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CD55 is a HIF-2α marker with anti-adhesive and pro-invading
properties in neuroblastoma
F Cimmino1,2, M Avitabile1,2, L Pezone2,3, G Scalia2, D Montanaro2, M Andreozzi4, L Terracciano4, A Iolascon1,2 and M Capasso1,2

CD55 has been revealed to have an important role in tumor genesis, and presence of small populations of cells with strong CD55
expression would be sufficient to predict poor prognosis of several tumors. In our study we revealed that CD55 is a novel target of
hypoxia-inducible factor HIF-2α in neuroblastoma (NB) cells. We show that HIF-2α expression is sufficient to sustain stem-like
features of NB cells, whereas CD55 protein upon HIF-2α expression contributes to growth of colonies and to invasion of cells, but
not to stemness features. Interestingly, in NB tissues, CD55 expression is limited to quite a small population of cells that are HIF-2α
positive, and the gene expression of CD55 in the NB data set reveals that the presence of CD55high affects prognosis of NB patients.
The functional characterization of CD55-positive populations within heterogeneous NB monoclonal cell lines shows that CD55 has
pro-invading and anti-adhesive properties that might provide the basis for the ability of solid tumors to survive as microscopic
residual disease. The easy accessibility to CD55 membrane antigen will offer the possibility of a novel antibody approach in the
treatment of recurrent tumors and will provide a ready target for antibody-based visualization in NB diagnosis and prognosis.
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INTRODUCTION
Neuroblastoma (NB) is a childhood tumor derived from precursor
or immature cells of the ganglionic lineage of the sympathetic
nervous system (SNS).1 The clinical NB hallmark is the large
heterogeneity, with the likelihood of tumor progression varying
widely according to stage, age at diagnosis and anatomical site.
Some NBs could undergo spontaneous regression that is partially
regulated by developmentally programmed neuronal cell death
and/or neuronal differentiation.2

The stage of disease as formulated in the International
Neuroblastoma Staging System is considered a marker of tumor
burden and underlying tumor biology. Children 418 months with
stage 4 (metastatic) disease are at high risk for death from refractory
disease. In contrast, children with localized tumors (stage 1–2–3) are
almost always cured with radiation or chemotherapy.3

NB as a solid tumor is a condition dictated by the proliferation
of a single clone of immature cells that might sustain NB
formation and growth as a result of acquired additional genetic
abnormalities.4 The small population of immature cells has
features of cancer-like stem cells that are enhanced by restricted
oxygen conditions.5 Of note, cancer stem cells (CSCs) are critically
dependent on the hypoxia-inducible factors HIF-1α and HIF-2α
(HIFs) for survival, self-renewal and tumor growth.6 Interestingly,
HIF-1α is expressed in both CSCs and non-stem cancer cells upon
induction of hypoxia, whereas HIF-2α is highly induced only in CSC
populations and promotes stem-like phenotype and increases
tumorigenic potential in non-stem cancer cells.7 In NB tumor-
initiating cells HIF-2α expression maintains an undifferentiated
state and HIF-2α knockout in NB samples impairs tumorigenesis
and leads to a less aggressive/more differentiated phenotype.8

Unraveling HIF-2α molecular targets in NB tumors might provide
accessible drug targets in non-well-oxygenated areas and will give
the possibility of targeting the heterogeneous pool of cells with
stem-like properties.
CD55 is a glycosylphosphatidylinositol-anchored protein that

inhibits the activation of the complement pathway. CD55, which is
expressed in cells exposed to the complement system, binds
to C3 convertases generated from both classic and alternative
complement pathways, prevents C3b deposition and inhibits
the formation of membrane attack complex.9 As
glycosylphosphatidylinositol (GPI)-anchored protein, CD55 is
either bound to the cell membrane or released from the
membrane into the microenvironment.10

