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The transmembrane protein CRB3A controls epithelial cell polarization. Elucidating the molecular mechanisms of CRB3A func-
tion is essential as this protein prevents the epithelial-to-mesenchymal transition (EMT), which contributes to tumor progres-
sion. To investigate the functional impact of altered CRB3A expression in cancer cells, we expressed CRB3A in HeLa cells, which
are devoid of endogenous CRB3A. While control HeLa cells display a patchy F-actin distribution, CRB3A-expressing cells form a
circumferential actomyosin belt. This reorganization of the cytoskeleton is accompanied by a transition from an ameboid cell
shape to an epithelial-cell-like morphology. In addition, CRB3A increases the cohesion of HeLa cells. To perform these func-
tions, CRB3A recruits p114RhoGEF and its activator Ehm2 to the cell periphery using both functional motifs of its cytoplasmic
tail and increases RhoA activation levels. ROCK1 and ROCK2 (ROCK1/2), which are critical effectors of RhoA, are also essential
to modulate the cytoskeleton and cell shape downstream of CRB3A. Overall, our study highlights novel roles for CRB3A and
deciphers the signaling pathway conferring to CRB3A the ability to fulfill these functions. Thereby, our data will facilitate fur-
ther investigation of CRB3A functions and increase our understanding of the cellular defects associated with the loss of CRB3A
expression in cancer cells.

The physiology of epithelial cells relies on the asymmetric dis-
tribution of specific cellular constituents—a structural orga-

nization referred to as epithelial polarity (1). Epithelial cell polar-
ization results in the regionalization of the plasma membrane into
apical, lateral, and basal domains. In vertebrate epithelial cells, the
apical and lateral domains are segregated by tight junctions (TJ),
which seal the intercellular space to prevent passive diffusion
across the tissue (2). Different groups of apical and lateral proteins
cooperate within their respective domains to elaborate membrane
territories with specific compositions and functions (3). In addi-
tion, the mutual antagonism between apical and lateral protein
complexes defines a sharp apicolateral boundary (3). Pioneer
studies in Drosophila melanogaster have established that one of
these protein complexes is articulated around the transmembrane
apical protein Crumbs (Crb) (4–7). The mammalian genome en-
codes three Crb orthologs, namely, CRB1, CRB2, and CRB3 (8).
CRB1 is expressed mainly in the brain, cornea, and retina (9, 10).
Mutations in the human CRB1 or mouse Crb1 gene cause retinal
dystrophies (11–14). CRB2 distribution overlaps that of CRB1,
but CRB2 is also found in other organs such as kidneys (15). CRB2
is required for retinal integrity and for gastrulation of mouse em-
bryos (16, 17). CRB3 is widely expressed in epithelial tissues and
exists as two isoforms, namely, CRB3A and CRB3B (18, 19). The
latter associates with spindle poles during mitosis or is found in
the primary cilium of epithelial cells to control cytokinesis and
ciliogenesis (19). CRB3A is apically localized and is required for
the formation of tight junctions in cultured epithelial cells (18,
20–22). Moreover, CRB3A is required for apical-basal polarity
and promotes apical membrane growth (23, 24). Knockout of
mouse Crb3 is associated with epithelial tissue morphogenesis de-
fects and perinatal lethality (25). The CRB3A isoform shares a
conserved cytoplasmic tail with Crb, CRB1, and CRB2, but the
sequence of its extracellular domain diverged from the sequences
of other CRB proteins (8, 18).

The extracellular domain of CRB3 is N-glycosylated (18), but

the function of this posttranslational modification remains un-
known. The last four amino acids of the cytoplasmic tail of CRB3A
(ERLI) define a PDZ domain-binding motif (PBM), which inter-
acts with the PDZ domain protein PALS1 that recruits PATJ into
the CRB3A complex (26). PALS1 and PATJ act as critical down-
stream effectors of CRB3A and contribute to epithelial cell polar-
ity and tight junction formation (24, 27–29). The cytoplasmic tail
of CRB3A also contains a FERM (4.1, ezrin, radixin, and moesin)
domain-binding motif (FBM), which has poorly defined func-
tional roles. However, it was shown that the intracellular domain
of CRB3A associates with FERM domain proteins, including
Ehm2 (also referred to as Lulu2) (25, 30, 31). Ehm2 enhances the
activity of p114RhoGEF, which is recruited to cell-cell contacts by
PATJ (32). p114RhoGEF is a guanine nucleotide exchange factor
(GEF) activating the small GTPase RhoA at cell-cell contacts (33).
The Ehm2/p114RhoGEF module organizes the circumferential
actomyosin belt by activating RhoA and its effector kinases
ROCK1 and ROCK2 (ROCK1/2) (31–34). These kinases modu-
late the contractility of the actomyosin ring via phosphoryla-
tion of the myosin regulatory light chain (MRLC), thereby
activating myosin II activity (35, 36). Mechanical forces gener-
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ated by the actomyosin ring are required for cell-cell adhesion
and cell morphology in epithelial tissues (37–42). In addition,
ROCK1/2 phosphorylate and activate ERM proteins (43–45).
The ERM family is composed of the closely related proteins
ezrin, radixin, and moesin. These proteins contain a FERM
domain at their N termini and an F-actin binding site at their
C-terminal ends (46, 47). ERM proteins link the plasma mem-
brane or membrane-associated proteins to actin filaments.
Thereby, ERM family members contribute to actin organiza-
tion and stabilize epithelial cell architecture (46, 47). Although
some actin regulators interact with components of the CRB3A
complex, it remains to be determined whether CRB3A contrib-
utes to the organization and regulation of the actin-myosin
meshwork.

The importance of the polarized architecture of epithelial cells
is emphasized by the fact that most human cancers are associated
with epithelial polarity defects (48, 49). Loss of CRB3 expression
correlates with the increased tumorigenic potential of mouse kid-
ney epithelial cells transformed by repeated cycles of injection in
nude mice and in in vitro culture (50). Reexpression of CRB3A in
these cells restored cell polarization while limiting cell prolifera-
tion, cell motility, and metastasis (50). In addition, CRB3 expres-
sion is directly repressed by Snail and ZEB1, which promote the
epithelial-to-mesenchymal transition (EMT) (51–53). EMT is a
hallmark of cancer progression characterized by loss of epithelial
polarity, alteration of cell-cell adhesion, and increased cell inva-
sion (54). Importantly, expression of exogenous CRB3A partially
blocks Snail-induced EMT (53). Altogether, these studies suggest
that CRB3A plays a crucial role in maintaining the epithelial phe-
notype and in restricting tumor progression. However, the func-
tional impact of the loss of CRB3A expression in human cancer
cells has not been thoroughly investigated so far. In addition, the
molecular mechanisms conferring to CRB3A its putative ability to
repress tumor growth and progression remain elusive. Here, we
expressed CRB3A in cervical carcinoma HeLa cells, which do not
express endogenous CRB3A (19). We found that CRB3A orga-
nizes a cortical actin-myosin meshwork to improve cell-cell cohe-
sion and restore an epithelial-cell-like morphology through acti-
vation of an Ehm2-p114RhoGEF-RhoA-ROCK1/2 pathway.
Using a structure-function analysis, we also established that these
roles of CRB3A require both functional motifs of its cytoplasmic
tail but are independent of glycosylation of its extracellular do-
main.

