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Expression of neural cell adhesion molecule
(NCAM) isoforms in neuroblastoma

E Phimister, F Kiely, J T Kemshead, K Patel

Abstract
A comparative study on the expression
of the neural cell adhesion molecule
(NCAM) in human neuroblastoma cell
lines and tissues was undertaken.
NCAMs are a family of closely related
cell surface glycoproteins involved in
cell-cell interactions. Using antibodies
that recognise distinct epitopes on
NCAM, their presence was shown in
neuroblastoma, but these studies do not
yield any information on the specific
NCAM isoforms associated with the
tumour. Western and Northern blot
analyses were therefore carried out to
characterise the NCAM isoforms in this
neuroectodermal tumour. Western blot
studies using the monoclonal antibody
ERIC-1 showed that all human neuro-
blastoma cell lines tested expressed the
140 and 120 kilodalton isoforms of
NCAM in their desialo state. Some of the
cell lines also expressed NCAM-180. The
data are corroborated by Northern blot-
ting where a transcript of 7-4 kilobase
pairs was identified only in lines express-
ing NCAM-180; the 6-7 and 5A4 kilobase
pair transcripts coding for 140 and 120
kilodalton isoforms, respectively, were
present in all the cell lines tested. The
NCAM isoforms identified in neuroblas-
toma were also different from those
found in adult and fetal brain tissue,
suggesting that aberrations are expres-
sed in the molecule during tumorigen-
esis.
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NCAMs are a family of closely related
glycoproteins described as being involved in
cell to cell interactions during growth and
development.' The expression of these
molecules is widespread in all three germ
layers during embryogenesis, but becomes
restricted in adults. NCAMs have been des-
cribed on a variety of human tumours that
do not arise from the neuroectoderm.
These include rhabdomyosarcoma (Patel K,
Kemshead JT, unpublished observations),
Wilms' tumour,23 Ewing's sarcoma4 and some

primitive myeloid malignancies.'
NCAMs in man arise from the differential

splicing and use of alternative polyadenylation
sites of a single gene found on chromosome 11
at q23.6 In all, five different isoforms discern-
ible on Western blots have been described in
the brain. Three membrane associated forms
have been well characterised. These are

NCAM 180 and NCAM 140 which are trans-
membrane glycoproteins with differing lengths
of cytoplasmic tails, and NCAM 120, which is
linked into the membrane via a glycosylphos-
phoinositol (GPI) anchor.' A secretory
protein of 115 kilodaltons has been identified.
The characterisation of two further isoforms
of NCAM (170 and 95 kilodaltons) remain
poor at present. In skeletal muscle, a different
spectrum of NCAMs have been identified: a
140 kilodalton transmembrane protein has
been identified along with two GPI linked
proteins of 155 and 125 kilodaltons and a
secretory isoform of 115 kilodaltons. Further
diversity in the expression of NCAMs on
muscle and neural tissue is brought about by
differential glycosylation.' In the embryo
NCAM is highly sialylated and as a con-
sequence appears as a smear on Western blots,
whereas less sialylation occurs in adults.'

Despite considerable efforts being under-
taken to characterise NCAM expression on
normal tissue, less information is available on
the spectrum of isoforms found on human
tumours.' Using an antibody to polysialic
acid, Roth et al have shown the embryonic
form of the molecule on Wilms' tumour.
Lipinski et al have characterised NCAM
expression on the human neuroblastoma cell
line IMR32,4 and Figarella-Branger et al have
recently reported that neuroblastoma expres-
ses the embryonic form of NCAM.'

In this paper we extended these observa-
tions using both Northern blot and Western
blot analysis. All lines and tissues investigated
express the embryonic forms of NCAM. After
removal of sialic acid residues, however, a
heterogeneity in NCAM expression is detec-
ted. Furthermore, neuroblastomas seem to
express selective isoforms of NCAM com-
pared with human fetal and adult brain.