In tumors a subpopulation overexpressing CD55 represents an
important mechanism of immune escape adopted to avoid
recognition by the immune system or of survival from antibody-
mediated immunotherapy.11 CD55 expression has been detected
in clinical specimens from various kinds of malignant tumors.
CD55 expression is higher in prostatic carcinoma,12 gastric
adenocarcinoma13 and lymphoma,14 and is an independent factor
of poor prognosis in colon15 and breast cancer.16,17 Moreover,
CD55 knockdown or CD55 low expression reduced tumorigenicity
of prostatic adenocarcinoma and breast cancer in immunodefi-
cient mice.12,18 Interestingly, CD55 expression varies among
monoclonal cell lines. For example, in breast cancer cell lines
CD55-high population could be isolated with cancer stem cell
features such as enhanced apoptosis resistance and enhanced
colony formation.19 These findings suggest that, beyond the
inhibition of complement attack, CD55 might have an important
role in tumorigenicity of cancer cells, which remains to be
investigated.
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In our study we revealed that CD55 is a novel target of HIF-2α in
NB cells and that CD55 expression downstream of HIF-2α
expression is necessary for tumor cell growth and invasion.
Moreover, we dissected the role of CD55 in providing data that
support the anti-adhesive and pro-invading properties of CD55
molecule antigen in NB cells in vitro. These findings provide a new
therapeutic marker that is easy to target with monoclonal
antibody, which might offer an advantage to therapy with HIFs
inhibitors.

RESULTS
CD55 and HIF-2α immunohistochemistry co-staining on NB tissue
microarray
CD55 protein expression was investigated in NBs. We hybridized a
tissue microarray containing 92 NBs at diverse stages of disease
with a CD55-specific antibody. We observed not homogeneous
but limited CD55 staining to small cell populations within tumors
(Figure 1a). CD55 might be regulated by HIF, as a HIF-functional
binding site has been identified on the CD55 promoter.20 In

addition, in NB, HIF-1α protein staining is related to hypoxic areas,
whereas HIF-2α protein staining is extended to perivascular areas
and is a sign of poor prognosis.21 To verify whether CD55
correlates with HIF-2α staining we hybridized the tissue microarray
(TMA) with HIF-2α-specific antibody (Figure 1a). We observed
small populations of tumor cells co-stained with HIF-2α and CD55
antibodies. The cell populations expressing CD55 at high levels
showed high levels of HIF-2α, and cell populations expressing
CD55 at low levels showed low levels of HIF-2α. The protein levels
of CD55 and HIF-2α were significantly correlated (Spearman’s
r= 0.27; P-value = 0.009). In the analyzed samples we also detected
HIF-2α-positive cells without CD55 positivity, but CD55 positivity
implicates HIF-2α protein staining. These findings suggest CD55 as
a novel HIF-2α marker in a subset of cells within solid tumors
suitable for antibody targeting.

CD55 is a univocally HIF-2α-related target
To verify whether CD55 is a HIF-2α marker we generated NB cells
stably expressing the transcription factor HIF-2α by transfecting

Figure 1. CD55 is a HIF-2αmarker. In a, one representative example of a total of 92 NB cells positively co-stained for CD55 and HIF-2α is shown.
The left picture shows NB section stained with anti-CD55 antibody, the right picture shows a slide of the same section stained with anti-HIF-2α
antibody. In western blotting analysis (b) HIF-2α protein expression in SHSY5Y HIF-2α stably expressing cells (HIF-2α) and SHSY5Y CD55 stably
expressing cells (CD55) is verified. Anti-Flag antibody has been used to detect the ectopic expression of HIF-2α in HIF-2α cells, and anti-HIF-2α
antibody has been used for the detection of endogenous HIF-2α protein in CD55 cells. Cells stably transfected with empty vector were used as
control cells (pcDNA). β-Actin was used as loading control. FACS analysis (c) shows the expression of CD55 protein on the cell surface in both
cell clones (HIF-2α, CD55) and pcDNA cells. Cells unstained were used as blank control (CTR). Western blotting (d) on supernatant from both
cell clones and pcDNA cells shows CD55 secreted form expression in overexpressing cell clones (HIF-2α, CD55). The data were normalized with
respect to ponceau.
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SHSY5Y cells with pcDNA expression vector coding HIF-2α (HIF-2α)
or with empty vector (pcDNA). HIF-2α protein is stable under
normoxic conditions in vitro as previously described.22 As shown
by western blotting (Figure 1b) Flag protein detection confirms
ectopic HIF-2α protein overexpression, which shows multiple
degradation products under normoxic conditions. This HIF-2α
overexpression is enough to influence the transcription of the
target genes downstream of HIF-2α, as shown in Supplementary
Figure 1.
In SHSY5Y_HIF-2α-overexpressing stable cells, CD55 is strongly