MATERIALS AND METHODS
Plasmid constructs and mutagenesis. The cDNA encoding Myc-tagged
CRB3A was obtained from B. Margolis (University of Michigan, Ann
Harbor, MI). Deletion of the PBM (last four amino acids of the cytoplas-
mic tail [ERLI]; referred to as CRB3A�ERLI) or point mutations in the
FBM (Y93A, P95A, and E99A; here, CRB3AMutFBM) or in the N-glycosy-
lation site of CRB3A (N36A; here, CRB3AN36A) were generated by PCR
and cloned into an MFGi puromycin expression vector (gift from M.
Caruzo, Laval University, Canada) using an In-Fusion cloning kit (Clon-
tech Laboratories, Mountain View, CA). The cDNA encoding Flag-tagged
Ehm2 was synthesized at GenScript (Piscataway, NJ). Positive clones were
fully sequenced and purified using a HiPure Plasmid MidiPrep kit (Life
Technologies, Burlington, Canada).

Cell culture and transfection. HeLa, HEK 293T, MDCK, MDA-MB-
231, and Caco-2 cells were cultured at 37°C in Dulbecco’s modified Ea-
gle’s medium (DMEM) supplemented with 10% fetal bovine serum
(Wisent, Inc., Saint-Bruno, Canada), 2 mM glutamine, 10 mM HEPES, 50

units/ml penicillin, and 50 �g/ml streptomycin (Life Technologies) under
a humidified atmosphere containing 5% CO2. Minimal essential medium
(MEM; 1�) with nonessential amino acids (Life Technologies) was also
added to the culture medium of MDCK and MDA-MB-231 cells. MCF7
cells were grown in the alpha modification of Eagle’s medium (AMEM;
Wisent, Inc.) supplemented with 10% fetal bovine serum, 2 mM glu-
tamine, 10 mM HEPES, 50 units/ml penicillin, and 50 �g/ml streptomy-
cin. Cells were transfected using Fugene HD transfection reagent accord-
ing to the manufacturer’s instructions (Promega, Madison, WI).
Transfected cells were selected with 2 �g/ml puromycin (Bioshop, Burl-
ington, Canada), which was maintained in the culture medium. For im-
munostaining experiments, cells were seeded and grown on glass cover-
slips (VWR, Radnor, Germany). Where indicated, chemical inhibitors
were added to cell cultures at 48 h postseeding (6 h at 37°C) at the follow-
ing concentrations: Y-27632 (Santa Cruz Biotechnology, Dallas, TX), 50
�M; blebbistatin (Santa Cruz Biotechnology), 50 �M. Dimethyl sulfoxide
(DMSO; Bioshop), which was used to dissolve blebbistatin, was added to
control cells.

Immunofluorescence microscopy. For all stainings excepting
p114RhoGEF immunolabeling, cells were washed in phosphate-buffered
saline (PBS) and fixed in 4% paraformaldehyde (diluted in PBS) for 20
min at room temperature (RT). Fixed cells were permeabilized with a
solution of 0.1% Triton X-100 in PBS (PBT) for 15 min and saturated with
PBT containing 2% bovine serum albumin (BSA) for 30 min at RT. Pri-
mary antibodies were diluted in PBT containing 0.2% BSA and incubated
for 1 h at RT. For p114RhoGEF staining, cells were fixed in 1% parafor-
maldehyde for 10 min at RT, permeabilized in PBT for 15 min, and
blocked in PBT supplemented with 2% BSA for 1 h at 37°C. Incubation
with the p114RhoGEF antibody (diluted in PBT– 0.2% BSA) was per-
formed at 37°C for 90 min. In all cases, cells were then washed three times
with PBT and incubated with secondary antibodies diluted in PBT– 0.2%
BSA for 30 min at RT. F-actin was stained with Cy3-coupled phalloidin (1
U/ml; Invitrogen/Life Technologies), which was coincubated with sec-
ondary antibodies. Nuclei were stained with 1 �g/ml 4=,6=-diamidino-2-
phenylindole (DAPI; Roche, Mississauga, Canada) for 5 min at RT. Fi-
nally, cells were washed three times with PBT and once with distilled
water, and coverslips were mounted using Vectashield (Vector Laborato-
ries, Inc., Burlington, Ontario, Canada). Confocal images were acquired
using a confocal microscope (FV1000; Olympus) using a 40� Apochro-
mat lens with a numerical aperture of 0.90. Images were analyzed and
processed uniformly using ImageJ (National Institutes of Health) or Pho-
toshop (Adobe). Primary antibodies used were rabbit anti-Myc (1/100;
Sigma-Aldrich, Oakville, Canada), rabbit anti-PALS1 (1/50; Santa Cruz
Biotechnology), mouse anti-phospho-myosin regulatory light chain
(Ser19) (1/50; New England Biolabs, Whitby, Canada), rabbit anti-
p114RhoGEF (1/50; GeneTex, Irvine, CA), and goat anti-Ehm2 (1/50;
GeneTex). Secondary antibodies were conjugated to Cy3 (Jackson Immuno-
Research Laboratories, West Grove, PA), Alexa Fluor 488 (Molecular Probes/
Life Technologies), or Alexa Fluor 647 (Jackson ImmunoResearch Laborato-
ries) and used at a dilution of 1/400.

