchased from commercial sources: anti-actin
(clone C4; Millipore), anti-FLAG (clone M2; Sigma-Aldrich),
anti-HA (clone 16B12; Covance), anti-occludin (Zymed Labo-
ratories Inc.), and anti-p120ctn (BD Bioscience). The following
rat mAbs were purchased from commercial sources: anti-GFP
(clone GF090R; Nacalai Tesque), anti-nectin-2 (clone 502-57;
Medical and Biological Laboratories), anti-nectin-3 (clone 103-
A1;Medical and Biological Laboratories), anti-occludin (Sanko
Junyaku), and anti-ZO-1 (Millipore). Horseradish peroxidase-
conjugated secondary Abs were purchased from GE Health-
care. Fluorophore-conjugated secondary Abs were purchased
from Chemicon and Jackson ImmunoResearch.
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Cells and Cell Culture—L cells stably expressing exogenous
mouse nectin-3� or its mutant nectin-3�-�C, in which the
C-terminal four amino acid residues of nectin-3� were deleted
(nectin-3-L cells or nectin-3-�C-L cells, respectively), were
prepared as described (25). EL cells were established by intro-
ducing the cDNA for E-cadherin into L cells (26). Nectin-3-L
cells, nectin-3-�C-L cells, EL cells, human embryonic kidney
HEK293E cells, and EpH4 mouse mammary gland epithelial
cells were maintained in Dulbecco’s modified Eagle’s medium
supplemented with 10% fetal calf serum.
Transfection and Retrovirus Infection—Transfection of cells

with plasmids or siRNAwas performed using Lipofectamine 2000
or Lipofectamine RNAiMAX reagent (Invitrogen), respectively,
according to themanufacturer’s instructions. To generate the ret-
roviral supernatant,HEK293Ecellswereco-transfectedwithpGP
(Takara Bio), pE-Ampho (Takara Bio), and either pCX4-puro
or pSIREN-retroQ-GFP plasmid. After a 48-h culture period,
the culture medium was centrifuged, and the viral supernatant
with 8 �g/ml polybrene was used for infection.
Knockdown Experiments—Stealth RNAi duplexes against

mouse p120ctn (5�-GAAGCAGUGUGGACCUGCAUCGUUU-
3�) andmouseafadin (5�-CCCAAGACAUAAACCUGGAGCU-
GUU-3�) were purchased from Invitrogen. As a control, we
used stealth RNAi negative control mediumGC duplex 2 (Invi-
trogen). To confirm the knockdown efficiency, the cells were
washed with ice-cold PBS and lysed with a lysis buffer (20 mM

Tris-HCl, pH 7.5, 150 mM NaCl, 5% glycerol, 0.5% Nonidet
P-40, 1 mM MgCl2, 1 mM dithiothreitol, 1 mM Na3VO4, 10 mM

sodium fluoride, 1 mM PMSF, and 10 �g/ml leupeptin). The
lysateswere addedwith 5� SDS sample buffer, boiled for 5min,
and subjected to SDS-PAGE, followed byWestern blottingwith
appropriate Abs. For knockdown of PLEKHA7 in EpH4 cells,
EpH4 cells were infected with the retrovirus encoding the
shRNA sequence targeting PLEKHA7 for 24 h and cultured for
48 h. The cells were then plated on coverslips and further cul-
tured for 24 h before fixation. In the rescue experiments, EpH4
cells were infected with the control retrovirus (mock) or the ret-
rovirus coding for HA-sr-PLEKHA7-WT or HA-sr-PLEKHA7-
�AfBR. Infected EpH4 cells were cultured for 24 h, washed,
and selected by culturing with 2 �g/ml puromycin for 4–6
days. The selected EpH4 cells were infected with the shRNA
retroviruses for 24 h and processed as described above.
Immunoprecipitation Assay—HEK293E cells were co-trans-

fected with various combinations of plasmids. After incubation
for 48 h, the cells were washed with ice-cold PBS and then lysed
with the lysis buffer. The cell lysates were obtained by centri-
fugation at 20,000 � g for 15 min. The cell lysates were incu-
bated with the rabbit anti-GFP pAb-conjugated protein A-Sep-
harose at 4 °C for 3 h. After the beads were extensively washed
with the lysis buffer, the bound proteins were eluted by boiling
the beads in SDS sample buffer. The samples were subjected to
SDS-PAGE, followed by Western blotting with the rat anti-
GFP, rat anti-HA, and mouse anti-FLAG mAbs.
GST Pulldown Assay—GST and GST-fused proteins were

expressed in Escherichia coli, and the cells were sonicated in a
sonication buffer (50 mM Tris-HCl, pH 7.5, 150 mM NaCl, 0.1%
Triton X-100, 1 mM dithiothreitol, 1 mM PMSF, and 10 �g/ml
leupeptin). The homogenate was clarified by centrifugation, and