enhanced in normoxia (100% positivity), whereas the cells
transfected with empty vector SHSY5Y_pcDNA do not show
detectable CD55 expression levels as assessed by fluorescence-
activated cell sorting (FACS) analysis (Figure 1c). Additionally,
SHSY5Y was transfected with pcDNA-expressing vector coding
CD55 (CD55), and CD55 overexpression was verified by FACS
analysis (100% positivity; Figure 1c). In SHSY5Y_CD55-
overexpressing stable clones we observed that CD55 does not
influence the expression of HIF-2α protein (Figure 1b).
Together these findings show that CD55 might be a direct/

indirect target of HIF-2α under normoxic conditions, thus
excluding the possibility that the O2 concentration might
influence its expression levels and can prove a direct transcription
regulation of CD55 by HIF-2α and not vice versa. The direct
regulation of HIF-2α on CD55 expression was also assessed in
several NB cell lines that, upon mRNA silencing of the HIF-2α gene
(EPAS1), show a decreased expression of CD55 mRNA
(Supplementary Figure 2). Moreover, by western blotting analysis

on supernatant from SHSY5Y_HIF-2α and SHSY5Y_CD55 stable
clones we detected the soluble CD55 protein released by the cells
in the medium (Figure 1d). The absence of CD55 in the medium
from cells transfected with empty vector suggest that the
increased secretion is due to CD55 overexpression in both cell
clones.

HIF-2α enhances stem-like properties of NB cells, whereas CD55
expression is necessary for colony growth and invasion
HIF-2α overexpression notably enhances phenotypic changes of
SHSY5Y cells (Figure 2a). As observed, SH5YSY HIF-2α-over-
expressing clones show a small cell body without neuritis,
suggesting an undifferentiated effect mediated by HIF-2α protein.
To assess the undifferentiated/immature phenotype we checked
the gene expression of neuronal and stem markers. As shown in
Supplementary Figure 3 the expression of neuronal markers is
significantly reduced in overexpressing HIF-2α clones compared
with control cells, whereas the stem marker expression increases.
In contrast, the overexpression of CD55 in SHSY5Y does not
change the cell phenotype and the expression of stem markers
(Figure 2a; Supplementary Figure 3).
In order to explore the ability of HIF-2α to promote NB stem-like

cell properties in normoxia, the cells were grown in neurobasal
medium (Figure 2b). Upon 2 days of culture we observed
neurospheres in the medium of HIF-2α cells but we did not
observe the same phenotype in CD55 cells. The silencing of CD55
gene expression in HIF-2α cells was not enough to rescue the
HIF-2α cell stem-like phenotype in neurobasal medium (data not

Figure 2. CD55 is necessary for colony growth and invasion, not for stem-like features. The SHSY5Y_HIF-2α, CD55 and pcDNA cell phenotype
grown in DMEM medium (a) or grown in neurobasal medium (b) is shown. The results are shown as the mean of three experiments. Photos in
c show soft agar assay performed on SHSY5Y_pcDNA clones and on SHSY5Y_HIF-2α and _CD55-overexpressing clones; soft agar performed
on SHSY5Y_HIF-2α cells infected by lentiviral delivery of hairpin RNA directed against CD55 (HIF-2α shCD55) or infected by lentiviral delivery
of non-silencing hairpin RNA (HIF-2α shCTR) and on SHSY5Y_pcDNA cells infected by lentivirus-mediated delivery of non-silencing hairpin
RNA (shCTR). Invasion assay was performed on the same stable clones and on SHSY5Y_shCD55 and shEPAS1 cells. The number of invading
cells for each experimental point is shown in the graph bar (d). The data are reported as the mean of three experiments (*P⩽ 0.05).
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shown). We suppose that HIF-2α enhances stem-like properties of
NB cells but its downstream target CD55 is not sufficient to
promote the stem-like phenotype.
To elucidate the biological changes induced by HIF-2α or CD55

