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Expression of the cell adhesion molecule CEACAM1 in
melanomas is an independent factor for the risk of
metastasis with a predictive value superior to that of
tumor thickness. We have previously shown that
CEACAM1 co-localizes at the tumor-stroma interface
of invading melanoma masses with integrin �3 and
that these two adhesion molecules interact via the
CEACAM1 cytoplasmic domain. To address the func-
tional consequences of CEACAM1 expression, we in-
vestigated invasion and migration of melanocytic and
melanoma cells that stably express CEACAM1 using
two different in vitro systems. Here, we demonstrate
that CEACAM1 expression markedly enhances cell in-
vasion and migration. The enhanced invasion and
migration of CEACAM1-transfected cells was depen-
dent on the presence of Tyr-488 within the full-length
cytoplasmic CEACAM1 domain. Treatment with anti-
CEACAM monoclonal antibodies blocked CEACAM1-
enhanced cell invasion and cell migration in a dose-
dependent manner. Furthermore, the enhanced
invasion and migration of CEACAM1-transfected mel-
anoma cells was blocked by integrin-antagonizing
RGD peptides. Expression of integrin �3 induces the
up-regulation of CEACAM1 in melanocytic MEL6 cells.
These results strengthen the view that CEACAM1 and
�v�3 integrin are functionally interconnected with
respect to the invasive growth of melanomas. (Am J
Pathol 2004, 165:1781–1787)

In malignant melanoma, dysregulation of cell adhesion
molecules is associated with tumor progression.1 In hu-
man cutaneous melanoma, the radial growth phase is
prognostically favorable, whereas the vertical growth
phase often gives rise to metastases.2 The expression of
cell adhesion molecules may be either up-regulated or

down-regulated when melanomas progress from the ra-
dial to the vertical growth phase. Among the most prom-
inent cell adhesion molecules down-regulated during tu-
mor progression is E-cadherin. On the other hand, av�3

integrin and MCAM are expressed preferentially in the
vertical growth phase.3

The prognostic significance of the expression of cell
adhesion molecules in human cutaneous melanomas has
been substantiated in clinical studies. For example, when
av�3 integrin and/or ICAM-1 are present in tumor tissues,
survival rates of patients are significantly lower when
compared to patients whose tumors do not express these
adhesion molecules.4 These and other correlative data
imply that cell adhesion molecules are of functional sig-
nificance in the progression of human melanomas. This
assumption was investigated in experimental studies.
The reconstitution of �v�3 integrin in human melanoma
cells induces conversion from the radial to the vertical
growth phase as shown in three-dimensional skin recon-
structs.5 In in vivo models, both �v�3 integrin and MCAM
lead to increased tumor growth in immunodeficient mice.
Tumor growth could be inhibited by agents that function-
ally interfere with these adhesion molecules.6–8

Recent gene array studies indicate that human mela-
nomas, similar to other human tumors, exhibit consider-
able heterogeneity with respect to mRNA expression pro-
files.9 To transfer experimental data into therapeutic
applications in patients, it is essential to define the indi-
vidual contribution of distinct adhesion molecules to the
malignant phenotype. Importantly, we showed that ex-
pression of CEACAM1, an adhesion molecule of the im-
munoglobulin superfamily, in human melanomas was as-
sociated with a poor prognosis of the patients. Indeed,
the predictive value of CEACAM1 expression was supe-
rior to that of tumor thickness. Often, the strongest
CEACAM1 expression was observed at the invading tu-
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mor front.10 These findings suggest that CEACAM1 ac-
tively contributes to the progression of malignant mela-
nomas. If this assumption is correct, CEACAM1 may be an
additional target to inhibit tumor growth. In this contribution,
we provide evidence that the expression of CEACAM1 with
its long cytoplasmic domain (CEACAM1-L) in human mela-
nocytes and melanoma cells increases migratory and inva-
sive growth properties in in vitro models. The invasive
growth mediated by CEACAM1 could be inhibited by
monoclonal CEACAM1 antibodies.

