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ABSTRACT

Neuroblastomas are malignant childhood neoplasms that arise from
derivatives of the neural crest. We report the characterization of a new
neuroblastoma cell line, designated NBL-W, derived from the primary
tumor of a patient with stage IVS disease (S. L. Cohn, C. V. Herst, H.
S. Maurer, and S. T. Rosen, J. Clin. Oncol., 5: 1441-1444, 1987)
according to the criteria of Evans (A. E. Evans, G. J. D'AugiÂ»,and J.

Randolf, Cancer (Phila.), 27: 374-378, 1971). Neurite-bearing (N) and
substrate-adherent (S) cell lines have been subcloned from the parent
line. N and S cells can interconvert, and both cell types label with the
neural crest cell surface marker antibody, HNK-1. Cells in the subcloned
lines and in the parent line have been shown by Southern blot analysis
to contain ~100 copies of the N-myc gene. Cytogenetic analysis shows a
homogeneously staining region present on chromosome 19. Although
these subclones are of identical genotype, the S cells express lower
amounts of N-myc niRNA and protein as compared to the N cells. N
cells express several neuronal proteins including the neurotransmitter-
processing enzymes tyrosine hydroxylase and dopamine /8-hydroxylase,
the neuronal intermediate filament proteins peripherin and NF66/a-
internexin, and the neural cell adhesion molecule. S cells generally lack
neuronal markers but express the mesenchymal intermediate filament
protein vimentin, and a small subset of the S cells express glial fibrillar)
acidic protein. Some S cells were labeled weakly with neural cell adhesion
molecule antibody; others were negative. S cells did not express the glial
marker S-100 or a melanocyte marker, tyrosinase. Thus, S cells express
the neural crest marker HNK-1 but do not express a set of antigens
characteristic of any known cell type derived from the neural crest. These
results are consistent with the suggestion that differential N-myc expres
sion may be involved in the interconversion of N and S cells but indicate
that the S cell phenotype need not represent a highly differentiated neural
crest derivative.

INTRODUCTION

Neuroblastoma cell lines derived from human tumors are
important tools for both the neurobiologist and the clinician.
Some of the established neuroblastoma cell lines are particu
larly interesting because they can be subcloned into at least two
morphologically distinct cell lines, N cell lines and S cell lines
(1). N cells express neurotransmitters, neuronal IF subunits,
and various neuronal cell surface markers (2, 3). S-type sub-
clones lack neuronal markers but express proteins characteristic
of melanocytes, Schwann cells, or perhaps other mesenchymal
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cells derived from the neural crest (3,4). It has been shown that
purified subclones of N and S cells can spontaneously intercon
vert from one cell type to the other (2, 3). Most S cells have a
limited life span in culture and demonstrate a lesser ability than
N cells to grow in soft agar and form tumors in nude mice (5).
The differential expression of tumorigenic properties coupled
with the ability of both cell types to interconvert is thought to
be reflected in patterns of disease progression. That is, in some
patients, neuroblastoma tumors spontaneously regress to form
benign ganglioneuromas, while other patients suffer relapse and
progression after treatment (for a review, see Ref. 6). Rettig et
al. (4) hypothesized that differentiation of N cells to S cells
might correlate with the maturation of neuroblastoma tumors
into benign ganglioneuromas in vivo.

Since the conversion of a neuroblastoma cell to a less malig
nant phenotype is of obvious clinical importance, N and S cell
interconversion has been intensively studied. This process is
thought to be controlled by one or a very few trans-acting
regulatory factors (4). Clinical studies have identified N-myc as
a potential trans-acting regulatory factor that may play a sig
nificant role in neuroblastoma biology. Amplification of N-myc
in the genome of tumor cells of neuroblastoma patients results
in high levels of N-myc expression and has been correlated with
advanced disease and rapid disease progression (7, 8). Although
N-myc has not been shown directly to be a transcriptional
regulatory protein, N-myc is a nuclear localized phosphoprotein
with homology to another putative nuclear regulatory factor, c-
myc (9). c-myc and N-myc share structural similarities in helix-
loop-helix DNA-binding domains with other trans-acting dif
ferentiation factors such as MyoD and E2A, and c-myc has
been shown to bind DNA in a sequence-specific manner (10,
11). During development, N-myc is transiently expressed in
specific tissues in a manner that suggests a role for N-myc in
differentiation (12, 13). The structure and developmental
expression of N-myc suggest that it might be an important
trans-acting factor in neuronal differentiation (12, 14), and
deregulated expression of N-myc appears to play an important
role in determining the clinical behavior of neuroblastoma.