the supernatant was then incubated with glutathione-Sepharose
4B (GE Healthcare) at 4 °C for 1 h to immobilize GST-fused pro-
teins.Afterbeingwashedwith the lysisbuffer, thebeadswere incu-
bated with the cell lysates prepared from HEK293E cells exoge-
nously expressing proteins of interest. After 3 h of incubation, the
beads were extensively washed with the lysis buffer, and bound
proteins were subjected to SDS-PAGE, followed byWestern blot-
ting with the appropriate Abs and Amido Black staining.
ImmunofluorescenceMicroscopy—Cells seeded on coverslips

were fixed with 1% paraformaldehyde in Hanks’ balanced salt
solution and then permeabilized with 0.2% Triton X-100 in
PBS. After being blocked with 2% goat serum in PBS, the sam-
ples were incubated with the primary Abs, followed by incuba-
tion with appropriate fluorophore-conjugated secondary Abs.
The samples were then washed three times with PBS and
mounted in ProLong Gold mount gel (Invitrogen). Fluores-
cence signals were visualized with a confocal laser scanning
microscope (LSM510; Zeiss). The fluorescence intensity of
E-cadherin at the cell-cell adhesion site was quantified in ran-
domly chosen fields by ImageJ software, and the average inten-
sity value of each image was calculated. Statistical significance
was assessed by Tukey’s multiple comparisons test.

RESULTS

Requirement of Afadin for the Recruitment of PLEKHA7 to the
Cell-Cell Adhesion Site in Epithelial Cells—We first examined
whether afadin is required for the recruitment of PLEKHA7 to
the cell-cell adhesion site in EpH4 cells that endogenously
express PLEKHA7 (Fig. 1A). For this purpose, we knocked
down afadin in EpH4 cells by using the retroviral shRNA vector
and analyzed the localization of PLEKHA7. Infection of EpH4
cells with the retrovirus encoding the afadin shRNA signifi-
cantly suppressed the expression of afadin but did not affect the
expression of PLEKHA7 or E-cadherin (Fig. 1A). Because these
retroviruses were engineered to simultaneously express shRNA
andGFP, the infection of the retroviruses was confirmed by the
expression of GFP. The immunofluorescence signals for afadin,
PLEKHA7, E-cadherin, and p120ctn were all concentrated at
the cell-cell adhesion site between the control retrovirus-in-
fected cells (Fig. 1B, control). In contrast, the signals for all of
these molecules were significantly decreased at the cell-cell
adhesion site between the afadin shRNA retrovirus-infected
cells as compared with that at the cell-cell adhesion site
between uninfected GFP-negative cells (Fig. 1B, afadin KD).
The reductions of the signals for PLEKHA7 and E-cadherin at
the cell-cell adhesion sites by the afadin knockdown were not
caused by the reductions of the total amounts of these proteins
as judged by Western blotting (Fig. 1A). The reduction of the
signal for E-cadherin was consistent with the earlier observa-
tions in MDCK cells (15, 27). These results indicate that afadin
is required for the recruitment of PLEKHA7 as well as E-cad-
herin and p120ctn to the cell-cell adhesion site in EpH4 cells.
However, it cannot be evaluated from these experiments
whether afadin is involved in the recruitment of PLEKHA7 to
the cell-cell adhesion site in a p120ctn-independent manner.
Afadin-dependent and p120ctn-independent Recruitment of

PLEKHA7 to the Nectin-3�-based Cell-Cell Adhesion Site in L
Cells Stably Expressing Nectin-3�—We therefore next exam-
inedwhether afadin recruits PLEKHA7 to the cell-cell adhesion
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site in a manner independent of p120ctn and E-cadherin by
using L fibroblasts, because this cell line lacks classical cad-
herins (28). Afadin and the small amounts of nectin-1 and -2
were expressed in L cells (29). �-Catenin and �-catenin were
down-regulated because of the lack of cadherin in this cell line
(13).When L cells stably expressing exogenous nectin-3� (nec-
tin-3-L cells) were cultured, the nectin-3�-based cell-cell adhe-
sion was formed as described (Fig. 2) (30). The immunofluores-
cence signals for both nectin-3� and afadin were concentrated
at the cell-cell adhesion site (Fig. 2, arrowheads). To examine
the recruitment of PLEKHA7 to the nectin-3�-based cell-cell
adhesion site, HA-PLEKHA7 was expressed in nectin-3-L cells

in which endogenous PLEKHA7 was undetectable by Western
blotting (data not shown). The signal for HA-PLEKHA7 was
co-localized with the signals for nectin-3� and afadin (Fig. 2,
arrowheads). However, the signal for p120ctn was not detected
there (Fig. 2, arrows). These results indicate that PLEKHA7 is
recruited to the nectin-3�-based cell-cell adhesion site presum-
ably in a p120ctn-independent manner.

We further confirmed the p120ctn-independent recruitment
of PLEKHA7 to the nectin-3�-based cell-cell adhesion site by
knocking down p120ctn in nectin-3-L cells. When p120ctn was
knocked down in nectin-3-L cells by using siRNA, the p120ctn
protein was markedly reduced as estimated by Western blot-

FIGURE 1. Requirement of afadin for the recruitment of PLEKHA7 to the cell-cell adhesion site in EpH4 cells. A, suppression of afadin by shRNA. EpH4 cells
infected with the control (Control) or afadin shRNA retrovirus (afadin KD) were cultured for 72 h. The cell lysates were subjected to Western blotting with the
indicated Abs. IB, immunoblot. B, localization of PLEKHA7, E-cadherin, and p120ctn in the control and afadin KD cells. EpH4 cells infected with retrovirus coding
for the control or afadin shRNA were cultured for 48 h and then replated on coverslips. Twenty-four hours after the replating, the cells were fixed and analyzed
by immunostaining with the indicated Abs. Scale bars, 20 �m. The results shown are representative of three independent experiments.

