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Background: The Activated Leukocyte Cell
Adhesion Molecule (ALCAM) is involved in
immune responses and cancer metastasis.
Results: ALCAM is linked to the actin
cytoskeleton through a supramolecular complex
including ezrin and syntenin-1.

Conclusions: ALCAM supramolecular complex
engaged to CD6 stabilizes the immunological
synapse.

Significance: Insights into the immunological
synapse at the dendritic cell side contribute to
clarify immune regulation mechanisms.

ABSTRACT

Activated leukocyte cell adhesion
molecule  (ALCAM) is a type |
transmembrane protein member of the
immunoglobulin superfamily of cell adhesion
molecules (Ig-CAMSs). Involved in important
pathophysiological processes such as the
immune response, cancer metastasis and
neuronal development, ALCAM undergoes
both homotypic interactions with other
ALCAM molecules  and heterotypic
interactions with the surface receptor CD6
expressed at the T cell surface. Despite

biochemical and biophysical evidence of a
dynamic association between ALCAM and
the actin  cytoskeleton, no  detailed
information is available about how this
association occurs at the molecular level. We
here exploit a combination of complementary
microscopy techniques including FRET
detected by fluorescence lifetime imaging
microscopy (FLIM) and single cell force
spectroscopy, and demonstrate the existence
of a preformed ligand-independent
supramolecular complex where ALCAM
stably interacts with actin by binding to
syntenin-1 and ezrin. Interaction with the
ligand CD6 further enhances these multiple
interactions. Altogether, our results propose a
novel biophysical framework to understand
the stabilizing role of the ALCAM
supramolecular complex engaged to CD6
during dendritic cell-T cell interactions and
provide novel information on the molecular
players involved in the formation and
signaling of the immunological synapse at the
dendritic cell side.
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Activated leukocyte cell adhesion
molecule (ALCAM) is a type I transmembrane
protein member of the immunoglobulin
superfamily of cell adhesion molecules (Ig-
CAMs) initially identified in activated
leukocytes (1). Later studies have reported
ALCAM as being expressed also in monocytes
(2), bone marrow stromal cells (3), and
hematopoietic supporting osteoblastic cells (4).
There is ample evidence in the literature
revealing the involvement of ALCAM-mediated
interactions in several important physiological
processes such as maturation of hematopoietic
stem cells in blood forming tissues (3,5,6),
neural development (7,8), the immune response
(1), and osteogenesis (9). Furthermore, ALCAM
has been associated with the progression of
diverse types of cancer such as bladder cancer
(10), breast cancer (11,12), colorectal carcinoma
(13), melanoma (14-16) and more recently also
glioblastoma (17).

ALCAM mediates homotypic ALCAM-
ALCAM adhesion (1,18,19), but heterotypic
interactions with the T cell antigen CD6 have
also been described. In fact, ALCAM is the only
known ligand for CD6 identified on immune
cells (1,20) and has been shown to localize at the
immunological synapse (21) in an antigen-
dependent manner (22). More recently,
ALCAM-CDG6 interactions have been reported to
be involved in leukocyte migration across the
blood-brain  barrier (23). We previously
demonstrated that ALCAM-CD6 engagement
plays a pivotal role both during early T cell-
dendritic cell (DC) contact formation and at later
stages of T cell activation (24).

Intravital microscopy studies indicated
that, within lymphoid tissue, naive T cells scan
the surface of DCs at relative cell speeds of up to
30 micrometer/minute (25). The ability to
withstand shear at the molecular level is
therefore  essential for establishing and
maintaining productive DC-T cell contacts for
prolonged periods of time. These findings
indicate a key role for both homo- and
heterotypic ALCAM-mediated adhesion during
highly dynamic cellular interactions occurring
under different conditions of external loading.

By using single-cell force spectroscopy
(SCFS), we previously demonstrated that homo-
and heterotypic ALCAM-mediated adhesion is

governed by distinct kinetic and mechanical
properties, and that the ALCAM-CD6 bond is
significantly more stable under mechanical stress
(26). More  specifically, ALCAM-CD6
interactions displayed higher tensile strengths
and a significantly smaller reactive compliance,
suggesting that this heterotypic bond is more
resistant to applied force, and hence more stable
under conditions of mechanical stress than the
homotypic bond (26).

Interactions between plasma membrane
components, signaling molecules and the actin
cytoskeleton are important to coordinate in time
and space the signal transduction machinery
leading to downstream activation events (27).
Whereas numerous studies have addressed the
signal transduction events taking place at the T
cell side of the immunological synapse, very
little is known about the biochemical events
triggered at the DC side. A sustained association
between ALCAM and actin at the DC side of the
immunological synapse could play a role not
only in regulating the strength and duration of
the cell-cell contact but possibly also in
regulating signal transduction into the DCs.
Despite biochemical and biophysical evidence of
a dynamic association between ALCAM and the
actin cytoskeleton (18,19,26), no detailed
information is available about how this
association occurs at the molecular level.

The development of new fluorescent
probes together with recent advances in
fluorescence microscopy delivers powerful tools
to study protein interactions in living cells at the
molecular level. Fluorescence resonance energy
transfer (FRET) is widely used for quantifying
protein-protein interactions in living cells (28).
FLIM (fluorescence lifetime imaging
microscopy) serves as an appealing alternative to
intensity-based approaches to measure energy
transfer. Fluorescence lifetime measurements are
independent of changes in excitation intensity or
fluorophore concentration. Moreover, spectral
bleed-through rarely represents a problem in
FLIM imaging. When the acceptor molecules are
in molecular proximity of the donor (i.e. ~5-10
nm), energy transfer occurs which leads to a
decrease in donor fluorescence lifetime. FRET-
FLIM is therefore a powerful and well-
established method to visualize and quantify
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protein-protein interactions in living cells (29-
32).

Interactions between transmembrane
proteins like ALCAM and the actin cytoskeleton
are usually not direct but are rather mediated by
linker molecules that recognize on the one hand
conserved amino acid sequences present at the
cytoplasmic tail of the transmembrane proteins
and on the other hand bear an actin-binding
domain (33). The short cytoplasmic tail of
ALCAM does not contain a direct binding site
for actin. However, the cytoplasmic tail of
ALCAM contains a cluster of positively charged
amino acids that resembles known motifs
recognized by actin-binding proteins of the ERM
family, such as ezrin, moesin, and radixin
(34,35). Moreover, the cytoplasmic domain of
ALCAM has a KTEA amino acid motif that
represents a characteristic type I PDZ binding
motif (36). This short sequence is known to be
recognized by the PDZ-domain containing
protein syntenin-1, which is also able to link
transmembrane proteins to the cortical actin
cytoskeleton (22,37). It remains to be determined
whether these actin binding proteins interact
with ALCAM.