In this paper, we report the characterization of N and S cell
subclones of a new human neuroblastoma line (NBL-W) that
show differences in growth characteristics and in the expression
of neural markers. These N-myc-amplified cell lines are distinct
from other N and S lines previously characterized in that the
expression of high levels of N-myc mRNA and protein, seen in
N cells, is substantially decreased in the S cell phenotype.
Furthermore, the S cells do not show characteristics of Schwann
cells, melanocytes, or glial cells, as has been reported for other
neuroblastoma S cell types. Although NBL-W S cells express
one general neural crest marker (HNK-1), these cells do not
express characteristics of any known mature neural crest deriv
ative. These findings provide further support for the idea that
differences in N-myc expression may be involved in N-S inter
conversion and provide a new system for analyzing this inter-
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conversion. The results suggest, however, that the phenotype
of S cells may be more elusive than previously suggested.

MATERIALS AND METHODS

Cell Culture. NBL-W N and S cells were grown in RPMI 1640
(Gibco) with 10% fetal bovine serum (Hyclone) and penicillin and
streptomycin (Gibco). N cells were passaged every' 4 days with one

medium change on day 3. N cells were passaged by aspirating the cells
off the dish and diluting the suspension 1:5 with fresh medium. S cells
were grown to confluence in 4 days and then were removed from the
plate by trypsinization and diluted 1:3. Population doubling times were
determined as previously described (15). For some experiments, N and
S cells were exposed to the differentiating agents retinoic acid (8 x
10"* M) or NGF (50 ng/ml) for up to 14 days. Medium containing

these agents was changed every 4 days.
PC 12 cells were grown as previously described (16).
Cytogenetic Analysis. Cytogenetic analyses were performed as de

scribed by Cohn et al. (15).
Immunoassays. For immunofluorescence, NBL-W N and S cells were

grown on untreated glass coverslips and then fixed in methanol at
-20Â°Cor in 4.0% paraformaldehyde either alone or with 0.1% gluta-

raldehyde, followed by Triton X-100 permeabilization. N cells were
flattened with agarose sheets prior to fixation ( 17). The coverslips were
washed in 10 mM Tris, pH 7.4, containing 0.9% NaCI (Tris-saline) and
then 20 mM Tris, pH 8.2, 0.9% NaCI, and 0.1% bovine serum albumin
(BSA buffer). The coverslips were blocked with 10% normal goat serum
in BSA buffer, and then primary antibody was applied for l h at room
temperature. Coverslips were rinsed with Tris-saline, and secondary
antibody was applied for 25 min at room temperature. Slides were
mounted with Airvol containing 0.1% l,4-diazabicyclo(2.2.2)octane
(Sigma) (18) and viewed with a Zeiss Axiophot microscope. Micro
graphs were taken using T-max 400 film (Kodak).

