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Abstract We investigated the capacity of eight well-
characterized Ewing’s sarcoma cell lines to differentiate
towards a neural phenotype. Ewing’s sarcoma cells ex-
pressed the neuroectoderm-associated antigens such as
nerve growth factor (NGF) receptor, N-CAM (6H7 and
Leu-19) and Leu-7. Ewing’s sarcoma cells also exhibited
the potential for neural differentiation at the mRNA lev-
el; neuron-specific medium- and low-sized filament (NF-
M and NF-L) expression was induced by dibutyryladen-
osine cyclic monophosphate. The pattern of expression
of NF-L obtained by using alternative polyadenylation
sites in Ewing’s sarcoma cells differed from that in pe-
ripheral primitive neuroectodermal tumour (PNET) cells,
and was similar to that in undifferentiated neural tissues.
Furthermore, the NGF receptors detected by immunohis-
tochemistry were found to be non-functional as assayed
by c-fos induction with NGF treatment. The results indi-
cate that Ewing’s sarcoma cells maintain a primitive phe-
notype and have the potential to differentiate into a neu-
ral phenotype, indicating that Ewing’s sarcoma is dis-
tinct from PNET.
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Introduction

Ewing’s sarcoma is a rare, small round-cell undifferenti-
ated tumour of bone and soft tissues [13]. The histogene-
sis of Ewing’s sarcoma remains obscure because of the
lack of unequivocal lineage markers, and its origin has
been debated ever since Ewing first described the disease
as a diffuse endothelioma of bone [14]. A large number
of studies have indicated that Ewing’s sarcoma have neu-
ral traits [2, 28, 32-34, 48]. Certain populations of Ew-
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ing’s sarcoma have been shown to be positive immuno-
histochemically for neuron specific enolase (NSE) and
Leu-7 [2, 48] and were found by electron microscopy to
contain neurosecretory granules [2]. Experimentally, it
was found that cultured Ewing’s sarcoma cell line
showed neural characteristics after treatment to induce
differentiation [8, 18, 40, 41].

Ewing’s sarcoma has also been shown to possess spe-
cific chromosomal translocations [26, 52, 55, 57]. These
features are shared with peripheral primitive neuroecto-
dermal tumour (PNET). Ewing’s sarcoma and PNET tu-
mours have a similar morphology, originate in the soft
tissue and bone, and show similar clinical features. Anal-
ysis of the chimeric genes revealed that Ewing’s sarco-
ma/PNET have the same fusion transcripts and belong to
a common entity [11]. In certain cases, a transitional
morphology between Ewing’s sarcoma and PNET was
observed [25]. Thus, clinical, morphological, immuno-
histochemical and genetic analyses link Ewing’s sarcoma
to PNET.

Although the biological and morphological character-
istics of Ewing’s sarcoma are very similar to those of
PNET, a relationship between the two tumours has been
questioned [9, 20, 46, 56]. Ewing’s sarcoma may also be
classified as a neuroectodermal tumour if it is shown to
have the potential for neural differentiation. Jaffe et al.
[25] found tumours with neuroectodermal characteristics
in Ewing’s sarcoma of bone and termed them “neuroec-
todermal tumour of bone” and in this way the distinction
between Ewing’s sarcoma and PNET has become blurred
[36]. According to Marina’s criteria [35], PNET is a tu-
mour with any neural characteristic. In this study, we in-
vestigated the capacity for differentiation towards a neu-
ral phenotype of various Ewing’s sarcoma cell lines. Our
results indicate that Ewing’s sarcoma has the potential
for neural differentiation at the mRNA level and origi-
nates from less differentiated neural tissues than PNET.
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Materials and methods

