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Abstract

Neuroblastoma is a rare sympathetic nervous
system neoplasia with a broad spectrum of
clinical presentations. Prognosis depends on
age, stage, genetic and histological features.
However, in spite of favorable prognostic fac-
tors, the event-free survival of some neuroblas-
toma patients with localized disease may be
poor. Since the Activated Leukocyte Cell
Adhesion Molecule (ALCAM/CD166),involved
in nervous system development and neuritis
extension, has been linked to tumor progression
and metastasis in several tumor types, we stud-
ied its expression in neuroblastoma cell lines
and primary tumors from patients with local-
ized neuroblastoma. Neuroblastoma cell lines
display various levels of ALCAM surface
expression, which can be dynamically regu-
lated by metalloprotease-mediated shedding.
More importantly, ALCAM is expressed also in
neuroblastoma primary tumors and diverse pat-
terns of subcellular localization can be observed.
In patients with localized disease and favorable
prognostic factors, high levels of ALCAM
membrane expression, together with low
expression in the cytoplasm and neuropil area,
were significantly associated with relapse, sug-
gesting that high ALCAM membrane expres-
sion may represent a new negative prognostic
factor in these patients. In conclusion, assess-
ment of ALCAM subcellular localization may
represent a useful tool to identify patients at
high risk of relapse that could benefit from a
more careful follow-up.
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Introduction

Activated Leukocyte Cell Adhesion Molecule
(ALCAM/CD166) is a member of the Immuno-
globulin gene superfamily belonging to the sub-
group with five extracellular immunoglobulin-like
domains (VVC2C2C2), which mediates cell-cell
clustering through homophile (ALCAM-ALCAM)
and heterophile (ALCAM-CD6) interactions
(Swart 2002). In adult tissues ALCAM expression
is limited to subsets of cells, whereas in several
human tumors, including melanoma, prostate,
breast, bladder and colorectal cancer, alterations in
expression of ALCAM have been reported, as
reviewed by Ofori-Acquah and King (2008).
ALCAM role in tumor progression and metas-
tasis has been well documented in several tumor
types. In melanoma tumors, high levels of
ALCAM membrane expression correlated with
the vertical growth phase of tumor progression.
Indeed, amino-terminally truncated ALCAM
molecules, unable to support homotypic cell
clustering, increased spontaneous lung metastasis
in a transplant tumor model, indicating that sup-
pression of surface ALCAM adhesive functions
was required to mobilize cells from primary
tumors, as reviewed in van Kempen et al. (2000).
In glioblastoma, Kijima et al. (2011) demon-
strated that ALCAM can identify cancer progenitor
cells in tumor specimens and that high frequency
of ALCAM-expressing cells is a negative prog-
nostic marker. In addition, ALCAM is involved
in the regulation of glioblastoma cell motility, as
siRNA-mediated down-regulation of ALCAM
membrane expression significantly enhanced
tumor cell invasion. In epithelial ovarian cancer
(EOC) cells, Piazza et al. (2005) showed that
ALCAM is expressed at the cell surface and is
internalized following soluble ligand engage-
ment. Moreover, Rosso et al. (2007) demon-
strated that ALCAM is released from EOC
cells by a metalloprotease (ADAM)17/TACE-
dependent mechanism leading to the generation
of asoluble ALCAM form (sALCAM). Therefore,
the perturbation of ALCAM-ligand interaction is
relevant to EOC cell motility. Indeed,
Mezzanzanica et al. (2008) showed that the loss
of EOC cell anchorage is accompanied by a loss
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of ALCAM expression at the membrane level,
and that the decreased/lost membrane expression
of ALCAM correlated with a poorer outcome of
EOC patients. Tachezy et al. (2011) found that
ALCAM expression is an unfavourable prognostic
marker also for pancreatic neuroendocrine
tumor patients. In patients with colorectal cancer,
Weichert et al. (2004) found ALCAM expression
both at membrane and cytoplasmic levels; how-
ever, only membrane expression significantly
correlated with worse patient survival. Conversely,
in breast cancer patients, Burkhardt et al. (2006)
showed that ALCAM cytoplasmic, rather than
membrane, overexpression correlated with dis-
ease progression. Taken together, these findings
strongly suggest that dynamic changes of ALCAM
expression may be relevant for the progression of
different tumor cells.

ALCAM has a physiological role in the central
nervous system development. Ott et al. (2001)
demonstrated that it is fundamental for motor
axon growth and guidance to their targets.
Afterward, Weiner et al. (2004) showed that
ALCAM promotes fasciculation of multiple
axonal populations, while Buhusi et al. (2009)
demonstrated its pivotal path finding activity
during formation of the retinocollicular maps.
Moreover, Wade et al. (2012) recently showed
that ALCAM enters the axonal retrograde transport
route and co-operates with NGF signalling, wid-
ening the range of its functions from adhesion
molecule to modulator of growth factor signal-
ling in the nervous system.