Laemmli gels (10%) (19) were electroblotted by standard methods
(20) onto Immobilem (Millipore). Immunoreactivity was determined
via the peroxidase reaction using 3,3',5,5'-tetramethylbenzidine as a

substrate.
Antibodies. The following antibodies were used in immunofluores-

ence and Western blotting procedures: (a) 199-2, a rabbit polyclonal
antibody specific to peripherin (21, 22); (b) NN-18, a mouse monoclo
nal antibody specific to NF-M, obtained from Boehringer Mannheim;
(c) IP-68, a rabbit polyclonal antibody specific to NF-L, obtained from
Dr. Wallace Ip (University of Cincinnati); (d) DA-3, a mouse monoclo
nal antibody specific to NF-L, obtained from Dr. Gerry Shaw (Univer
sity of Florida); (e) 146-3, a rabbit polyclonal antibody specific to
vimentin, obtained from Dr. Robert Goldman (Northwestern Univer
sity); (/) anti-GFAP, a rabbit polyclonal antibody specific to GFAP,
obtained from Dr. M. delCerro (University of Rochester); (g) N-2-3, a
rabbit polyclonal antibody specific to NF66/a-internexin, obtained
from Dr. Alex ChiÃ¹(Albert Einstein College of Medicine); (A) AB 161,
a rabbit polyclonal antibody specific to NCAM, obtained from Dr.
Richard Akeson (Children's Hospital Research Foundation, Cincin

nati); (i) NCMII-100, a mouse monoclonal antibody specific to N-myc
(23), obtained from Dr. N. Ikegaki (University of Pennsylvania); (_/')

AB (152), a rabbit polyclonal antibody specific to TH purchased from
Chemicon, Inc.; (k) anti-ChAT, a rat monoclonal antibody specific to
ChAT developed by Dr. F. Eckenstein (24) and obtained from Dr. M.
Shipley (University of Cincinnati); (/) Z-l 13, a rabbit polyclonal anti
body specific to S-100, obtained from DAKO; (m) HNK-1, a mouse
hybridoma supernatant obtained through the American Type Culture
Collection and prepared by A. Bhattacharyya (University of Cincinnati);
(n) #24, a mouse monoclonal antibody specific to D/3-H, obtained from
Dr. Gary Dean (University of Cincinnati); (o) 217-C, a mouse mono
clonal antibody specific to the NGFR, obtained from Dr. De Vellis
(UCLA); and (p) 4-86, a polyclonal human vimentin antibody, obtained
from Dr. Wallace Ip (University of Cincinnati). Polyclonal antibodies
were diluted 1:50 to 1:100 for immunofluorescence and 1:100 for
Western blots. Monoclonal antibodies were used in the form of undi
luted culture supernatants, with the exception of DA-3, anti-ChAT,

and HNK-1, which were diluted from 1:10 to 1:30. Rhodamine and
fluorescein-conjugated secondary antibodies (Kirkegaard and Perry)
were diluted 1:25 in BSA buffer and preabsorbed with rat brain acetone
powder (Sigma) for use in immunofluorescence. Peroxidase-linked

secondary antibodies (Kirkegaard and Perry) were diluted 1:1000 in
5.0% nonfat dry milk for use in Western blotting.

Northern and Southern Blots. DNA and RNA blots were carried out
as described in Cohn et al. (15).

Cell Protein Extraction and Sodium Dodecyl Sulfate-Polyacrylamide
Gel Electrophoresis Sample Preparation. N and S cell extracts were
prepared essentially as described by Ikegaki and Kennett (25). Briefly,
N cells were harvested by trituration in phosphate-buffered saline. S
cells were grown to confluence and removed from the dish by trypsini
zation. Both cell types were pelleted in 15-ml Falcon tubes in an IEC
tabletop centrifuge. The cell pellets were dispersed and washed two
times in phosphate-buffered saline containing 1 mM phenylmethylsul-
fonyl fluoride at 4"C and pelleted as above. The pellet was weighed,

and a volume of 2x phosphate-buffered saline containing 1.0% Nonidet
P-40, 0.5% sodium deoxycholate, 0.1% sodium dodecyl sulfate, and 1
mM EDTA with 1 mM phenylmethylsulfonyl fluoride was added at a
ratio of 1.0 ml/100 mg of cells. The cells were vortexed and allowed to
stand for 15 min on ice. The sample was spun in a microfuge for 10
min at 4Â°C.Supernatant protein concentrations were determined by

BioRad assay using BSA as a standard. The remaining supernatant was
prepared for electrophoresis by the addition of 3x Laemmli sample
buffer.

