
Cancer Immunol Immunother (2010) 59:215–230

DOI 10.1007/s00262-009-0740-5

ORIGINAL ARTICLE

Systemic dysregulation of CEACAM1 in melanoma patients

Gal Markel · Rona Ortenberg · Rachel Seidman · Sivan Sapoznik · Nira Koren-Morag · 
Michal J. Besser · Jair Bar · Ronnie Shapira · Adva Kubi · Gil Nardini · Ariel Tessone · 
Avraham J. Treves · Eyal Winkler · Arie Orenstein · Jacob Schachter 

Received: 28 January 2009 / Accepted: 5 July 2009 / Published online: 25 July 2009
©  Springer-Verlag 2009

Abstract It was previously shown that CEACAM1 on
melanoma cells strongly predicts poor outcome. Here, we
show a statistically signiWcant increase of serum CEA-
CAM1 in 64 active melanoma patients, as compared to 48
patients with no evidence of disease and 37 healthy donors.
Among active patients, higher serum CEACAM1 corre-
lated with LDH values and with decreased survival. Multi-
variate analysis with neutralization of LDH showed that
increased serum CEACAM1 carries a hazard ratio of 2.40.
In vitro, soluble CEACAM1 was derived from CEA-

CAM1(+), but neither from CEACAM1(¡) melanoma
cells nor from CEACAM1(+) lymphocytes, and directly
correlated with the number of CEACAM1(+) melanoma
cells. Production of soluble CEACAM1 depended on intact
de novo protein synthesis and secretion machineries, but
not on metalloproteinase function. An unusually high per-
centage of CEACAM1(+) circulating NK and T lympho-
cytes was demonstrated in melanoma patients. CEACAM1
inhibited killing activity in functional assays. CEACAM1
expression could not be induced on lymphocytes by serum
from patients with high CEACAM1 expression. Further,
expression of other NK receptors was impaired, which col-
lectively indicate on a general abnormality. In conclusion,
the systemic dysregulation of CEACAM1 in melanoma
patients further denotes the role of CEACAM1 in mela-
noma and may provide a basis for new tumor monitoring
and prognostic platforms.
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Introduction

The prevalence of malignant melanoma (MM) is continu-
ously rising, eVectively almost tripling over the last
30 years [1]. MM is the most common cancer among young
individuals between the age of 20–30 years old, accounting
for more than 11% of all malignancies at this age [2]. MM
is sometimes characterized by an aggressive course with
widespread metastasis and poor prognosis. Moreover, mel-
anoma poses a serious clinical challenge to oncologists, as
it has an extraordinary ability to remain dormant and
relapse sometimes a decade or more after the removal of a
small localized tumor [3]. Pathological risk stratiWcation

G. Markel and R. Ortenberg have contributed equally to this work.

G. Markel (&) · R. Ortenberg · R. Seidman · S. Sapoznik · 
M. J. Besser · R. Shapira · A. Kubi · A. J. Treves · J. Schachter
The Ella Institute for Melanoma Research and Treatment, 
Sheba Cancer Research Center, Sheba Medical Center, 
52621 Tel Hashomer, Israel
e-mail: markel@post.tau.ac.il

G. Markel
Talpiot Medical Leadership Program, Sheba Medical Center, 
52621 Tel Hashomer, Israel

G. Markel · R. Ortenberg
Department of Clinical Microbiology and Immunology, 
Sackler School of Medicine, Tel Aviv University, Tel Aviv, Israel

N. Koren-Morag
Division of Epidemiology and Preventive Medicine, 
Sackler School of Medicine, Tel Aviv University, Tel Aviv, Israel

J. Bar · R. Shapira · J. Schachter
Division of Oncology, Sheba Medical Center, 
52621 Tel Hashomer, Israel

G. Nardini · A. Tessone · E. Winkler · A. Orenstein
Department of Plastic Surgery, Sheba Medical Center, 
52621 Tel Hashomer, Israel
123



216 Cancer Immunol Immunother (2010) 59:215–230
studies have determined the depth of primary tumor
invasion as the most important prognostic factor using
Breslow’s score [4–6]. However, using Breslow’s score
allows initial stratiWcation and categorization of patients
but not continuous follow-up. Follow-up of MM patients
includes mainly history taking and physical examination,
supplemented by periodical imaging and routine blood tests
[7, 8]. Currently, there are no simple objective available
tests that enable accurate monitoring of melanoma patients
in the outpatient setting. Serum levels of LDH, S100 and
CRP, which provide some limited information [9, 10], are
still experimental.

The human carcinoembryonic Ag (CEA) protein family
encompasses several forms of proteins with diVerent bio-
chemical features. All CEA family genes have been classi-
Wed into two major subfamilies: the CEA cell adhesion
molecule (CEACAM) and the pregnancy-speciWc glyco-
protein subgroups [11]. The CEACAM proteins, which are
part of the larger Ig superfamily, include CEACAM1, -3,
-4, -5, -6, -7, and -8. They share a common basic structure of
sequentially ordered diVerent Ig-like domain(s) with con-
siderable degree of homology. CEACAM5 is GPI-linked to
cell surface [11], but it also appears in a soluble form in the
peripheral blood where it is more recognized as the tumor
marker CEA used to monitor colorectal cancer patients
[12, 13]. CEACAM1 is a transmembrane protein that can be
detected on some immune cells as well as on epithelial cells
[14]. In 2002, a striking association was observed between
the presence of cell-bound CEACAM1 on primary cutane-
ous melanoma lesions and the development of metastatic
disease with poor prognosis [15]. The prognostic strength
of melanoma-associated CEACAM1 was similar or even
superior to the widely accepted Breslow score [15].
Remarkably, a similar association was observed in lung
adenocarcinoma speciWcally [16] but also generally in non-
small cell lung cancers [17].

The role of CEACAM1 in melanoma has been, there-
fore, the target of various investigations. It was shown that
CEACAM1 enhances invasiveness of melanoma cells in
vitro [18]. We have previously identiWed a novel MHC
class I-independent inhibitory mechanism that is mediated
by the CEACAM1 homophilic interactions of natural killer
cells [19, 20] and tumor inWltrating lymphocytes (TIL)
[21]. Recently, we provided evidence for a sophisticated
mechanism of melanoma cells that survive direct immune
attack and respond by active up-regulation of CEACAM1
[22]. This active up-regulation is mediated by IFN� release
by the attacking lymphocytes [22]. These studies investi-
gated direct eVects of CEACAM1 on melanoma cells,
which provide melanoma with enhanced invasiveness and
immune evasion attributes [18–22], and support the clinical
strong association with poor prognosis [15]. However, the
potential systemic involvement of CEACAM1 in mela-

noma patients is still elusive. Systemic involvement can
include, e.g., alterations in serum soluble CEACAM1 and
in CEACAM1 expression proWle on circulating lympho-
cytes. Interestingly, the presence of human soluble CEA-
CAM1 protein has been observed in the serum of healthy
donors [23–25] and was found elevated in the sera of
patients with biliary diseases including obstructive jaundice
[23–25], primary biliary cirrhosis [24], autoimmune hepati-
tis, and cholangiocarcinoma [24]. Furthermore, it has been
recently shown that serum CEACAM1 level is increased in
some pancreatic adenocarcinoma patients [26], presenting
evidence for the potential role of soluble CEACAM1 as a
tumor marker. There is still no gold standard assay for
quantiWcation of serum CEACAM1. Normally, circulating
lymphocytes do not express CEACAM1 [27, 28], as it is
up-regulated on lymphocytes mainly following activation
[27, 28]. Here, we study the systemic involvement of CEA-
CAM1 in melanoma patients, including serum CEACAM1
concentrations as well as CEACAM1 expression on circu-
lating lymphocytes.