Western blotting. Cells were rinsed with PBS, homogenized in ice-
cold lysis buffer (40 mM Tris-HCl, pH 7.6, 1% Triton X-100, 40 mM
�-glycero-phosphate, 100 mM NaCl, 1 mM EDTA, 5% glycerol, 50 mM
NaF, 0.1 mM sodium orthovanadate, 0.1 mM phenylmethylsulfonyl fluoride,
10 �g/ml aprotinin, 10 �g/ml leupeptin, and 0.7 �g/ml pepstatin), and
processed for SDS-PAGE and Western blotting as previously described
(55). Primary antibodies used were rabbit anti-Myc (1/10,000; Sigma-
Aldrich), mouse anti-RhoA (1/500) (26C4; Santa Cruz Biotechnology),
rabbit anti-ROCK2 (1/2,000) (H85; Santa Cruz Biotechnology), rabbit
anti-ROCK1 (1/2,000; Abcam), rabbit anti-p114RhoGEF (1/1,000; Gene-
Tex), goat anti-Ehm2 (1/1,000; GeneTex), rabbit anti-glutathione
S-transferase (anti-GST; 1:10,000) (56), rabbit antiezrin (1/2,000; New
England Biolab), rabbit antimoesin (1/2,000) (Q480; New England Bio-
labs), mouse antiactin (1/10,000; Millipore, Etobicoke, Canada), rat anti-
CRB3A (1/1,000; Medimabs, Montreal, Canada), and rat anti-CRB3 (1/
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5,000; kindly provided by A. Le Bivic). Horseradish peroxidase (HRP)-
conjugated secondary antibodies were from GE Healthcare and were used
at a 1/1,000 dilution.

Knockdown. Small interfering RNA (siRNA)-mediated knock-
downs were performed as previously described (57). Briefly, 24 h after
cell plating, HeLa cells were transfected with siRNAs by calcium phos-
phate precipitation, whereas MDCK cells were transfected with
JetPrime transfection reagent (Polyplus Transfection, France). At 16 h
posttransfection, the culture medium was changed, and cells were fur-
ther incubated in standard growth medium for 32 h. Cells were then
harvested for Western blotting or processed for immunofluorescence.
Ehm2 siRNA 1 was purchased from Qiagen (FlexiTube gene solution
for EPB41L4B, GS54566; Qiagen, Toronto, Canada). All other siRNAs
were Ambion siRNA duplexes obtained from Life Technologies/Applied Bio-
systems (Carlsbad, CA). These siRNAs contain a DNA TT dinecleotide over-
hang at the 3= end. The following specific sequences were used (tt indicates the
dinucleotide overhang): human Ehm2 number 2 (EPB41L4B, validated
siRNA AM16708) sense, 5=-CCUGCUUAUGCUUUACACUtt-3= human
p114RhoGEF number 1 (predesigned siRNA) sense, 5=-GGACGCAACUCG
GACCAAUtt-3=; human p114RhoGEF number 2 (predesigned siRNA)
sense, 5=-UCAGGGCGCUUGAAAGAUAtt-3=; human RhoA number 1
(predesigned siRNA) sense, 5=-AUGGAAAGCAGGUAGAGUUtt-3=; hu-
man RhoA number 2 (predesigned siRNA) sense, 5=-GAACUAUGUGGCA
GAUAUCtt-3=; human ROCK1 (predesigned siRNA) sense, 5=-GAAGAAA
CAUUCCCUAUUCtt-3=; human ROCK2 (predesigned siRNA) sense, 5=-
GCAAAUCUGUUAAUACUCGtt-3=; human ezrin (predesigned siRNA)
sense, 5=-CAAGAAGGCACCUGACUUUtt-3=; human moesin (predesigned
siRNA) sense, 5=-AUAAGGAAGUGCAUAAGUCtt-3=; canine CRB3 num-
ber 1 (predesigned siRNA) sense, 5=-GGAGAUGUGCUGCUCACAUtt-3=;
and canine CRB3 number 2 (predesigned siRNA) sense, 5=-GCCAUCACUG
CCAUCAUUGtt-3=. Ambion Silencer Negative Control 2 siRNA (Life Tech-
nologies/Applied Biosystems) was used as a control.

RT-PCR analysis. Cells were lysed using TRIzol reagent, and RNA was
extracted according to the manufacturer’s instructions (Life Technolo-
gies). Reverse transcription-PCR (RT-PCR) was performed on 2 �g of
total RNA using oligo(dT) (Invitrogen/Life Technologies) and a Super-
Script II reverse transcriptase kit (Invitrogen/Life Technologies) accord-
ing to the manufacturer’s protocol. A portion of the CRB3 cDNA was then
PCR amplified using the following primers: 5=-CCTTCATCCACCAGCT
CC-3= (forward; part of exon 3) and 5=-GCTTCTCCCGAAGCTTCC-3=
(reverse; part of exon 4). A portion of actin cDNA was amplified as a
control using the following primers: 5=-TGGGACGACATGGAGAAAAT
CT-3= (forward; part of exon 3) and 5=-GTGTTGAAGGTCTCAAACAT
GA-3= (reverse; part of exon 4).

RhoA pulldown assay. The level of active RhoA was determined using
a RhoA pulldown activation assay kit (Cytoskeleton, Inc., Denver, CO)
according to the manufacturer’s protocol. Briefly, cleared cell lysates were
incubated with beads coupled with GST-rhotekin-RBD (where RBD is
Rho binding domain) to precipitate GTP-loaded RhoA. Active, GTP-
bound RhoA as well as total RhoA was detected by Western blotting.

Phase-contrast microscopy and CI. Cells were observed with a 20�
lens mounted on a CKX41 microscope (Olympus), and phase-contrast
images were acquired using a DP20 camera (Olympus) coupled with
MicroSuite FIVE software (Olympus). Surface area and perimeter of col-
onies were measured using ImageJ. The colony circularity index (CI) was
then calculated using the following formula: CI � 4�(surface area/perim-
eter2) (58, 59). A perfect circle has a CI of 1. For each experiment, the CI
was expressed as a mean of a minimum of three independent experiments
in which at least 10 colonies were measured.

Immunoprecipitation. HeLa cells were rinsed with PBS and homog-
enized in ice-cold lysis buffer (20 mM Tris-HCl, pH 7.4, 150 mM NaCl,
0.5% NP-40, 1.5 mM MgCl2, 1.5 mM EGTA, 10% glycerol, 1 mM phen-
ylmethylsulfonyl fluoride, 0.1 mM sodium orthovanadate, 10 �g/ml
aprotinin, 10 �g/ml leupeptin, and 0.7 �g/ml pepstatin). Two micro-
grams of cleared lysate was incubated with 20 �l of anti-Flag magnetic

beads (Sigma-Aldrich) for 2 h at 4°C. Beads were washed five times with
lysis buffer and further processed for SDS-PAGE and Western blotting.

Wound-healing assay. Confluent control or CRB3A-expressing HeLa
cells were scratched with a 200-�l micropipette tip. A picture of the re-
sulting cell-free area was taken immediately after wounding (0 h) and then
24 h later. The percentage of the wound covered at 24 h was calculated and
used as the cell migration index. Results represent the means of at least six
independent experiments.