Materials and Methods

Cells and Cell Lines

The human melanoma MV3 and melanocytic MEL6 cell
lines were maintained in RPMI 1640 supplemented with
10% heat-inactivated fetal calf serum, 50 U/ml of penicil-
lin, and 50 mg/ml streptomycin at 37°C in 5% CO2 hu-
midified air. The cells were routinely passaged with trypsin-
ethylenediaminetetraacetic acid (EDTA) buffer. All tissue
culture reagents were purchased from BD Biosciences
(Bedford, MA) and Gibco (Invitrogen, Karlsruhe, Germany).
All other reagents were purchased from Sigma (Munich,
Germany) except for fetal calf serum (PAA Laboratories,
Cölbe, Germany).

Antibodies and Purified Adhesive Proteins

The following antibodies were purchased: anti-integrin-�3

CBL 479 (Chemicon, Temecula, CA) and polyclonal anti-
integrin-�3 C-20 (Santa Cruz Biotechnology Inc., Santa
Cruz, CA). The monoclonal antibody (mAb) 4D1C2 spe-
cific for human CEACAM1 was described previously.11,12

The CEACAM mAb 12-140-4 was a kind gift from Øle P.
Børmer (Norwegian Radium Hospital, Oslo, Norway). Pu-
rified RGD peptides were purchased from Bachem (Weil
am Rhein, Germany).

Construction of cDNAs

Cloning of full-length cDNA encoding CEACAM1–4L and
generation of point mutants Y488F and Y515F (number-
ing of amino acid residues refers to the mouse sequence)
was performed as described.13–15 The double-tyrosine
mutant Y488,515F was generated by the same method
starting with a plasmid carrying a single mutation. The
short isoform (CEACAM1–4S) was created from human
colonic epithelial CEACAM1–4L cDNA using primers cor-
responding to nucleotides 878 to 903 (upstream primer)
and 1354 to 1405 (downstream primer) of the human
CEACAM1 coding sequence. Each mutant CEACAM1
construct was verified by dideoxy sequencing and
cloned in the expression vector pcDNA 3.1/Zeo (�). Hu-
man integrin �3 was amplified from a human cDNA library
by polymerase chain reaction and cloned in the EBB
expression vector.

Transfection and Selection of Stable Cell Clones

Full-length CEACAM1 and CEACAM mutants cloned in
pcDNA vector (4 �g) were mixed with 10 �l of lipo-
fectamine plus (Invitrogen Life Technology) in a final
volume of 2 ml of Opti-MEM medium and added to MV3
and MEL6 cells grown to 70% confluence in 100-mm
tissue culture plates. After 5 hours fetal calf serum was
added to the culture medium. Forty-eight hours after
transfection the cells were detached from the dish by
treating with trypsin-EDTA followed by washing two times
with RPMI 1640 and 10% fetal calf serum. Cells were
selected by using selection media (0.3 mg/ml zeocin;
(Invitrogen Life Technology). The stable transfected cells
were maintained in RPMI 1640 medium containing 0.125
mg/ml of zeocin.

Western Blot Analysis

Total cell lysates (50 �g of protein) were resolved by
7.5% sodium dodecyl sulfate-polyacrylamide gel electro-
phoresis or sodium dodecyl sulfate-polyacrylamide gel
electrophoresis on precast NuPAGE 4 to 10% Bis-Tris
gels (Invitrogen Life Technology) and transferred onto
nitrocellulose using a semidry transblot apparatus (Bio-
metra, Göttingen, Germany). The membranes were
blocked for 1 hour in blocking buffer [phosphate-buffered
saline (PBS) containing 5% nonfat dry milk] and incu-
bated overnight with the primary antibody diluted in PBS.
After 5 minutes of washing in TBS-Tween (10 mmol/L
Tris-HCl, pH 7.5, 150 mmol/L NaCl, 0.1% Tween), the
membranes were incubated for 1 hour with goat anti-
mouse IgG conjugated to horseradish peroxidase (Dia-
nova, Hamburg, Germany) in PBS. The membranes were
then washed in TBS and bound antibody visualized with
the enhanced chemiluminescence detection system
(Amersham, Freiburg, Germany) according to the manu-
facturer’s instructions.