FIGURE 2. Recruitment of PLEKHA7 to the nectin-3�-based cell-cell adhesion site in L cells stably expressing nectin-3�. Nectin-3-L cells were transfected
with HA-tagged PLEKHA7, cultured on coverslips for 24 h, and stained with various combinations of the indicated Abs. Scale bar, 10 �m. The results shown are
representative of three independent experiments.
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ting (Fig. 3Aa). In the p120ctn knockdown (KD)-nectin-3-L
cells, the signals for nectin-3�, afadin, and HA-PLEKHA7 were
concentrated at the cell-cell adhesion site to the extents similar
to those in the control siRNA-transfected nectin-3-L cells
and untransfected nectin-3-L cells (Fig. 3Ab, arrowheads;
see also Fig. 2). In a quantitative analysis, the percentages of
the nectin-3�-based cell-cell adhesion site at which afadin or
HA-PLEKHA7 accumulated were not reduced in the p120ctn
KD-nectin-3-L cells as compared with those in the control cells
(Fig. 3Ac). These results further indicate that PLEKHA7 is
recruited to the nectin-3�-based cell-cell adhesion site in a
p120ctn-independent manner.

We then examined whether this recruitment of PLEKHA7 is
dependent on afadin. For this purpose, we used nectin-3�-�C,
a mutant of nectin-3� lacking the C-terminal four aa residues
necessary for the binding to afadin (31, 32).When L cells stably
expressing nectin-3�-�C (nectin-3-�C-L cells) were trans-
fected with HA-PLEKHA7, the signal for nectin-3�-�C was
concentrated at the cell-cell adhesion site as described previ-
ously (30), but the signal for afadin or HA-PLEKHA7 was not
concentrated there (Fig. 3Ba, arrows). In a quantitative analysis,
the percentages of the nectin-3�-based cell-cell adhesion site at
which afadin or HA-PLEKHA7 accumulated were markedly
reduced in the nectin-3-�C-L cells as compared with those in
the nectin-3-L cells (Fig. 3Bb). These results suggest that the

recruitment of PLEKHA7 to the nectin-3�-based cell-cell
adhesion site is dependent on the binding of afadin to the cyto-
plasmic tail of nectin-3�. Taken together, it is likely that
PLEKHA7 is recruited to the nectin-3�-based cell-cell adhe-
sion site in a manner dependent on afadin but independent of
p120ctn.
Afadin-independent Recruitment of PLEKHA7 to the E-cad-

herin-based Cell-Cell Adhesion Site in L Cells Stably Expressing
E-cadherin—We then examined whether PLEKHA7 is recruited
to the E-cadherin-based cell-cell adhesion site in an afadin-depen-
dent or -independent manner. When HA-PLEKHA7 was
expressed in L cells stably expressing E-cadherin (EL cells), it
was recruited to the E-cadherin-based cell-cell adhesion site
where the immunofluorescence signals for p120ctn and afadin
were concentrated (Fig. 4A, arrowheads). When afadin was
knocked down in EL cells by using siRNA, the afadin protein
was markedly reduced as estimated by Western blotting (Fig.
4Ba). The signal for afadin was observed at the E-cadherin-
based cell-cell adhesion site in the control cells (Fig. 4Bb, upper
panels, arrowheads), but not in the afadinKD-EL cells (Fig. 4Bb,
upper panels, arrows). Under these conditions, the signal for
HA-PLEKHA7 was observed at the E-cadherin-based cell-cell
adhesion site in the afadin KD-EL cells where the signal for
afadin was not concentrated (Fig. 4Bb, upper panels, arrow-
heads). The signal for p120ctn was concentrated at the E-cad-