Tumor growth assay in nude mice. Xenografting in nude mice was
performed as previously described (50). Briefly, cells were trypsinized and
resuspended in PBS at a concentration of 4 � 106 cells/ml. Cells were
injected subcutaneously in two nude mice (1 � 106 cells/injection site;
four injection sites/mouse). Three independent experiments were per-
formed for each cell type for a total of 24 injection sites. Tumors were
harvested 21 days postinjection and weighed.

Statistical analysis. Statistical significance was determined using
one-way analysis of variance (StatPlus software; Analysoft, Inc.). Re-
sults were considered significant if they reached a 95% confidence
level.

FIG 1 CRB3A modifies cell morphology and actin network organization. (A)
RT-PCR/PCR analysis of CRB3 expression in control HeLa cells (transfected
with the empty MFGi vector) or Myc-CRB3A-expressing cells (CRB3A).
Caco-2 cells were used as a positive control for endogenous CRB3 expression,
whereas a reaction without cDNA was used as a negative control (H2O). (B)
Western blot analysis of CRB3A expression in control HeLa cells or Myc-
CRB3A-expressing cells. (C and D) Immunofluorescence performed on con-
trol HeLa cells or Myc-CRB3A-expressing cells using an anti-Myc tag antibody
(green). Nuclei were stained with DAPI (blue). (E and F) Immunostaining of
PALS1 in control HeLa cells or Myc-CRB3A-expressing cells. (G to J) Panels
show low-magnification phase-contrast images of control HeLa cells or Myc-
CRB3A-expressing cells or high-magnification pictures of these cells. (K) His-
togram showing the circularity indexes of the colonies formed by control HeLa
cells or Myc-CRB3A-expressing cells. Bars represent means � standard devi-
ations. (L and M) F-actin labeling using phalloidin in control HeLa cells or
Myc-CRB3A-expressing cells. (N) Histogram showing the average length of
cortical actin filaments in control and Myc-CRB3A-expressing HeLa cells. Bars
represent means � standard deviations (**, P 	 0.01; ***, P 	 0.001). Scale
bars, 20 �m (C and L), 100 �m (G), 30 �m (I).
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RESULTS
CRB3 promotes cortical F-actin organization and establishes an
epithelial-cell-like morphology. The functional impact of altered
CRB3 expression in human cancer cells remains elusive. To shed
light on this issue, we expressed Myc-tagged CRB3A in HeLa cells,
which are devoid of endogenous CRB3A (Fig. 1A and B) (19). As
expected, Myc-CRB3A showed membrane localization and was
able to recruit its binding partner PALS1 (Fig. 1C to F). Consistent
with the smooth and uninterrupted distribution of Myc-CRB3A,
cells expressing this protein formed tightly packed colonies of co-
hesive cells and adopted an epithelial-cell-like morphology. In
contrast, control HeLa cells displayed an ameboid morphology
and poorly adhered to each other (Fig. 1G to J). This striking
change in cell morphology and cell-cell organization was quanti-
fied using the colony circularity index (58, 59), which was signif-
icantly increased by the expression of Myc-CRB3A (Fig. 1K). Im-
portantly, this effect was not specific to HeLa cells as expression of
Myc-CRB3A caused a similar phenotype in the breast cancer cell
lines MCF7 and MDA-MB-231, as well as in transformed HEK
293T cells (see Fig. S1A to G in the supplemental material).

The actin cytoskeleton plays crucial roles in coordinating cell
morphology and cell-cell adhesion (42, 60). F-actin primarily ap-
peared as scattered fibers as well as cytoplasmic and membrane-
associated patches in control HeLa cells (Fig. 1L). In contrast,
actin filaments formed thick and regular subcortical bundles in
cells expressing Myc-CRB3A (Fig. 1M; see also Fig. S1H to M in
the supplemental material). Of note, cortical actin filaments were
significantly longer upon expression of Myc-CRB3A (Fig. 1N).
This CRB3A-induced phenotype is reminiscent of the actin net-
work found in normal adherent epithelial cells (42). This suggests
that CRB3A usually contributes to the organization of the cyto-
skeleton and cell architecture in epithelial tissue. To support this
premise, we knocked down endogenous CRB3 in MDCK cells, a
common model for normal epithelial cells. Knockdown of CRB3
in MDCK cells decreased the amount of cortical F-actin and
PALS1 (see Fig. S2A to D). Moreover, CRB3-depleted cells
showed partially impaired cell-cell cohesion and formed loose col-
onies compared to cells transfected with a control siRNA (see Fig.
S2B to D, arrows). Of note, these results were confirmed using
another siRNA targeting CRB3 (data not shown). Together, these
data show that CRB3A promotes the organization of cortical mi-
crofilaments, supports cell-cell cohesion, and sustains epithelial
cell morphology.

To further explore the consequences of CRB3A expression in
cancer cells, we examined the behavior of control and Myc-
CRB3A-expressing HeLa cells in a wound-healing assay and in a
xenograft experiment in nude mice. The former evaluates direc-
tional migration, whereas the latter reflects cellular growth and

survival in an in vivo environment. These cellular processes are
crucial for tumorigenesis and tumor progression. We found that
Myc-CRB3A expression decreased the ability of HeLa cells to mi-
grate and cover the wounded area (see Fig. S3A to E in the supple-
mental material). Myc-CRB3A expression also significantly re-
duced the efficiency of tumor formation in nude mice (see Fig.
S3F). In addition, Myc-CRB3A-expressing HeLa cells produced
smaller tumors than control cells (see Fig. S3G). These observa-
tions support the notion that loss of CRB3A expression contrib-
utes to the tumorigenic potential of epithelial cells.