In Vitro Invasion Assay

The invasiveness of cells was assayed in the membrane
invasion culture system using PET membrane (8-�m pore
size) in the upper compartment of a transwell coated with
Matrigel (BD BioCoat Matrigel Invasion Chamber; BD
Biosciences). Cells were harvested by trypsin-EDTA
buffer and washed with RPMI 1640. The cells were then
seeded at 2.5 � 104 cells per 500 �l of RPMI 1640 on the
Matrigel-coated PET membrane in the upper compart-
ment. The lower compartment was filled with RPMI 1640
medium and the plates were incubated at 37°C for 24
hours. At the end of the incubation time, the upper sur-
face of the membrane was wiped with a cotton-tip appli-
cator to remove nonmigratory cells. Cells that migrated to
bottom side of membrane were fixed and stained by
Diff-Quick (Dade Behring AG, Düdingen, Switzerland).
The cells were quantified by counting nine high-powered
fields (460 �m � 700 �m) in the center of each well using
a Zeiss microscope. Each measurement was performed
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in quadruplicate and experiments were repeated five
times.

Boyden Chamber Assay

Migration assays were performed as described previous-
ly16 in a 96-well microtaxis chamber. Polyester mem-
branes with 8-�m pores (Neuro Probe, Cabin John, MD)
were coated with 0.1 mg/ml of collagen I (Collagen Corp.,
Palo Alto, CA). MV3 and MEL6 cells were harvested using
trypsin-EDTA and resuspended in RPMI 1640 containing
0.1% bovine serum albumin. Cells (2.5 � 104) were sus-
pended in 100 �l of serum-free medium containing 0.1%
bovine serum albumin and seeded on the upper side of
8-�m-pore filters in the Boyden chamber, and incubated
with or without stimuli for 5 hours. Cells on the upper side
of the filters were then mechanically removed. Cells on
the lower filter side were then fixed and stained with
Diff-Quick. The cells were quantified by counting nine
high-powered fields (460 �m � 700 �m) in the center of
each well using a Zeiss microscope. Each condition was
studied in triplicate wells, and each experiment was per-
formed five times.

RNA Preparation and Microarray Analysis

Total RNA was prepared by lysing the cells in Trizol
reagent according to the manufacturer’s instructions (Life
Technologies Inc., Grand Island, NY). The total RNA was
cleaned up using RNeasy mini kit according to the man-
ufacturer’s instructions (Qiagen). For all experiments Af-
fymetrix Human U133 Set GeneChips containing 39,000
genes and expressed sequence tags were used. The
targets for Affymetrix DNA microarray analysis were pre-
pared as described by the manufacturer; the amount of
total RNA used for the cDNA synthesis was 10 �g for
each reaction. GeneChip microarrays were hybridized
with the targets for 16 hours at 45°C, washed, and
stained using the Affymetrix Fluidics Station according to
the GeneChip Expression Analysis Technical Manual. Mi-
croarrays were scanned with the Hewlett-Packard Agilent
GeneChip scanner, and the signals were processed us-
ing the GeneChip expression analysis algorithm (v.2;
Affymetrix). To compare samples and experiments, the
trimmed mean signal of each array was scaled to a target
intensity of 200 for A-arrays. Absolute and comparison
analyses were performed with Affymetrix MAS 5.0 and
DMT software using default parameters. To assist the
identification of genes that were positively or negatively
regulated, we selected genes that were increased or
decreased at least twofold compared to the baseline.17

Results

Setup of the Experimental System

Several melanoma and melanocytic cell lines were
screened for CEACAM1 and integrin �3 expression (not
shown). The MV3 melanoma cell line was selected be-
cause MV3 cells were completely CEACAM1-negative on

protein and RNA level but displayed strong expression of
integrin �3. In addition to MV3 cells, cells of the
CEACAM1-negative and integrin �3-negative melano-
cytic cell line MEL6 were studied, either untransfected or
CEACAM1-transfected, using invasion and migration as-
says to delineate the role of CEACAM1 in invasion and
migration of melanocytic and melanoma cells.