protein in SH-5YSY-overexpressing cells anchorage-independent
growth and invasion assay was performed (Figures 2c and d). The
HIF-2α-overexpressing clones are able to grow in soft agar assay as
spheres reaching 300 μm in dimension. Interestingly, we observed
that the spheres detached from the agar and grow as fluctuant
cell spheres in the medium. The SHSY5Y_CD55-overexpressing
stable clones compared with empty vector-transfected cell clones
(pcDNA) show the same phenotype of HIF-2α cells in soft agar
assay. As HIF-2α is not overexpressed or regulated in CD55 cells
we suppose CD55 antigen has a key role in determining the
colony growth. These findings are supported by the rescue
experiment, whereas the HIF-2α cells lose their ability to growth as
fluctuant spheres in soft agar once CD55 gene expression is
silenced (HIF-2α shCD55), compared with unsilenced HIF-2α
cells (HIF-2α shCTR; Figure 2c; Supplementary Figure 4a). In
invasion assay CD55 cells do not show an increased ability to
invade the collagen-coated transwell with respect to CD55-
nonoverexpressing cells (SHSY5Y pcDNA). In contrast, HIF-2α cells
(HIF-2α shCTR) have stronger ability to invade the collagen-coated

transwell with respect to SHSY5Y shCTR cells (P-value¼ 0.004),
which effect was in part rescued when we silenced the expression
of CD55 in the HIF-2α-overexpressing clones (HIF-2α shCD55;
P-value¼ 0.001; Figure 2d; Supplementary Figure 4b). Moreover,
the invasion of SHSY5Y cells is impaired by the silencing of
endogenous HIF-2α (shEPAS1; P-value = 0.05) or CD55 (shCD55; P-
value = 0.04), suggesting that both proteins are involved in cell
motility. On the basis of these data we can establish that CD55
dependently from HIF-2α expression is necessary to support the
migratory/invading ability of tumor cells but is not sufficient to
promote stem features.

CD55+ cell subpopulation in NB cell lines enhances colony
formation and invasion ability
CD55 antigen expression was analyzed in several NB human cell
lines by FACS. As shown in Figure 3a, the percentage of cell
fraction positive for CD55 is 99.7% in SKNBE2c and is relatively low
in other cell lines. It is evident that CD55 antigen marks a constant
cell subpopulation in NB cell lines. Moreover, different cell lines
show diverse signal intensity on the NB cell surface, dictated by
mean fluorescence intensity (MFI; Supplementary Figure 5a). We
sought to determine whether the CD55+ cell subpopulation might

Figure 3. CD55 cell surface staining and CD55 cell sorting in NB cell lines. CD55 surface staining was performed by FACS analysis on several NB
cell lines. In the graph the number of CD55-positive cells in P3 is shown (%) (a). CHP134 (b) and IMR32 (c) cells were sorted as CD55+ and
CD55− by FACS and the gates are shown. Unstained cells were used as blank control to evaluate each antibody and cellular autofluorescence
background (CTR). The data were confirmed by three independent experiments.
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promote the aggressive behavior of the heterogeneous tumor cell
lines. To this end we chose CHP134 and IMR32 NB cell lines with
similar CD55 surface percentage and different CD55 MFI. The
proportion of cells positive for CD55 was ~ 29.6% (CHP134) and
34.1% (IMR32) and the MFI was ~ 608 (CHP134) and 191 (IMR32).
CHP134 and IMR32 NB cell lines were labeled with anti-CD55
antibody and sorted separately as CD55+ and CD55− cells. For cell
sorting, CD55+ cells were gated in comparison with a negative
control (unstained cells) and the sort precision was set on purity
(Figures 3b and c). The ability to form colonies of CHP134/IMR32
CD55+ and CD55− was assessed in soft agar assay (Figure 4a;
Supplementary Figure 5b). The number of colonies of CD55− cells
was significantly lower than that of CD55+ cells (CHP134,
P-value¼ 0.001; IMR32, P-value¼ 0.04). The invasive ability of
CHP134/IMR32 CD55+ and CD55− cells was assessed in two-
dimensional invasion assay (Figure 4b; Supplementary Figure 5c).
The number of CD55− cells able to invade a collagen-coated
support was significantly lower than that of CD55+ cells for both
cell lines (CHP134, P-value¼ 1 × 10− 7; IMR32, P-value¼ 1 × 10− 9).
The colony growth and invasion data prove that CD55+ cells can
promote the aggressiveness of the CHP134 and IMR32 cell lines.