In the present study, we sought to
determine the molecular mechanisms regulating
the interaction between ALCAM and the actin
cytoskeleton in relation to ALCAM’s function as
CD6 binding receptor. By exploiting a
combination of complementary microscopy
techniques delivering quantitative biophysical
information such as FRET-FLIM and single-cell
force spectroscopy, we demonstrate the
existence of a preformed supramolecular
complex where ALCAM stably interacts with
actin by binding to syntenin-1 and ezrin. This
complex is further strengthened upon ALCAM
binding to the ligand CD6. Altogether, our data
propose a novel framework to understand the
stabilizing role of the ALCAM supramolecular
complex engaged to CD6 during DC-T cell
interactions.

EXPERIMENTAL PROCEDURES

Materials - Monomeric red fluorescent protein
(RFP) was a gift of Dr T. M. Jovin (Max Planck
Institute for Biophysical Chemistry, Gottingen,
Germany). The ALCAM-WT (wild-type),

ALCAM-GFP, ALCAM-GPI, and ALCAM-
AThr (Thr556Ala, and Thr581Ala) constructs
were designed and described previously (18,19).
The chimeric ALCAM-RFP construct was
generated by substituting green fluorescent
protein (GFP) by RFP from pTagRFP-C
(Evrogen, Moscow, Russia) in the pEGFP-N3-
ALCAM vector (BD Biosciences Clontech, Palo
Alto, CA) using BamHI and Notl restriction
sites. K562 cells were transiently transfected by
nucleoporation with an Amaxa Nucleofector
(Amaxa, Cologne, Germany) according to the
manufacturer’s instructions and were cultured
for 24 hours in 12-well plates prior to use. The
plasmids for ezrin-GFP and ezrin-RFP were
obtained from Prof S. Mayor, National Centre
for Biological Sciences, Bangalore (38). The
plasmids for syntenin-1-GFP and syntenin-1-
mCherry were obtained from Prof. P.
Zimmermann, Department of Human Genetics,
K.U. Leuven, Belgium. The pmTurquoise2-N1
(39) and mVenus (L68V)-mTurquoise2 were a
generous gift from Prof. T.W.J. Gadella
(Molecular Cytology, University of Amsterdam).
The pNl-mVenus plasmid was created by
inserting the mVenus sequence from mVenus
(L68V)-mTurquoise2 into a pN1- vector using
Bglll and Agel (Promega) restriction enzymes.
This vector was used in creating the human
syntenin-1-mVenus construct by introducing
human syntenin-1 amplified from hsynlFL-
eGFP (Forward 5’-aaaaaacgagatctcgccaccatgtcte
tctatcca tctc-3” and Reverse 5’-aaaaaaaaccggtgg
aacctcaggaatggtgtggtcc-3°) using Bglll and Agel
(Promega). Ezrin-mVenus was made by
introducing ezrin excised from pHJ421
(Addgene 20680) into pN1-Venus using EcoRI
and Agel (Promega). The ALCAM-mTurquoise2
plasmids were created by amplifying both wild
type and mutant with Forward primer 5’-
aaaaaacggaattcccgecaccatggaatccaagggggec-3’,
and for ALCAM-WT with Reverse primer 5°-
aaaaaagggatccggggcttcagttttgtgattgttttctt-3°  and
for ALCAM-AThr with Reverse primer 5’-
aaaaaagggatccggggcttcagetttgtgattgttttctt-3°.

Both ALCAM-WT and ALCAM-AThr were
inserted into pmTurquoise2-N1 using EcoRI and
BamHI (Promega). Plasmids amplification was
carried out by using an endotoxin-free maxi-kit
from Qiagen (cat. 12362), and a standard maxi-
kit from Promega (cat. A2392). The actin



Syntenin-1 and ezrin link ALCAM to the actin cytoskeleton

cytoskeleton disrupting drugs Cytochalasin D
and Latrunculin A were obtained from
Invitrogen. Phalloidin was purchased from
Invitrogen; the anti-syntenin-1 antibody was a
polyclonal rabbit anti-human polylgG (sc-
48742) and the anti-ezrin antibody was a
polyclonal goat anti-human polylgG (sc-6409),
both from Santa Cruz Biotechnology Inc. The
anti-GFP antibody was a mouse anti-GFP (IgG1)
from Pierce and anti-ALCAM antibody a mouse
anti-human monoclonal IgG2a Ab (clone AZN-
L50).

Cell culture and transfection assays - The K562
cell line with stable expression of ALCAM-WT,
ALCAM-GFP or ALCAM-AThr were cultured
as previously described (19,26). K562 cells were
grown in a mixture of 75% RPMI and 25%
IMDM (Invitrogen) as described in (18),
containing 10 % FBS and 1% antibiotics and
antimycotics (Invitrogen), at 37 °C, with 5%
CO2 in a humidified atmosphere. The day before
transfection, cells were seeded in a 24-well plate
at a density of 100000 cells/well and grown
overnight. Transient transfections in K562 and
RAW 264.7 cells were performed by using either
of the following transfection reagents: Fugene
HD (Promega) or Lipofectamine LTX
(Invitrogen). The protocols were followed in
accordance with the manufacturer's instructions
and the fluorescence was measured 18 to 24
hours post transfection.

Substrate coating - CD6-coated surfaces were
prepared using a three-step method as already
reported in (26). First, the glass dishes were
incubated for 1 h at 37°C with 10 pg/ml goat
antihuman Fc (Jackson ImmunoResearch, West
Grove,PA, USA) in a buffer containing 20 mM
Tris-HCIL, 150mM NaCl, 1lmM CaCl,, 2mM
MgCl, at pH 8.0 (TSM). After washing with
TSM, the uncovered glass surface was blocked
with TSM containing 1% bovine serum albumin
(BSA), incubated for 30 min at 37°C, again
followed by washing with TSM. Finally, the
glass surface was incubated with 10 pg/ml
recombinant human CD6-Fc (R&D systems,
Minneapolis, MN, USA) in TSM.