Materials and methods

Patients and controls

Patients with pathologically veriWed cutaneous MM in all
AJCC stages of disease were included. There were no
exclusion criteria. Patients were broadly categorized clini-
cally into two groups: (a) patients with no evidence of dis-
ease (NED) at the time of blood sampling who were further
subdivided into low risk of recurrence (AJCC stage I or II)
and high risk of recurrence (AJCC stage III or IV); (b)
patients with evidence of active disease (WED) at the time
of blood sampling who were subcategorized according
AJCC criteria. High-risk NED patients (AJCC stages III
and IV) have received prior therapy that yielded disease
regression. All normal controls were in excellent health at
the time of the study. All melanoma patients and healthy
volunteers gave written informed consent prior to their par-
ticipation in this study. This study was approved by the
Sheba Medical Center Institutional Review Board.

Specimen characteristics

Blood samples were obtained from healthy individuals and
patients by veno-puncture and standard handling proce-
dures. Eight milliliters of blood were collected in heparin-
ized tubes (BD Biosciences) and then centrifuged in 700g
for 15 min in room temperature to obtain plasma. All
plasma samples were collected and divided into aliquots
and frozen in ¡80°C until analysis. Peripheral blood lym-
phocytes were puriWed using a density gradient and deep
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frozen in liquid nitrogen. Anonymous samples (marked
only with ID number) were linked only to clinical–patho-
logical data. Samples were obtained from September 2005
through September 2006 and clinical data were analyzed at
September 2007.

Assay methods—CEACAM1 sandwich ELISA

NC8 or Kat4c monoclonal antibodies diluted in 100 �l PBS
to a concentration of 2 �g/ml were adsorbed to immuno-
plates (Nunc Maxisorp) overnight at 4°C. Plates were then
washed with 200 �l wash solution (PBS/Tween 0.05%),
blocked for 1 h in room temperature with 200 �l PBS/BSA
1% and washed again 3 times. 100 �l/well of standard pro-
teins diluted in HBSS to the speciWed concentrations or of
undiluted serum samples were applied and incubated for 2–
3 h at room temperature. Recombinant CEACAM1-Ig or
CEACAM5-Ig proteins were used as standards. After each
step hereafter four washing rounds with wash solution were
performed. Biotinylated polyclonal antibodies against
CEACAM1, -5, -6, -8 were used as detection antibodies,
and were added at a Wnal concentration of 1 �g/ml diluted
in PBS/Tween 0.05% + BSA 1%. 100 �l/well of detection
antibody was incubated for 1 h at room temperature. Bind-
ing of HRP-conjugated streptavidin diluted in PBS/Tween
0.05% + BSA 1% at a concentration of 1 �g/ml was
allowed for 30 min. Finally, the substrate TMB (Dako,
Glustrup, Denmark) was added for the development of
chemical reaction with optical readout that was stopped
with 2 N sulfuric acid. Optic density was determined at
wavelength of 405 nm. The assay was validated by two
diVerent experimenters. The intra-assay and inter-assay
coeYcient of variance were 5 and 10%, respectively.
Experimenters were blinded during the study to the type of
specimen (patients or controls).

Study design

Blood was obtained in the melanoma clinic with no case
selection. None of the patients underwent surgery near the
time of blood sampling. Study was retrospective: a single
blood sample was obtained from all patients, frozen and
analyzed at a later, technically convenient, point. Each sam-
ple was tested two independent times in triplicate repeats.
Samples were obtained from September 2005 through Sep-
tember 2006 and clinical data were analyzed retrospec-
tively at December 2007. Follow-up in this study began
from time of blood sampling. The mean follow-up time was
12 months for all groups, except for stage IV-M1c WED
patients, due to death of some of the patients shortly after
blood sampling (Table 1). The clinical endpoints examined
were disease free period (DFP) for NED patients and sur-
vival for WED patients.

Statistical analysis

Spearman’s test was used to analyze the correlation
between soluble CEACAM1 and outcome in WED
patients. Multivariate analysis of soluble CEACAM1
against LDH and clinical outcome was performed on 37
stage IV patients using Cox regression analysis. Mann–
Whitney and Kruskal–Wallis tests were used for signiW-
cance analysis of various serum proteins between two or
three test groups, respectively. All statistical analyses were
performed with SPSS.

Cells

The CEACAM-negative 721.221 (221) cells were used in
this work [20], as well 221 cells transfected either with the
CEACAM1 cDNA (221/CCM1) [20]. Primary melanoma
cultures were developed from surgically resected tumors as
previously described [22] and included 003mel, 005mel,
009mel, 014mel, and 019mel. Melanoma cell lines were
526mel and 624mel. Melanoma cells were maintained as
previously described [21, 22]. CEACAM1-positive TIL
such as JKF6, L2D8 [21, 22] were used as well.

Antibodies

Antibodies directed against CEACAM proteins included in
this work were as follows: murine anti-human CEACAM1
monoclonal antibodies NC8 [29], murine anti-human CEA-
CAM1, -5, -6, -8 monoclonal antibody Kat4c (Dako, Glustrup,
Denmark), and puriWed rabbit polyclonal anti-human CEA-
CAM1, -5, -6 antibodies (Dako, Glustrup, Denmark). The
following conjugated monoclonal antibodies were used:
anti-human CD3-FITC (IQ), anti-human CD56-PE/Cy5.5
(eBioscience), anti-human NKp46-APC (eBioscience),
anti-human NKp30-APC (eBioscience), anti-human CD16-
PE (eBioscience), anti-human NKG2D-APC (R&D Systems,
Minneapolis, MN, USA), biotinylated NC8 and biotinyla-
ted rabbit polyclonal anti-human CEACAM1, -5, -6 anti-
bodies. Secondary reagents included PE-conjugated
F(ab�)2 fragments of goat anti-human-Fc IgG (Jackson
Immunoresearch), FITC-conjugated F(ab�)2 fragments of
goat anti-mouse-Fc IgG (ICN), and PE-conjugated strepta-
vidin (Jackson Immunoresearch). Biotinylation of antibod-
ies was performed with SS biotin (Chemicon) according to
manufacturer’s instructions.