CD55 secreted form has a paracrine effect on NB cell invasion
We have described that the small CD55+ cell subpopulation within
a heterogeneous NB cell line shows aggressive tumor features
with respect to CD55− cell subpopulation. We have also shown

that CD55 is secreted in the medium of HIF-2α or CD55 cells. Here
we verified that CD55 is released from CHP134 CD55+ cells but not
from CHP134 CD55− cells in the medium, confirming that CD55 is
overexpressed as membrane antigen and as secreted form. A faint
CD55 band is visualized in IMR32 CD55− cells, which may secrete
CD55 but do not express CD55 on the membrane (Figure 4c). Our
hypothesis is that the great amount of CD55 released by the small
CD55+ cell subpopulation has an autocrine effect on CD55+ cells
and a paracrine effect on CD55− cells by leading to the activation
of downstream pathways involved in tumor malignant transfor-
mation. To assess the pro-invading/migratory ability of secreted
CD55, we performed invasion assay of CD55+ cells and CD55− cells
in the presence of 2 μg human recombinant CD55 protein (Abcam
AB168708, Cambridge, UK) in the medium (Figure 4b;
Supplementary Figure 5d). As expected, CD55− cells in the
presence of recombinant CD55 protein (rCD55) increase their
migratory/invading ability with respect to CD55− vehicle-treated
cells (CHP134, P-value¼ 1 × 10− 9; IMR32, P-value = 1× 10− 4). In
contrast, CD55+ cells do not increase their migratory ability in the
presence of rCD55 probably because CD55 secreted protein is
sufficient to provide a migratory effect on the cells.

CD55+ cell subpopulation in NB cell lines impairs adhesion ability
CD55 appears to function as an anti-adhesive surface glycoprotein
that regulates the rate of polymorphonucleated cell migration
across the apical epithelial membrane.20 The cell-to-extracellular

Figure 4. CD55+ cell subpopulation shows enhanced colony formation and invasion ability with respect to CD55− cell subpopulation in NB cell
lines. Soft agar assay and invasion assay were performed on CHP134 or IMR32 CD55-sorted cells (CD55+, CD55−). For soft agar assay, colony
number is shown in the graph (a); for invasion assay invading cell number is shown in the graph (b). Antibody anti-CD55 protein detected
CD55 secreted form in the medium of CD55-sorted cells by western blotting analysis. Ponceau staining was used as equal loading control (c).
Invasion assay was performed on CHP134 or IMR32 CD55-sorted cells (CD55+, CD55−) in the presence of 2 μg human recombinant CD55
(rCD55) (2 μg) or vehicle (V) (d). The data are reported as the mean of three experiments (*P⩽ 0.05, **P⩽ 0.005, ***P⩽ 0.0005).
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matrix or cell-to-cell interaction is necessary for the establishment
of the primary site of the tumor, but cells through their migration
toward a secondary tumor site lose this function. CD55 antigen
enhances the cells’ soft agar growth and invasion as described
above. We sought to determine whether the aggressive pheno-
type determined by CD55 antigen might be ascribed to its anti-
adhesive properties of reduced cell attachment to a substrate. The
attachment assay employs a colorimetric detection of bound cells
to measure the contacts between a cell and a specific adhesive
substrate: collagen (Figures 5a and b) or fibronectin (data not
shown). As shown by the colorimetric assay, the CHP134 CD55−

cells show adhesive ability as proved by the major cell numbers
attached to the substrate with respect to CHP134 CD55+ cells
(P-value⩽ 0.05; Figure 5a), and the IMR32 CD55− cell subpopula-
tion shows adhesive ability with respect to the IMR32 CD55+ cell
subpopulation (P-value⩽ 0.005 T3, T4; Figure 5b).
CD55 is associated with src family protein tyrosine kinases

p56lck and p59fyn.23 RAS-mediated Fyn upregulation results in
decreased cell–cell adhesion and increased cell motility. In
contrast, inhibition of Fyn activity results in increased cell–cell
adhesion through the adherent junctions and blocked migratory
capacity.24 We hypothesize that the absence of CD55 and
consequently of the Fyn intracellular activated pathway implies
an increased cell–cell adhesion of CD55− cells. We analyzed the
expression levels of Fyn protein (as determined by the integral
optical densities, and normalized with respect to β-actin expres-
sion) in sorted (CD55+ and CD55−) and unsorted (CHP134 and
IMR32) cell lines by western blotting (Figure 5c). The CD55+-sorted
cells and the unsorted cells have major expression of Fyn protein
compared with the CD55−-sorted cells. The similar Fyn activation
in CD55+ cells and in unsorted cell lines might be explained by
the paracrine effects mediated by secreted CD55. Our findings
suggest that the Fyn downstream pathway determined by the
presence of CD55 protein carries out anti-adhesive effects on
NB cells.