Eight Ewing’s sarcoma cell lines were used in this study. NCR-
EWI1, EW2, EW3, EW4 [19], SCCH-196 [22] and W-ES [15]
have been maintained in our laboratory. Those cell lines were es-
tablished from Ewing’s sarcoma that reacted with the specific anti-
body 5C11 and did not have any neural characteristic detectable
immunohistochemically or electron-microscopically. The antibody
5C11 against the cell surface antigen of Ewing’s sarcoma has been
generated and its specificity described previously [19]. Briefly,
5C11 specifically reacted with Ewing’s sarcoma but not with other
small round cell tumours in childhood including neuroblastoma,
rhabdomyosarcoma and malignant lymphoma. RD-ES and SK-
EST1 [6] were purchased from the American Type Culture Collec-
tion (ATCC, Rockville, Md., USA). The typical chromosomal ab-
normality, t(11;22)(q24;q12), was observed in NCR-EW2, SCCH-
196 and W-ES. NCR-EW1 lost the reactivity for 5C11 during cul-
ture [19].

The cells were cultured at 37°C in Dulbecco’s modified mini-
mum essential medium (Gibco) in the presence of 10% fetal bo-
vine serum (Gibco) and 5% carbon dioxide in the 25-cm? culture
flasks. The cells were seeded in 0.05 M EDTA in phosphate buf-
fered saline without calcium and magnesium. Ewing’s sarcoma
cell lines were differentiated with N¢-O,-dibutyryladenosine-3;5’-
cyclic monophosphate (db-cAMP, Sigma). At the concentrations
of 0.5 to 2.5 mM db-cAMP was added to the medium. The medi-
um was changed every third day and culturing was maintained for
up to 12 days. The PNET cell line NCR-PN1 and the neuroblasto-
ma cell line NCR-NB3 [19] served as controls with the same treat-
ments.

Cultures were examined for neuroectoderm-associated anti-
gens by immunocytochemistry of the cytospin samples and by
flowcytometry (Epics-Profile, Coulter). The primary antibodies
used were as follows: Ewing’s sarcoma specific antibody 5C11
[19], antibodies against the neurofilament protein 200 kDa (NF-H,
Labsystems), 160 kDa (NF-M, Boehringer Mannheim) and
68 kDa (NF-L, Dako), 6H7 [42] and Leu-19 (Becton Dickinson)
directed against a neural-cell adhesion molecule (N-CAM), nerve
growth factor (NGF)-receptor (Boehringer Mannheim), Leu-7
(Becton Dickinson), choline acetyltransferase (CAT, Chemicon),
tyrosine hydroxylase (TH; Chemicon), NSE (Dako) and chromo-
granin A (Dako). Horseradish peroxidase-labelled anti-mouse or
anti-rabbit immunoglobulin antibody and fluorescein isothiocyan-
ate-labelled anti-mouse immunoglobulin antibody (Dako) were
used for the secondary antibodies.

RNA blot analysis was performed as described previously [53,
54]. For the RNA extraction, the cells were homogenized in guani-
dine-isothiocyanate solution and then centrifuged on cesium chlo-
ride. Five micrograms of RNA was electrophoresed in 1% agarose
gel and transferred to a nylon filter (Gene Screen Plus, DuPont
Company NEN Products). Almost equal amounts of rRNA were
recovered from the cells, which was determined by methylene
blue staining. The filter was treated for 30 min in a solution con-
taining 5x SSPE (0.9 M NaCli, 50 mM NaH,PO,, 5 mM EDTA),
5% Denhardt’s solution, 1% sodium dodecyl sulphate (SDS) and
0.01% poly A (Boehringer Mannheim). The DNA probes were

prepared with [a-32P] dCTP (3000 Ci/mmole, Amersham) by the
random primer method. Hybridization was performed at 60°C for
16 h. The hybridized filter was washed in 2x SSC (Ix
SSC = 0.15 M NaCl, 50 mM NaH,PO,, 5 mM EDTA) at room
temperature and 65°C, respectively. Then it was washed in 0.1%
SDS and 0.1x SSC at 65°C. The filter was exposed to radiography
film at —80°C. An actin cDNA probe [23] served as the control.