Methods
CELL LINES
The human neuroblastoma cell lines Kelly,'0
SK-N-BE(2C) (kindly donated by Dr L
Helson, New York Medical College),
IMR32,"1 SK-N-SH," NB1,'3 GOTO'4 the
human neuroepithelioma line CHP100" and
the T-cell line GH1'6 were grown in a 5%
carbon dioxide incubator using RPMI 1640
medium supplemented with 10% fetal calf
serum, 2 mM glutamine, 100 IU/ml penicil-
lin, and 100 ug/ml streptomycin. When
approaching confluency, cells were passaged
using trypsin/versene to remove adherent
neuroblastoma lines from the dishes. All
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Figure 1 Binding of
NCAM antibodies to
human neuroblastoma cell
lines. Samples were
examined by both light
microscopy and a
fluorescein activated cell
sorter. (i) Cells incubated
with FITC rabbit anti-
mouse Ig alone. (ii) Cells
incubated with anti-
NCAM antibody and
FITC rabbit anti-mousc
Ig.
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experiments were undertaken on cells while in
the exponential growth phase.

INDIRECT IMMUNOFLUORESCENCE/FACS
ANALYSIS
Neuroblastoma cells were scraped from dishes
using a rubber policeman. To facilitate disag-
gregation, cells were incubated in 2 mM

ethylenediaminetetra-acetic acid (EDTA) in
phosphate buffered saline (PBS) containing
10% human serum albumin at 37 C for five
minutes. After washing, cells were incubated
with either ERIC-1, UJ13A, or PBS for one
hour at 4 C. Cells were washed to remove
unbound antibody and subsequently incu-
bated with fluorescein (FITC) conjugated rab-
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Figure 2 NCAM
expression on human
neuroblastoma cell lines.
The size of the NCAM
isoforms identified was
determined by comparison
with Amersham
International Rainbow
molecular weight
markers: 200 myosin,
116 P-galactosidase,
95 phosphorylase-fl,
69 bovine serum albumin,
46 ovalbumin, 30 carbonic
anhydrase.
(A) Cell extracts
without neuraminidase
treatment +M/A ERIC-
1. (B) Cell extracts with
neuraminidase treatment
+M/A ERIC-I.
(C) Cell extracts with
neuraminidase treatment
+ Irrelevant M/A M340
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bit anti-mouse Ig under the same conditions.
Cells were examined by using a Zeiss fluores-
cence microscope with epi-illumination optics
and by a fluorescence activated cell sorter
(FACS).

MONOCLONAL ANTIBODIES
Monoclonal antibody UJ13A`7 was raised
against 16 week human fetal brain and ERIC-I
against human retinoblastoma.'8 Both
antibodies recognise distinct epitopes on the
human neural cell adhesion molecule.'9 ERIC-
1 was used for cell biochemical studies as,
unlike UJ1 3A, it can be used for Western blot
analysis.

NORTHERN BLOT ANALYSIS
Total RNA 10 Mug was separated on a 1%
agarose/formaldehyde gel by electrophoresis.
The RNA was transferred to GeneScreen Plus
and the filters baked at 80°C for two hours and
prehybridised with salmon sperm DNA (0- 1
mg/ml) for four hours at 60°C.

Blots were hybridised with a human NCAM
cDNA probe (A 9-5 labelled by random prim-
ing) at 60°C for 18 hours. Filters were washed
to a final stringency of 0 1 x SSC, 1% sodium
dodecyl sulphate at room temperature and
exposed to a pre-flashed Fuji x-ray film, with
intensifying screens at -70°C for an
appropriate period.

SDS-PAGE AND WESTERN BLOT ANALYSIS
Cells were solubilised in sample buffer consist-
ing of 0-1 M TRIS-HCI, pH 6-8, 2% SDS,
10% glycerol, 2mM PMSF, 2mM EDTA and
10 ig/ml leupeptin. DNA was sheared by
passing the lysate through a series of needles
and the lysate boiled for three minutes after
addition of dithiothreitol to a final concentra-
tion of 0- 1 M.
Sodium dodecyl sulphate polycrylamide gel

electrophoresis (SDS-PAGE) was performed
using a 120 x 140 x 1-5 mm, 7% acrylamide
gel at 250 volts for five hours at room tem-
perature. Visible rainbow protein molecular
weight markers (corresponding to 14 3-200
kilodaltons) (Amersham International) were
used as a reference for estimating the molecular
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weight of the separated proteins. After blot-
ting, the filter was incubated in 5% Marvel (in
PBS) overnight to block non-specific binding
sites.
Membrane strips were incubated with either