Tyrosinase Assay. The tyrosinase assay was performed as described
by Abdel-Malek et al. (26). In summary, fresh medium containing 10
fi( i ml tritiated tyrosine was added to N and S cells 2 days after
passaging. The cells were incubated for 24 h, and then 1.0 ml of media
was removed. To this volume, 1.0 ml of activated charcoal in 0.1 N
citric acid was added. The samples were centrifuged for 10 min at 5000
x g. One ml of the supernatant was applied to a 50W-X8 Dowex
column containing 1 ml of resin. The column was rinsed with 1.0 ml
of O.I N citric acid. The column effluent was collected and added to 10
ml of scintillation fluid. The samples were counted for 1 min in a
scintillation counter set at the tritium channel. The cells from this assay
were collected, and the total protein was measured as described above.
Counts were based on two replicates taken from three separate dishes
of N and S cells. These data were converted to counts/mg of protein.

RESULTS

Morphology. The NBL-W cell line was derived from the
primary adrenal tumor of a 6-month-old patient with stage IVS
neuroblastoma (27), according to the criteria of Evans (28). The
patient, who also had multiple metastatic lesions in the liver,
received chemotherapy but developed progressive disease and
died less than 1 year after diagnosis. Details of the patient's

clinical history and the establishment of the NBL-W line have
been reported previously (27).

The NBL-W line contains cells of two different morpholo
gies, one a neurite-bearing cell N and the other a flat cell S. At
approximately the 45th passage, these two cell types were
subcloned from the parent line by use of the differential ability
of the two types of cells to adhere to tissue culture plastic.
These subclones have been in continuous culture for over a
year. NBL-W N cell cultures consist of small, rounded cells
with neurites the length of which are 2-3 times the diameter of
the cell body and are easily triturated off of the culture dish
(Fig. \A). Neurites are not apparent in all cells because some
cells grow in piled aggregates or irregularly shaped colonies.
NBL-W S cells appear flat and are similar in morphology to
epithelial cells (Fig. ÃŒB).The S cells grow to confluent mono-
layers that must be trypsinized for passage. In N cell cultures,
scattered S cells infrequently appear. This suggests that N cells
may convert spontaneously to the S phenotype. Although both
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Fig. l. Phase-contrast micrographs of NBL-W subclones of N (/( ) and S (B) cells. N cells have rounded cell bodies and are neurite bearing; S cells are flat and are
nonneuronal in morphology. Bar, Hi , in

N and S cells have been observed to interconvert, we have more
commonly observed the conversion from N to S cells. Cell
counting experiments revealed that N cells show a doubling
time of 24 h and S cells of 48 h.

To determine whether the differentiating agents NGF or
retinoic acid (29, 30) affect the morphology and differentiation
state of NBL-W lines, these agents were added to N and S cell
cultures. N and S cells exposed to NGF were compared to
control NBL-W cultures grown without added NGF. NGF
applied to N or S cells at 50 ng/ml produced no observable
effects on the morphologies of either cell type (data not shown).
Equivalent levels of NGF were highly effective in stimulating
neurite outgrowth from PC 12 cells. Retinoic acid added to the
medium of N cells at a concentration of 8 x 10~5 M did not

induce marked changes at early times but caused cells to pro
duce longer neuntes after 7 to 10 days of treatment. There were
no observable morphological effects of retinoic acid on S cells.
A parallel set of experiments in which dimethyl sulfoxide, the
retinoic acid solvent, was added to N and S cell cultures showed
no effects on the morphology of either cell type.