Generation of fusion proteins

The genetic constructs of the CD99-Ig, CEACAM1-Ig, and
CEACAM5-Ig were generated as previously described [19,
30]. The CEACAM1(N)-Ig fusion protein was a kind gift
of Dr Ofer Mandelboim (Hebrew University, Jerusalem,
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Israel). The production by COS-7 cells and puriWcation on
protein G column were previously described [20]. Proteins
were routinely analyzed by SDS-PAGE for degradation.

Flow cytometry

Binding of antibodies to cells was tested in standard Xow
cytometry procedures as formerly reported [21, 22].

Cytokine ELISA

The soluble factors IFN�, IL-2, SDF-1, and MICB were
quantiWed in serum samples using commercial sandwich
ELISA kits, according to the manufacturer’s instructions
(R&D Systems).

Real-time PCR

Quantitative real-time PCR (qPCR) analysis was performed
to quantify the expression of CEACAM1 with long or short

cytoplasmic tail in primary melanoma cultures and
melanoma cell lines. The sequence of the CEACAM1-short
is almost identical to the CEACAM1-long (except for the
absence of most of the cytoplasmic tail), which posed a prob-
lem for speciWc detection. The forward primer was common
to both variants (5�-GAGTAGTGGCCCTGGTTGCTC-3�).
The design of reverse primers was based on the presence of
a unique very small exon in the CEACAM1-long variant.
The reverse primer of CEACAM1-long was part of the
unique exon and included an exon–exon junction (5�-CGC
TGGTCGCTTGCCCT-3�). Due to the absence of this
small exon in the CEACAM1-short, the Xanking exons
become adjacent. The reverse primer of CEACAM1-short
spans on both these exons and includes the junction
(5�-GGTCCTGAGCTGCCGGTC-3�). Primers (Sigma-
Aldrich, Rehovot, Israel) were designed according to
Primer-Express software guidelines (Applied Biosystems,
Foster City, USA). The qRT-PCR reactions were run on
ABI 7500 system utilizing SDS 1.2.3 Software (Applied
Biosystems). All reactions were run in triplicates. Transcripts

Table 1 Characteristics of melanoma patients included in the study

Patients were categorized according to AJCC criteria. This table shows the number (N) of samples, the mean age with standard deviation (SD),
gender distribution (% male) for each group, mean follow-up time (F/U) with SD, and the number of patients that displayed progression or recur-
rence of disease by the end of follow-up time (status)

N/A not applicable

Group AJCC stage 
(at blood sample)

N Age (years) 
(mean § SD)

% male F/U (months) 
(mean § SD)

Status by the 
end of F/U

Healthy N/A 37 47 § 7.9 63 N/A N/A

NED low risk I 14 51 § 13.7 64 12.38 § 2.56 14/14 NED

II 14 59 § 12.4 71 12.78 § 4.38 14/14 NED

Total 28 55 § 13.8 68 12.58 § 3.59 28/28 NED

NED high risk IIIa 3 45 § 17.8 0 12.66 § 2.33 3/3 NED

IIIb 12 63 § 12.8 75 11.58 § 4.35 12/2 NED

IIIc 1 52 100 11 1/1 NED

IV-M1a 1 44 100 19 1/1 NED

IV-M1b 0 N/A N/A N/A N/A

IV-M1c 3 63 § 14.7 67 12.66 § 5.03 3/3 NED

Total 20 59 § 15 65 12.25 § 4.12 20/20 NED

WED IIIa 0 N/A N/A N/A N/A

IIIb 4 61 § 17.1 75 11.21 § 5.56 2/4 AWD
2/4 DOD

IIIc 5 53 § 14.1 75 12.31 § 3.31 4/5 AWD
1/5 DOD

IV-M1a 14 58 § 10.4 80 12.22 § 3.7 11/14 AWD
3/14 DOD

IV-M1b 13 55 § 11.2 64 10.1 § 5.8 8/13 AWD
5/13 DOD

IV-M1c 28 55 § 10.7 69 7.2 § 6.47 8/28 AWD
20/28 DOD

Total 64 55.8 § 16.6 67 9.1 § 5.5 33/64 AWD
31/64 DOD
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were detected using 2£ SYBR Green Master Mix (Applied
Biosystems) according to manufacturer’s instructions and
were normalized to GAPDH. �Ct represents the diVerence
between the Ct values of the tested variant and GAPDH.
Ratio of CEACAM1 variants was calculated using the
formula X = 2¡��Ct. ��Ct is the diVerence between the
�Ct value of the long variant and the �Ct value of the short
variant.

Inhibition of metalloproteinase activity, protein synthesis, 
and intracellular transport

Inhibition of metalloproteinase activity was performed
by culturing of 75,000 melanoma cells per well in six-
well plate in the presence of 5 �M of the broad metallo-
proteinase inhibitor BB94 [31] for 3 days. Since BB94 is
emulsiWed in DMSO, an identical volume of DMSO was
added as control. An inhibitory activity of BB94 was
conWrmed by blocking the shedding of NKp46 from NK
cells activated with PMA, as previously demonstrated
(data not shown) [32]. Protein synthesis was inhibited in
250,000 melanoma cells cultured in 24-well dish in the
presence of 0.1 �g/ml of cycloheximide (Sigma-Aldrich)
for 24 h. Cells were seeded in triplicate wells. Intracellu-
lar transport was inhibited by adding Monensin (BD
Biosciences) at a dilution of 1:1,000 for overnight
period.

Cytotoxicity assays

Killing assays were performed as formerly reported [22].
CFSE (Sigma-Aldrich) pre-labeled target cells were co-
incubated for 5 h with eVector cells in indicated eVector-to-
target ratios. Percentage of speciWc lysis was quantiWed by
PI-costaining (10 �g/ml) and determined as ((CFSE+PI+/
CFSE+)with eVector ¡ (CFSE+PI+/CFSE+)background) £ 100.
Background PI staining was <15% in all experiments.

Results

Establishment of standardized ELISA for quantiWcation 
of soluble CEACAM1

The NC8-based sandwich ELISA (see “Materials and
methods”) was tested against various protein concentra-
tions, ranging from 2 to 1,000 ng/ml, of CEACAM1 and
CEACAM5. Only the CEACAM1 protein was recognized
in a dose-dependent manner (Fig. 1a). The CEACAM5 was
not detected in any of the tested doses (Fig. 1a). The sensi-
tivity was below 15 ng/ml and the test was linear through-
out the analyzed range (Fig. 1a). Both CEACAM1 and
CEACAM5 standards were similarly identiWed in a dose-
dependent manner by the Kat4c mAb detection antibody
(Fig. 1b). No signal could be observed with any of the
mAbs when the CD99-Ig protein was used as analyte (data
not shown). A chimeric protein of CEACAM1-N domain
fused to Ig (CEACAM1(N)-Ig) was directly identiWed by
the NC8-based sandwich ELISA, to a comparable extent as
the full CEACAM1 protein (Fig. 1c). These results imply
that the NC8 mAb cannot distinguish between the various
splice variants of CEACAM1, as it recognizes the extracel-
lular N domain, which is common to all CEACAM1 forms
(14). These results show that the NC8-based ELISA may
serve as a platform for speciWc quantiWcation of soluble
CEACAM1.