Correlation between CD55 gene expression and prognosis in NB
The clinical significance of CD55 gene expression in NB was
investigated. We evaluated the association of CD55 expression

with clinical outcomes in NB patients using the Versteeg data set
that is deposited in the R2 microarray web tool and includes 88
patients. As shown in Figure 6, high mRNA levels of CD55 were
significantly associated with lower overall survival and relapse-free
survival (Figures 6a and b). When we restricted the analysis to
patients with metastatic tumor (stage 4), high mRNA levels of
CD55 showed a trend for the association with overall and relapse-
free survival but not in the subset of patients with localized
tumors (stage 1–2–3; Supplementary Figure 6). These data show a
significant deterioration in prognosis with increased CD55
expression.

DISCUSSION
The upregulation of complement inhibitor factors (CD55, CD59
and CD46) is one of several strategies adopted by tumor cells to
evade the immune system.25,26 A number of secondary functions
for complement regulatory proteins has been identified, including
cell adhesion and being mediators of regulatory T cells.27 The
mechanisms that result in their production and their role in the
pathogenesis of tumors remain to be defined, although their
overexpression potentially makes them a good therapeutic target.
A functional binding site for the transcriptional regulator

hypoxia-inducible factors (HIFs) has been identified on the CD55
promoter.20 HIFs (HIF-1α, HIF-2α) have been shown to be
regulators of the response to low oxygen concentration in various
solid tumors and to be related to tumor malignancy.28 The well-
known CD55 expression upon HIF stabilization in hypoxia and
CD55 expression in solid tumors suggest CD55 as a novel HIF
target that contributes to tumor defense mechanisms for survival
in adverse physiological conditions.
CD55 and HIF-2α proteins have been shown to be independent

indicators of poor prognosis in several tumors by immunohisto-
logical staining.15,17,29,30 In this study we demonstrated that CD55
protein expression is limited to a small subset of tumor cells highly
expressing HIF-2α in NB tumors. In the literature HIF-2α is
correlated with aggressive and metastatic NB,31 and under non-
hypoxic conditions creates a pseudo-hypoxic phenotype with
clear influence on tumor behavior in vivo.32 Here we observed that
high levels of CD55 are associated with bad survival in patients

Figure 5. CD55+ cell subpopulation shows impaired cell adhesion with respect to CD55− cell subpopulation. Adhesion assay was performed
on CHP134- (a) and IMR32- (b) sorted cells (CD55+, CD55−). (T0) shows the attached number of cells measured after seeding on the collagen-
coated surface of a 96-multiwell. The number of attached cells was measured at 1 h (T1), 2 h (T2), 3 h (T3) and 4 h (T4) from cell seeding. The
expression of Fynp59 protein was detected by western blotting in the unsorted (CHP134, IMR32) and sorted cells (CD55+, CD55−). The bands
were quantified by densitometry. The bar graphs show integral optical density (IOD) value for each band, normalized with respect to β-actin
expression (c). The data are reported as the mean of three experiments (*P⩽ 0.05, **P⩽ 0.005, ***P⩽ 0.0005).
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with stage 4 tumors but not in those with stage 1–2–3 tumors,
suggesting that CD55 gene expression correlates mainly with
tumor recurrence and metastasis.
HIF-2α has an important role in the regulation of stem cell

maintenance within solid tumors 7,8 but then HIF-2α targeting has
limited application in clinics because of protein instability in
oxygenated areas. The identification of CD55 as a HIF-2α marker
might open up new therapeutic opportunities for the treatment of
recurrence and metastasis. To dissect the role of CD55 as a HIF-2α
marker, first we verified CD55 expression upon HIF-2α expression
in NB cells in vitro and we found that CD55 is univocally regulated
by HIF-2α. HIF-2α protein overexpression was evaluated in
normoxic conditions as we have previously shown HIF-2α stability
in normoxic NB cells.22 In NB cells HIF-2α expression is sufficient to
enhance stem features, whereas CD55, although described as a
putative marker of cancer stem cells,19 has not influenced the
stem-like properties of NB cells so far in vitro. In contrast, CD55
promotes NB cell aggressiveness as cell growth and invasion upon
HIF-2α expression.
To functionally assess the role of CD55 in NBs we verified the