FLIM experiments - Frequency-domain FLIM
experiments on transfected K562 or RAW 264.7

cells were performed using a Nikon TE2000-U
inverted wide-field microscope and a Lambert
Instruments Fluorescence Attachment (LIFA;
Lambert Instruments, Roden, The Netherlands)
for lifetime imaging (40). A light-emitting diode
(Lumiled LUXEON 1III, Apax 468 nm)
modulated at 40 MHz was used to excite GFP.
Fluorescence detection was performed by a
combination of a modulated (40 MHz) image
intensifier (I[118MD; Lambert Instruments) and a
CCD camera (CCD-1300QD; VDS Vosskiihler,
Osnabriick, Germany) with 640x512 pixels. The
emission of GFP was detected through a narrow
emission filter (520/35 nm; Semrock, Rochester,
U.S.A.) to suppress any fluorescence emission
from RFP. Frequency-domain FLIM
measurements were referenced to a 10 pM
solution of rhodamine 6G, the lifetime of which
was independently measured by time-correlated
single photon counting as 3.94 ns (data not
shown). Fluorescence lifetimes were calculated
from several regions of interest, defined to
include multiple cells, and data are presented as
histograms. The fluorescence lifetime histograms
were fitted to Gaussian functions, from which
the centers of the distributions and the
distribution widths were extracted; the errors
reported are one-half of the distribution width.
For acceptor photobleaching measurements an
USH-102DH 100 W mercury lamp (Nikon) was
used to illuminate the sample for about 5-10
minutes, yielding ~ 95% photobleaching. Images
were recorded on a cooled CCD camera
(Coolsnap HQ, Roper Scientific, U.S.A.). 470/22
nm band-pass excitation filter, 495 nm long-pass
dichroic, and 520/35 nm band-pass emission
filters were used for GFP imaging. 530/40 nm
band-pass excitation filter, 562 nm long-pass
dichroic, and 612/23 nm band-pass emission
filters were used for RFP photobleaching. Time-
domain FLIM was performed using a confocal
laser-scanning microscope (Zeiss LSM 510
META installed on a Zeiss Axiovert 200M; Carl
Zeiss, Jena, Germany). A pulsed
Titanium:sapphire laser (Mai Tai Deep See,
Spectra Physics, Newport) tuned at 820 nm was
used for two-photon excitation. The excitation
light was directed to the sample through a water
immersion objective (LD C-Apochromat 40x/1.1
W Korr UV-VIS-IR, Zeiss). The emission light
was separated from the excitation light using a
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735 nm dichroic beam splitter and further
filtered using a short pass 735 nm filter, a
dichroic beam splitter at FT490 and an BP440-
485 nm band pass filter. Finally, a GaAsP
detector (H7429-40, Hamamatsu) connected to a
Becker & Hickl SPC830 card (Becker & Hickl
GmbH, Berlin, Germany) was used to detect the
emission light, allowing for time-correlated
single photon counting. The fluorescence
lifetime images were processed using SPCImage
software from Becker & Hickl using the
incomplete exponentials model. The quality of
the fit was judged by the reduced y>—values. For
the majority of the pixels the reduced y>-value
was smaller than 1.2.

Confocal microscopy experiments - To
determine colocalization between ALCAM and
its interacting partners, cells were either labeled
with specific antibodies or transfected with
fluorescently tagged proteins. For co-capping
experiments, we treated the cells as already
reported (41). Briefly, K562 cells expressing the
different ALCAM constructs were stained at 4°C
with 10 pg/ml anti-ALCAM mAb AZN-L50.
Isotype-specific controls were always included.
Patching was induced by incubation at 12°C for
1 h, followed by fixation with 2% PFA.
Subsequently, cells were intracellularly stained
by phalloidin-Alexa546 for actin, rabbit polylgG
anti-syntenin-1 (sc-48742; Santa  Cruz
Biotechnology Inc., Santa Cruz, CA, USA), or
goat polylgG anti-ezrin (sc-6409; Santa Cruz
Biotechnology Inc) using 5 min 0.1% Triton in
PBS prior to labelling. Cells were mounted onto
poly-L-lysine—coated glass coverslips. Cells
were analysed by a Leica confocal laser scanning
microscope TCS SP5 II (Leica, Mannheim,
Germany) using sequential signal collection to
avoid bleed through. Co-localization of ALCAM
with actin, syntenin-1, or ezrin was determined
by calculating the Manders’ correlation
coefficients M1 (0 = no co-localization and 1 =
100% co-localization) with the Image J
(http://rsb.info.nih.gov/ij/) plug-in JACoP (42).

Co-immunoprecipitation experiments — K562
cells were transfected with a Neon®
Transfection System (Life  Technologies)
according to manufacturer’s instructions.
Briefly, K562-ALCAM cells were transfected at

a ratio of 3 ng DNA of the reporter construct
syntenin-1-GFP to 1x10" cells. Transfected
K562 cells were lysed in Tris-Triton lysis buffer
(10mM Tris-HC1 pH 7.4, 100mM NaCl, 1%
Triton X-100, ImM EDTA, 1mM EGTA, 10%
glycerol, 0.1% SDS, 0.5% sodium deoxycholate)
containing EDTA-free Protease Inhibitor and
PhosSTOP (Roche). Proteins were separated by
SDS-PAGE and transferred to PVDF membranes
(Millipore). Subsequently, blots were labelled by
mouse anti-ALCAM, rabbit anti-syntenin-1, goat
anti-ezrin, or mouse anti-GFP, and scanned by
an Odyssey imager (LI-COR Biosciences).
Secondary antibodies (LI-COR) used for the
immunoblot are: goat anti-rabbit-IRDye800 (for
syntenin-1), donkey anti-goat-IRDye800 (for
ezrin), goat anti-mouse-IRDye680 (for ALCAM
on syntenin-1 WB and for GFP), and donkey
anti-mouse-IRDye680 (for ALCAM on ezrin
WB). ALCAM was enriched from the post-
nuclear supernatant (PNS) pre-cleared by Protein
G Sepharose 4 Fast Flow beads (GE Healthcare)
coated with isotype antibody (IgG2a) and
subsequent immunoprecipitation using beads
coated with anti-ALCAM (AZN-L50).