Cytogenetic Analysis. The NBL-W cells, in which N and S
cells were present in an approximately 1:1 ratio, were shown
by karyotypic analysis to contain homogeneously staining
regions on both copies of chromosome 19 (Fig. 2). The karyo-
type of these cells, derived from about the 50th passage of the
parent line, was 47,XY, + del( 1 )(p22),-1 6,-1 9,-l 9,
+der(16)t(16;?10)(pl3.3;q24), + 2 copies der(19)(19pter^l9q
13.3::HSR). Over 30 cells were examined in these analyses.
There was no variability in the karyotype, other than random
loss of chromosomes due to technical artifacts.

Presence of Neural, (.Mai, and Neural Crest Antigens. Since
neuroblastomas are thought to be derived from the neural crest,
we evaluated the expression of neural crest markers in N and S
cells. HNK-1, an antibody that reacts with an unusual glucu-
ronic acid-containing sulfated glycosphingolipid with five sug
ars, present on certain populations of neural crest and blood
cells (31), labeled both the N and S cells. In these experiments,
rat primary Schwann cells were used as the positive control for
HNK-1 labeling. Although it is another neural crest marker,
the NGFR was not detected on either N or S cells (Table 1).
The positive control for these experiments, PC 12 cells, was
labeled brightly with NGFR antibody.

Both N and S cells showed positive cell-surface labeling for
NCAM (Table 1). Immunofluorescence indicated that NCAM
expression was robust in N cells but variable in S cells. The
fluorescence of S cells was weaker than that of the N cells in
general, and many cells were completely negative. Thus, NCAM
probably is expressed to a lesser degree in S cells than in N
cells.

N and S cells also were tested for expression of the glial
calcium-binding protein, S-100 (Table 1). Whereas rat primary
Schwann cells were positively labeled, neither N nor S cells
labeled with the S-100 antibody.

Intermediate Filaments. The tissue-specific expression of IF
proteins has been used to advantage for identification of tumor
cell lineages (34). The expression of IF in NBL-W N and S
cells was determined by immunofluorescence using several spe
cific IF antibodies. The N cells were flattened under agarose to
obtain an increased level of resolution of filaments compared
to that seen in unflattened cells. N cells lack the glial specific
IF protein, GFAP, and NF-L or NF-M, but express the neuron-
specific IFs peripherin and NF66/Â«-internexin (Fig. 3, A and
E). Thus, IF expression in N cells is consistent with the neu
ronal character of these cells.

Vimentin is expressed in many cultured cell lines regardless
of tissue of origin (35). Both NBL-W N and S cells express
vimentin (Fig. 3, C and D). A subset of S cells also express
GFAP (Fig. 3B). Immunofluorescence revealed that only 10%
of S cells express GFAP, suggesting that S cells are not gener
ally glial-like. It was curious that 1% of the S cells were labeled
for a neural-specific IF protein, NF66/a-internexin (Fig. 3F).
S cells do not express the other neural IF proteins, peripherin,
NF-L, or NF-M (data not shown). The morphology of the
NF66/a-internexin-positive cells was not distinct from that of
the other S cells. The detection of GFAP and NF66/a-inter-
nexin in a small population of S cells, however, indicates that
there is a slight amount of heterogeneity of the S cell popula
tion. In the absence of expression of other specific IF proteins,
the expression of vimentin in all S cells suggests that S cells
are a relatively undifferentiated cell type.

Enzymes of Neurotransmitter Metabolism. To further exam
ine the neural-like character of the NBL-W line, immunofluo-
rescence was used to probe N and S cells for the expression of
enzymes involved in neurotransmitter biosynthesis. PC 12 cells
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express TH, D/3-H, and ChAT (30); coverslips of PC 12 cells
served as positive controls for these assays, and these cells were
labeled with antibodies for all three enzymes. N cells showed
punctate vesicular staining with antibodies specific for TH and
D/i-H but did not react with an antibody specific to ChAT
(Table 2). S cells did not express any of the neurotransmitter-
processing enzymes as assayed by immunofluorescence (Table
2). Neither N nor S cells express tyrosinase, an enzyme nor
mally found in melanocytes. In a tyrosinase assay developed by
Abdel-Malek et al. (26) in which culture media are monitored
for the presence of tritiated water derived from labeled tyrosine,
neither NBL-W line showed significant readings above baseline.
The activity was two orders of magnitude less than the positive
control, chicken melanocytes (Table 2). These results confirmed
the neural character of N cells and suggested that S cells were
not melanocyte-like.

