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Abstract

Peripheral neuroectodermal tumors include the differentiated neuroep-
ithelioma and the undifferentiated Ewing's tumor. Despite clinical and

pathological differences, both malignancies are characterized by a
t(ll;22)(q24;ql2) translocation which is observed in >90% of the cases.
Molecular!), the translocation is underlaid by a rearrangement between
the EWS and FU-1 genes on chromosomes 22 and 11, respectively. Because

of the difficulties in the differential diagnosis between various small round
cell tumors of childhood, including Ewing's tumor, a molecular diagnostic

assay would be desirable. A prerequisite for predicting the reliability of
such a test resides in the molecular elucidation of the peripheral neuro
ectodermal tumor cases which do not exhibit the prototypical transloca
tion. We have analyzed one such case of Ewing's tumor-derived cell line

with a t(ll;22;14)(q24;ql2;qll) translocation. An EWS-Fli-1 fusion tran

script was evidenced by polymerase chain reaction amplification of a
reverse transcription product obtained from total RNA. Direct sequencing
was performed to demonstrate that the molecular rearrangement in this
particular Ewing sample resulted in a fusion transcript similar to those
observed in tumors with the prototypical translocation.

Introduction
Ewing's tumor and neurocpithelioma are two malignant prolifera

tions which occur in children and young adults. Although distinct
clinically and at the pathologist's level, both types of PNET' share

cytogenetic (1. 2). molecular, and antigenic (3-5) features, consistent

with the proposal that they derive from closely related neuroectoder
mal stem cells (3). Observed in most cases of PNET. the prototypical
t(ll;22)(q24;ql2) translocation has stimulated studies aiming at char
acterizing the Ilq24 and 22ql2 regions of the human genome. In a
previous report, the human homologue of the mouse Fli-I gene, a

member of the ETS gene family and a common insertion site for
retroviruses inducing hematopoietic tumors (6). has been shown to be
located in a chromosomal segment immediately proximal to the PNET
breakpoint on chromosome 11 (7). The recent elucidation of the
molecular basis for the t( I I;22)(q24;ql2) chromosomal rearrange
ment has demonstrated the implication of Fli-I: a chimeric EWS-Fli-I
mRNA is transcribed from the derivative chromosome 22 with the 3'
end of Fli-I replacing the 3' end of a novel chromosome 22 gene.

EWS (8).
Despite the remarkable consistency of the t(ll;22) translocation,

different genetic abnormalities have been observed in a small propor
tion of Ewing's tumor cases (9). These include variant translocations

associating chromosome 22 with a chromosome other than 11 and
complex translocations which implicate a third chromosome. We have
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analyzed a case of Ewing tumor-derived cell line with a complex

translocation t(l I;22:14)(q24:ql2;ql 1). Using reverse transcription
followed by PCR amplification and direct sequencing, we have char
acterized the chimeric EWS-Fli-l transcript evidenced in this cell line.

Materials and Methods

Cell Lines. The IARC-EWII and IARC-EWI7 cell lines have been re

ported previously (3). They were carried in RPMI 1640 supplemented with 5%
fetal calf serum.

Cytogenetic Analysis. Chromosomal analysis was performed according to
previously described procedures ( 1). Metaphases were analyzed after RHG-

banding. Results were recorded according to the International System for
Human Cytogenetic Nomenclature (10).

Reverse Transcription. Total RNA was prepared from exponentially
growing cells (4 X IO7) using 6 Mguanidinium thiocyanate extraction followed

by centrifugation in 5.7 M CsCl in a TL-100 ultracentrifuge (Beckmann.
France) (rotor 100.2. 100.000 rpm. 90 min, 20Â°C).The RNA pellet was washed

in 70% ethanol-.WVr formamide prior to precipitation. Reverse transcription ( I
h, 37Â°C)was primed on I /Â¿gtotal RNA using random oligomers (Promega)

and 200 units Superscript Plus reverse transcriptase (BRL) in a final volume
of 20 ;ul.

PCR Amplification. For PCR amplification of the putative EWS-Fli-l

junction regions, oligomers were synthesized based upon available cDNA
sequences (HSEWS and HSHUMFL1 in the EMBL database). A specific
fragment was amplified from IARC-EWI1 and 1ARC-EW17 reverse transcrip
tion products using the EWS01 (5'-AGGAAGGAGAGAAAATGG-3'. nt
11-28 in the plus strand of the EWS cDNA) and FLI04 (5'-ATGTTGGGCT-

TGCTTTTC-.V. nt 1131-1114. minus strand of the FLU cDNA) combination

of primers. These oligonucleotides were chosen using the OSP program (II)
generously provided by LaDeana Hillier (Washington University. St. Louis.
MO). PCR was in a total volume of 50 jj.1using as template 1 /j.1of the reverse
transcription reaction. A "hot start" was performed by adding 2.5 units of Taq

polymerase (ATGC. France) to the reaction mixture denatured at 94Â°Cfor 5
min and kept at 85Â°C.The PCR reaction, which included 30 cycles of dena-
turation (94Â°C, 20 s). annealing (57Â°C. 30 s), and extension (72Â°C,60 s),

followed by a final (5-min) extension step, was carried out in an Hybaid
thermal cycler. One-tenth of the reaction was visualized by agarose gel elec-

trophoresis and ethidium bromide staining to appreciate the purity and to
quantify the amount of DNA obtained.