AFM-SCFS measurements - Cells were attached
to tipless AFM cantilevers (MLCT-O10, Bruker,
Santa Barbara, CA, USA) by concanavalin A
(ConA)-mediated  linkages as  described
(26,43,44). In short, ConA-coated cantilevers
were prepared as follows. Cantilevers were first
cleaned by immersion in 1M sulphuric acid
(Sigma) for 1 hour, then thoroughly rinsed with
Milli-Q water, ethanol and subsequently dried in
a N,-flow. Following an overnight incubation at
4°C in biotinylated BSA (biotin-BSA, 0.5 mg/ml
in 100 mM NaHCO;, pH 8.6) the cantilevers
were rinsed using PBS and exposed to 0.5 mg/ml
(PBS, 30 min, 37°C) streptavidin (Pierce,
Rockford, IL). Finally, the cantilevers were
rinsed three times with TSM and incubated in
biotinylated ConA (biotin-ConA, 0.4 mg/ml in
TSM) for 30 min at 37°C and washed with TSM.
Force measurements on living cells were
performed in force-distance mode using a
combined BioScope Catalyst AFM (Bruker)
mounted on a Leica TCS SP5 II confocal
microscope.  Cantilever  deflection  was
determined from the difference in signal
generated by a two-segment photodiode
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monitoring the reflection of a laser beam focused
onto the apex of the cantilever. The spring
constant of each cantilever was calibrated before
use by a non-destructive thermal oscillation
method (45). For AFM cell adhesion
measurements (n > 7 cells), a cell was first
adhered to the cantilever. The cantilever was
pushed softly (< 3 nN) onto the cell for
approximately 10 seconds and upon retraction, a
positive pick up was directly observed by the
microscope. From that moment, the cell was
allowed to adhere strongly to the cantilever for at
least 10 minutes. Adhesion of the cantilever-
adhered cell to CD6-Fc-coated glass substrates
(50 mm glass bottom petri dishes, WillCo Wells
BV, Amsterdam, The Netherlands) was
subsequently measured by bringing the cell into
contact with the substrate with a contact force of
1 nN and allowing the cell to adhere for 2
seconds. Subsequently, the cell was retracted at a
retraction speed at 12 um/s, with subsequently a
relaxing time of 10 seconds to give the cell time
to recover (43). Cell adhesion experiments were
performed in a perfusion chamber at 37°C. Data
were exported from the BioScope Catalyst by the
NanoScope v8.1 software and further analyzed
in MATLAB. Analysis of force-distance curves
resulted in the maximum detachment force F,,
of every curve.

RESULTS

Analysis of ALCAM interaction with the
actin cytoskeleton by Fluorescence Lifetime
Imaging Microscopy. Previous work from our
laboratories demonstrated a role for the actin
cytoskeleton in ALCAM-mediated adhesion by
using both biophysical and biochemical
approaches (18,26). To confirm this interaction
by FLIM, we used K562 cells stably expressing
ALCAM-GFP and transfected with RFP-tagged
actin. Inspection by confocal microscopy
showed good expression levels of plasma
membrane localized ALCAM and intracellular
actin and confirmed their colocalization already
prior to engagement of ALCAM with its ligand
(Fig. 1A). Subsequently, K562 cells co-
expressing ALCAM-GFP and actin-RFP were
subjected to FRET-FLIM analysis (Fig. 1B,C).
The lifetimes of the donor (GFP) for several
individual cells in a field of view were calculated
from frequency-domain FLIM images and

fluorescence lifetime histograms were obtained.
After Gaussian fitting of the histograms, the
average GFP lifetime of K562 cells expressing
ALCAM-GFP only was found to be 2.89 + 0.23
ns and was unaltered upon co-expression of
cytosolic RFP. In contrast, in K562 cells
expressing both ALCAM-GFP and actin-RFP,
the average fluorescence lifetime for GFP was
2.73 + 0.17 ns; this decrease in fluorescence
lifetime relative to the control values suggested a
physical proximity between ALCAM and actin
(Fig. 1C). Selective photobleaching of the
acceptor (RFP) under the same conditions
showed a complete recovery of the GFP lifetime
(2.82 £ 0.17 ns) (Fig. 1D), indicating that the
decrease in the fluorescence lifetime of
ALCAM-GFP in the presence of actin-RFP
could be unambiguously attributed to energy
transfer between GFP and RFP. These data
clearly demonstrate colocalization of ALCAM
and actin at the nanometer level and motivate the
application of FLIM to further investigate the
ALCAM-cytoskeleton  interaction at  the
molecular level.

ALCAM interacts with ezrin and
syntenin-1. As depicted in Fig. 2A, the
cytoplasmic tail of ALCAM contains putative
ERM and syntenin-1 binding motifs. To
investigate whether these cytoplasmic linker
molecules are involved in linking ALCAM to the
actin cytoskeleton, K562 cells with stable
expression of ALCAM-GFP were transiently co-
transfected with ezrin-RFP. Donor fluorescence
(ALCAM-GFP) lifetime images were collected
(Fig. 2B) and the FLIM data from over 100 cells
were averaged to yield fluorescence lifetime
histograms for statistical analyses (Fig. 2C). The
FLIM images and histograms reveal that the
fluorescence lifetime of ALCAM-GFP is
decreased in the presence of ezrin-RFP.
Gaussian fitting of the histograms resulted in
average lifetimes of 2.89 = 0.23 ns and 2.72 £
0.19 in the absence and presence of ezrin-RFP,
respectively, indicating energy transfer from
GFP to RFP and therefore a molecular
interaction between ALCAM and ezrin already
prior to ligand binding. Subsequently, cells co-
expressing ALCAM-GFP and ezrin-RFP were
allowed to adhere onto glass coverslips
previously coated with CD6-Fc, thus stimulating
ALCAM mediated adhesion. The corresponding
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GFP fluorescence lifetimes were collected,
resulting in an average value of 2.64 + 0.18 ns,
indicating that ALCAM-CD6 interactions
moderately affect ALCAM-ezrin interactions.
Finally, the K562 cells co-expressing ALCAM-
GFP and ezrin-RFP on CD6-Fc surfaces were
subjected to treatment with Latrunculin A
(LatA), a powerful actin cytoskeleton disrupting
agent. The resulting GFP fluorescence lifetimes
show fully recovered values of 2.84 = 0.24 ns,
demonstrating that ALCAM-ezrin interactions
depend on the integrity of the cortical actin
cytoskeleton (Fig. 2C). The acceptor
photobleaching control further strengthened
these observations, with a recovery from 2.62 +
0.16 ns to 286 =+ 022 ns after RFP
photobleaching (Fig. 2D). Treatment with LatA
induces decrease of ALCAM-ezrin
colocalization and redistributes ezrin from the
membrane cortex to the cytoplasm (Fig. 3).
Altogether, these data clearly show that ALCAM
and ezrin pre-assemble into ligand-independent
complexes that are dependent on the intact
cortical actin cytoskeleton, and that are
moderately influenced by ALCAM engagement
to its ligand CD6.