Ewing’s sarcoma cell lines, which are positive for the NGF re-
ceptor, were examined for the early response gene after NGF stim-
ulation (50 ng/ml). A cDNA probe for c-fos, NF-L (1.4 kb, Eco RI
fragment, NF5.1.) and NF-M (1.2 kb, Eco RI fragment, NF1.2.)
[38] obtained from ATCC was used. The rat phaeochromocytoma
cell line PC-12 served as the control.

Results

Results of the immunocytochemical examination for the
neuroectoderm-associated antigens in Ewing’s sarcoma
are summarized in Table 1. NGF receptor, N-CAM (6H7
and Leu-19), NSE and Leu-7 showed positive reactions
in all cell lines except NCR-EW1 and NCR-EW4 by the
flowcytometry analysis. CAT showed positive reactions
in NCR-EW2 and W-ES. TH and chromogranin A were
negative in all the cell lines. NF-M or -H expression was
observed only in two cell lines, W-ES and NCR-EW4,
before db-cAMP treatment. However, after db-cAMP
treatment, positive expressions were observed in all cell
lines examined. No NF-L expression was observed in
any cell lines before or after db-cAMP treatment.

Certain Ewing’s sarcoma cell lines reacted positively
with NF-M in the immunocytochemical analysis. In or-
der to determine whether the neurofilament proteins are
regulated at the mRINA level, we performed RNA blot
analysis. For a positive control, NF-M mRNA was de-
tected at 3.5 kb in the brain and NCR-NB3. NF-M mR-
NA expression was observed only in both NCR-EW3
and W-ES cell lines before db-cAMP treatment. Howev-
er, 12 days after db-cAMP treatment, all cell lines except
NCR-EW4 expressed NF-M mRNA (Fig. 1A). The in-
tensity and time-kinetics of NF-M induction by db-
cAMP was different for each cell line. NF-M expression
was detected one day after treatment and reached to a
peak on day 6 in NCR-EW2 (Fig. 1B). In contrast, in
SCCH196, the signal was very weak and was first detect-
ed 12 days after the treatment.

Similarly, NF-L. mRNA was also increased after db-
cAMP treatment. All cell lines except NCR-EW1 and
NCR-EW4 expressed NF-L. mRNA 12 days after the

Table 1. Expression of neuroectoderm-associated antigens in Ewing’s sarcoma (-, Negative; +, positive; (+)*, positive after treatment

with db-cAMP)

Cell line NGF-R N-CAM Leu-7 NSE CAT NF-H NF-M NF-L
NCR-EW1 - - - - - - —()* -
NCR-EW2 + + + + + —(+)* —($)* -
NCR-EW3 + + + + - - —(H)* -
NCR-EW4 - - - - - + - -
W-ES + + + + + + + -
SCCH196 + + + + - - — (+)* -
RD-ES + + + + - —(+)* —(H)* -
SK-ES1 + + + + - —(H)* —(H* -




Fig. 1A, B NF-M expression in Ewing’s sarcoma cells. A Most
Ewing’s sarcoma cell lines started to express NF-M after induc-
tion. Cells were induced to differentiate by treatment with db-
cAMP for 12 days. The culture medium containing db-cAMP was
changed every third day. Cells were either untreated (—) or treated
with db-cAMP (+). B Time course of NF-M expression in NCR-
EW1, NCR-EW2, NCR-EW3, W-ES, SCCH196, RD-ES, SK-ES1
and NCR-PN1 cells after treatment with db-cAMP for the number
of days indicated. A PNET cell line, NCR-PN1; a neuroblastoma
cell line, NCR-NB3; and brain served as the controls. Five micro-
grams of total RNA was electrophoresed in each lane. The blot
was hybridized with the NF-M probe