High-soluble CEACAM1 serum levels in melanoma 
patients

The serum concentration of soluble CEACAM1 was deter-
mined in 112 melanoma patients and 37 healthy donors
(Table 1). The melanoma group was comprised of 48
patients with no clinical evidence of disease (NED) and of
64 patients with clinically evident disease (WED) at the
time of blood sampling. All patients were staged according

Fig. 1 Establishment of soluble CEACAM1 quantiWcation method.
QuantiWcation of increasing concentrations of CEACAM1 (open dia-
monds) or CEACAM5 (Wlled squares) standard proteins using NC8
mAb (a) or Kat4c mAb (b). Y-axis denotes the optical density at wave-

length of 405 nm. This Wgure shows a representative experiment out of
Wve performed. c Detection of recombinant N domain of CEACAM1
compared to the full protein. Y-axis denotes the optical density at
wavelength of 405 nm. A representative experiment is shown
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to the accepted AJCC staging criteria (34). NED patients
were further categorized according to the risk for relapse;
28 patients had a localized disease (AJCC stage I or II) and
thus a low relapse risk, and the other 20 patients had a
local-regional or systemic disease (AJCC stage III or IV)
and thus a high risk for relapse. The 64 WED patients were
subcategorized according to AJCC staging criteria.
Although the mean age of the healthy group was slightly
lower than the mean age of the patients’ groups, the diVer-
ence was not signiWcant statistically. The gender distribu-
tion was similar among all groups.

Importantly, a higher serum CEACAM1 concentration
was noted in WED patients (mean concentration of 144 ng/
ml), in comparison to NED patients (mean concentration
94 ng/ml) and healthy volunteers (mean concentration
70 ng/ml) (Fig. 2a). The diVerences between all groups
were statistically signiWcant. Considering the slightly
younger age of the healthy volunteers, theoretically this
result might reXect an age-dependent increase in CEA-
CAM1 levels. However, there was no direct correlation

between age and soluble CEACAM1 concentrations among
healthy donors (data not shown). In addition, the diVerence
between the WED and the NED patients, which exhibited
similar demographic characteristics, was signiWcant (P value
of 0.016). There were no diVerences in serum CEACAM1
between low-risk NED patients and high-risk NED patients
or between stage III and stage IV patients (data not shown).
Noteworthy, none of the NED patients progressed through-
out follow-up time, while 31 of 64 WED patients died of
disease (Table 1). It should be emphasized that the moder-
ate diVerence in serum CEACAM1 demonstrated between
healthy volunteers and NED patients was still signiWcant
(Fig. 2a).

We tested the potential clinical value of soluble CEA-
CAM1 levels in melanoma patients. It is important to
emphasize that according to study protocol only a single
blood test was obtained from each patient, which has been
correlated to further clinical follow-up. Since none of the
NED patients progressed throughout the follow-up time
(Table 1), it was impossible to draw conclusions on

Fig. 2 Serum CEACAM1 in melanoma patients. a Serum samples
obtained either from healthy donors (N = 37), patients with no evi-
dence of disease (NED) (N = 48), or with evidence of disease (WED)
(N = 64) were analyzed for soluble CEACAM1 concentration. This
Wgure shows the determined serum CEACAM1 concentration in each
individual (black dot). Each serum sample has been independently
analyzed twice in triplicates. Group comparison (lines) and statistical
signiWcance using non-parametric two-tailed t test (asterisks) are
indicated in the Wgure. *P value <0.05 and ***P value <0.001. b The
serum CEACAM1 of patients with evidence of disease categorized
into two subgroups: patients who died of disease (DOD) during

follow-up and patients who remained alive with disease (AWD). Hor-
izontal lines indicate the median value of the group. P value in non-
parametric two sided t test is indicated in each plot. This Wgure shows
the mean results of two independent quantiWcations in triplicates of the
same samples. c Serum CEACAM1 concentration is plotted against
time-to-death in months for each patient who died of disease. Correla-
tion was calculated with Spearman’s correlation (r index is indicated
in the Wgure). d Kaplan–Meier plot demonstrating the eVect of
CEACAM1 on survival of WED patients after neutralization of
LDH. P value of Cox regression was 0.06
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predictive value for relapse. Therefore, the clinical course
of WED patients was analyzed. By the end of follow-up
time, 31 WED patients died of disease (DOD), while the
other 33 patients were alive with disease (AWD) (Table 1).
Comparison of soluble CEACAM1 levels between these
two groups demonstrated signiWcantly higher serum CEA-
CAM1 concentrations in patients who died of disease
within follow-up period (Fig. 2b). Furthermore, among
DOD patients, a strong inverse correlation was observed
between the serum concentration of CEACAM1 and time-
to-death (in months) from sampling time (Fig. 2c). It
should be noted that blood samples were obtained from
WED patients at an arbitrary time point, and not necessarily
at entrance into stage IV. The mean time from entrance into
stage IV to time of blood sampling was similar between
DOD patients (14.8 months, range 0–4 years) and AWD
patients (17.7 months, range 0–4 years) (P value = 0.42).
Therefore, the prognostic diVerence is probably not just a
mere reXection of the time point in which blood was
harvested.

LDH is used as a serum biomarker in metastatic mela-
noma (9). We, therefore, tested the prognostic relevance of
CEACAM1 in a multivariate analysis against LDH. LDH
levels were concomitantly determined in 37 WED patients.
In these patients, a signiWcant positive correlation was
observed between LDH and serum CEACAM1 levels
(Spearman’s r = 0.382, P value < 0.05). Accordingly, each
of these biomarkers independently negatively correlated
with survival (Spearman’s r = ¡0.474 and ¡0.451 for LDH
and CEACAM1, respectively. The P value was <0.01 for
both markers). Cox regression multivariate analysis for
CEACAM1 (LDH neutralized) revealed a strong trend
towards hazard ratio of 2.40 (95% CI 0.963–6.186), but did
not reach statistical signiWcance (P value = 0.06). Similar
analysis for LDH (CEACAM1 neutralized) revealed a
strong trend towards a hazard ratio of 2.89 (95% CI 0.977–
8.425) (P value = 0.055). Plotting of the eVect of serum
CEACAM1 on survival implies that even a single CEA-
CAM1 measurement provides signiWcant predictive value,
which is especially signiWcant in a range of 12 months
(Fig. 2d).