CRB3A-dependent actin organization and changes in cell
shape require both the FBM and PBM. To explore the molecular
basis sustaining CRB3A functions in actin organization and epi-
thelial cell morphology, we generated truncated or mutated Myc-
CRB3A proteins and performed a structure-function analysis
(Fig. 2A). Mutant proteins were expressed at levels comparable to
the wild-type Myc-CRB3A level and were mainly localized at the
plasma membrane (Fig. 2B to G). In agreement with previous
findings (22, 24), truncation of the PBM (Myc-CRB3A�ERLI) abol-
ished recruitment of PALS1 to the membrane, whereas mutation
of the FBM (Myc-CRB3AMutFBM) allowed normal PALS1 distri-
bution (Fig. 2H to K). In addition, we found that mutation of the
N-glycosylation site (Myc-CRB3AN36A) had a limited impact on
PALS1 localization (Fig. 2L). Phalloidin staining revealed that the
CRB3A-dependent actin reorganization requires the FBM and
PBM. Indeed, the actin cytoskeleton failed to form cortical bun-
dles in cells expressing Myc-CRB3A�ERLI or Myc-CRB3AMutFBM,
which showed instead an actin organization similar to that of con-
trol HeLa cells (Fig. 2M to P). In contrast, cells expressing Myc-
CRB3AN36A produced a prominent continuous circumferential
actin belt analogous to that of cells expressing wild-type Myc-
CRB3A (Fig. 2N and Q). Phase-contrast images illustrated that the
ability of CRB3A mutant proteins to reorganize the cytoskeleton
paralleled their capacity to induce morphological changes. Specif-
ically, Myc-CRB3A- and Myc-CRB3AN36A-expressing cells ad-
opted an epithelial-cell-like morphology and formed tightly
packed colonies with a higher circularity index than control HeLa
cells (Fig. 2S, V, and W). In contrast, the circularity index of Myc-
CRB3A�ERLI- or Myc-CRB3AMutFBM-expressing cells was reduced
compared to the CIs of cells expressing wild-type Myc-CRB3A
(Fig. 2S to U and W). Collectively, these results establish that
CRB3A uses both functional motifs of its cytoplasmic tail to orga-
nize a cortical actin network and to support an epithelial-cell-like
morphology.

CRB3A-induced cortical actin remodeling requires Ehm2
and p114RhoGEF. The FBM of CRB1 binds to Ehm2, which
also interacts with the cytoplasmic tail of CRB3A (30). The
Ehm2-associated protein p114RhoGEF interacts with PATJ

FIG 2 The CRB3A-dependent reorganization of the cytoskeleton requires both the FBM and PBM. (A) Schematics of the truncated or mutated Myc-tagged
CRB3A proteins used for the structure-function analysis. Myc-CRB3A�ERLI lacks the PBM, Myc-CRB3AMutFBM contains a mutated FBM (Y93A, P95A, and
E99A), and Myc-CRB3AN36A contains a mutated N-glycosylation site (N36A). Numbers indicate amino acid positions in CRB3A sequence. TM, transmembrane
domain. (B) Western blotting using an anti-Myc antibody showing the relative expression of Myc-CRB3A mutant proteins in HeLa cells. Control cells were
transfected with the empty MFGi vector. (C to G) Myc-tag immunostaining performed on control HeLa cells (empty vector) or HeLa cells expressing wild-type
Myc-CRB3A or one of the mutant Myc-CRB3A proteins depicted in panel A. (H to L) Immunofluorescence of PALS1 in control HeLa cells (empty vector) or
HeLa cells expressing Myc-CRB3A, Myc-CRB3A�ERLI, Myc-CRB3AMutFBM, or Myc-CRB3AN36A. (M to Q) F-actin staining using phalloidin in control HeLa cells
(empty vector) or HeLa cells expressing Myc-CRB3A, Myc-CRB3A�ERLI, Myc-CRB3AMutFBM, or Myc-CRB3AN36A. (R to V) Phase-contrast images of control
HeLa cells (empty vector) or HeLa cells expressing Myc-CRB3A, Myc-CRB3A�ERLI, Myc-CRB3AMutFBM, or Myc-CRB3AN36A. (W) Histogram showing the
circularity indexes of the colonies formed by the cell lines shown in panels R to V. Bars represent means � standard deviations (*, P 	 0.05; **, P 	 0.01; ***, P 	
0.001). Scale bars, 20 �m (C) and 30 �m (R).
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(34). The latter is recruited into the CRB3A complex in a PBM-
dependent manner (7). These observations led us to propose
that the PBM and FBM of CRB3A cooperate to recruit the
Ehm2/p114RhoGEF signaling module and to organize actin at
the cell cortex. In support of this hypothesis, we found that
CRB3A and p114RhoGEF were coprecipitated with Ehm2 (Fig.
3A). In addition, Ehm2 and p114RhoGEF accumulated at cell-
cell boundaries in Myc-CRB3A-expressing cells, whereas they
showed a diffuse distribution in control cells (Fig. 3B to E). More-
over, Ehm2 and p114RhoGEF relocalization was abolished by
mutation of the FBM or truncation of the PBM (Fig. 3F to I). To
investigate the functional role of Ehm2 and p114RhoGEF down-

stream of CRB3A, we used RNA interference (RNAi) to knock down
their expression in HeLa cells expressing Myc-CRB3A. Depletion of
Ehm2 had no impact on p114RhoGEF expression levels and vice
versa, but p114RhoGEF remained cytoplasmic in the absence of
Ehm2 (Fig. 3J to L). Reciprocally, Ehm2 cortical localization was
reduced in the absence of p114RhoGEF (Fig. 3M and N). Thus,
the localization of these proteins is interdependent.

Knockdown of either Ehm2 or p114RhoGEF suppressed CRB3A-
induced actin reorganization (Fig. 4A to C). Loss of Ehm2 or
p114RhoGEF also altered cell morphology and significantly de-
creased the circularity index of Myc-CRB3A-expressing cells (Fig. 4D
to G). These results were confirmed using another siRNA targeting

FIG 3 CRB3A recruits the Ehm2/p114RhoGEF signaling module to cell-cell contacts. (A) Flag-Ehm2 was immunoprecipitated (IP) from control or CRB3A-
expressing HeLa cells. Western blotting detected immunopurified Flag-Ehm2, as well as p114RhoGEF and CRB3A that were coimmunoprecipitated. (B to I)
Immunofluorescence of Ehm2 or p114RhoGEF in control HeLa cells (empty vector) or HeLa cells expressing Myc-CRB3A, Myc-CRB3A�ERLI, or Myc-
CRB3AMutFBM. (J) Western blot analysis validating Ehm2 or p114RhoGEF knockdown in Myc-CRB3A-expressing HeLa cells. Actin was used as a loading control,
whereas Western blotting using an anti-Myc antibody shows that Myc-CRB3A expression is maintained in knocked down cells. (K and L) Immunofluorescence
of p114RhoGEF in Myc-CRB3A-expressing HeLa cells transfected with a scrambled siRNA (control RNAi) or knockdown for Ehm2 (Ehm2 RNAi). (M and N)
Immunostaining of Ehm2 in Myc-CRB3A-expressing HeLa cells knocked down for p114RhoGEF (p114RhoGEF RNAi). A scrambled siRNA was used as a
control (control RNAi). Scale bar, 20 �m.
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Ehm2 or p114RhoGEF (data not shown). In addition, the ability of
CRB3A to limit cell migration in a wound-healing assay required
Ehm2 and p114RhoGEF. Indeed, while expression of CRB3A re-
pressed cell migration, Myc-CRB3A HeLa cells knocked down for
either Ehm2 or p114RhoGEF showed a comparable migration ability
to that of control HeLa cells (see Fig. S3A to E and S4 in the supple-
mental material). Collectively, these data show that CRB3A uses both
the FBM and PBM motifs to gather a membrane-associated Ehm2/
p114RhoGEF module, which is required for the formation of subcor-
tical actin bundles and acquisition of an epithelial-cell-like morphol-
ogy, and to control cell migration downstream of CRB3A.