CEACAM1 Expression Enhances Cell Invasion
and Cell Migration

The MV3 and MEL6 cell lines were stably transfected with
wild-type CEACAM1 and the invasive capacity was quan-
tified using the Matrigel in vitro invasion assay. The num-
ber of cells that invaded through the membrane after
incubation for 24 hours was counted. Both cell lines have
invasive ability but MV3 cells (mean � SD, 35 � 2 cells/
field) displayed a higher (more than threefold) motility
compared to MEL6 cells (mean � SD, 10 � 1.5 cells/
field). As shown in Figure 1A, transfection with CEACAM1
exerted a profound effect on cell invasion in both cell
lines with considerably higher numbers of invasive cells
(�2.5-fold). Using the Boyden chamber assay MV3 cells
(mean � SD, 29 � 1.5 cells/field) once more displayed a
higher (�2.5-fold) motility compared to MEL6 cells
(mean � SD, 11 � 1 cells/field). As shown in Figure 1B
CEACAM1 transfected cells showed a considerably
higher (�2.5-fold) motility compared to untransfected
cells.

Anti-CEACAM Antibodies Inhibit Cell Invasion
and Cell Migration

Consistent with a role of CEACAM1 in the regulation of
cell invasion we were able to block the enhanced inva-
sive capacity of CEACAM1-transfected MV3 cells in a
dose-dependent manner using CEACAM1 mAb 4D1C2.
An enhanced blocking effect was observed using equal
concentrations of CEACAM mAb 12-140-4, whereas a
nonfunctional antibody control mAb did not affect the
invasive capacity (Figure 2A). Similar results were ob-

Figure 1. CEACAM1 expression enhances cell invasion and cell migration. A:
Matrigel invasion assay. B: Boyden chamber assay. Cells (2.5 � 104) within
passages 6 to 10 were seeded in the upper compartment of transwell
chambers containing PET filters precoated with Matrigel (A) or polyester
filters precoated with collagen I (B). After 24 hours (invasion assay) or 5
hours (migration assay), under serum-free conditions (RPMI), cells that
invaded through the 8-�m pores were stained. The data are means � SD of
five separate experiments. The mean invasion of untransfected MV3 or
untransfected MEL6 cells was assigned a value of 1.
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served using the Boyden chamber assay in which both
anti-CEACAM antibodies blocked the enhanced migra-
tion of CEACAM1-transfected MV3 cells (Figure 2B) in a
dose-dependent manner. In conclusion, these data pro-
vide evidence that expression of CEACAM1 in melano-
cytic and melanoma cells enhances their invasive and
migratory capacity in two different in vitro systems simu-
lating the extracellular matrix.

CEACAM1-Enhanced Invasion and Migration
Require CEACAM1-Tyr-488

We13–15 and others18,19 have shown that CEACAM1 in-
teracts with several proteins via its cytoplasmic domain.
To verify the hypothesis that the intact cytoplasmic do-
main of CEACAM1 is essential for the observed
CEACAM1-enhanced invasion and migration we gener-
ated several CEACAM1 mutants differing in the cytoplas-
mic domain (wild-type, short splice variant, Y488F,
Y515F, double-mutant Y488,515F). These constructs
were stably transfected into MV3 cells. The CEACAM1
expression levels of the stably transfected cells were
determined using Western blot analysis. As shown in
Figure 3A, CEACAM1 expression levels in all transfecto-
mas were equivalent.

As shown in Figure 3B enhanced invasion of
CEACAM1-transfected cells was dependent on the pres-

ence of the intact full-length cytoplasmic domain of
CEACAM1 because transfection of MV3 cells with the
short isoform of the cytoplasmic CEACAM1 domain had
no effect on their invasive capacity. Furthermore,
CEACAM1-enhanced invasion of MV3 cells was depen-
dent on the presence of Tyr-488 within its cytoplasmic
domain because transfection of mutant Y488F and dou-

Figure 2. Anti-CEACAM mAb inhibit enhanced CEACAM1-mediated cell in-
vasion and migration. A: Matrigel invasion assay and B: Boyden chamber
assay performed as described in Figure 1. Cells that invaded, under serum-
free conditions in the absence (RPMI in A and B) or presence of inhibitors,
were stained. The data are means � SD of five separate experiments. The
mean invasion of untransfected MV3 cells was assigned a value of 1. Inhib-
itors were used as follows: 0.2 �mol/L and 0.4 �mol/L 4D1C2 mAb and 0.2
�mol/L and 0.4 �mol/L 12-140-4 mAb as anti-CEACAM1 blocking agents.
Control bars are invasion (A) or migration (B) in the presence of 0.2 �mol/L
and 0.4 �mol/L nonimmune IgG.