Fig. 2A, B NF-L expression in Ewing’s sarcoma cells. A Cells
were induced to differentiate by treatment with db-cAMP for 12
days. The culture medium containing db-cAMP was changed ev-
ery third day. Cells were either untreated (-) or treated with db-
cAMP (+). B Time course of NF-L expression in NCR-EW2,
NCR-EW3, W-ES, RD-ES, SK-ES1 and NCR-PNI cells after
treatment with db-cAMP for the number of days indicated. A
PNET cell line, NCR-PN1; a neuroblastoma cell line, NCR-NB3;
and brain served as the controls. Five micrograms of total RNA
was electrophoresed in each lane. The blot was hybridized with
the NF-L probe

treatment (Fig. 2A). Although 2.5-kb NF-L. mRNA was
dominant in the NCR-PN1, NCR-NB3 and brain, the
amounts of 2.5 and 4.0 kb mRNAs were approximately
equal or 4.0 kb mRNA was even dominant in Ewing’s
sarcoma cell lines (Fig. 2A,B). The time-kinetics of NF-
L induction showed that NF-L expression reached a peak
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on days 6—12 after exposure to db-cAMP and the ratio of
the two transcripts did not change (Fig. 2B). These two
different mRNAs showed the same pattern even after
such a highly stringent washing condition as 0.05xSSC
at 65°C for 30 min.

There are several reports on NGF receptor expression

s 4
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Fig. 3A, B Induction of ¢-fos mRNA by NGF in Ewing’s sarcoma
cells. A Cells were either untreated -(-) or treated with NGF (+) at
a final concentration of 50 ng/ml for 30 min prior to extraction of
RNA. A rat phaeochromocytoma cell line, PC-12, was served as
the control. Five micrograms of total RNA was electrophoresed in
each lane. The blot was hybridized with the c-fos probe (upper
gel) first. Then, the blot was dehybridized and rehybridized with
the actin probe (Jower gel). B Time course of c-fos induction by
NGF in W-ES cells. RNAs were extracted from the cells at 15 min
(lane 2), 30 min (lane 3), 2 h (lane 4), 4 h (lane 5), 8 h (lane 6) af-
ter NGF (50 ng/ml) treatment. Lane 1 was the control (without
NGF). Five micrograms of total RNA was electrophoresed in each
lane. The blot was hybridized with the c-fos probe

in Ewing’s sarcoma [17, 31]. However, these reports did
not mention the biological importance of the receptor, in-
cluding the presence of subtypes. PC12 cells, in which
the NGF receptor is abundant, are known for strong tran-
sient transcription and a high mRNA level of c-fos.
(Fig. 3A). This c-fos induction is well correlated with the
location of the high-affinity receptor [2, 21] and we
therefore used this system to determine whether the NGF
receptor immunohistochemically detected on the Ew-
ing’s sarcoma cell lines is functional. Thirty minutes af-
ter NGF stimulation, c-fos expression was detected in
only one cell line (W-ES) out of the six Ewing’s sarcoma
cell lines (Fig. 3A). The level of expression level of B-
actin mRNA as the control remained unchanged after
NGF stimulation. The time course in c-fos mRNA in W-
ES cells demonstrated a typical transient expression
(Fig. 3B).

Discussion

Cytogenetic analyses have indicated that Ewing’s sarco-
ma and PNET have the same genetic aberration and be-
long to a common entity [11]. Ewing’s sarcoma and
PNET have specific chromosomal translocations [52,
57]. These translocations are represented by specific fu-
sion transcripts: EWS/FLI-1 originating from a t(11; 22)
translocation [4, 10, 43]; EWS/ERG originating from a
t(21;22) translocation [44, 49]; EWS/ETV-1 originating
from a t(7;22)(p22;q12) translocation [26]; and
EWS/E1A-F [55]. In these fusion transcripts, the tran-

B

scriptional activation domain of EWS is fused to FLI-1
or ERG and the transcripts are thought to be important in
tumorigenesis. EWS/FLI-1 and EWS/ERG fusion tran-
scripts were found in 95% of Ewing’s sarcoma/PNET
and were not correlated with phenotypic markers of dif-
ferentiation such as neural protein expression [11, 12].