FIGURE 3. Recruitment of PLEKHA7 to the nectin-3�-based cell-cell adhesion site in a p120ctn-independent and afadin-dependent manner. Aa,
confirmation of the knockdown of p120ctn by Western blotting. Nectin-3-L cells were transfected with control siRNA (control) or p120ctn siRNA (p120ctn KD) and
cultured for 48 h. The cell lysates were subjected to SDS-PAGE, followed by Western blotting with the indicated Abs. IB, immunoblot. Ab, localization of
HA-PLEKHA7 in the control and p120ctn KD-nectin-3-L cells. Nectin-3-L cells were transfected with the control or p120ctn siRNA. After a 48-h culture, the cells
were transfected with HA-PLEKHA7, incubated for 24 h, and stained with various combinations of the indicated Abs. Ac, quantitative analysis of Ab. The
percentages of the nectin-3�-based cell-cell adhesion site at which the indicated proteins accumulated are shown as recruitment indices in the bar graph. The
data are the means � S.E. of three independent experiments. Ba, localization of HA-PLEKHA7 in nectin-3-�C-L cells. Nectin-3-�C-L cells were transfected with
HA-PLEKHA7, cultured on coverslips for 24 h, and stained with various combinations of the indicated Abs. Bb, quantitative analysis of Ba. The percentages of
the nectin-3�-based cell-cell adhesion site at which the indicated proteins accumulated are shown as the recruitment indices in the bar graph. The data are the
means � S.E. of three independent experiments. Scale bars, 10 �m. The results shown are representative of three independent experiments.
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herin-based cell-cell adhesion site in both the control and afa-
din KD-EL cells (Fig. 4Bb, lower panels, arrowheads). In a
quantitative analysis, the percentage of the E-cadherin-based
cell-cell adhesion site at which afadin accumulated was clearly
diminished in the afadin KD-EL cells as compared with that in
the control EL cells, whereas HA-PLEKHA7 was still recruited
to the E-cadherin-based cell-cell adhesion site in the afadin
KD-EL cells with similar frequency in the control cells (Fig.
4Bc). These results indicate that PLEKHA7 is recruited to
the E-cadherin-based cell-cell adhesion site in an afadin-
independent manner. These results are apparently inconsis-
tent with the results in Fig. 1 that the knockdown of afadin

reduced the accumulations of the signals for E-cadherin and
p120ctn at the cell-cell adhesion site in the afadin KD-EpH4
cells. The reason for this apparent inconsistency is discussed
under “Discussion.”
Binding of PLEKHA7 to Afadin—We next examined by the

immunoprecipitation assay whether PLEKHA7 binds to afadin.
When GFP-afadin and HA-PLEKHA7 were co-expressed in
HEK293E cells and the cell lysates were immunoprecipitated
with the anti-GFP pAb, HA-PLEKHA7 was co-immunopre-
cipitated with GFP-afadin (Fig. 5A). Under these conditions,
endogenous p120ctn was not co-immunoprecipitated with
GFP-afadin (data not shown).

FIGURE 4. Afadin-independent recruitment of PLEKHA7 to the E-cadherin-based cell-cell adhesion site in L cells stably expressing E-cadherin. A,
recruitment of PLEKHA7 to the E-cadherin-based cell-cell adhesion site in EL cells. EL cells were transfected with HA-PLEKHA7, cultured on coverslips for 24 h,
and stained with the indicated Abs. B, afadin-independent recruitment of PLEKHA7 to the E-cadherin-based cell-cell adhesion site. Ba, confirmation of the
knockdown of afadin by Western blotting. EL cells were transfected with the control or afadin siRNA and cultured for 48 h. The cell lysates were subjected to
SDS-PAGE, followed by Western blotting with the indicated Abs. IB, immunoblot. Bb, recruitment of PLEKHA7 to the E-cadherin-based cell-cell adhesion site.
EL cells were transfected with the control or afadin siRNA and cultured for 48 h. The cells were then transfected with HA-PLEKHA7, incubated for 24 h, and
stained with various combinations of the indicated Abs. Bc, quantitative analysis of Bb. The percentages of the E-cadherin-based cell-cell adhesion site at which
the indicated proteins accumulated are shown as the recruitment indices in the bar graph. The data are the means � S.E. of three independent experiments.
Scale bars, 10 �m. The results shown are representative of three independent experiments.
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To determine the afadin-binding region of PLEKHA7, a
series of truncated mutants of PLEKHA7 shown in Fig. 5Bd
were co-expressed with GFP-afadin in HEK293E cells, and
GFP-afadin was immunoprecipitated with the anti-GFP pAb.
In this assay, an N-terminal fragment (�CC), but not a C-ter-
minal fragment (�WWPH), was co-immunoprecipitated with
GFP-afadin (Fig. 5Ba). These results indicate that afadin binds
the N-terminal region of PLEKHA7, which contains a WW
domain and a PH domain. Therefore, we further examined
whether theN-terminal fragment containing both theWWand
PH domains and the fragments containing only theWWor PH
domain bind to afadin. The fragment containing the WW and
PHdomains (WWPH) and the fragment containing only the PH
domain (PH), but not the fragment containing only the WW
domain (WW), were co-immunoprecipitated with GFP-afadin
(Fig. 5Bb), indicating that the region containing the PH domain
and its flanking residues of PLEKHA7 (120–374 aa) is respon-
sible for the binding to afadin. Consistent with these results, the
amount of a mutant of PLEKHA7 lacking this region, which
was co-immunoprecipitated with GFP-afadin, was markedly
reduced as compared with that of full-length PLEKHA7 co-
immunoprecipitated with GFP-afadin (Fig. 5Bc). These results
indicate that the region of PLEKHA7 (120–374 aa) is responsi-
ble for the binding to afadin.We hereafter refer to this region as
the afadin-binding region (AfBR).
We next mapped the PLEKHA7-binding region of afadin by