RhoA and ROCK1/2 act downstream of CRB3A to support
actin organization. The primary function of p114RhoGEF is to
activate the small GTPase RhoA (33). Thus, the CRB3A-depen-
dent recruitment of p114RhoGEF likely results in a local activa-
tion of RhoA and of its effector kinases ROCK1/2, which may be
responsible for actin reorganization downstream of CRB3A. Ac-
cordingly, Myc-CRB3A-expressing cells showed an increased
RhoA activation level compared to that of control cells (Fig. 5A).
In addition, knockdown of RhoA or ROCK1/2 suppressed the
formation of cortical actin bundles associated with the expression
of Myc-CRB3A (Fig. 5B to F). Depletion of RhoA or ROCK1 and
ROCK2 also decreased the circularity index of colonies formed by
Myc-CRB3A-expressing cells (Fig. 5G to J). We obtained similar
results with two independent siRNAs targeting RhoA (data not

shown). To further support the role of ROCK1/2 downstream of
CRB3A, we blocked their activity using the chemical inhibitor
Y-27632. This inhibitor disrupted the actin ring in Myc-CRB3A
cells, which then showed actin organization similar to that of con-
trol HeLa cells (Fig. 1L and 5K and L). The morphology of Myc-
CRB3A-expressing cells also changed drastically upon inhibition
of ROCK1/2. Indeed, Y-27632-treated Myc-CRB3A cells formed
long protrusions in contrast to the morphology of untreated cells.
Moreover, Myc-CRB3A-expressing cells in which the activity of
ROCK1/2 was inhibited showed poor cell-cell contacts and a low
circularity index, as observed for control HeLa cells (Fig. 1G, I, and
K and 5M to O). Together, these data establish that CRB3A signals
through the RhoA-ROCK1/2 module to generate a cortical actin
network and to modify cell shape and intercellular interactions.

Myosin II and ERM proteins contribute to the CRB3A-de-
pendent reorganization of cell architecture. ROCK1/2 phos-
phorylate myosin regulatory light chain (MRLC), thereby stimu-
lating myosin II activity (35). The contractile properties of the
actomyosin network are fundamental for cell-cell cohesion and
cell architecture (38). Strikingly, phosphorylated MRLC formed a
continuous ring colocalizing with F-actin at the cell periphery in
Myc-CRB3A-expressing cells, whereas control HeLa cells showed
scattered patches of phospho-MRLC (Fig. 6A to F). Knockdown
of Ehm2, p114RhoGEF, or RhoA or inhibition of ROCK1/2 activ-
ity fully suppressed the CRB3A-induced phospho-MRLC relocal-
ization (Fig. 6G to U). These results suggest that CRB3A organizes
a contractile circumferential actomyosin belt through the Ehm2-
p114RhoGEF-RhoA-ROCK1/2 pathway.

Inhibition of myosin II with blebbistatin in Myc-CRB3A-ex-
pressing cells altered cell-cell contacts, which were less strained
than in untreated cells (Fig. 7A and B). This establishes that the
tension built by myosin II is required downstream of CRB3A to
form smooth and regular cell-cell boundaries. However, blebbi-
statin had a weak impact on cell morphology and the circularity
index in comparison to the effect of ROCK1/2 inhibition (Fig. 5K
to O and 7C to E). This suggests that in addition to myosin II,
other pathways are activated downstream of ROCK1/2 to mediate
the CRB3A-induced actin organization and generation of an epi-
thelial-cell-like morphology. ROCK1/2 also phosphorylates and
activates ERM proteins, which play important roles in organizing
cortical actin and cell shape (46). Combined knockdown of ezrin
and moesin, two ERM proteins, did not modify significantly the
phenotype of Myc-CRB3A-expressing cells (Fig. 7F to I). How-
ever, concomitant inhibition of myosin II and depletion of ezrin
and moesin disrupted the CRB3A-dependent cortical actin net-
work and reduced the colony circularity index (Fig. 7J to L). To-
gether, these data establish that both myosin II and ERM proteins
contribute to establish a circumferential actin belt and an epithe-
lial-cell-like morphology downstream of CRB3A.

DISCUSSION

In this study, we highlighted a novel role for CRB3A in epithelial
cell architecture and cell-cell cohesion. The cytoplasmic tail of
CRB3A is similar to the intracellular domain of Drosophila Crb,
which is essential for the coalescence of adherens junction mate-
rial into a zonula adherens (ZA) (61). This E-cadherin-based ad-
hesion belt maintains the cohesion of epithelial tissues. However,
HeLa cells are devoid of E-cadherin (62), and Myc-CRB3A does
not induce E-cadherin expression in these cells (E. Loie and P.
Laprise, unpublished data). In addition, the localization of

FIG 4 Ehm2 and p114RhoGEF mediate CRB3A functions. (A to C) F-actin
staining using phalloidin in Myc-CRB3A-expressing cells transfected with a
scrambled siRNA (control RNAi), an siRNA targeting Ehm2 (Ehm2 RNAi), or
an siRNA targeting p114RhoGEF (p114RhoGEF RNAi). (D to F) Phase-con-
trast images of Myc-CRB3A-expressing cells knocked down for Ehm2 (Ehm2
RNAi) or p114RhoGEF (p114RhoGEF RNAi). A scrambled siRNA was used as
a control (control RNAi). The circularity indexes of the colonies formed by
these cells were measured and plotted in the histogram shown in panel G. Bars
represent means � standard deviations (**, P 	 0.01). Scale bars, 20 �m (A)
and 30 �m (D).
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�-catenin, which is a cytoplasmic binding partner of classical cad-
herins, was similar in control and CRB3A-expressing cells (Loie
and Laprise, unpublished data). Although these observations do
not exclude the possibility that CRB3A normally contributes to
ZA integrity, as reported for its Drosophila ortholog (61), they
strongly argue that CRB3A-induced cell-cell cohesion is indepen-
dent of cadherin-based adherens junction in HeLa cells. It was
recently suggested that the extracellular domain of Drosophila Crb
and zebrafish Crb2a and Crb2b self-interact in trans to support
cell-cell contacts (63, 64). Interestingly, it was also shown that
CRB3A acts as a sensor of cell density (65), thus implying that

CRB3A is involved in cell-cell interactions. Together with our
data, these reports raise the intriguing possibility that CRB3A has
conserved the ability to promote cell-cell adhesion through ho-
motypic connections although the sequence of its extracellular
domain has diverged from sequences of other CRB proteins (8).