Next, we investigated the potential
interaction between ALCAM and syntenin-1.
K562 cells stably expressing ALCAM-GFP were
transiently co-transfected with syntenin-1-
mCherry. The mCherry protein is a variant of
RFP that also forms a suitable FRET acceptor
for GFP. FLIM data of multiple cells were
collected (Fig. 2E) and the average fluorescence
lifetime histogram is shown in Fig. 2F. The
measurements reveal that the fluorescence
lifetimes of ALCAM-GFP are significantly
decreased in the presence of syntenin-1-
mCherry. Gaussian fitting of the histograms
resulted in average lifetimes of 2.89 + 0.23 ns
and 2.70 £ 0.19 in the absence and presence of
syntenin-1-mCherry, respectively. Furthermore,
cells co-expressing ALCAM-GFP and syntenin-
I-mCherry were allowed to adhere onto glass
coverslips coated with CD6-Fc. The GFP
fluorescence lifetimes were collected, resulting
in an average of 2.53 + 0.16 ns, suggesting a
powerful effect of ALCAM-CD6 extracellular
binding on enhancing ALCAM-syntenin-1
intracellular interactions, in contrast to the
modest effect observed for ALCAM-ezrin

interactions. Treatment with LatA leads to a full
recovery of the GFP fluorescence lifetimes to
2.82 + 020 ns (Fig. 2F). An acceptor
photobleaching control also reveals a recovery of
GFP fluorescence lifetime from 2.46 £+ 0.14 ns to
2.81 £ 0.21 ns (Fig. 2G). To exclude that the
interactions observed between ALCAM and
ezrin and between ALCAM and syntenin-1 were
cell-type  specific, analogous FRET-FLIM
experiments were performed using antigen-
presenting cells (APCs), i.e., RAW macrophages
(Fig. 4A,B). These data are similar to these
observed on K562 cells (Fig. 2), although LatA
treatment with the same concentration appears to
have only a partial effect on restoring the
lifetime of syntenin-1-GFP on RAW cells, as
compared to the more dramatic effect exhibited
in K562 cells (Fig. 2F). This may be due to the
fact that in RAW macrophages the actin
cytoskeleton is not fully disrupted. This data
demonstrate that in both cell-types syntenin-1 is
already present in ligand-independent ALCAM
supramolecular assemblies, but that ALCAM
binding to its ligand CD6 strongly enhances the
intracellular interaction between ALCAM and
syntenin-1.

To check that our molecules of interest
are expressed in primary monocyte-derived DCs,
DCs were stained for ALCAM, syntenin-1, and
ezrin. Fig. 4C shows the colocalization of
ALCAM and syntenin-1 as well as of ALCAM
and ezrin in small clusters at the cell membrane.

Altogether, these FRET-FLIM data
show that both ezrin and syntenin-1 interact with
ALCAM’s cytoplasmic tail in the absence of
ligand binding. Furthermore, while ALCAM-
ezrin interaction is only modestly increased by
ALCAM binding to CD6, the extent of
ALCAM-syntenin-1 interactions is much higher
upon the establishment of adhesion, suggesting a
different role for these two proteins within the
ALCAM supramolecular complex.

Syntenin-1 and ezrin co-
immunoprecipitate with ALCAM. To confirm the
interactions of ALCAM with syntenin-1 and
ALCAM with ezrin as determined by FLIM, we
performed  co-immunoprecipitation  (co-IP)
assays of ALCAM. Syntenin-1 and ezrin were
co-immunoprecipitated with anti-ALCAM beads
from the post-nuclear supernatant (PNS) of
K562 cells stably expressing ALCAM (K562-
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ALCAM) or PNS of control K562 cells that do
not express endogenous ALCAM. We could
detect endogenous syntenin-1 by WB, however,
the syntenin-1 bands overlapped with unspecific
bands probably of the light chain of our IP
antibody (data not shown). To circumvent this
problem, K562-ALCAM cells were transfected
with syntenin-1-GFP. Fig. 5A shows that
syntenin-1-GFP  co-IPs with ALCAM, as
detected by a specific antibody recognizing
syntenin-1; as well as by an antibody directed
against GFP. In addition to syntenin-1,
enrichment of ALCAM by a specific IP also
showed co-IP of endogenous ezrin, confirming
the molecular interaction of ALCAM and ezrin
(Fig. 5B). Neither syntenin-1-GFP nor ezrin
bands could detected in our control IP on non-
ALCAM transfected K562 cells, confirming the
specific co-IP of syntenin-1-GFP and ezrin with
ALCAM. Thus, taken together our co-IP and
FLIM experiments demonstrate a direct
interaction between ALCAM and syntenin-1 as
well as ALCAM and ezrin.

Syntenin-1  interacts with  KTEA-
sequence of ALCAM. To determine whether
syntenin-1 and ezrin are recruited within the
same supramolecular assembly that regulates
ALCAM mediated adhesion, we investigated the
molecular interaction between these two proteins
in the absence and the presence of ALCAM. The
K562 cells (mock) as well as K562 cells stably
expressing ALCAM wild-type (K562-ALCAM-
WT) were transiently co-transfected with
syntenin-1-GFP and ezrin-RFP, and changes in
GFP lifetime were detected by FRET-FLIM
analysis. On bare K562 cells, similar GFP
fluorescence lifetime values were determined in
the absence and in the presence of ezrin-RFP,
indicating that in the absence of ALCAM-
mediated adhesion, ezrin and syntenin-1 do not
interact (Fig. 6A). On the contrary, when
syntenin-1-GFP  and ezrin-RFP were co-
transfected in K562-ALCAM-WT cells, a
modest decrease in GFP fluorescence lifetime
from 2.74 £ 0.16 ns to 2.61 £ 0.11 was observed
(Fig. 6B). Furthermore, when the K562-
ALCAM-WT cells co-expressing syntenin-1-
GFP and ezrin-RFP were pre-incubated with
LatA, the GFP fluorescence lifetime value was
found to be the same as that observed in K562
cells lacking ALCAM expression (Fig. 6B).

Finally, both ezrin and syntenin-1 have been
confirmed to interact with actin by FLIM
measurements  (Fig. 6D,E). This finding
indicates that both ALCAM and an intact actin
cytoskeleton are specifically required to form
these ligand-independent supramolecular
complexes containing ezrin and syntenin-1.