ERIC-1 antibody (26 pg/ml) or an irrelevant
antibody at the same concentration for 30
minutes at room temperature. The strips were
individually washed twice for five minutes in
PBS. After subsequent incubations with alk-
aline phosphatase-conjugated rabbit anti-
mouse Ig for 30 minutes at room temperature,
the strips were again washed twice in PBS and
once in TRI S-buffered saline containing 1 mM
Levamisole. The strips were developed by
incubating for 15 minutes at room temperature
in the dark with a filtered solution containing
1 mM Levamisole, 0-5 mM naphthol AS-MX
phosphate, 2% N, N-dimethylformamide
0-1 M TRIS (pH 8 2) and 4 mM Fast Red TR
salt (Sigma).

Results
Monoclonal antibodies UJ13A and ERIC-1
bind to most human neuroblastomas studied,
as determined by indirect binding assays,
although some heterogeneity in the degree of
staining is detected both within and between
the different cell lines. Figure 1 shows the
typical binding observed with these antibodies
as determined by FACS analysis. The calcula-
ted mean fluorescence intensity obtained with
lines NB1 and GOTO was 293 and 353
(medians 278 and 330) for antibody UJ 13A and
219 and 237 (medians 209 and 216) for
ERIC- 1.

In contrast, SK-N-SH binds slightly more
antibody with mean and median fluorescent
values of 409 (median 380) and 307 (median
275) recorded for UJ13A and ERIC-1, respec-
tively. None of the cell lines examined bound
anti-mouse Ig in the absence of a specific
monoclonal antibody as the signal seen by
FACS analysis was equivalent to that when the
T cell line GH1 was incubated with either
UJ13A or ERIC-1 (fig 1). Similar staining
profiles to those reported here were also
observed with the human neuroblastoma lines
IMR32, SK-N-BE(2C), Kelly and the



583Expression ofNCAM isoforms in neuroblastoma

Table I NCAM isoforms identified in human
neuroblastoma cell lines

After neuraminidase treatment
(kilodaltons)

CHP100 140 120 95
NB1 180 140 120 95
Kelly 140 120 95
SK-N-SH 180 140 120 95
IMR32 180 140 120 95
GOTO 140 120 95
SK-N-BE(2C) 140 120 95

All lines show the embryonic form of NCAM before
neuraminidase digestion.

neuroepithelioma line CHP100 with the cal-
culated mean and median fluorescent windows
lying within the range of 190 and 403 for both
antibodies. Incubation of all neuroblastoma
cell lines with an irrelevent monoclonal
antibody also gave a signal analogous to that
seen with FITC rabbit anti-mouse Ig alone.

WESTERN BLOT ANALYSIS
Extracts of all the human neuroblastoma cell
lines examined produced smears on Western
blots ranging in size from 140 > 300 kilodal-
tons following staining with the NCAM
antibody ERIC-1. No binding was observed
with an irrelevant antibody known not to bind
to NCAM (fig 2). Once the membrane proteins
have been partially deglycosylated with
neuraminidase, distinct patterns of NCAM
isoform expression were shown. The
neuroblastoma lines NB1, SK-N-SH, and
IMR32 express the 180, 140, 120, and 95
(weakly) kilodalton isoforms of the molecule,
whereas GOTO, SK-N-BE(2C) and the
neuroepithelioma line CHP100 express only
the 140, 120 and 95 kilodalton proteins.
Representative blots offour cell lines are shown
in fig 2 and a compilation of all of the data in
table 1.
To confirm the above findings mRNA was

obtained from the cell lines and after size
separation and blotting, probed with the
human NCAM probe A 9-5. For brevity,
representative blots are presented in fig 3 along
with a summary of the data for all the lines in
table 2. Only those lines expressing the 180
kilodalton protein were found to contain the 7-4
kilobase pair NCAM mRNA coding for this
isoform of the molecule. The 6 7 and 5-4

7-4 7-544 m6.7- L6.7 6-7- 6.7
5.4 -0 550450

Figure 3 NCAM mRNA species detected in human neuroblastoma. Molecular
weights ofNCAM mRNAs were determined by comparison with markers produced
from a Hind III/OX-I 74 DNA-Hae III digest (Pharmacia).
(A) NBI; (B) SK-N-SH; (C) GOTO; (D) Kelly; (E) GHJ-T cell line.