We observed that the ability of CRB3A to induce cell-cell ad-
hesion and to sustain an epithelial-cell-like cell shape intimately
correlates with the organization of a subcortical circumferential
actomyosin belt. This belt strengthens cell-cell adhesion and or-
ganizes and maintains cell morphology (37–41). We reported for
the first time that CRB3A controls RhoA signaling, which is re-

FIG 5 RhoA and ROCK1/2 are required for the CRB3A-induced reorganization of the cytoskeleton. (A) Control HeLa cells and Myc-CRB3A-expressing HeLa
cells were homogenized. A portion of each homogenate was kept to monitor RhoA expression levels (input), and GST-rhotekin-RBD was used to pull down active
RhoA, which was detected by Western blotting. Western blotting also controlled the amount of GST-rhotekin-RBD used in each experiment. Expression of
Myc-CRB3A is associated with a 25% increase in RhoA activation (n � 3). (B and C) Western blots validating the knockdown of RhoA (RhoA RNAi) or ROCK1
and ROCK2 (ROCK1/2 RNAi). Actin was used as a loading control. (D to F) Phalloidin was used to stain F-actin in Myc-CRB3A-expressing HeLa cells knocked
down for RhoA (RhoA RNAi) or ROCK1 and ROCK2 (ROCK1/2 RNAi). A scrambled siRNA was used as a control (control RNAi). (G to I) Phase-contrast
images of Myc-CRB3A-expressing HeLa cells transfected with a scrambled siRNA (control RNAi), an siRNA targeting RhoA (RhoA RNAi), or siRNAs targeting
ROCK1 and ROCK2 (ROCK1/2 RNAi). The circularity indexes of the colonies formed by these cells are shown in the histogram depicted in panel J. Bars represent
means � standard deviations (**, P 	 0.01). (K and L) Staining of F-actin using phalloidin in Myc-CRB3A-expressing HeLa cells incubated with or without the
ROCK1/2 inhibitor Y-27632. (M and N) Phase-contrast images of Myc-CRB3A-expressing HeLa cells treated or not with the ROCK1/2 inhibitor Y-27632. (O)
Histogram showing the circularity indexes of Myc-CRB3A-expressing HeLa cells incubated with or without the ROCK1/2 inhibitor Y-27632. Bars represent
means � standard deviations (***, P 	 0.001). Scale bars, 20 �m (D and K) and 30 �m (G and M).
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quired for CRB3A-dependent reorganization of the actin cyto-
skeleton according to our data. The level of RhoA activation
downstream of CRB3A is modest, thus suggesting that CRB3A
acts to properly localize RhoA signaling rather than stimulating
general and strong activation of this small GTPase. Accordingly,
we found that CRB3A promotes the membrane localization of
p114RhoGEF, which specifically increases RhoA signaling at cell-
cell contacts (33). Knockdown of either Ehm2 or p114RhoGEF
mimics RhoA depletion. Similarly, inhibition of ROCK1/2, which
are critical effectors of RhoA (35), totally abrogates actin reorga-
nization and cell shape changes associated with CRB3A expres-
sion. Thus, our data suggest that CRB3A locally activates an
Ehm2-p114RhoGEF-RhoA-ROCK1/2 signaling pathway, thereby
allowing formation of a cortical actin ring that supports epithelial
cell morphology and cohesiveness. ROCK1/2 phosphorylate
MRLC to activate myosin II activity, thereby modulating the con-
tractility of the actomyosin circumferential belt (35). We observed
that CRB3A expression induces relocation of phosphorylated
MRLC to the cell periphery where it colocalizes with F-actin. In-
hibition of myosin II with blebbistatin limits the apical tension
resulting from Ehm2 overexpression in MDCK cells (34). Simi-
larly, we observed that blebbistatin perturbs the linearity of cell-
cell contacts in CRB3A-expressing cells. However, blebbistatin has

a milder effect than the ROCK1/2 inhibitor, suggesting that these
kinases target other critical effectors to fully support CRB3A-me-
diated reorganization of the cytoskeleton. ROCK1/2 also activate
ERM proteins, such as ezrin and moesin (43–45). We found that
knockdown of ezrin and moesin has a mild effect on the cytoskel-
eton and cell shape but that combined inhibition of myosin II and
depletion of ezrin and moesin suppress the CRB3A-induced phe-
notype. This suggests that ROCK1/2 act on both myosin II activity
and functions of ERM proteins downstream of CRB3A. Our data
establishing that ERM proteins are mediators of CRB3A functions
are consistent with studies showing that the knockout of mouse
Crb3 or Ezrin causes similar phenotypes, including abnormal
brush borders in enterocytes and fusion of intestinal villi (25, 66,
67). Moreover, it was shown that CRB3A binds to ezrin (25) and
that Drosophila Crb associates with the sole ERM protein ex-
pressed in flies, namely, moesin (68). Future work is required to
establish whether ERM protein activation by ROCK1/2 favors
their association with CRB proteins.