Next, we used K562 cells stably
expressing the ALCAM-AThr mutant, where the
threonine residues at positions 556 and 581 (the
latter belonging to the KTEA sequence, the
putative binding motif for syntenin-1 (46) (see
Fig. 2A), were mutated to alanine (19). In
particular, the T581A mutation is thought to
disrupt the KTEA motif and likely to impair the
binding of syntenin-1 to ALCAM. Accordingly,
when syntenin-1-GFP was transiently co-
transfected with ezrin-RFP in K562 cells stably
expressing the ALCAM-AThr mutant, no
variation in the GFP lifetime values was
observed (Fig. 6C), indicating that the
cytoplasmic tail of ALCAM is essential to
recruit syntenin-1 and facilitate its interaction
with ezrin. Moreover, FLIM experiments using
the FRET pair mTurquoise2 (mTQ2) and Venus
(39) on K562 cells transfected with ALCAM-
AThr-mTQ2 and syntenin-1-Venus confirmed
that syntenin-1 can no longer bind ALCAM’s
cytoplasmic tail in contrast to ALCAM-WT-
mTQ2 (Fig. 6F). These observations were
further supported by the dramatic decrease of
colocalization between ALCAM-AThr and actin,
or syntenin-1, but not ezrin, as compared with
the ALCAM-WT, determined after inducing
aggregation of the ALCAM molecules at the cell
surface using a specific anti-ALCAM mAb and
staining for the cytoskeletal components after
fixation and permeabilization of the cells (Fig.
7A,B). The presence of a GFP fused to the C-
terminus of ALCAM did not affect the degree of
colocalization with actin, syntenin-1 or ezrin
(Fig. 7B). In addition, replacing the intracellular
and transmembrane domains of ALCAM by a
GPI anchor show that ALCAM cannot interact
with any of the intracellular molecules actin,
syntenin-1, or ezrin (Fig. 7B).

Single-cell force spectroscopy shows
strengthening by actin-binding. To determine
whether syntenin-1 plays a role in ALCAM-
mediated adhesion, atomic force microscopy
(AFM)-based single-cell force spectroscopy
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(SCFS) studies were performed. Similar to
earlier studies (26), single K562 cells either
expressing ALCAM-WT or the ALCAM-AThr
mutant were attached to a tipless AFM cantilever
by means of concanavalin A (ConA)-mediated
linkages. Subsequently, cell adhesion forces
were measured by bringing the ALCAM-
expressing K562 cells shortly into contact with
CD6-coated substrates before pulling the
adhering cells from the substrate (Fig. 8A).
Repetitive  adhesion-detachment cycles, as
plotted in so-called force-distance (F-D) curves,
give information on the strength of the adhesion
(Fig. 8B). The maximum force (F.y) needed to
detach the cell from the substrate — derived from
the distance between the maximum and baseline
of the detachment curve — was taken as a
measure for overall cell adhesion (26,44). After
the initial acquisition of F-D curves, K562-
ALCAM-WT as well as K562-ALCAM-AThr
cells were blocked in situ with the anti-ALCAM
mAb AZN-L50 and re-examined under identical
experimental conditions (Fig. 8C). AZN-L50
specifically blocked 45 = 6 % or 66 £ 7 % for
ALCAM-WT and ALCAM-AThr, respectively,
of the total adhesion indicating that the
interactions probed are predominantly ALCAM-
CD6-mediated (Fig. 8D). Comparison of the F .«
needed to detach the ALCAM-WT and
ALCAM-AThr cells after 2 sec interaction with
CD6 showed that significantly more force (1.45
+ 0.37 vs. 0.76 £ 0.35 nN) is needed to detach
the ALCAM-WT than for the ALCAM-AThr
expressing cells (Fig. 8E). This suggests that the
specific additional recruitment of syntenin-1 to
the cytosplasmic tail of ALCAM strengthens and
stabilizes binding to the ligand CD6.

DISCUSSION
This study combines FRET-FLIM
measurements with single-cell force

spectroscopy and co-IPs to demonstrate that in
resting cells in the absence of active cell
adhesion the trans-membrane protein ALCAM is
pre-organized in a supramolecular complex
consisting of syntenin-1, ezrin, and actin.
Binding of ALCAM to its ligand CD6 further
strengthens and augments these interactions
(Fig. 9). Finally, binding of syntenin-1 to the
ALCAM cytoplasmic tail appears to be crucial to
maintain the integrity of the complex and to

mediate strong adhesion to the ligand CD6.
Since the heterotypic ALCAM-CD6 interaction
has been shown to play an important role in the
formation  and  strengthening  of  the
immunological synapse, our study provides for
the first time insights into the molecular players
in a strong adhesive complex formed at the DC
side of the synapse that could contribute to
stabilize the DC-T cell contact.

Although interactions between ALCAM
and actin have been already demonstrated
(18,19,26), nothing was known about the
intracellular partners physically mediating the
interaction between the actin cytoskeleton and
the cytoplasmic tail of ALCAM. Interactions
with ezrin most likely represent the molecular
link between ALCAM and the cytoskeleton. Co-
immunoprecipitation shows that ezrin binds to
ALCAM. The capacity of ezrin to bind to PDZ-
containing proteins, such as EBP50 (47), opens
the possibility that binding to ALCAM could
occur via syntenin-1 or a yet unknown partner. A
known cytoplasmic interactor of ALCAM is
Protein Kinase C alpha (PKCa), which our
laboratory previously demonstrated to play a role
in cytoskeleton-dependent avidity modulation of
homo- and heterotypic ALCAM-mediated
adhesion (19). However, the cytoplasmic tail of
ALCAM is not a direct target for PKCa, since it
is not phosphorylated after PKC activation, and
does not contain conserved PKC
phosphorylation motifs (19). Since PKC can
influence ERM protein activities, both by
altering their conformation and by determining
the binding capacity of their interaction partners
(48), it is tempting to speculate that ezrin could
be the direct target for PKCa at these ALCAM
supramolecular complexes. Recent work from
Hwangbo and colleagues demonstrated that
syntenin-1 also mediates adhesion-induced
activation of PKCo in human breast cancer and
melanoma cells (49), suggesting the existence of
a possible interplay between PKCoal, syntenin-1
and ezrin at the ALCAM supramolecular
complex.