N-myc Gene Expression. Southern blots illustrated approxi
mately 100 copies of the N-myc gene in both the N and S cells
as well as in the primary tumor (not shown). Immunofluores
cence shows that N-myc protein is expressed in both the N and
S cell lines (Fig. 4, A and B). The intensity of immunofluores
cence labeling cannot be directly compared between N and S
cells, because the N cells have been flattened and the S cells
have not. Also, flattened N cell nuclei appear slightly larger
than S cell nuclei. Nevertheless, the N-/wvc-specific antibody
indicates that immunoreactive protein is present in the nucleus
of both cell types.

Since N-myc expression has been linked to differential growth
characteristics of neuroblastoma cells, we compared the relative

Table I Neural, glial, and neural crest antigens

NSSchwannNCAM
+ +/- ++"

SIOO +
NGFR +*
HNK-1 + ++â€¢

Ref. 32.
* Ref. 33.

levels of N-myc mRNA expression in N and S subclones. On
Northern blots, RNA levels were quantified by a laser scanning
densitometer. Analyses indicated that in the same amount of
total RNA from each cell line, the level of N-myc mRNA in S
cells was 5-fold less than in N cells (Fig. 4C). This ratio was
obtained by scanning lightly exposed autoradiograms of North
ern blots containing either 20 or 40 ng each of N and S cell
total RNA. N-myc protein expression reflected the differences
in mRNA levels. That is, when the same amount of total protein
derived from each cell line was loaded onto gels and transferred
for Western blot, a prominent N-myc band was detected among
N cell proteins, but relatively little N-myc was seen in S cells
(Fig. 4D). In addition, a band of higher molecular weight (M,
~110,000) was detected in approximately equivalent amounts
in the N and S cell extracts. It is not clear whether the higher-
molecular-weight protein band represents an additional, cross-
reacting protein or whether it is a posttranslationally modified,
more slowly migrating form of N-myc.

DISCUSSION
Previous studies on N and S cell subclones derived from non-

N-/Myc-amplified neuroblastoma cell lines indicated that exprÃ¨s-

M
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were found in only a subset of the S cells. Bar, 10 Â¿im
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Table 2 Neurotransmitter biosynthetic enzymes

N PCI 2

Tyrosine hydroxylase
Dopamine ^-hydroxylase
Choline-acelyl-transferase
Tyrosinase

sion of the protooncogene N-myc is correlated with the cellular
phenotype of the subclone (2). Furthermore, the differentiated
characteristics of S cells suggested that conversion of neuro-
blastoma to a less malignant form in some patients might
correlate with the conversion of N cells to the S cell phenotype
(4). Our studies sought to determine whether N and S cell
subclones from an N-myc-amplified neuroblastoma showed the
same correlation between N-myc expression and cellular phe
notype. In addition, the N and S cell phenotypes were studied
to determine whether characteristics of these cells contained
any clues to the poor prognosis of patients with N-Â»yc-ampli-
fied tumors.

High levels of N-myc expression are seen in many human
neuroblastoma tumors and the vast majority of neuroblastoma
cell lines (36). In the SK-N-SH cell line, despite a lack of N-
myc amplification, N-myc mRNA is present in N cells, but
lower levels are seen in the S cells subcloned from this line (2).
In other studies, a decrease in N-wryc mRNA accompanied the
5-bromodeoxy-2'-uridine-induced phenotypic conversion of

GOTO neuroblastoma cells from the N type to flat cells that
express Schwann cell markers (37, 38). Our studies on sub-
clones obtained from an N-ffryc-amplified tumor also show that
N-myc RNA and protein are expressed in markedly reduced

amounts in S cells when compared to the N subline, although
the immunofluorescence data suggested that S cells were not
completely devoid of N-myc immunoreactive protein. This is
significant because it indicates that spontaneous down-regula
tion of N-myc expression can occur in a cell in which the
protooncogene is highly amplified. These studies and those of
previous investigators support a possible role for N-myc in the
N-S interconversion process.