Table 2 NCAM mRNA identified in human
neuroblastoma cell lines

Kilobase pairs

CHP100 67 5.4 50
NB1 74 67 5-4 50
Kelly 6-7 5 4
SK-N-SH 74 67 54 50
IMR32 7.4 6-7 5-4
GOTO 67 5-4 50
SK-N-BE(2C) 6.7 5 4 5-0

kilobase pair mRNA species coding for the 140
and 120 kilodalton isoforms were found in all
the cell lines examined. The signal identifying
the 6-7 kilobase pair species was, in general,
more intense than that seen at 5-4 kilobase
pairs. In the CHP100, NB1, SK-N-SH,
GOTO and SK-N-BE(2C) cell lines a faint
band of 5-0 kilobase pairs was identified. The
nature of this band is unclear, although we
believe that this is not due to cross-hybridisa-
tion of theNCAM probe with ribosomal RNA.
Repeating the Northern blots with poly-dT
affinity purified mRNA still showed the
presence of the 5-0 kilobase pairs species.

In total, six human neuroblastoma tissues
have been examined for differential NCAM
expression with representative samples are
shown in fig 4. In the absence ofneuraminidase
treatment to remove polysialic acid residues
from membrane glycoproteins, a smear was
observed on the Western blots analogous to
that found with the cell lines. After degly-
cosylation, two patterns of expression have
been noted which again parallel the results
observed with the cell lines. No relation be-
tween stage of tumour and NCAM expression
was apparent in this study as all the tumours
were from patients with stage IV disease.
Northern blot analysis was not possible on
these samples as the RNA within the tissue was
found to be degraded.
Human fetal brain tissue also expresses the

embryonic form of human NCAM as a smear
ranging from 140 to about 300 kilodaltons is
observed on Western blot analysis using mono-
clonal antibody ERIC-1. Neuraminidase treat-
ment ofthe extracts, however, shows a different
pattern of isoform expression to that seen in
neuroblastoma. Four distinct bands of about
180, 170, 140, and 120 kilodaltons are seen
along with a weaker band of about 95 and 65
kilodalton (fig 5). This is the pattern ofNCAM
expression observed in adult brain before
neuraminidase treatment, indicating that the
molecule is less sialylated. Neuraminidase
treatment reduces the size of the five bands,
reflecting marginal sialylation ofthese isoforms.

Discussion
Antibody UJ13A, and, to a lesser extent,
ERIC-1, have been used as a diagnostic aid in
the differential diagnosis ofneuroblastoma from
other childhood malignancies, particularly
acute lymphoblastic leukaemia.20 UJ13A has
also been used in conjunction with other
antibodies for the identification of neuroblas-
toma cells in bone marrow and their sub-
sequent removal.2' Immunocytochemical tech-
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Figure 4 Heterogeneity in NCAM expression in human neuroblastoma tissue. NCAM
isoforms were detected using the monoclonal antibody ERIC-I and compared with
standard molecular weight markers (fig 2).
(A-C) Samples without neuraminidase treatment +MIA ERIC-I (A "'-C "()
Samples with neuraminidase treatment +M/A Eric-i (D) Samples incubated with
neuraminidase and irrelevant MIA M340.

niques have been independently shown to be
the most sensitive way of identifying low levels
of tumour infiltration in bone marrow

aspirates.2223 The usefulness of these reagents
comes not from their unique binding to
neuroblastoma, but rather from the high num-
ber of neuroblastomas recognised by the two
antibodies and the intensity of the signal
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Figure 5 NCAM expression on human adult andfetal brain. NCAM isoforms were

detected using the monoclonal antibody ERIC-I. Size estimates were made using
standard molecular weight markers (fig 2).
(A) Adult brain without neuraminidase treatment +MIA ERIC-I.
(B) Adult brain with neuraminidase treatment +M/A ERIC-I .

(C) Adult brain with neuraminidase treatment +M/A M340.
(D) Fetal brain without neuraminidase treatment +M/A ERIC-I.
(E) Fetal brain with neuraminidase treatment +M/A ERIC-I .