Furthermore, a spatiotemporal regulatory
role for syntenin-1 in actin remodelling has also
been documented in CD4 T cells during HIV-1
binding and entry (50). By single cell force
spectroscopy, we have here demonstrated that
the interaction with syntenin-1 is strictly
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dependent on Thr residues in the cytoplasmic tail
of ALCAM. Previous work from our laboratory
showed no difference between cells expressing
ALCAM wild-type and cells expressing the
ALCAM-AThr mutant in the ability to attach to
ALCAM-coated plates (19), thus in apparent
contrast to the single cell force spectroscopy
measurements reported here. However, this
discrepancy can be reconciled by the fact that
with respect to a static plate adhesion assay,
single cell force spectroscopy better mimics the
dynamic interactions occurring between cells
and ligand (51,52) and is therefore better suited
to pinpoint subtle differences in adhesion
strength of short-lived interactions under
force/stress. Recognition of C-terminal motifs
appears to be the dominant mode of PDZ-ligand
interaction, however, binding to non-C-terminal
“internal” motifs has also been reported in the
literature (53,54). This could explain why the
GFP tag fused at the C-terminus of ALCAM did
not affect the interaction of the PDZ binding
motif in the ALCAM tail with syntenin-1.
Another player that might have a role in
regulating the interaction of ALCAM with
cytoskeletal component is the tetraspanin CD9
that was reported to directly interact with
ALCAM at the cell surface of T cells, thereby
enhancing ALCAM function by augmented
clustering of ALCAM molecules and
upregulation of ALCAM surface expression
(55). In fact, CD9 has been shown to be part of a
tetraspanin web that is directly linked to ERM
proteins (56) and to modulate the composition of
adhesive complexes influencing the presence of
integrins, actin, and actin-binding proteins at
sites of cell adhesion and matrix assembly (57).
CD9 could therefore play a yet unrecognized
role on organizing the ALCAM supramolecular
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FIGURE LEGENDS

FIGURE 1. Ligand-independent interaction between ALCAM and actin is detected by FRET-FLIM. (A)
Confocal microscopy shows the colocalization between ALCAM and actin in fixed K562 cells double
transfected with ALCAM-GEFP (green) and actin-RFP (red). Panel a represents a merged 3D projection of
the ALCAM and actin channels. Scale bar represents 5 um. (B) Representative FLIM images of K562
cells expressing ALCAM-GFP alone, ALCAM-GFP and cytoplasmic RFP, ALCAM-GFP and actin-RFP.
Horizontal bar indicates a continuous color scale of the GFP lifetime, ranging from 1 to 4 ns. (C) The
lifetime histogram represents the distribution of average fluorescence lifetime values of GFP molecules
recorded from ~100 cells per condition. (D) The fluorescence lifetimes of ALCAM-GFP co-expressed
with actin-RFP were collected from = 6-10 cells (open symbols). Subsequently, the acceptor RFP was
photobleached and the average GFP fluorescence lifetime was calculated again (filled symbols).

FIGURE 2. ALCAM interacts with ezrin and syntenin-1. (A) Amino acid sequence of ALCAM
cytoplasmic tail. The cartoon depicts the cell adhesion molecule ALCAM at the cellular membrane. The
short 32-amino acid cytoplasmic tail of ALCAM contains several positively charged amino acids at the
juxtamembrane position, which constitute the ERM-binding motif, and the KTEA binding motif, which is
a PDZ-binding site, at the C-terminus. (B) K562 cells expressing ALCAM-GFP were transfected with
ezrin-RFP and allowed to adhere onto uncoated coverslips (panels i and ii) or to coverslips previously
coated with CD6-Fc molecules (panels iii and iv). Cells in panel iv were treated with 0.2 pg/ml
Latrunculin A (LatA) for 1 hour at 37°C. After 1 hour, cells were subjected to FRET-FLIM analysis.
Panels i-iv are FLIM images of cells from one representative experiment out of at least three. Vertical bar
indicates a continuous color scale of the GFP lifetime, ranging from 1 to 4 ns. (C) The lifetime histogram
represents the distribution of average fluorescence lifetime of GFP molecules recorded from ~100 cells
per condition. (D) The fluorescence lifetimes of ALCAM-GFP co-expressed with ezrin-RFP were
collected (open symbols). Subsequently, the acceptor RFP was photobleached and the average GFP
fluorescence lifetime was calculated again (filled symbols). (E) K562 cells expressing ALCAM-GFP were
transfected with syntenin-1-mCherry and allowed to adhere onto uncoated coverslips (panels i and ii) or to
coverslips previously coated with CD6-Fc molecules (panels iii and iv). Cells in panel iv were allowed to
adhere to the CD6-coated substrate and subsequently treated with 0.2 pug/ml LatA for 60 min at 37°C
before FRET-FLIM measurements were performed. Panels i-iv are representative FLIM images of cells
from multiple experiments. Vertical bar indicates a continuous color scale of the GFP lifetime, ranging
from 1 to 4 ns. (F) The lifetime histogram represents the distribution of average fluorescence lifetime of
GFP molecules recorded from ~100 cells per condition. (G) The fluorescence lifetimes of ALCAM-GFP
co-expressed with syntenin-1-mCherry were collected (open symbols). Subsequently, the acceptor
mCherry was photobleached and the average GFP fluorescence lifetime was calculated again (filled
symbols).

FIGURE 3. Ezrin localizes to ALCAM only in presence of actin. (A) Confocal microscopy images of
K562 cells double-transfected with ALCAM-GFP and ezrin-RFP show colocalization of ALCAM clusters
with ezrin at the cell cortex (left panels). Cross-section of the cells indicated show the colocalization of
ALCAM and ezrin at the cell cortex (right panel). (B) After treatment of these cells with the actin-
disrupting drug LatA for 30 min at 37°C colocalization of these ALCAM clusters is disrupted and ezrin
distribution is predominantly cytoplasmic (left panels). Cross-section of the cells indicated confirms
disruption of colocalization of ALCAM and ezrin, and cytoplasmic distribution of ezrin (right panel). (C)
Quantification of colocalization of ezrin with ALCAM (N > 15 cells) by Manders’ colocalization
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coefficient (1 = full colocalization and 0 = none; *** p < 0.0001) with and without LatA treatment.

FIGURE 4. ALCAM interacts with ezrin and syntenin-1 on APCs. (A) RAW macrophages were co-
transfected with ezrin-GFP and ALCAM-RFP or RFP. Some of the cells were preincubated with 0.2
pg/ml LatA. The lifetime histogram represents the distribution of average fluorescence lifetime of GFP
molecules recorded from ~100 cells in the absence/presence of ALCAM-RFP or RFP. (B) RAW
macrophages were co-transfected with syntenin-1-GFP and ALCAM-RFP or RFP. Some of the cells were
preincubated with 0.2 pg/ml LatA. The lifetime histogram represents the distribution of average
fluorescence lifetime of GFP molecules recorded from ~100 cells in the absence/presence of ALCAM-
RFP or RFP. (C) Immature monocyte-derived DCs were stained for ALCAM (green) and syntenin-1 (red)
or ALCAM (green) and ezrin (red) and analyzed by confocal microscopy. Top and third row show two
example cells with for each a zoom-in (dotted lines) in the rows below. Clusters of co-localized ALCAM
and syntenin-1 as well as ALCAM and ezrin are visible at the cell membrane. Scale bar 5 um.