In addition to understanding how N-Â«ir expression may be
involved in the interconversion process between N and S cells,
it is important to characterize the two cell types and understand
how they might relate to normal derivatives of the neural crest.
In general, N cells express neurotransmitters and cell surface
antigens similar to those of mature neurons. NBL-W N cells
express the characteristic catecholamine-processing enzymes
TH and D/3-H, also found in other N cell lines (3,39). Although
we did not observe any labeling for ChAT in NBL-W N cells,
there have been reports of low levels of ChAT activity in some
neuroblastoma cell lines that also contain TH or D/3-H (39).
NBL-W N cells express high levels of NCAM but do not express
the NGFR. Previous reports have indicated that neuroblastoma
tumors and cell lines that are amplified for N-myc do not
express the NGFR (40, 41). Lack of the NGFR provides the
most reasonable explanation as to why NBL-W N cells did not
develop long neuntes in the presence of NGF. The expression
of neuron-specific cell surface markers and neurotransmitter-
processing enzymes by NBL-W N cells is consistent with a
neuronal phenotype and with characteristics of other N cells.

Expression of neuron-specific IPs also has been shown to
characterize N cell lines, but NBL-W N cells express a subset
of neuronal IPs that have not been identified previously in other
neuroblastoma tumors or cell lines. Whereas other neuro-
blastoma lines express NF-M and NF-L (3, 42), NBL-W N

6343

cells do not express NF proteins but instead express the neuron-
specific IF proteins peripherin and NF66/a-internexin. Peri-
pherin is a M, 57,000 IF protein which is found in a subset of
neurons in both the peripheral and central nervous system (43,
44) and has been detected previously in human neuroblastoma
(43). NF66/a-internexin is a recently characterized IF protein
of molecular weight 66,000 that is distributed primarily in the
developing central nervous system, and the onset of its expres
sion precedes that of NF-L (45,46). Generally, the distributions
of peripherin and NF66/a-internexin in the adult nervous sys

tem are complementary (45). Therefore, we did not expect to

N S SK I 205-

116--

77-

N

Fig. 4. N-myc expression in NBL-W cells. Immunofluorescence micrographs
of N (A) and S (B) cells labeled with N-myc-specific antibody show that N-myc
is present in the nuclei of both N and S cells. Bar, 10 urn. A Northern blot (C,
upper panel) in which 40 Mgof total RNA from NBL-W N cells (/V), NBL-W S
cells (S), non-N-m>>c-amplified SK-N-SH cells (SK), and N-m^c-amplified IMR5
cells (23, 24) (/) were hybridized to a "P-labeled N-myc cDNA fragment indicates
that approximately 5-fold lessN-myc mRNA is expressed in S cells as compared
to N cells. As compared to NBL-W N cells, IMR5 cells express lower amounts
of N-myc RNA, and SK-N-SH cells express undetectable amounts of N-myc
RNA. C lower panel, same Northern blot stripped and reprobed with the /3-actin
probe pA-1; equivalent amounts of total RNA are contained in each lane. D,
Western blot in which an N-/n>'c-specific antibody was used to probe 53 mt of N
cell extract (A/) and 53 fÂ»gof S cell extract (S) with a prominent band at M,
~66,000, the size reported for N-myc, in N cells. Only small amounts of a band
this size are ever observed in the S cell extracts. In addition, a band at M, 110,000,
the nature of which is unknown, was observed in both N and S cell extracts.
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find coexpression of these two IF proteins in the NBL-W cells,
although recent unpublished observations from our laboratory
and from Dr. A. ChiÃ¹ (Albert Einstein Medical College) and
Dr. R. Liem (Columbia University) indicate that a few neural
crest derivatives such as the PC 12 cell line and sympathetic
ganglia in vivo express both proteins. This is the first published
report of a cell line that contains NF66/Â«-internexin. Further
identification of neural cells that express both peripherin and
NF66/Â«-internexin should aid in the identification of the neural
crest derivative that is most closely related to N cells.