Neuroblastoma (NB) is a rare sympathetic
nervous system neoplasia with a broad spectrum
of clinical presentations, varying from aggressive
disease (stage 4) to spontaneous maturation and
even regression (stage 4S). As reviewed by Maris
(2010), prognosis of NB patients depends on age,
stage, histological and genetic features, such as
MYC-N amplification. As reported by Cohn et al.
(2009), patients with localized disease have good
prognosis; however, some of them relapse and
may eventually die of the disease. Thus, the
search for new prognostic markers able to iden-
tify patients at risk of relapse is warranted.

Based on the above considerations, and on
recent data by Wierzbicki et al. (2008) indicating
that ALCAM represents an antigenic target for
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NB immune recognition, we have investigated
ALCAM expression in human neuroblastoma
cell lines and primary tumors from patients with
localized NB. We also evaluated whether differ-
ent ALCAM subcellular localization associated
with different outcomes of patients with local-
ized NB.

Expression and Localization
of Activated Leukocyte Cell Adhesion
Molecule in Neuroblastoma Cell Lines

First, we analysed a panel of 13 human neuro-
blastoma cell lines for cell surface ALCAM
expression. ALCAM was expressed at various
levels in different cell lines, ranging from very
low as GI-LI-N to high levels as GI-ME-N. No
relationship was found between cell surface
ALCAM and MYC-N amplification or chromo-
some lp deletion status. Moreover, surface
expression levels were diverse, irrespectively of
the relative expression of mRNA, as assessed by
semi-quantitative PCR.

Since ALCAM membrane expression may be
influenced by its proteolytic cleavage, we then
evaluated the expression of the metalloprotease
ADAMI17/TACE, supposed to generate ALCAM
soluble form, as described by Rosso et al. (2007)
in ovarian carcinoma cells. ADAM17/TACE was
indeed expressed in NB cells both at mRNA and
protein levels, and most importantly, it was able
to generate the 65 kDa soluble form from the
full-length ALCAM molecule. It is interesting to
note that in NB cell line conditioned media, as
reported in Corrias et al. (2010), ADAM17/TACE
generated two soluble ALCAM forms of approx-
imately 95 and 65 kDa, demonstrating that
dynamic control of surface ALCAM expression
actually occurs also in neuroblastoma cells.

Second, we analysed the pattern of ALCAM
distribution in human NB cells following all-
trans retinoic acid (ATRA)-induced differentia-
tion. In ATRA-treated NB cell cultures no
increase of SALCAM in the conditioned media
nor changes in ADAM17/TACE protein expres-
sion were detected. However, after ATRA treat-
ment, surface ALCAM expression was evident
on the neuritis and dendrites of differentiated NB

cells, becoming particularly strong on the neuritis
after 7 days of treatment (Fig. 6.1). It is note-
worthy that surface ALCAM expression appeared
higher on the neuritis than on the cell body mem-
brane at that time point, suggesting that in dif-
ferentiating NB cells ALCAM re-localized into
the growing neuritis. As expected, the acquisition
of this ATRA-induced phenotype was indepen-
dent of ADAM17/TACE activity.

Expression and Localization
of Activated Leukocyte Cell Adhesion
Molecule in Tumor Samples

Since different NB cell lines, that derive from
high risk tumors, exhibited various levels of sur-
face ALCAM expression, and because ATRA-
treated NB cells, resembling more differentiated
low risk tumors, re-localized membrane ALCAM
into neuritis, we decided to investigate whether
also in primary NB tumors different patterns of
ALCAM localization could be observed.

Preliminary immuno histochemical analysis
performed on frozen primary NB tumors showed
indeed that ALCAM could be expressed at differ-
ent levels and in different cellular compartments
(Fig. 6.2), indicating that a correlation between
ALCAM and clinical and pathological character-
istics could be explored. We therefore performed
immuno histochemical analysis of paraffin
embedded archival samples from a cohort of
resectable stroma poor NB tumor specimens. As
described in Corrias et al. (2010), ALCAM could
localize at the body membrane, in the cytoplasm
and in the neuropil area formed by non-myelinated
neuritis and dendrites.