Figure 3. CEACAM1-enhanced invasion or migration requires CEACAM1-
Tyr-488. A: Western blot analysis of MV3 cells (lane 1) and MV3 cells
transfected with wild-type (lane 2) and mutant (lanes 3 to 6) CEACAM1.
Cell lysates containing 50 �g of protein each were resolved by sodium
dodecyl sulfate-polyacrylamide gel electrophoresis, transferred to nitrocellu-
lose, and immunoblotted with anti-CEACAM1 mAb 4D1C2. Positions of
CEACAM1-L and mutant CEACAM1, containing the short cytoplasmic isoform
(CEACAM1-S), are indicated on the right. Matrigel invasion assay (B) and
Boyden chamber assay (C) performed as described in Figure 1. The data are
means � SD of five separate experiments. The mean invasion of untrans-
fected MV3 cells was assigned a value of 1.
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ble-mutant Y488,515F did not display enhanced inva-
sion. On the contrary, presence of Tyr-515 within the
cytoplasmic CEACAM1 domain is not required because
transfection of MV3 cells with the mutant Y515F did aug-
ment cell invasion almost as effectively as transfection
with wild-type CEACAM1. As shown in Figure 3C we
obtained comparable results using the Boyden chamber
assay, which substantiate the functional role of the cyto-
plasmic CEACAM1 domain, and especially of Tyr-488, in
CEACAM1-enhanced invasion and migration. Moreover
the presence of Tyr-515 seemed to inhibit migration be-
cause transfection of MV3 cells with the mutant Y488F did
diminish cell invasion compared to untransfected cells or
MV3 cells transfected with the double-mutant Y488,515F.

Integrin-Antagonizing RGD Peptides Block
Enhanced Invasion and Migration of CEACAM1-
Transfected MV3 Cells

To migrate and invade surrounding tissues, cells need to
interact via integrins with several different extracellular
matrix components. Therefore, we were interested in
whether integrin inhibitors are able to interfere with
CEACAM1-enhanced invasion and migration. As shown
in Figure 4 the addition of RGD peptides, in a concentra-
tion known to antagonize integrin function,20 completely
blocked enhanced invasion (Figure 4A) and enhanced
migration (Figure 4B) of CEACAM1-transfected MV3
cells.

Because we have shown15 that CEACAM1 interacts
with integrin �3 via the CEACAM1 cytoplasmic domain,
dependent on Tyr-488, and that these two adhesion mol-
ecules co-localize at the tumor-stroma interface of invad-
ing melanoma masses we reasoned a functional role of
CEACAM1-integrin �3 interaction in invasion and migra-
tion. To further explore the role of CEACAM1-integrin �3

interaction in invasion and migration we used an addi-
tional approach with MEL6 cells. These cells express
neither CEACAM1 nor integrin �3 and are therefore suit-
able to study the functional role of both adhesion mole-
cules in this transfection system independently.

CEACAM1 and Integrin �3 Expression Both
Enhance Invasion of MEL6 Cells

MEL6 cells were stably transfected either with the cDNA
for CEACAM1 or for integrin �3 and the invasive capacity
of these cells was determined in the Matrigel invasion
assay. Consistent with our previous results and the liter-
ature4 expression of either CEACAM1 or integrin �3 re-
sulted in enhanced invasion by 2.5- to 5-fold compared to
untransfected cells (Figure 5A). This enhanced invasion
was blocked by addition of specific CEACAM antibodies
(Figure 5B). Unexpectedly, both CEACAM antibodies did
reduce the enhanced invasion of integrin �3-transfected
MEL6 cells in five independent experiments (Figure 5C).