Other immunomodulating factors in healthy donors 
and melanoma patients

Three other soluble immunomodulating factors including
SDF-1, IFN�, and IL-2 were concomitantly quantiWed
among healthy, NED, and WED patients (Fig. 3). In addi-
tion, we quantiWed the amount of soluble MICB, which
may be secreted from tumors and cause systemic down-reg-
ulation of the killing receptor NKG2D to evade elimination
by immune cells [33]. It has been shown previously that
MICB is expressed on melanoma cells in situ [34], but

there is only scarce information on soluble MICB in the
serum of melanoma patients. QuantiWcation was performed
with commercial ELISA kits and displayed similar scatter
distribution and mean values (Fig. 3). There were no statis-
tically signiWcant diVerences between the three main
groups (Fig. 3).

Soluble CEACAM1 originates from melanoma cells
in vitro

Soluble CEACAM1 was quantiWed in conditioned medium
of melanoma cell lines with variable CEACAM1 levels,
ranging from background levels (MFI of 3) to high expres-
sion levels (MFI of 400). Melanoma cells were seeded in a
constant number of 105 cells per well in six-well plates and
cultured for 3 days. Due to diVerent proliferation rates, the
concentration of soluble CEACAM1 was normalized
according to the number of cells at the time of harvesting.
No soluble CEACAM1 could be detected in the condi-
tioned media of Wbroblasts, CEACAM1-negative or -low
melanoma cells (Fig. 4a). In contrast, various normalized
concentrations of soluble CEACAM1 were observed
among melanoma cells that strongly expressed CEACAM1,
ranging from 2 to 14 ng/105 melanoma cells (Fig. 4a).
There was no correlation between the strength of surface
expression of CEACAM1 and the normalized concentra-
tion of soluble CEACAM1 (Fig. 4a). Analysis of soluble
CEACAM1 in conditioned media during 3 days in
untreated culture revealed a direct correlation with the
number of melanoma cells in CEACAM1-positive 009mel
(R2 value of 0.98) and 019mel (R2 value of 0.965) cells
(Fig. 4b). No soluble CEACAM1 could be detected in the
conditioned media of the CEACAM1-negative 003mel
cells (Fig. 4b). Soluble CEACAM1 was not detected in the
conditioned media of CEACAM1-positive lymphocytes,
such as T cell clone JKF6 [21], T bulk cultures TIL14 or
bulk NK culture NK-AZ (Fig. 4b), despite surface expres-
sion of CEACAM1 (Fig. 4c). Similar observations were
documented with other CEACAM1-positive and -negative
melanoma cells (data not shown).

The ratio between CEACAM1 with long cytoplasmic
tail (CEACAM1-L) and CEACAM1 with short cytoplas-
mic tail (CEACAM1-S) was further analyzed by real-time
PCR, as explained in “Materials and methods”. Transcripts
of both splice variants were found only in minute amounts
(�Ct around 10 or more) in melanocytes, 003mel and
42mel, which were all CEACAM1 negative in Xow cytom-
etry (Table 2). Transcripts of both variants were identiWed
in signiWcant amounts in the CEACAM1-positive mela-
noma cells. In all cases, CEACAM1-L was more abundant,
ranging from 2.12- to 16.06-fold over CEACAM1-S
(Table 2). There was no correlation between soluble CEA-
CAM1 and CEACAM1 L/S expression ratio.
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The production of soluble CEACAM1 
is not metalloproteinase dependent

It can be speculated that CEACAM1 originates from mela-
noma cells, either through shedding, active secretion or from
dead cells. Cultures were still less than 80% conXuent at time
of harvesting and viable cell count with trypan blue revealed
that >97% of the cells were viable (data not shown). CEA-
CAM1-positive melanoma cells were cultured for 3 days in
the absence or presence of 5 �M of the broad metalloprotein-
ase inhibitor BB94 [31]. Conditioned medium was collected

and soluble CEACAM1 quantiWed. No signiWcant diVer-
ences between the presence and absence of BB94 were
observed in several diVerent melanoma cells (Fig. 5a). This
implies that production of soluble CEACAM1 is probably
not mediated by metalloproteinase-mediated cleavage.

Production of soluble CEACAM1 depends on protein 
synthesis and secretion

Melanoma cells were cultured in the presence of the protein
synthesis inhibitor cycloheximide. 250,000 cells were

Fig. 3 No diVerence in serum levels of four immunomodulating
factors between healthy donors and melanoma patients. This Wgure
shows scatter distribution of all samples. There are three main groups
of samples, healthy donors (Wlled squares), no evidence of disease
(NED) patients (Wlled upright triangles) and patients with evidence of
disease (ED) (Wlled inverse triangles). Each individual shape

represents a single sample from the same group. Each of the four
panels represents the results for a given immunomodulating factor, as
indicated in the Wgure. Y-axis denotes quantiWed concentration. Hori-
zontal lines indicate the median value of the group. P values in Kruskal–
Wallis test are indicated in each plot. This Wgure shows the mean results
of two independent quantiWcations in triplicates of the same samples
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seeded in triplicate wells for 24 h in the presence of 1 �g/ml
of cycloheximide, and then the supernatant and cells were
harvested. Viable cell count revealed 380,000 cells per well

in the absence of cycloheximide, as compared to 290,000
cells in the presence of the treatment (data not shown).
Amounts of soluble CEACAM1 quantiWed in the conditioned

Table 2 Expression of CEACAM1 variants by melanoma cells

Melanocytes and melanoma cells were stained for CEACAM1 expression in Xow cytometry (depicted as positive or negative). All cells were tested
in qPCR for diVerential expression of CEACAM1-long (CCM1-long) and CEACAM1-short (CCM1-short) as explained in “Materials and methods”.
Results are presented as �Ct, normalized to GAPDH. �Ct results around 10 and more indicate on extremely low signal. The ratio between the
variants (L/S ratio) was calculated as X = 2¡��Ct. Ratio was not calculated for extremely low signals

N/A not applicable

CEACAM1 CCM1-long (�Ct) CCM1-short (�Ct) L/S ratio

Melanocytes ¡ 11.42 12.10 N/A

624mel + 4.51 5.89 2.60

526mel + 4.83 6.50 3.17

C8161 + 3.36 6.24 7.34

003mel ¡ 9.80 10.70 N/A

001mel + 6.76 8.94 4.54

014mel + 4.85 7.85 7.98

39mel + 7.08 8.21 2.18

37mel + 6.25 7.33 2.12

42mel ¡ 9.10 10.28 N/A

007mel + 4.87 8.87 16.06

Fig. 5 Production of soluble CEACAM1 by melanoma cells. a Mela-
noma cells were incubated for 3 days in the presence of 5 �M BB94
(metalloproteinase inhibitor with broad speciWcity) or DMSO in equiv-
alent dilution (control). Serum CEACAM1 was quantiWed in the super-
natant. This Wgure shows the average of three performed experiments.
b Melanoma cells were incubated for 1 day in the presence of 1 �g/ml
or the absence of cycloheximide. Soluble CEACAM1 was quantiWed
in the supernatant and corrected for the ratio of harvested cells between

the diVerent treatment groups. This Wgure shows the average of three
performed experiments. c Melanoma cells were incubated for over-
night period in the presence or absence of Monensin, an intracellular
vesicular transport inhibitor. Soluble CEACAM1 was quantiWed in the
supernatant (c) and cells were concomitantly stained intracellularly for
CEACAM1 (d). An average of three performed experiments is shown
in c and a representative histogram is shown in d
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media were, therefore, corrected accordingly. Soluble
CEACAM1 quantiWcation in the conditioned media
showed a signiWcant decrease in the presence of cyclohexi-
mide as compared to control treatment (Fig. 5b). Further-
more, addition of Monensin, an inhibitor of intracellular
vesicular transport, resulted in a signiWcant decrease in
CEACAM1 concentration in the culture medium (Fig. 5c)
and in a concomitant increase in intracellular staining of
CEACAM1 (Fig. 5d). In conclusion, the combined obser-
vations suggest that soluble CEACAM1 is derived from
live CEACAM1-positive melanoma cells, directly corre-
lates with number of cells, depends on active protein syn-
thesis and secretion, and is not mediated via protein
cleavage and shedding.