Correlation Between Localization

of Activated Leukocyte Cell Adhesion
Molecule and Relapse in Patients
with Localized Neuroblastoma

Mezzanzanica et al. (2008) showed in EOC
tumors that loss of ALCAM membrane expression
occurred together with its cytoplasmic re-localiza-
tion. Moreover, this re-localization correlated with
a worse prognosis. Thus, we evaluated whether
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Fig. 6.1 ALCAM re-localization following treatment
with retinoic acid. ALCAM expression and localization in
differentiated SH-SY-5Y NB cells. Untreated cells (a) and
cells treated for 24 (b), 48 (c) hours or 7 days (d) with
10 pM ATRA were stained with the anti-ALCAM I/F8

different subcellular localizations of ALCAM
expression were related to different risks of
relapse. As demonstrated by Navarro et al. (2006),
prognosis of NB patients with localized disease
and normal MYC-N copy number is good, unless
they present unfavorable histological features.
However, among patients with localized disease
and favorable histology, few local relapses can be
observed. Thus, ALCAM expression was evalu-
ated in 23 tumor specimens from patients with
localized disease and favorable histology that had
or not had experienced relapse. Precisely, 11
specimens were from patients that relapsed and
12 specimens were from patients that never
relapsed. An event-free survival (EFS) analysis
was then performed using the pattern of ALCAM
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scFv followed by Alexa488-conjugated goat anti-mouse
according to Piazza et al. (2005). Nuclei were counter-
stained with propidium iodide. Immunofluorescence was
visualized by confocal microscopy (original magnification
600x)

expression to stratify the patients. As shown in
Fig. 6.3, low expression in the neuropil area
significantly associated with worse EFS
(P<0.0001). It is interesting to note that all the
patients that showed low ALCAM expression in
the neuropil area had high expression in the
cell body membrane, suggesting that ALCAM
re-localization into neuritis has a protective effect.

In conclusion, NB cell lines, usually derived
from highly proliferating tumors, display various
levels of ALCAM surface expression, which can
be dynamically regulated by ADAMI17/TACE
metalloprotease activity, which generates two
different ALCAM soluble forms in the condi-
tioned media. When NB cell lines were treated
with retinoic acid that reduces their proliferation
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Fig. 6.2 Expression of ALCAM in cryostat sections from  stained with the anti-ALCAM I/F8 scFv, according to
NB primary tumors. Immuno histochemical analysis of Piazza et al. (2005) and a peroxidase-labelled dextran poly-
ALCAM expression was performed on 5 pm thick cryostat  mer conjugated anti-mouse antibody. Slides were counter-
sections from NB tumors. Aceton fixed sections were stained with Mayer’s hematoxylin. Magnification 40x
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Fig. 6.3 ALCAM expression and event-free survival of patients with localized NB. Patients were stratified according
to ALCAM expression (low or high) in membrane and neuropil area
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and induces a more differentiated phenotype
(see Clagett-Dame et al. 2006 for review),
ALCAM re-localized into the growing neuritis.
More importantly, ALCAM expression also
occurs in NB primary tumors, showing diverse
patterns of subcellular localization, involving the
membrane, the cytoplasm and the neuritis. In a
small but highly uniform cohort of patients with
localized NB, favorable histology and normal
MYC-N copy number, low ALCAM expression in
the neuropil area and high levels in the body cell
membrane significantly associated with relapse,
suggesting that ALCAM expression may repre-
sent a new prognostic factor for these patients.

It could be speculated that the presence of
high ALCAM levels in the neuropil area limit NB
cell motility through a homophile interaction.
Since neuropil is formed by non-myelinated
dendrites and neuritis, and ATRA-differentiated
NB cell lines showed strong ALCAM expression
on neuritis, ALCAM staining in the neuropil
identify more differentiated NB tumors, which
have better prognosis. Furthermore, elevated
ALCAM expression on the cell body of neuro-
blasts may support local tissue invasion, by act-
ing as path finding molecule. Developmental
studies by Ott et al. (2001), Weiner et al. (2004)
and Buhusi et al. (2009) have indeed demon-
strated that ALCAM favours neuritis outgrowth
towards their targets. In this regard it is interesting
to note that van Kempen et al. (2000) found that high
ALCAM membrane expression in melanoma
tumors, which share the same neuro-ectodermal
origin as NB, associated with increased tumor
progression. Similarly, Weichert et al. (2004)
reported that membrane ALCAM overexpression
associated with shorter survival time also in col-
orectal cancer patients.

Apparently conflicting results were reported
by Mazzanzanica et al. (2008) and Jezierska et al.
(2006) in ovarian and breast cancer patients,
respectively. In fact, membrane ALCAM overex-
pression represented a good prognostic factor in
these tumor types. Likely, this contradictory role
depends on the fact that in these tumors ALCAM
may increase cell to cell interaction rather than
act as a path finding molecule. This holds true
also in glioblastoma cells, where down-regulation
of ALCAM by siRNA resulted in increased tumor
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cell invasiveness, as shown by Kijima et al.
(2011). The function of ALCAM may indeed
vary according to the cell type and to stimuli from
the microenvironment, spanning from cell-cell
adhesion to modulation of signalling in the ner-
vous system, as reported by Wade et al. (2012). In
conclusion, assessment of ALCAM subcellular
localization may represent an easy and useful
tool to identify, in the group of NB patients with
localized disease and favorable histology, those
at risk of relapse that could benefit from a more
careful follow-up.
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