We also established that both the PBM and the FBM con-
tained in the cytoplasmic tail of CRB3A are required to recruit
Ehm2 and p114RhoGEF to the membrane and to support actin
organization, thus providing the first evidence of cooperativity
between the PBM and FBM. The configuration of the CRB3A-

FIG 6 CRB3A promotes relocalization of phospho-MRLC to cell-cell contacts. F-actin staining (phalloidin; red in the merged picture) and phospho-MRLC
immunostaining (P-MRLC; green) in control HeLa cells (A to C), Myc-CRB3A-expressing cells (D to F), Myc-CRB3A-expressing cells transfected with a
scrambled siRNA (control RNAi; G to I), Myc-CRB3A-expressing cells knocked down for Ehm2 (Ehm2 RNAi; J to L), Myc-CRB3A-expressing cells knocked
down for p114RhoGEF (p114RhoGEF RNAi; M to O), Myc-CRB3A-expressing cells knocked down for RhoA (RhoA RNAi; P to R), or Myc-CRB3A-expressing
cells treated with the ROCK1/2 inhibitor Y-27632 (S to U). Scale bar, 20 �m.
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Ehm2-p114RhoGEF signaling module has not yet been fully
revealed, but several pieces of evidence suggest that these pro-
teins are part of a common macromolecular complex. Indeed,
we showed that CRB3A and p114RhoGEF coprecipitate with
Ehm2. In addition, Ehm2 and p114RhoGEF directly bind to-
gether (34). This interaction may explain why the recruitment
of these proteins to the cell periphery is interdependent to a
large extent. The recruitment of the Ehm2/p114RhoGEF mod-
ule could result from the interaction of the FERM domain of
Ehm2 with the FBM of CRB3A (30). Alternatively, the binding
of p114RhoGEF to PATJ (34), which is recruited into the
CRB3A complex by PALS1 in a PBM-dependent manner (8,
32), could account for the membrane localization of Ehm2 and
p114RhoGEF. Our structure-function analysis suggests that
both of these interactions could be required to form a stable
complex as mutation of either the FBM or the PBM contained
in the cytoplasmic tail of CRB3A compromises the recruitment
of Ehm2 and p114RhoGEF.

Although CRB3 shows wide distribution in different types of
epithelia (18, 69), the role of this protein was mostly studied in
models of columnar or cuboidal epithelial cells, which are polar-
ized along the apical-basal axis (3). As HeLa cells originate from

the stratified epithelium of the cervix that expresses CRB3 (69),
our data provide evidence that CRB3A also sustains the morphol-
ogy of squamous epithelial cells. In addition, we established that
CRB3A promotes intercellular cohesion of HeLa cells, likely
through its action on the cytoskeleton. Interestingly, our data
show that CRB3A also promotes cell-cell cohesion and cytoskele-
ton organization in cell lines originating from the breast and kid-
ney epithelia, which are both composed of polarized cells. It re-
mains to be determined whether CRB3A assumes these newly
described functions in parallel to its role in establishing polarity in
these epithelia or whether the roles of CRB3A that we described
here contribute to the organization of the apical-basal axis.

Several pieces of evidence suggest that CRB3A restricts tumor
growth and progression. On the one hand, CRB3A restricts cell
growth and contributes to contact-mediated inhibition of cell
proliferation (50, 65). Similarly, we show in this study that CRB3A
limits tumor growth in nude mice. On the other hand, the CRB3A
promoter is targeted by transcription factors promoting EMT
(51–53), and loss of CRB3A alters the epithelial phenotype and
favors metastasis in nude mice (50). Recent studies have high-
lighted signaling pathways acting downstream of CRB proteins
that may provide a molecular basis explaining how CRB3A re-

FIG 7 Combined inhibition of myosin II and depletion of ezrin and moesin suppress the CRB3A-induced phenotypes. (A and B) Phalloidin was used to stain
F-actin in Myc-CRB3A-expressing HeLa cells transfected with a control RNAi and incubated with DMSO or with the myosin II inhibitor blebbistatin. (C and D)
Phase-contrast images of Myc-CRB3A-expressing HeLa cells transfected with a scrambled siRNA (control RNAi) and treated or not with the myosin II inhibitor
blebbistatin. The circularity indexes of the colonies formed by these cells are reported in the histogram shown in panel E. (F) Western blot validating the
knockdown of ezrin and moesin. (G) F-actin staining using phalloidin in Myc-CRB3A-expressing cells depleted of ezrin and moesin (Ezr/Moe RNAi). (H)
Phase-contrast images of Myc-CRB3A-expressing HeLa cells knocked down for ezrin and moesin (Ezr/Moe RNAi). (I) Histogram showing the circularity index
of Myc-CRB3A-expressing HeLa cells transfected with a scrambled siRNA (control RNAi) or an siRNA targeting ezrin and an siRNA targeting moesin (Ezr/Moe
RNAi). (J) F-actin staining (phalloidin) in Myc-CRB3A-expressing HeLa cells treated with blebbistatin and depleted of ezrin and moesin. (K) Phase-contrast
image of Myc-CRB3A-expressing HeLa cells treated with blebbistatin and knocked down for ezrin and moesin. The circularity indexes of colonies formed by
these cells are shown in panel L. Bars represent means � standard deviations (***, P 	 0.001). Scale bars, 20 �m (A) and 30 �m (C).
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stricts cell proliferation. Indeed, it was shown that CRB3A limits
cell proliferation of a confluent epithelial cell culture by activating
the Hippo pathway (65), a function shared by its Drosophila or-
tholog (70, 71). Moreover, it was shown that Crb and vertebrate
CRB proteins limit the activity of the Notch signaling pathway
(72–74), which is well known for its contribution to tumor cell
growth (75). However, much less is known about the molecular
mechanisms used by CRB3A to maintain the epithelial phenotype
and how the loss of CRB3A contributes to EMT. Our data suggest
that loss of CRB3A causes a transition from an epithelial-cell-like
morphology to an ameboid shape, which is associated with tumor
cell migration and invasion. In line with this premise, we show
that CRB3A limits migration in a wound-healing assay. Moreover,
our results show that CRB3A favors cell-cell cohesion, thus sug-
gesting that CRB3A may limit cell scattering through this func-
tion. Importantly, we decipher a complex RhoA-dependent sig-
naling pathway conferring to CRB3A its ability to organize the
cytoskeleton and cell shape and to favor cell-cell interactions. Of
note, Ehm2 is an essential component of this signaling pathway.
Interestingly, Ehm2 is overexpressed in breast, prostate, and skin
cancer (76–78). Ehm2 overexpression correlates with a high met-
astatic potential and poor prognosis (78). These studies may seem
in contradiction with our data showing that Ehm2 is important
for epithelial cell morphology and cohesion and acts downstream
of CRB3A to limit migration. However, we showed that Ehm2 is
localized in the cytoplasm in the absence of CRB3A, whereas it is
recruited to the cell periphery in CRB3A-expressing cells. This
suggests that Ehm2 fills different functions depending on its sub-
cellular distribution. Thus, when Ehm2 is overabundant com-
pared to CRB3A levels, it likely ectopically accumulates in the
cytoplasm and serves promigratory functions. One critical func-
tion of CRB3A in limiting tumor cell invasion could thus be to
localize Ehm2 to the membrane to favor its function in cell-cell
adhesion rather than cell migration. Overall, our study high-
lighted novel functions of CRB3A and a complex signaling path-
way acting downstream of this protein. Thereby, our study has a
broad interest in epithelial cell biology and oncology.
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