Unusually high percentage of CEACAM1-positive NK 
and T cells in the peripheral blood of melanoma patients

The CEACAM1 expression pattern was determined on
gated NK and T cells derived from peripheral blood lym-
phocytes of healthy donors and the melanoma patients.
Lymphocytes were derived from the same blood samples

tested for serum CEACAM1 concentration, which was
not obtained in a peri-operative setup. The mean percent-
age of CEACAM1-positive NK cells in healthy donors
was 15% (Fig. 6a). A signiWcantly enhanced proportion
of CEACAM-positive NK cells (33%) was observed in
NED patients, but the highest proportion (45%) was
observed in WED patients (Fig. 6a). Similarly, a signiW-
cant increase in the mean proportion of CEACAM1-posi-
tive T cells (31%) was observed in WED patients
(Fig. 6b). A statistically signiWcant positive correlation
between CEACAM1 expression by NK and T cells could
be observed in WED patients (Spearman’s r = 0.5, P
value < 0.05). A similar, yet milder, trend was observed
in NED patients, without reaching statistical signiWcance
(Spearman’s r = 0.267, P value = 0.082). Supporting the
data presented in Fig. 4b, there was no correlation
between percentages of CEACAM1 either on T or on NK
cells with the serum concentration of CEACAM1. In
conclusion, although both soluble CEACAM1 concentra-
tions and CEACAM1 expression on lymphocytes are
generally linked to disease activity, they are not con-
nected directly to each other.

Fig. 6 Unusually high expression of CEACAM1 on circulating lym-
phocytes among melanoma patients. This Wgure shows scatter distribu-
tion of CEACAM1 expression proWle on circulating NK cells (a) or T
cells (b). There are three main groups of samples, healthy donors (Wlled
squares), patients with no evidence of disease (NED, Wlled upright
triangles) and patients with evidence of disease (WED, Wlled inverse
triangles). Each individual shape represents a single sample from the
same group. Y-axis denotes the percent of CEACAM1-positive

circulating lymphocytes. c, d WED patients were further categorized
into patients who died of disease (DOD) during follow-up and patients
who remained alive with disease (AWD). This Wgure shows CEA-
CAM1 scatter distribution on circulating NK cells (c) or T cells (d) in
these subgroups. Horizontal lines indicate the median value of the
group. Non-parametric two sided t test was used to compare between
diVerent groups, as indicated in each plot. *P value <0.05, **P value
<0.01 and ***P value <0.001
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Indeed, when WED patients were further categorized
into DOD and AWD patients, the mean proportion of CEA-
CAM1-positive NK cells among DOD patients (51.9%)
was signiWcantly higher than in AWD patients (34.4%)
(Fig. 6c). However, there was no clear correlation between
the percentage of CEACAM1 expression and time-to-death
among these patients (data not shown). There was no diVer-
ence in the percentage of CEACAM1-positive T cells
between DOD and AWD patients (Fig. 6d).

Enhanced CEACAM1 expression is functional and inhibits 
NK-mediated lysis

Peripheral blood lymphocytes were derived either from
melanoma patients (exemplar patients 38 and 71) or from
healthy donors (Fig. 7a). CEACAM1-mediated inhibition
of fresh lymphocytes was tested in natural cytotoxicity
assays. The NK-sensitive 721.221 (.221/Mock) and 721.221
stably transfected with the CEACAM1 protein (.221/CEA-
CAM1) were used as target cells. Natural killing activity of
.221 cells was clearly observed with lymphocytes derived
from all sources (Fig. 7b). Remarkably, a moderate, yet
reproducible and signiWcant inhibition of killing of the

.221/CEACAM1 cells was observed only with the patient-
derived lymphocytes (Fig. 7b). No similar inhibition was
measured with the healthy donor-derived lymphocytes
(Fig. 7b). Similar results were observed with lymphocytes
derived from other patients (data not shown) as well as in
re-directed lysis experiments performed with concurrent
CEACAM1 engagement (data not shown). These results
show that enhanced CEACAM1 expression on circulating
NK cells is functional, and may expose the patient’s
immune system to CEACAM1-mediated inhibition.

Sera from patients do not induce CEACAM1 expression 
on lymphocytes

Fresh peripheral blood lymphocytes from healthy donors
were incubated for 48 h in culture medium or serum
derived either from: healthy donors, patients with low per-
centage of CEACAM1-positive lymphocytes or patients
with high percentage of CEACAM1-positive lymphocytes.
CEACAM1 was analyzed on gated lymphocytes cells.
There were no signiWcant diVerences in the expression of
CEACAM1 among the diVerent treatments on either
CD56(+) or CD56(¡) cells (Fig. 7c). These experiments

Fig. 7 Enhanced CEACAM1 expression is functional and inhibits NK
killing activity. a Plots show the CEACAM1 expression proWle on
gated peripheral blood NK cells. Samples were derived either from
healthy donors or melanoma patients, as indicated in the Wgure. b
Peripheral blood lymphocytes were tested for natural killing activity
against NK-sensitive 221 cells. Target cells were either mock transfec-
ted (221/Mock, black bars) or stable transfected with CEACAM1
cDNA (221/CEACAM1, gray bars). EVector-to-target ratio was 50-to-
1. Y-axis denotes the percent of speciWc lysis of target cells. This Wgure

shows a representative experiment out of three performed. *P value
<0.05. c Peripheral blood lymphocytes derived from a healthy donor
were cultured either in culture medium or in serum. Serum was derived
either from an allogeneic healthy donor or from melanoma patients
with either low or high percentage of CEACAM1-positive lympho-
cytes, as indicated in the Wgure. Peripheral blood lymphocytes from
four diVerent donors were tested, each in three diVerent sera samples
from each category. This Wgure shows the staining results of gated
lymphocytes of a representative experiment
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suggest that the high expression of CEACAM1 on lympho-
cytes observed in some melanoma patients is probably not
due to systemic soluble factors.