GST pulldown assay by using GST-PLEKHA7-AfBR (GST-
AfBR). FLAG-tagged afadin and deletion mutants of afadin
shown in Fig. 5Ce were expressed in HEK293E cells, and the
lysates of these cells were incubated with GST-AfBR immobi-
lized on glutathione-Sepharose. Full-length afadin (WT) and an
N-terminal half of afadin (N-PDZ) were specifically co-precip-
itatedwithGST-AfBR, but notwithGST (Fig. 5Ca). In contrast,
a C-terminal half of afadin (PDZ-C) was not co-precipitated
with GST-AfBR. When the N-PDZ fragment was divided into
two fragments (NN and NC; see Fig. 5Ce) and each fragment
was incubatedwithGST-AfBR, both theNN andNC fragments
were co-precipitated with GST-AfBR (Fig. 5Cb). When the NN
fragment was divided into two fragments (RA and FHA; see Fig.
5Ce) and each fragment was incubated with GST-AfBR, the RA
fragment, but not the FHA fragment, was co-precipitated with
GST-AfBR (Fig. 5Cc). When the NC fragment was divided into
two fragments (DIL and PDZ; see Fig. 5Ce) and each fragment
was incubated with GST-AfBR, the PDZ fragment, but not the
DIL fragment, was co-precipitated with GST-AfBR (Fig. 5Cd).
These results indicate that afadin contains at least two
PLEKHA7-binding regions (2–350 aa and 1001–1100 aa).

Binding of PLEKHA7-�AfBR to p120ctn andNezha—The afa-
din-binding region of PLEKHA7 is distinct from its p120ctn-
and Nezha-binding regions (Fig. 5Bd). To exclude the possibil-
ity that the deletion of AfBR would affect the binding of
PLEKHA7 to p120ctn and/or Nezha, we examined whether
PLEKHA7-�AfBR binds to p120ctn and Nezha by GST pull-
down assay. Because PLEKHA7 binds to an N-terminal region
of p120ctn and aC-terminal region ofNezha (19), we usedGST-
taggedPLEKHA7-binding region of p120ctn (GST-p120-N) and
that of Nezha (GST-Nezha-C). GST, GST-p120-N, or GST-
Nezha-C was immobilized on beads and incubated with the
lysates from HEK293E cells expressing HA-PLEKHA7-WT or
-�AfBR. HA-PLEKHA7-WT was co-precipitated with both
GST-p120-N and GST-Nezha-C, but not with GST, consistent
with the previous observation that PLEKHA7-WT specifically
bound to p120-N and Nezha-C (19) (Fig. 6). Under the same
conditions, HA-PLEKHA7-�AfBR was also co-precipitated
with both GST-p120-N and GST-Nezha-C (Fig. 6). These
results indicate that the deletion of the afadin-binding region
does not affect the binding of PLEKHA7 to p120ctn and Nezha.

FIGURE 5. Binding of PLEKHA7 to afadin. A, co-immunoprecipitation of afadin with PLEKHA7. The cell lysates from HEK293E cells co-transfected with various
combinations of the indicated plasmids were immunoprecipitated with the anti-GFP pAb. The samples were analyzed by Western blotting with the indicated
Abs. B, the afadin-binding region of PLEKHA7. HEK293E cells were co-transfected with various deletion mutants of HA-PLEKHA7 and GFP-afadin. The cell lysates
were immunoprecipitated with the anti-GFP pAb, and the samples were analyzed by Western blotting with the indicated Abs. Ba, co-immunoprecipitation of
the N-terminal fragment (�CC), but not the C-terminal fragment (�WWPH), with GFP-afadin. Bb, co-immunoprecipitation of the PLEKHA7-PH fragment, but not
of the WW fragment, with GFP-afadin. Bc, decrease of the binding of PLEKHA7-�AfBR to GFP-afadin. Bd, schematic diagram of the PLEKHA7 fragments and their
binding to afadin. C, the PLEKHA7-binding regions of afadin. HEK293E cells were transfected with the FLAG-tagged afadin mutants, and the cell lysates were
incubated with GST or GST-tagged PLEKHA7-AfBR (GST-AfBR) immobilized on glutathione-Sepharose. The samples were analyzed by Western blotting with the
anti-FLAG mAb and Amido Black staining. Ca, binding of the N-terminal half of afadin (N-PDZ) to GST-AfBR. Cb, binding of both the NN and NC fragments of
afadin to GST-AfBR. Cc, binding of the RA fragment of afadin to GST-AfBR. Cd, binding of the PDZ fragment of afadin to GST-AfBR. Ce, schematic diagram of the
afadin fragments and binding to GST-AfBR of PLEKHA7. The results shown are representative of three independent experiments. IB, immunoblot; IP,
immunoprecipitation.

FIGURE 6. Binding of PLEKHA7-�AfBR to p120ctn and Nezha. The lysates
from HEK293E cells expressing HA-PLEKHA7-WT or -�AfBR were incubated
with GST, GST-p120-N, or GST-Nezha-C, which was immobilized on glutathi-
one-Sepharose 4B. The cell lysates and precipitated proteins were subjected
to SDS-PAGE, followed by Western blotting with the anti-HA Ab and Amido
Black staining. The results shown are representative of three independent
experiments. IB, immunoblot.