(F) Fetal brain with neuraminidase treatment +MIA M340.

observed using a variety of indirect binding
assays. Figure 1 shows representative data on
the binding of UJ13A and ERIC-1 to three of
six neuroblastoma cell lines and one human
neuroepithelioma cell line. While there is some
variation in the intensity of staining, both
within and between cell lines, the signals
observed are considerably greater than those
observed with leukaemic cell lines such as GH 1
where no fluorescence can be detected by light
microscopical examination.
The finding that UJ13A and ERIC-1

antibodies bind to human NCAM has enabled
us to investigate what diversity of NCAM
expression is found in human neuroblastoma
cell lines and tissues. All samples analysed
exhibited the embryonic form of the molecule
as determined by the degree of smearing shown
on the gels. These results were confirmed by a
similar staining pattern obtained with a mono-
clonal antibody recognising polysialic acid
(data not shown). Neuraminidase treatment to
strip partially carbohydrate residues from
proteins showed a heterogeneity in the
isoforms ofNCAM expressed on both tumours
and tissues. All cell lines expressed the 140 and
120 kilodaltons isoforms of the molecule along
with a weak band observed on the gels at 95
kilodaltons. Only the neuroblastoma lines
NB1, IMR32, and SK-N-SH express the 180
kilodalton isoform and no expression ofthe 170
kilodalton protein was detected (fig 2) (table 1).
These results were mimicked by the heterogen-
eity in NCAM expression in the six stage IV
neuroblastomas examined (fig 4) (table 2). Fur-
thermore, the data on the human neuroblas-
toma cell lines were confirmed by Northern blot
analysis. In these blots an additional weak band
of 5 0 kilobase pairs was observed in some of
the cell extracts which has not been reported to
code for any of the known isoforms ofNCAM.
The nature of this band remains unclear,
although it has also recently been identified in
small cell carcinoma cell lines and tumour
tissues (Duilinhoven M, personal communica-
tion). Northern blot analysis was not possible
for the fresh neuroblastoma samples as they
were taken from patients after combination
chemotherapy where the quality of the RNA
was insufficient for these studies.
The functional importance of the differential

expression of NCAM isoforms on neuroblas-
toma tissue is not clear. Whether this affects
their metastatic potential remains unknown.
Unfortunately, due to a lack of tissue, stages I,
II, and IVS tumours have not yet been
analysed for their differential expression of
NCAM isoforms. Cell adhesion depends on the
expression of a variety of "adhesion
molecules". Recently, it has been shown that
NCAM and another adhesion molecule, L1,
may work in co-association.25 It is possible that
different forms of NCAM exist in particular
spatial configurations to maximise association
with other molecules and thus influence
adhesion.
The diversity ofNCAM isoform expression

is potentially greater than indicated above. It is
known that in someNCAM species differential
splicing occurs to allow the insertion of mini-
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exons into the molecule. For example, a 35
amino acid sequence (designated the MSD1
region) has been described as being inserted
specifically in skeletal muscle NCAM between
the regions coded for by exons 12 and 13. If this
region was only expressed in tumours of rhab-
doid origin, it would represent a unique marker
to aid in the characterisation of these tumours.
The expression of the MSD 1 region and other
tissue specific mini-exons is currently under
review in both paediatric solid tumours and
primary intracranial malignancies. Preliminary
investigations also suggest that it may be possi-
ble to characterise neuroblastoma from rhab-
doid tumours on the basis of isoform expres-
sion and the insertion/deletion of mini exons.

Similarly, all medulloblastomas examined to
date express an NCAM pattern similar to that
found in human fetal brain.'824 Consequently,
expression of the 170 kilodalton isoform of
NCAM could help distinguish these from the
rare intracranial neuroblastomas. From these
studies it is, therefore, apparent that simple
indirect immunofluorescence studies on

tumours such as neuroblastoma do not allow
the biochemical diversity in antigen expression
to be fully evaluated. It is hoped that by
examining the pattern ofNCAM expression, at
both the gross biochemical and molecular level,
interesting information relating to the diagnos-
tic potential of these findings will ensue along
with further insights into the biology of
neuroblastoma.
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