The phenotype of circulating NK cells in melanoma 
patients is generally abnormal

Peripheral blood NK cells were stained for the expression
of various killing receptors, including NKG2D, NKp46,
CD16, and NKp30. A remarkable decrease was observed
in the expression proWles of NKp46, CD16, and NKp30,
but not in NKG2D. SpeciWcally, NKp46 was signiWcantly
down-regulated among all patients, as compared with
healthy donors, but there was no signiWcant diVerence
between NED and WED patients. A signiWcant down-regu-
lation of CD16 and NKp30 was observed among WED
patients, as compared to NED patients and healthy donors.

There were no signiWcant diVerences between NED
patients and healthy donors in the expression of these
receptors (Fig. 8). A statistically signiWcant positive corre-
lation was identiWed between CD16, NKp30, and NKp46,
and in additional, between NKp46 and NKG2D (Table 3).
A striking negative correlation was evident between
expression of CEACAM1 and the expression of all killing
receptors tested, except NKG2D (Table 3). These results
indicate on a systemic irregularity in NK cell phenotype,
which is not conWned only to CEACAM1 expression.

Discussion

The exact role of CEACAM1 in cancer is still not fully
delineated, especially as CEACAM1 potentially delivers
anti-proliferative signals [35] on the one hand, while on the

Fig. 8 Dysregulated expres-
sion of NK activating receptors 
by circulating NK cells. This Wg-
ure shows scatter distribution of 
various NK activating receptors 
(indicated in the Wgure) expres-
sion proWle on circulating NK 
cells. There are three main 
groups of samples, healthy 
donors (Wlled squares), patients 
with no evidence of disease 
(NED, Wlled upright triangles) 
and patients with evidence of 
disease (WED, Wlled inverse 
triangles). Each individual 
shape represents a single sample 
from the same group. Y-axis 
denotes the percent of receptor-
positive circulating NK cells. 
Horizontal lines indicate the 
median value of the group, 
which is indicated numerically 
below. Non-parametric two 
sided t test was used to compare 
between diVerent groups, as 
indicated in each plot. *P value 
<0.05, **P value <0.01
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Table 3 Correlation between CEACAM1 expression and NK activating receptors in melanoma patients

The correlation was calculated using Spearman’s test. This table summarizes Spearman’s r values between each pair of parameters. *P value <0.05,
**P value <0.01, ***P value <0.001

CEACAM1 CD16 NKp30 NKp46 NKG2D

CEACAM1 1 ¡0.328** ¡0.437*** ¡0.270* ¡0.024

CD16 ¡0.328** 1 0.414** 0.376** 0.13

NKp30 ¡0.437*** 0.414** 1 0.353** 0.072

NKp46 ¡0.207* 0.376** 0.353** 1 0.351**

NKG2D ¡0.024 0.13 0.072 0.351** 1
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other hand it mediates angiogenesis [36], adhesion [37],
metastasis [38], and immune suppression [39]. The strong
predictive association of surface CEACAM1 expression by
melanoma cells with poor prognosis [15] mandates further
evaluation of the role of this protein in mechanism of dis-
ease, as well as a readily available tool for clinical use.

We show that serum CEACAM1 concentration is sub-
stantially elevated in WED patients as compared to NED
patients or healthy donors (Fig. 2). This result could imply
that serum CEACAM1 is an indicator for sub-clinical evi-
dence of disease. Another intriguing possibility is that high
CEACAM1 levels might be a marker of MM predisposition,
possibly appropriate in screening of populations at risk. The
presence of serum CEACAM1 has been previously demon-
strated in pancreatic adenocarcinoma patients [26]. Since
none of the NED patients recurred during period of follow-
up (Table 1), we concentrated on the WED patients. Among
WED patients, higher CEACAM1 concentrations were
observed in patients that died during period of follow-up,
compared to patients that remained alive with disease
(Fig. 2). Moreover, among DOD patients, patients with
higher serum CEACAM1 concentrations died earlier
(Fig. 2). Multivariate analysis showed that CEACAM1 has a
hazard ratio of 2.4 when LDH was neutralized with border-
line statistical signiWcance of P = 0.06, probably due to the
relatively small sample size of 37 patients. The eVect of
serum CEACAM1 on survival was demonstrated, mainly for
the subsequent 12 months after blood sample (Fig. 2d).
These results strongly suggest on the systemic involvement
of CEACAM1 in melanoma, as well as its potential clinical
importance as a biomarker with functional signiWcance in
melanoma. Future larger prospective studies are required to
validate the prognostic value of serum CEACAM1.

We further show that soluble CEACAM1 originates in
vitro from live CEACAM1-positive melanoma cells and
correlates with number of tumor cells. Mechanistically, it is
not produced through metalloproteinase-mediated cleav-
age and shedding, but depends on de novo protein synthesis
and intact secretion machineries (Fig. 5). These results
could be explained by speciWc production of a soluble form
of the CEACAM1 protein. CEACAM proteins are sub-
jected to alternative splicing [40] and it has been previously
shown that alternative splicing can yield soluble CEA-
CAM1 in rats [41]. The observations that soluble CEA-
CAM1 was produced by CEACAM1-positive melanoma
cells but not by CEACAM1-positive lymphocytes could be
explained by diVerential splicing activity.

Despite the statistically signiWcant diVerence in mean
values, distribution analysis of serum CEACAM1 concen-
trations reveals an overlap between NED and WED groups.
This may reXect the heterogeneity of subjects comprising
diVerent subgroups within the cohort (Table 1). Indeed,
as described above, it seems that soluble CEACAM1

originates from CEACAM1-positive melanoma cells but
not from CEACAM1-negative melanoma cells (Fig. 4).
Further, no quantitative correlation between surface
CEACAM1 expression intensity and normalized soluble
CEACAM1 concentration could be observed (Fig. 4). Cur-
rently, it is impossible to predict the quantity of soluble
CEACAM1 that will be derived from any given CEA-
CAM1-positive melanoma cells. DiVerential characteristics
of melanoma cells may aVect serum CEACAM1 concentra-
tions. Soluble CEACAM1 is not derived from CEACAM1-
positive circulating lymphocytes, which point towards a
mechanistic diVerence between melanoma cells and
lymphocytes. The overlap may stem from the heterogenic
attributes of melanoma cells between diVerent patients,
combined with the fact that the presence of CEACAM1 on
the melanoma cells in majority of the tested patients was
unknown. Therefore, a prospective large cohort study with
deWned patient subgroups and CEACAM1 expression sta-
tus is mandated. Nevertheless, the statistically signiWcant
diVerence that is still apparent emphasizes the potential role
of CEACAM1 as a tumor marker in melanoma.