expression of CD55 in NB cell lines in vitro. CD55high cell
populations of breast cancer cells have been determined to
correlate with increased ability to form colonies in vitro and with
metastatic potential in vivo.17 For this reason we searched for
CD55 antigen expression level in several NB cell lines, and, given
the relatively low abundance of cells positive for CD55 (CD55+) as
regards CD55-negative cells (CD55−), our aim has been to
elucidate the role of this subpopulation in NB cell lines.
We verified that the CD55+ cell population displays the

characteristics of an aggressive cancer, with decreased adhesion
facilitating increased motility and invasion, coupled with the
ability to survive and form colonies in anchorage-independent
conditions. These features could be compared with the in vivo
situation where the ability of tumor cells to detach from the
primary tumor, invade through the ECM, survive in the blood
stream, and form tumors at secondary sites leads to the formation
of metastases. In contrast, the CD55− cell population represents an
in vitro model of tumor cells with decreased invasion, increased
adhesion and reduced ability to grow and form colonies in
anchorage-independent conditions. Moreover, CD55 protein is a
soluble protein secreted by CD55+ cells, which might exercise a
paracrine effect on CD55− cells. Our hypothesis is that CD55+ cells
in the heterogeneous cell population hold the invading ability of
the entire heterogeneous cell line, thus activating the pathways
for cell growth and invasion. Further investigation of this
aggressive phenotype in vivo may help to define the CD55 target
for invasion and metastasis in NB.

To date, despite recent improvements in survival in randomized
trials, NB patient outcome remains poor.33 Recently we have
shown that the combined treatment of HIF inhibition with a
differentiating agent enhances NB differentiation in the more
benign phenotype.22 This finding has underlined the impact of HIF
signaling or HIF marker inhibition in NB therapy. In the present
study we show that CD55 is a HIF-2αmarker and has anti-adhesive
and pro-invading functions that might provide the basis for NB
solid tumors to survive as microscopic residual disease. Thanks to
accessibility of the CD55 cell surface protein, this marker will
provide a ready target for the monoclonal antibody in order to
destroy a small cell population within tumors responsible for
tumor recurrence. Antibodies against CD55 have been already
used as additive therapeutic agents in the treatment of patients
with breast and gastric cancer.16,34

Furthermore, the use of CD55 antibody-based visualization as in
PET (Positron Emission Tomography) imaging will have implica-
tions for the development of more accurate diagnosis and
prognosis in challenging cases and for driving personalized
treatment. The feasibility to test this new approach in carefully
controlled NB clinical trials should finally result in the type of
progress seen for breast cancer.35

MATERIAL AND METHODS
Cell culture
The human SHSY5Y (American Type Culture Collection (ATCC) CRL-2266),
SKNAS (ATCC CRL-2137), NMB (Deutsche Sammlung von Mikroorganismen
und Zellkulturen (DSMZ) ACC 6579), NGP (DSMZ ACC 676) and SKNFI
(ATCC CRL-2142) cell lines were grown in Dulbecco’s modified Eagle’s
medium (DMEM); the human SKNBE2c (ATCC CRL-2268) cell line was
grown in DMEM F-12; the human IMR32 (ATCC CCL-127) and SKNSH (ATCC
HTB11) cell lines were grown in Minimum Essential Medium Eagle (MEM);
the human CHP134 (Sigma, St Louis, MO, USA, 06122002) cell line was
grown in RPMI-1640 Medium; the human NBLS (DSMZ ACC 656) cell line
was grown in ISCOVE’S Medium. All media were supplemented with 10%
heat-inactivated fetal bovine serum, 1 mM L-glutamine, penicillin (100 U/
ml) and streptomycin (100 μg/ml), and the cells were grown at 37 °C, 5%
CO2 in a humidified atmosphere. The cumulative culture length of the cells
was fewer than 6 weeks after resuscitation. Early-passage cells were used
for all experiments and they were not reauthenticated. All cell culture
reagents were provided by Sigma-Aldrich (Milan, Italy).