Cooperation between PLEKHA7 and Afadin in AJ Formation

OCTOBER 11, 2013 • VOLUME 288 • NUMBER 41 JOURNAL OF BIOLOGICAL CHEMISTRY 29363



Requirement of the Binding of PLEKHA7 to Afadin for the
Proper Formation of AJ, butNot for the Formation of TJ, in EpH4
Cells—We lastly examined whether the binding of PLEKHA7
to afadin is required for the formation of AJ and/or TJ. First, we
knocked down PLEKHA7 in EpH4 cells by using retroviral
shRNA vectors as in Fig. 1 and analyzed the junctional localiza-
tions of the AJ and TJ components. Infection of EpH4 cells with
the retrovirus encoding the PLEKHA7 shRNA significantly
suppressed the expression of PLEKHA7without affecting those
of afadin and E-cadherin (Fig. 7Aa). The signal for PLEKHA7
was concentrated at the cell-cell adhesion site between the con-
trol retrovirus-infected cells (Fig. 7Ab, control), but hardly
observed at that between the PLEKHA7 shRNA retrovirus-in-
fected cells (Fig. 7Ab, PLEKHA7 KD). In the control cells, the
signals for nectin-2, afadin, E-cadherin, p120ctn, ZO-1, and
occludinwere all concentrated at the cell-cell adhesion site (Fig.
7B). In this cell line, nectin-2� and -2�were expressed as judged
by Western blotting (data not shown). When PLEKHA7 was
knocked down by shRNA, the signals for E-cadherin and
p120ctn at the cell-cell adhesion siteweremarkedly decreased as
compared with those in the control cells, although they still
remained to small extents (Fig. 7B). The reduction of the accu-
mulation of the signal for E-cadherin at the cell-cell adhesion
sites by the PLEKHA7knockdownwas not caused by the reduc-
tion of the total amount of the E-cadherin protein (Fig. 7Aa). In
contrast, the signal for afadin, nectin-2, occludin, or ZO-1 was
not markedly changed (Fig. 7B). These results are consistent
with the earlier observations in Caco2 cells (19) and indicate
that PLEKHA7 is required for the proper formation of AJ, but
not for the formation of TJ. The residual signals for E-cadherin
and p120ctn at the cell-cell adhesion site in the PLEKHA7 KD
cells might be caused by the recruitment of these molecules
mediated by other linker molecules for the nectin-afadin and
cadherin-catenin systems as described (10, 13).
We then examined whether the mutant of PLEKHA7 inca-

pable of binding to afadin (PLEKHA7-�AfBR) does not rescue
the formation of AJ in the PLEKHA7 KD cells under the condi-
tions where full-length PLEKHA7 rescues it. To perform this
rescue experiment, we constructed an shRNA-resistant
PLEKHA7 (sr-PLEKHA7) cDNA bearing three silent muta-
tions in the shRNA target sequence. When EpH4 cells were
infected with the HA-sr-PLEKHA7-WT retrovirus and the
PLEKHA7 shRNA retrovirus, HA-sr-PLEKHA7-WT was
expressed in the GFP-positive PLEKHA7 shRNA-expressing
cells, and the signal for HA-sr-PLEKHA7-WT was concen-
trated at the cell-cell adhesion site between GFP-positive cells
(Fig. 7Ca). The signal for E-cadherinwas significantly increased
at the cell-cell adhesion site in these cells as comparedwith that
at the cell-cell adhesion site in the PLEKHA7 KD cells infected
with mock retrovirus (Fig. 7C, a and b). In contrast, the mutant
of PLEKHA7 incapable of binding to afadin (HA-sr-PLEKHA7-
�AfBR) was localized in a punctate pattern in the cytosol and at
the cell-cell adhesion site; however, its accumulation at the cell-
cell adhesion site was significantly weaker than that in the
PLEKHA7 KD cells in which HA-sr-PLEKHA7-WT was
expressed (Fig. 7Ca). The signal for E-cadherin was not signif-
icantly increased at the cell-cell adhesion site in these cells as
compared with that at the cell-cell adhesion site in the

PLEKHA7 KD cells infected with mock retrovirus (Fig. 7C, a
and b). These results indicate that the mutant of PLEKHA7
incapable of binding to afadin does not rescue the proper for-
mation of AJ in the PLEKHA7 KD cells under the conditions
where full-length PLEKHA7 rescues it. Taken together, these
results indicate that the binding of PLEKHA7 to afadin is
required at least partly for the proper formation of AJ, but not
for the formation of TJ.