Expression of Integrin �3 Induces the
Up-Regulation of CEACAM1

Using Western blot analysis we examined CEACAM1
expression in MEL6 cells. Interestingly, we observed a
high level of CEACAM1 expression in MEL6 cells trans-
fected with integrin �3 (Figure 6, lane 3) but no CEACAM1
expression in untransfected MEL6 cells (Figure 6, lane 1)
or mock-transfected cells (Figure 6, lane 2). Furthermore,
we repeated the transfection procedures and confirmed
the CEACAM1 expression in MEL6 cells transfected with
integrin �3 on the RNA level using microarrays (not

Figure 4. CEACAM1-enhanced invasion and migration is blocked by inhib-
itor of integrin �3 function. A: Matrigel invasion assay and B: Boyden
chamber assay performed as described in Figure 1. Cells that invaded, under
serum-free conditions in the absence (RPMI) or presence of RGD peptides
(1300 �mol/L), were stained. The data are means � SD of five separate
experiments. The mean invasion of untransfected MV3 cells was assigned a
value of 1.

Figure 5. Expression of CEACAM1 and integrin �3 in MEL6 cells enhances
invasion. A: MEL6 cells or MEL6 cells transfected either with cDNA for
CEACAM1 or for integrin �3 were studied using the Matrigel invasion assay as
described in Figure 1. B: Invasion of CEACAM1 transfected MEL6 cells in the
absence (RPMI) or presence of anti-CEACAM1 inhibitors (0.2 �mol/L 4D1C2
and 0.2 �mol/L 12-140-4). C: Invasion of integrin �3 transfected MEL6 cells
in the absence (RPMI) and presence of anti-CEACAM1 inhibitors (0.2 �mol/L
4D1C2 and 0.2 �mol/L 12-140-4). The data are means � SD of five separate
experiments. The mean invasion of untransfected MEL6 cells was assigned a
value of 1.

Figure 6. Expression of integrin �3 induces the up-regulation of CEACAM1.
Eighty-�g aliquots of cell lysates of untransfected (lanes 1 and 4), and mock
(lanes 2 and 5)- and integrin �3 (lanes 3 and 6)-transfected MEL6 cells were
resolved by 7.5% sodium dodecyl sulfate-polyacrylamide gel electrophoresis
and immunoblotted with anti-CEACAM1 mAb 4D1C2 (lanes 1 to 3) or
anti-integrin �3 mAb (lanes 4 to 6). The positions of CEACAM1 and integrin
�3 are indicated on the right.
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shown) indicating a highly significant detection P value.
In addition, the array data demonstrated the presence of
integrin �v in MEL6 cells, however, in contrast to
CEACAM1, no significant change in the RNA level be-
tween the integrin �3-transfected and -untransfected
MEL6 cells was observed for integrin �v.

Discussion

In previous studies we showed that CEACAM1 is ex-
pressed in human melanomas, often at the invading
front.15 In melanoma patients, the expression of
CEACAM1 is associated with poor prognosis, and
CEACAM1 turned out to be a prognostic indicator supe-
rior to tumor thickness.10 The results presented here pro-
vide a functional basis for these correlative data. We
provide evidence that the expression of CEACAM1-L in
the CEACAM1-negative MEL6 melanocytic cell line and
the CEACAM1-negative MV3 melanoma cell line in-
creases the migratory and invasive growth potentials in in
vitro assays.

To our best knowledge, this is the first report that
indicates that CEACAM1 actively contributes to tumor
progression. Previously, others and we showed that
CEACAM1 is down-regulated or dysregulated in carcino-
mas. For example, in prostate cancer, CEACAM1 is lost
during the progression from Gleason stage 3 to 4.21 In
colorectal carcinogenesis, a decrease of CEACAM1
mRNA levels is noted already in the adenoma stage.22

However, it is known for some time that the down-regu-
lation of CEACAM1 is not a general phenomenon in ep-
ithelial malignancies. For example, in gastric cancer,
CEACAM1 is up-regulated.23 Similarly, in non-small cell
lung cancer, CEACAM1 is up-regulated24 and an indica-
tor of a poor prognosis.25,26