Flow cytometry
NB cell clones (HIF-2α, CD55 and pcDNA) and NB cell lines (3 × 105 cells)
were washed twice with phosphate-buffered saline (PBS) and incubated
for 1 h at 4 °C with anti-human-CD55 phycoerythrin (PE)-coupled antibody
(eBioscience 12-0559, San Diego, CA, USA). After incubation the cells were
washed twice in PBS and resuspended in 500 μL of PBS. All tubes were

Figure 6. CD55 gene expression is associated with poor survival in NB patients. Kaplan–Maier analysis is shown, with individuals grouped by
the median of expression of CD55 for overall survival (a) and relapse-free survival (b) rates in 88 NB patients (Versteeg data set).
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acquired at Beckmann Coulter FC500 cytometer. For cell sorting, 2 × 106

cells (CHP134, IMR32) were washed twice with PBS and incubated for 1 h at
4 °C with anti-human-CD55 PE-coupled antibody (eBioscience, San Diego,
CA, USA). After incubation the cells were washed twice in PBS,
resuspended in grown medium (4 ml) and sorted separately as CD55+

and CD55− populations (BD FACSAria IIIu, San Jose, CA, USA). FACSDiva
software (BD Bioscience, San Jose, CA, USA) was used for data analysis.
Unstained cells were used as blank control to evaluate each antibody and
cellular autofluorescence background (CTR).

Colony formation assay in soft agar
NB cell clones (HIF-2α, CD55 and pcDNA) and CHP134, IMR32 (unsorted
and CD55 sorted) cell lines were plated (2 × 105 cells) in 0.35% agar on a
bottom layer of 1% agar in 35-mm dishes of 6-well plates (Corning, New
York, NY, USA). The plates were incubated at 37 °C for 4 weeks and stained
with 0.01% Crystal violet. Colonies with 20 cells or more were counted. The
means and standard deviations were calculated from three independent
experiments.

Invasion assay
To perform the invasion assay NB cell clones (HIF-2α, CD55 and pcDNA)
and CHP134, IMR32 (unsorted and CD55 sorted) cell lines were trypsinized,
counted (8 × 104), suspended in 5% fetal bovine serum medium and
seeded on the upper side of a transwell (8-μm pore size PET, Corning, NY,
USA) that was previously coated with Collagene I (Sigma-Aldrich). The
invasion toward the bottom of the insert driven by the presence of 15%
fetal bovine serum was stopped after 12 h. The cells on the membrane
were washed in PBS, fixed in acetic acid (5%) and ethanol (95%), and
stained with Hematoxilin & Eosin (Sigma-Aldrich). The membrane images
were acquired using a photocamera and the stained cells were counted
using ImageJ software (Bethesda, MD, USA). The experiments were
performed in triplicate and for each experiment three experimental points
were analyzed.

Adhesion assay
CHP134 and IMR32 (unsorted and CD55 sorted) cell lines were seeded
(15× 103 cells) on a 96-multiwell previously coated with Collagen I or
Fibronectin. At 0 (T0), 1 h (T1), 2 h (T2), 3 h (T3) and 4 h (T4) the cells were
sucked from the wells and the remaining cells attached to the coated
plates were visualized using the 3-(4,5-dimethylthiazol-2-yl),5-diphenylte-
trazolium bromide assay, according to the manufacturer’s protocol
(Promega, Milan, Italy). The experiments were performed in triplicate,
and for each experiment six experimental points were analyzed

Immunohistochemistry
Clinical samples from the biobank of the Institute of Pathology of the
University Hospital of Basel were used for the TMA construction as
described in Supplementary Material and methods. Expression of HIF-2α
and CD55 was analyzed by immunohistochemistry on 5-mm formalin-fixed
paraffin-embedded sections of NB by using an antibody to HIF-2-α
(Abcam ab8365, Cambridge, UK,) and to CD55 (HPA024386 Sigma-Aldrich).
Antigen was retrieved by pretreating dewaxed sections in a microwave
oven at 750 W for 5 min in citrate buffer (pH 6) and processing them with a
Super Sensitive Link-Labeled Detection System (Biogenex, Florence, Italy).
The enzymatic activity was developed using 3-amino-9-ethylcarbazole
(AEC, Dako, Gostrup, Denmark) as achromogenic substrate. Following
counterstaining with Mayer’s haematoxylin, slides were mounted in
aqueous mounting medium (glycergel, Dako, Gostrup, Denmark).

Statistical analyses
All biochemical experiments were performed in triplicate unless otherwise
stated. Two-tailed Student’s t-test was used to test significance. Statistical
significance was established at *P⩽ 0.05, **P⩽ 0.005 and ***P⩽ 0.0005.
Survival curves were constructed by the Kaplan–Meier method, with
differences between curves tested for statistical significance using the log-
rank test.
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