DISCUSSION

It was previously shown that PLEKHA7 binds to p120ctn and
is recruited to the E-cadherin-based cell-cell adhesion site in
Caco2 cells (19). However, PLEKHA7 is more strictly localized
at AJ, whereas E-cadherin and its associating proteins, such as
�-catenin, p120ctn, and �-catenin, are localized not only at AJ
but also at the basal side of AJ along the lateral plasma mem-
branes of attached epithelial cells, such as MDCK, Caco2,
DLD-1, andMCF-10A cells and small intestinal absorptive epi-
thelial cells, although all of them are more highly concentrated
at AJ than at the basal side of AJ along the lateral plasma mem-
branes of these attached epithelial cells (9, 19, 33–36).We have
shown here that: 1) PLEKHA7 binds to afadin in addition to
p120ctn; 2) PLEKHA7 is recruited to the nectin-3�-based cell-
cell adhesion site by binding to afadin in a p120ctn-independent
manner; and 3) PLEKHA7 is recruited to the E-cadherin-based
cell-cell adhesion site in an afadin-independent manner. Con-
sidering the previous result that nectin and afadin are strictly
localized at AJ in epithelial cells (36), afadin is a likely candidate
molecule that localizes PLEKHA7 strictly at AJ. However, the
ability of PLEKHA7 to bind to afadin is not sufficient to explain
its strict localization at AJ, because PLEKHA7 is able to bind to
p120ctn, which is localized at both AJ and the basal side of AJ
along the lateral plasma membranes of attached cells, and
PLEKHA7 is recruited to the E-cadherin-based cell-cell adhe-
sion site in an afadin-independentmanner in EL cells (Fig. 4). In
addition, another PLEKHA7-binding protein paracingulin is
localized at bothAJ andTJ (20). These three PLEKHA7-binding
proteins all are localized at AJ, although p120ctn and paracin-
gulin are distributed to other sites than AJ. Considering the
previous result that E-cadherin, �-catenin, p120ctn, and
�-catenin are more highly concentrated at AJ than at the basal
side of AJ along the lateral plasma membranes of attached epi-
thelial cells, such asMDCKandMCF-10A cells (33, 34), p120ctn
concentrated at AJ would contribute to the strict localization of
PLEKHA7 at AJ cooperatively with afadin. This likely coopera-
tive role of afadin and p120ctn is supported by the results of the
rescue experiment in which themutant of PLEKHA7 incapable
of binding to afadin did not rescue the proper formation of AJ,
as estimated by E-cadherin accumulation at the cell-cell adhe-
sion site, in the PLEKHA7 KD EpH4 cells under the conditions
where full-length PLEKHA7 rescued it (Fig. 7C, a and b). In
addition, the signal for this mutant of PLEKHA7 was observed
at the cell-cell adhesion site, but its accumulation at the cell-cell
adhesion site was significantly weaker as compared with wild-
type PLEKHA7 (Fig. 7Ca). Theweak localization of thismutant
of PLEKHA7 at the cell-cell adhesion site was likely to bemedi-
ated by residual p120ctn, which bound to residual E-cadherin at
AJ, but not by afadin, in the PLEKHA7 KD EpH4 cells. The
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deletion of the afadin-binding region of PLEKHA7 did not
affect its binding to p120ctn (Fig. 6), and therefore PLEKHA7-
�AfBR would be recruited to the cell-cell adhesion site where

p120ctn is localized through its binding to p120ctn. Importantly,
the depletion of afadin in EpH4 cells disrupted the accumula-
tions of PLEKHA7, p120ctn, and E-cadherin at the cell-cell
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adhesion site (Fig. 1). This strongly supports the role for afadin
in promoting the accumulations of these proteins at the cell-
cell adhesion site. However, another possible mechanism in
which an unidentified factor(s) is involved in the strict localiza-
tion of PLEKHA7 at AJ in addition to afadin and p120ctn cannot
be excluded. Further studies are needed to establish the mech-
anism that localizes PLEKHA7 strictly at AJ.
We have then shown here the role of the binding

of PLEKHA7 to the nectin-afadin system. The binding of
PLEKHA7 to afadin was necessary for the proper formation of
AJ probably by promoting the recruitment of the cadherin-
catenin complex to the nectin-based cell-cell adhesion site. Our
previous series of studies have revealed that the nectin-afadin
system first forms cell-cell adhesion and then recruits the cad-
herin-catenin complex to the nectin-based cell-cell adhesion
site to form AJ (10). The association between the nectin-afadin
and cadherin-catenin systems is mediated by afadin, �-catenin,
and their binding proteins. Afadin binds to �-catenin directly
(12, 13) and indirectly through afadin-binding proteins includ-
ing LIM domain only 7, afadin dilute domain-interacting pro-
tein, and ponsin (10). In the PLEKHA7 KD-EpH4 cells, the
immunofluorescence signals for E-cadherin and p120ctn at the
cell-cell adhesion site weremarkedly reduced but still remained
to small extents under the conditions where the signal for
PLEKHA7 was mostly diminished (Fig. 7B). These residual sig-
nals for E-cadherin and p120ctn at the cell-cell adhesion site
might be caused by the recruitment of these molecules medi-
ated by these afadin-binding proteins other than PLEKHA7.
Taken together, it is likely that PLEKHA7 regulates at least
partly the association of the nectin-afadin and cadherin-
catenin systems. However, the physical and functional asso-
ciations of PLEKHA7 with other afadin-binding proteins
remain unknown.
In contrast to the finding that the binding of PLEKHA7 to