We have shown that Ewing’s sarcoma cell lines do not
have neural characteristics, but have the potential for
neural differentiation. Ewing’s sarcoma is thus distinct
from the PNET which constitutively expresses neural
phenotypic markers. Several differentiated stages of tu-
mour cells have been described in different leukaemias
[5]. Although Ewing’s sarcoma and PNET probably arise
from the same genetic aberration involving transloca-
tions between the EWS and ETS family genes, our re-
sults suggest that Ewing’s sarcoma is derived from un-
differentiated neural cells, is maintained in the undiffer-
entiated state in vivo, and is therefore distinct from the
PNET [1, 10]. These tumours probably represent differ-
ent stages of differentiation. in a tumour of common ori-
gin.

All eight Ewing’s sarcoma cell lines examined ex-
pressed neurofilament (NF) mRNA, indicating that Ew-
ing’s sarcoma cells could differentiate to neural cells in
vitro. In this study, we investigated the potential ability
of Ewing’s sarcoma cells to differentiate to a neural phe-
notype by using cell lines that reacted with the Ewing’s
sarcoma-specific antibody 5C11 but expressed no neural
phenotypic markers. NFs, which are expressed in neu-
rons and other cells of neuroectodermal origin, are com-
posed of three groups of microheterogeneous subunits
with molecular masses of 68 kDa (NF-L), 160 kDa (NF-
M), and 200 kDa (NF-H) [50, 51]. NF expression is reg-
ulated in differentiating neural cells. NF-L and NF-M are
expressed in the early stages of development and NF-H
is expressed later [7, 47]. These attributes mainly to the
differences in stage of neural differentiation.

There are two different NF-L transcripts, 4.0 kb and
2.5 kb in length [27, 30]. The expression of these
mRNAs is controlled separately [24] and is regulated by
alternative polyadenylation sites [39]. In Ewing’s sarco-
ma cells, these two mRNAs were of equal abundance
with the 4.0 kb form occasionally present at higher lev-



els. In contrast, the 2.5-kb NF-L transcript was the major
species in PNET cells. Differential transcript levels were
probably the result of different polyadenylation sites
rather than general degradation of RNA, since a similar
pattern of ribosomal RNA was observed in both cells.
Similar regulation by alternative polyadenylation is ob-
served in the nerve specific genes N-CAM [3] and my-
elin proteolipid protein [16]. Although the biological ac-
tivities of the alternatively polyadenylated mRNA is still
not clear, the 2.5/4.0 kb ratio increased during the course
of growth in nervous tissue [45]. The pattern of NF-L
mRNA expression in Ewing’s sarcoma cells may reflect
the undifferentiated state of neural precursor cells, while
the high levels of expression of the 2.5 kb transcript in
PNET may reflect more differentiated neural cells.

Most Ewing’s sarcoma cell lines express NGF recep-
tor, but this receptor is non-functional. NGF is a neural
peptide which plays important roles in differentiation,
growth and maintenance of the sympathetic nerve cells
and the sensory neural cells derived from the neural crest
[29]. There are two types of receptors for NGF that differ
in affinity, dissociation and molecular weight [37]. Only
the high-affinity receptor, which is believed to consist of
the low-affinity receptor and a 60-kDa peptide, appears
to mediate the biological activity of NGF [17]. The lack
of a functional NGF receptor may result either from the
lack of high-affinity receptor or the lack of an intact sig-
nal pathway from the receptor to the nucleus.

A similar pattern of expression of neuroectoderm-as-
sociated antigens has suggested that Ewing’s sarcoma is
very similar to PNET. However, while Ewing’s sarcoma
cells showed a potential for neural differentiation, these
cells had a less differentiated phenotype than PNET
cells. The pattern of expression of NF-L transcripts sug-
gested that Ewing’s sarcoma may arise from neural pre-
cursor cells. Detailed analysis concerning the relation-
ship between Ewing’s sarcoma and PNET is required
for further understanding of these closely related tu-
mours.
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