It was of significant interest to us to characterize the NBL-
W S cells because of their possible relation to a nontumorigenic
phenotype. The observations of others that S cell lines have a
finite life span in culture and that they do not form tumors in
nude mice as readily as N cells has been interpreted to mean
that S cells represent a differentiated subpopulation of neuro
blastoma cells (4, 5). To identify the neural crest derivative that
S cells might be related to, several studies have compared the
antigenic components of S cells to those of differentiated cell
types in tissues (4, 37). These reports suggest that S cells are
Schwann cell-, melanocyte-, or glial-like because they express
tyrosinase (a melanocyte marker), interstitial collagen (a
Schwann cell marker), and a combination of cell surface anti
gens specific to meningea! cells (3, 4, 47). Treatment of specific
N cell lines with 5-bromodeoxy-2'-uridine results in a pheno-

typic conversion of those lines to S cells that express the
Schwann cell markers S100 and 2',3'-cyclic nucleotide 3'-

phosphohydrolase (37). These seemingly discordant findings
have been summarized by Ciccarone et al. (3); they suggest that
S cells represent an embryonic neural crest precursor cell that
is multipotent and capable of differentiating toward a glial,
meningeal, or melanocyte phenotype.

To test this suggestion, we analyzed NBL-W S cells for
growth characteristics and expression of markers present on a
number of neural crest derivatives. NBL-W S cells have been
passaged in culture for more than 1 year and thus appear to
have a prolonged life span like that of a minority of S cells
previously described (4, 5). Positive labeling of NBL-W S cells
for HNK-1 implies that they are a neural crest derivative, but
HNK-1 is a relatively specific marker of neural crest only early
in development. At later times, the HNK-1 antigen is expressed
on many other cell types (48). NBL-W S cells do not express
the melanocyte-specific marker tyrosinase or the Schwann cell
marker S-100. They also do not express the NGFR that is
normally found on melanocytes, Schwann cells, and meningeal
cells. IF expression does not offer many clues to the S cell
phenotype because NBL-W S cells, as do all previously tested
S cell lines (3), express vimentin, an IF protein characteristic
of relatively undifferentiated cells (for a review, see Ref. 49).
To our knowledge, GFAP has not been detected in any other S
cell lines tested. A small population of NBL-W S cells expressed
GFAP, which is normally expressed by mature astrocytes, non-
myelinating Schwann cells, and satellite cells. While GFAP is
the only marker tested that distinguished NBL-W S cells from
NBL-W N cells, its presence in such a small subpopulation of
S cells does not suggest a general glial-like nature of NBL-W S

cells.
In summary, NBL-W S cells, which are derived from a tumor

containing a highly amplified N-myc gene, appear to have the
characteristics of undifferentiated cells, rather than of differ
entiated neural crest derivatives such as melanocytes, Schwann
cells, or glial cells. This contrasts with the more differentiated
character of S cells derived from tumors that do not show N-

myc amplification. Thus, if S cells represent a phenotype to
which some neuroblastoma tumors convert (4), it is possible
that the undifferentiated state of NBL-W S cells relates to the
poor prognosis of patients with neuroblastoma tumors contain
ing N-myc-amplified genes. That is, conversion of NBL-W N
cells to relatively undifferentiated S cells may not lead to
decreased tumorigenicity. Current studies are being conducted
to determine whether NBL-W S cells show a greater propensity
for tumorigenicity than S cells from non-N-T/yc-amplified tu
mor lines. NBL-W N and S cell lines provide useful tools for
analyzing the relationships between N-/wyc expression, tumor
igenicity, and neuronal differentiation.
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