afadin is important to promote the accumulation of E-cadherin
at cell-cell adhesion site in EpH4 cells (Fig. 7), the E-cadherin-
based cell-cell adhesion was formed upon the knockdown of
afadin in EL cells (Fig. 4). These apparently inconsistent results
are probably attributed to the difference of the cell lines used in
the experiments. Wild-type L cells, which lack cadherin,
express nectin-1 and -2 to small extents but do not form cell
aggregates in the cell aggregation assay (29). This result indi-
cates that the amounts of nectins are not sufficient to form the
nectin-based cell-cell adhesion in L cells. Despite this fact,
when E-cadherin is exogenously expressed in L cells, these EL
cells form the E-cadherin-based cell-cell adhesion under the
condition where the endogenous nectin-afadin system would

not work sufficiently, presumably because of the sufficient
expression of E-cadherin. This is probably the reason why the
E-cadherin-based cell-cell adhesion is formed in the afadin
KD-EL cells. On the other hand, EpH4 cells endogenously
express E-cadherin, nectin-2, occludin, p120ctn, afadin, and
ZO-1. Under thismore physiological condition, the uncoupling
of PLEKHA7 to afadin resulted in the failure to promote the
accumulation of E-cadherin at the cell-cell adhesion site. These
results indicate the significance of the recruitment of
PLEKHA7 to the cell-cell adhesion site through afadin for the
proper formation of AJ in epithelial cells.
It is currently unknown atwhich stage PLEKHA7 is recruited

to AJ by afadin and p120ctn and how it regulates the formation
of AJ in epithelial cells. One possible mechanism is that when
the nectin-afadin system first forms cell-cell adhesion,
PLEKHA7 is recruited to this adhesion site through its binding
to afadin and when the cadherin-catenin complex is recruited
to the nectin-based cell-cell adhesion site where PLEKHA7 is
localized, it is associated with PLEKHA7 through p120ctn,
resulting in the formation ofAJ. Another possiblemechanism is
that after the cell-cell adhesion is formed by both the nectin-
afadin and cadherin-catenin systems, PLEKHA7 is recruited
there cooperatively by afadin and p120ctn. PLEKHA7 recruited
in this way then would promote the further accumulation of
the cadherin-catenin complex at the cell-cell adhesion site to
establish AJ properly. The expression of PLEKHA7 is
detected mainly in epithelial tissues and cultured epithelial
cells (19, 35), and the expression of PLEKHA7 in other non-
epithelial cells is unknown. Therefore, the role for PLEKHA7
shown here in the proper formation of AJ may contribute to
the formation of AJ specifically in epithelial cells. However,
further studies are needed for our understanding of the pre-
cise molecular mechanisms for the formation of AJ in epi-
thelial cells.
It was considered that the cadherin-based cell-cell adhesion

is required for the formation of TJ (5), but recent studies have
shown that the nectin-based cell-cell adhesion, but not the cad-
herin-based cell-cell adhesion, is necessary for the formation of
TJ (37–42).3 Furthermore, we have shown that afadin is essen-
tial for the formation of TJ (15). We have shown here that the
knockdown of PLEKHA7 reduces the accumulation of the cad-
herin-catenin complex at the cell-cell adhesion site but does
not reduce the accumulation of TJ components, such as ZO-1
and occludin. These results are also consistent with the notion

3 T. Yamada, K. Kuramitsu, E. Rikitsu, S. Kurita, W. Ikeda, and Y. Takai, submitted
for publication.

FIGURE 7. Requirement of the binding of PLEKHA7 to afadin for the proper formation of AJ, but not for the formation of TJ, in EpH4 cells. A, suppression
of PLEKHA7 by shRNA. EpH4 cells infected with the control (control) or the PLEKHA7 shRNA retrovirus (PLEKHA7 KD) were cultured for 72 h. Expression of
PLEKHA7 was analyzed by Western blotting (Aa) and immunostaining (Ab) with the indicated Abs. The cells infected with the retroviruses were marked by GFP
fluorescence in Ab. IB, immunoblot. B, localization of the junctional proteins in the control and PLEKHA7 KD cells. EpH4 cells infected with retrovirus coding for
the control or PLEKHA7 shRNA were cultured for 48 h and then replated on coverslips. Twenty-four hours after the replating, the cells were fixed and analyzed
by immunostaining with the indicated Abs. Ca, restoration of the decrease of the signal for E-cadherin at the cell-cell adhesion site in PLEKHA7 KD cells by the
re-expression of sr-PLEKHA7-WT, but not by the re-expression of sr-PLEKHA7-�AfBR. EpH4 cells were infected with the retrovirus encoding shRNA together
with the retrovirus encoding HA-sr-PLEKHA7-WT or -�AfBR and then processed as described in B. Cb, quantitative analysis of the intensity of the signal for
E-cadherin at the cell-cell adhesion site. The bar graph represents the relative fluorescence intensity of the signal for E-cadherin at the cell-cell adhesion site.
The data are the means � S.E. of 15 images from three independent experiments, with the mean fluorescence in the cells infected with control shRNA and mock
retroviruses normalized to 1.0. *, p � 0.05 with Tukey’s multiple comparisons test. Scale bars, 20 �m. The results shown are representative of three independent
experiments.
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that the cadherin-catenin system is not absolutely required for
the formation of TJ.
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