Another point is that serum CEACAM1 was also
detected in healthy donors, which means that it is normally
produced in low levels. It is currently impossible to distin-
guish between tumor-derived soluble CEACAM1 and “nor-
mal” serum CEACAM1, as they have a similar molecular
weight (data not shown) and both are similarly recognized
by the test. Tumor-derived soluble CEACAM1 could diVer
from “normal” CEACAM1 in other biochemical properties,
such as glycosylation patterns, which require further inves-
tigation. The concentrations of serum CEACAM1 mea-
sured in healthy donors in this study were higher than those
reported in the study reported by Simeone et al. [26]. These
diVerences may be attributed to a lack of standardized mea-
suring test. Although both tests were ELISA-based, they
diVered in capturing mAb, detection methods, sample han-
dling, and general ELISA protocols (incubation times,
buVers, dilutions, etc.). Indeed, in a third study conducted
by Draáberová et al. [23], the mean normal concentration
detected was signiWcantly higher than in our study (300 ng/
ml). In that study, CEACAM1 was quantiWed by immuno-
precipitation with a completely diVerent mAb. As these
concentrations are signiWcant, serum CEACAM1 may carry
a physiological role. Soluble CEACAM1 could function as
a competitive antagonist and modulate CEACAM1 homo-
philic interactions. These interactions can occur normally
between activated lymphocytes and activated endothelial
cells. Thus, modulation of these interactions could aVect
rolling, adhesion, and recruitment of lymphocytes. Alterna-
tively, soluble CEACAM1 could function agonistically and
modulate other CEACAM1-mediated processes such as
angiogenesis and insulin clearance. The function of soluble
CEACAM1 in vivo thus remains to be determined.
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Tumor markers are utilized in the clinical arena mainly
to support diagnosis of disease and clinical monitoring of
patients. Our observations show that serum CEACAM1
reXects disease activity and has some prognostic eVect on
survival (Fig. 2). Nevertheless, additional blood tests and
follow-up of speciWc patients might have demonstrated an
increase in CEACAM1 levels with the progression of dis-
ease. Since in our study only one CEACAM1 test was per-
formed for each patient, this possibility cannot be ruled out.
Indeed, the personal tumor marker proWle in a given patient
indicates tumor burden regarding other tumor markers such
as PSA [42] and CEA [12, 13]. Our results suggest that
soluble CEACAM1 may be indicative of tumor burden, as
soluble CEACAM1 concentration was dependent on the
absolute number of melanoma cells (Fig. 4). We assume
that personal serum CEACAM1 monitoring over time may
provide reliable clinical information, similar to PSA or
CEA monitoring. Analysis of 50 melanoma specimens
derived from metastatic lesions shows that surface CEA-
CAM1 is signiWcantly expressed in 70% of the cases
(unpublished results). Thus, CEACAM1 monitoring may
be relevant for a substantial portion of melanoma patients.
Future prospective studies should, therefore, include serial
serum CEACAM1 analysis in each melanoma patient, in
order to correlate changes in CEACAM1 levels over time
with clinical course of disease.

Importantly, a systemic involvement of CEACAM1 was
also noted in the surface marker expression proWle of circu-
lating NK and T cells. A striking increase in CEACAM1
expression was observed in melanoma patients compared to
healthy donors (Figs. 6, 7). The highest CEACAM1 expres-
sion percentages on NK cells were observed among
patients who died of disease during follow-up (Fig. 6a; P
value < 0.05). Further, the CEACAM1 expression pattern
of NK cells positively correlated with the CEACAM1
expression pattern of T cells (Fig. 6c). Remarkably,
increased CEACAM1 expression was functional and inhib-
ited NK killing activity in an MHC class I-independent
manner (Fig. 7). These combined observations provide a
Wrst link between melanoma patients, mainly those with
worse prognosis, and systemic overexpression of functional
CEACAM1 by circulating lymphocytes. A similar systemic
overexpression of CEACAM1 among circulating NK cells
was previously reported in Ankylosing Spondilitis patients
[43] and in Bare Lymphocyte Syndrome type I patients
[44]. It is tempting to speculate that overexpression of
inhibitory CEACAM1 leads to immune inhibition and is
involved in cancer progression. Yet, it remains to be deter-
mined whether the state of disseminated melanoma dictates
phenotypic alterations in circulating lymphocytes, such as
overexpression of CEACAM1.

This phenomenon could be explained by systemic stimu-
lation, as CEACAM1 expression is activation dependent

and driven by IL-2 [27, 28] or by IFN� [22, 45]. However,
as shown in Fig. 2, there was no signiWcant diVerence either
in IL-2 or in IFN� levels. Alternatively, it can be accounted
for abnormal development of NK cells. Disseminated
malignancies may have systemic eVects through multiple
mechanisms and may thus aVect the repertoire of immune
cells. This possibility is supported by the concomitant pro-
found abnormality in the expression proWle of activating
receptors CD16, NKp46, and NKG2D (Fig. 8). This obser-
vation concurs with a previous report on down-regulated
expression of CD161 and NKG2D in metastatic melanoma
patients [46]. The inverse correlation between activating
NK receptors and CEACAM1 is highly signiWcant statisti-
cally (Table 3), which indicates a common regulation
mechanism that potentially impairs NK cell function.
Indeed, CEACAM1 is normally expressed on CD16-nega-
tive NK cells [28], which Wts with the strong inverse corre-
lation observed here between CEACAM1 and CD16
(Table 3). Moreover, we have previously reported a gener-
alized CEACAM1 up-regulation accompanied by dysregu-
lated expression proWle of other NK receptors in BLS type I
patients [44]. Thus, evidence for global dysregulation of
NK cell repertoire aVecting both inhibitory and activating
receptors is presented. It remains to be determined whether
impaired development of NK cells results in progression of
melanoma, or whether disseminated progressive melanoma
directly aVects NK cell repertoire and selects for potentially
less reactive NK cells.

We show that both the increased serum concentration of
CEACAM1 and surface expression of CEACAM1 on cir-
culating NK cells are probably linked to progressive mela-
noma. Nevertheless, there is no direct correlation between
these two phenomena. It is known that CEACAM1-positive
melanoma is associated with poor prognosis and here we
further provide evidence that soluble CEACAM1 can be
derived from CEACAM1-positive melanoma cells. Thus,
serum CEACAM1 concentrations are probably aVected
directly by the melanoma cells. However, dysregulation of
NK cell repertoire could potentially occur regardless of
CEACAM1. If this process is indeed orchestrated by tumor
cells, it is expected that NK cells with diminished expres-
sion or function of activating receptors will be favored. In
that case, since CEACAM1 expression is linked to dimin-
ished expression of activating NK receptors (such as CD16
[28]), CEACAM1 overexpression may be secondary to
another process, even in patients bearing CEACAM1-nega-
tive melanoma. Noteworthy, 70% of metastatic melanoma
specimens express CEACAM1, and may thus be able to
impose additional inhibitory eVect that might result in
worse prognosis.

In conclusion, systemic dysregulation of serum and lym-
phocyte cell surface CEACAM1 not only provides
improved knowledge on pathogenesis of disease, but may
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also potentially serve in the future as novel monitoring
platform in melanoma patients, including tumor burden,
relapse of disease, overall prognosis, and prediction of
response to immunotherapy.
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