FIGURE 5: Ezrin and syntenin-1 co-immunoprecipitate with ALCAM. (A) ALCAM (expected size ~105
kDa) was detected by mouse-anti-ALCAM (AZN-L50) specifically in the post nuclear supernatant (PNS)
of K562-ALCAM cells transfected with syntenin-1-GFP and was absent in the PNS of control K562 cells
(left panel; lanes 1-2). ALCAM was enriched from the PNS of K562-ALCAM + syntenin-1-GFP cells by
immunoprecipitation using anti-ALCAM beads (left panel; lanes 3-4). Syntenin-1-GFP (expected size ~60
kDa) was co-immunoprecipitated with ALCAM only for K562-ALCAM + syntenin-1-GFP cells (middle
panel). Re-immunoblotting the anti-ALCAM immunoblot (IB) with anti-GFP shows that the syntenin-1-
GFP bands are specific for syntenin-1 as well as for GFP (right panel). (B) ALCAM was enriched from
the PNS of K562-ALCAM cells by immunoprecipitation using anti-ALCAM beads (left panel).
Endogenous ezrin (expected size ~80 kDa) was co-immunoprecipitated with ALCAM only for K562-
ALCAM cells (right panel). Endogenous ezrin is also present in the PNS of K562 cells but is not co-
immunoprecipitated with ALCAM. Double ezrin bands in PNS are typical for the Ab used.

FIGURE 6. ALCAM specifically recruits ezrin and syntenin-1 to a ligand-independent supramolecular
assembly. Fluorescence lifetime histograms of syntenin-1-GFP co-transfected with or without ezrin-RFP
were collected from K562 cells (~100 cells per condition) with no endogenous expression of ALCAM
(A), from K562-ALCAM-WT cells (B) or from K562-ALCAM-AThr cells (C). Panel B also shows the
lifetime histogram of syntenin-1-GFP co-transfected with ezrin-RFP, before and after treatment with 0.2
pg/ml LatA. (D) Fluorescence lifetime of K562 cells transfected with ezrin-GFP alone and in combination
with actin-RFP, (E) or with syntenin-1-GFP alone and in combination with actin-RFP, clearly indicate
molecular scale interactions. (F) Lifetime histograms from K562 cells expressing ALCAM-WT-mTQ2 or
ALCAM-AThr-mTQ2 co-transfected with syntenin-1-Venus and allowed to adhere onto poly-L-lysine
coated glass bottom dishes for 1 hour. The lifetime histogram represents the distribution of averaged
fluorescence lifetime of mTQ2 molecules recorded from ~60 cells per condition.

FIGURE 7. Colocalization of ALCAM with actin, syntenin-1 and ezrin on K562 cells expressing
different ALCAM constructs. (A) Immunofluorescent labeling of actin, syntenin-1, and ezrin on K562-
ALCAM-WT and K562-ALCAM-AThr cells analyzed by confocal microscopy. Cells were fixed,
permeabilized and co-labeled with antibodies against ALCAM and with either phalloidin to stain actin or
with antibodies against syntenin-1 or ezrin. Scale bars indicate 5 um. Immunofluorescence samples for
K562-ALCAM-GFP and K562-ALCAM-GPI not shown. (B) Quantification of the colocalization between
ALCAM and actin, syntenin-1 or ezrin for ALCAM-WT, ALCAM-AThr, ALCAM-GFP and ALCAM-
GPI. The GFP-tag does not affect ALCAM interactions with cytoskeletal components. When the
transmembrane and intracelullar domain of ALCAM are replaced by a GPI anchor, ALCAM cannot
interact with any of the cytoskeletal components. Quantification of the colocalization between ALCAM
(WT vs. AThr, WT vs. GFP, WT vs. GPI) and actin, syntenin-1, or ezrin was made by calculating the
Manders’ colocalization coefficient (1 = full colocalization and 0 = no colocalization). P values were
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calculated with the Mann-Whitney statistical test and are indicated in the plot; *** p<0.0001; n.s., not
significant.

FIGURE 8: Syntenin-1 recruitment to the supramolecular assembly stabilizes ALCAM adhesion. (A)
Schematic overview of single-cell force spectroscopy measurements. The tipless cantilever with an
adhered K562-ALCAM-WT or K562-ALCAM-AThr cell was approached towards a surface coated with
CD6-Fc. When a contact force of 1 nN was reached, the cell was allowed to adhere for 2 seconds to the
substrate. Then, the cell-functionalized cantilever was retracted from the substrate thereby disrupting the
adhesion. When the cell was completely detached, the probing cycle was repeated. (B) Example of a
force-distance curve showing the approach and retraction curve and the maximum detachment force
(Fmax), Which is the distance between the maximum force and the baseline in the retraction curve. (C)
Three representative F-D curves displaying the unbinding of K562-ALCAM-WT and K562-ALCAM-
AThr cells after a 2 sec contact with the CD6-Fc-coated substrate. Furthermore, three F-D curves are
shown after a specificity block with 10pg/ml of the anti-ALCAM antibody AZN-L50 for 30 min at 37°C
in both the case of K562-ALCAM-WT and K562-ALCAM-AThr cells. (D) Box plot showing the specific
block (N = 3 independent experiments) of the normalized F,.x of ALCAM-CD6-mediated interactions by
the mAb AZN-L50. E) Scatter plot comparison of F,,x needed to detach a K562-ALCAM-WT or K562-
ALCAM-AThr cell (N =7) from a CD6-Fc-coated substrate. Data presented are of N = 24 K562-ALCAM-
WT and K562-ALCAM-AThr measurements, each consisting of N > 20 F-D curves. P values were
calculated with the Mann-Whitney statistical test and are indicated in the figure.

FIGURE 9. Model of the supramolecular complex formed during ALCAM-CD6-mediated adhesion.
When ALCAM binds CD6 a supramolecular complex is formed with the adaptor proteins ezrin and
syntenin-1 coupling the cytoplasmic tail of ALCAM to actin. Syntenin-1 binds the PDZ-binding motif at
the C-terminus of the cytoplasmic tail and tightens the bonds by coupling ALCAM to the actin cortex.
Ezrin also connects some of the ALCAM molecules at a juxtamembrane site to actin. Upon binding of
ALCAM to its ligand CD6 the complex is tightened and syntenin-1 as well as ezrin could be
phosphorylated leading to outside-in signaling and ultimate cellular responses.
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