On a functional level, the differences in CEACAM1
expression in various human malignancies may be ex-
plained by the presence of different splice variants. With
respect to the cytoplasmic domain, two major isoforms of
CEACAM1 can be distinguished, eg, a short version with
10 to 12 amino acids (CEACAM1-S) and a long version
with 71 to 73 amino acids (CEACAM1-L).27 The cytoplas-
mic domain of CEACAM1-L contains two tyrosine resi-
dues at positions 488 and 515, respectively. Tyr488
forms part of a perfect immunoreceptor tyrosine-based
inhibition motif (ITIM). CEACAM1-S lacks these tyrosine
residues. As shown previously, CEACAM1-S, but not
CEACAM1-L, mediates the reversion of mammary epithe-
lial cells in Matrigel culture from tumor to normal morphol-
ogy with respect to gland formation.28 Thus, in glandular
tissues, the loss of CEACAM1-S expression may lead to
the loss of glandular structures as observed in human
prostate cancer. However, in breast cancer cells, the
tumor-suppressive effect has been associated with the
long cytoplasmic domain that, in contrast to the extracel-
lular CEACAM1 domain, was indispensable for the tumor
suppressive effect.29 In mammary epithelial cells trans-
fected with CEACAM1-L, cells undergo apoptosis when
transferred from plastic on to Matrigel.28 Although not
formally proven, the tumor suppressive effect of the long

cytoplasmic domain in experimental tumor models may
be based on an increased rate of apoptosis.

In a marked contrast to these results, stable transfec-
tion of CEACAM1-L into melanocytes and melanoma
cells confers increased migratory and invasive growth
potential. The presence of an intact long cytoplasmic
domain is a prerequisite for these properties because
CEACAM1-S lacked these effects. To further sharpen this
contrast, the replacement of the tyrosine residue in posi-
tion 488 completely abrogated the effect on migration
and invasive growth. In contrast, the corresponding ty-
rosine residue has been shown to be essential for the
tumor suppressive effect of CEACAM1-L in vivo, at least in
murine colonic carcinoma cells.30 These different effects
of CEACAM1 on cell proliferation and cell migration reit-
erate the increasing body of evidence that cell adhesion
molecules act through a web of potential interactions, the
actual usage of which varies depending on the cell type
and environmental conditions.31

In previous studies, we found that the recombinant
cytoplasmic domain of CEACAM1-L specifically associ-
ates with the �3 integrin subunit, and that �3 integrin
co-localizes with CEACAM1 in melanomas, preferentially
at the invasive front.15 A co-localization was also ob-
served in the extravillous intermediate trophoblast,
thought to be the invasive component of the tropho-
blast.32 Because, in tissues other than platelets, the �3

subunit partners with the �v-subunit,33 we suggest that
CEACAM1 and �v�3 integrin interact during the invasive
growth of melanomas and trophoblasts. The findings re-
ported here further support the assumption that
CEACAM1 interacts with integrins. In the melanoma cell
line MV3, the CEACAM1-induced increase in migration
and invasive growth properties was blocked completely
by RGD peptides. Because this cell line expresses the �3

subunit, the RGD effect may be mediated, either directly
or indirectly,34 by �v�3 integrin. However, it cannot be
excluded that the effect of CEACAM1 is mediated by
integrins other than �3 integrins.

Our results indicate that the migratory effect of
CEACAM1 depends on integrins. In further experiments,
we asked if the reverse holds true, eg, if the invasive
properties, mediated by integrins, may depend on
CEACAM1. Specifically, it was tested if �v�3 integrin pro-
motes invasive growth properties independent of
CEACAM1. Expression of �3 integrin was reconstituted in
the CEACAM1-negative melanocytic cell line MEL6. As
predicted by results reported previously,34 this integrin
promoted migration and invasion that could be blocked
by RGD peptides. However, because the expression of
�3 integrin stimulated the expression of CEACAM1,
CEACAM1 could be targeted by mAbs, which partially
reverted the invasive phenotype. These results
strengthen the view that CEACAM1 and �v�3 integrin are
functionally interconnected with respect to the invasive
growth of melanomas and possibly also of the tropho-
blast.

The stimulation of migration and invasion may not be
the only mechanism by which CEACAM1 promotes pro-
gression of melanomas. According to recent results, ho-
mophilic interaction of CEACAM1 on melanoma cells and

1786 Ebrahimnejad et al
AJP November 2004, Vol. 165, No. 5



natural killer cells represents a class I MHC-independent
inhibitory mechanism of human natural killer cell cytotox-
icity.35 Because CEACAM1 supports the progression of
melanomas by several mechanisms, patients may benefit
from agents that inhibit the functions of CEACAM1.
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