Direct Sequencing of PCR Products. For direct sequencing. PCR prod
ucts were purified on a Centricon 100 column (Amicon, France) and brought
to 25 fj.1total volume. Sequencing of DNA (7 fj.1) was performed using the
FLI04 and EWS03 (5'-TCAACAAAGCAGCAGCAGCTATGG-.V. nt 705-

722 of the EWS cDNA) primers and a Taq DyeDeoxy terminator cycle se
quencing kit (Applied Biosystems. France). Sequences were analyzed on an
Applied Biosystems, Inc. model 373A instrument. Alignments were visualized
using the SeqEd program.

Results and Discussion

Chromosomal analysis of the IARC-EWI7 cells showed hyperdip-

loid metaphases (modal chromosome number 48) with clonal numer
ical and structural rearrangements (Fig. 1) including a complex trans-
location between chromosomes II. 14, and 22. which appeared to be
identical to the t(ll;22;14)(q24;ql2.ql 1.2) previously observed in the
primary tumor cells (9) at the origin of the IARC-EWI7 cell line.
Analysis of the banding pattern of the three rearranged chromosomes
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Fig. I. Fu!! karyolype of an R-banded
nictuphuse of the IARC-EWI7 cell line. Arrows.
derivatives of the iranslocaiion K11;22;I4)-
(q24;q I2;q 11.2); sttirx, additional identified rear
rangements. Monosomy 3, leirasomy 18, and the
unidentified mar 1. mar 2 are clonal changes. The
losses of chromosomes 6, 8, 17. and 21 and of the
second chromosome 3 and the mar3 are nonclonal.
The t( 11;22;I4) translocation from another
metaphase is displayed in the ho.\.
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11. 14, and 22 could be interpreted in two ways. The first event, a
typical Ewing's tumor t(l I;22)(q24:ql2) translocation, would have

been followed by a secondary translocation between the derivative
chromosome 11 and a chromosome 14 with breakpoints within 1Iq24
and 14ql 1.2. Alternatively, a three-way translocation might have oc

curred with simultaneous exchanges among chromosomes 11, 22. and
14. occurring in this respective order with chromosomal breakpoints
at Ilq24, 22ql2, and 14ql 1.2. The resulting rearranged chromosomes
were observed as a derivative chromosome 22 bearing the 1Iq24-qter
region, undistinguishable cytogenetically from the typical 22q- of

PNETs. a derivative chromosome 11 unusually elongated by the ad
dition of the 14qll.2-qter segment, and a small derivative chromo
some 14 carrying the 22ql2-qter fragment. This morphological inter

pretation, which was confirmed by chromosome painting (not shown)
using a chromosome 22-specific DNA probe, was compatible with
transcription of a chimeric EWS-F/i-i niRNA from the rearrangement

region on the derivative chromosome 22.
To investigate whether such a transcript was present in the IARC-

EW17 cell line, total RNA was extracted from IARC-EW17 cells, as
well as from IARC-EW11, a control Ewing cell line with the proto

typical t(l I;22)(q24;ql2) translocation. Reverse transcription was ini
tiated with random hexamers. A putative EWS-FH-I chimeric frag
ment was PCR-amplified using an upstream EWS primer and an
oligomer complementary to a region of the FU-1 cDNA 312 base pairs
downstream of the 3'-most breakpoint position reported (8). A single

band was obtained in both samples, with a slightly faster migration in
IARC-EW17, as seen by agarose gel electrophoresis and ethidium

bromide staining (not shown). Direct cycle sequencing of both strands

of the PCR products was performed using a nested EWS primer and
the same Fli-l oligomer as for PCR amplification.

In both cases, an EWS-F/i-l chimeric cDNA fragment was evi
denced. Fig. 2 shows the sequence chromatograms of the EWS-FH-l

junction region in the two samples analyzed and their alignment with
the normal EWS and Fli-l cDNA sequences. In the IARC-EWI7

fusion transcript, the EWS sequence is interrupted between the first
and second bases of codon 265 (A/GT, a serine codon in the EWS
cDNA). The break in the chromosome 11 FLU gene has occurred at
the same position within codon 219 (G/AC, an aspartate codon in the
Fli-l cDNA), resulting in the junction, in-frame, of an upstream EWS
cDNA fragment with a downstream Fli-l cDNA fragment, with the

creation at the junction of an AAC codon for an asparagine residue
found neither in the EWS nor in the Fli-l gene. In the IARC-EW11

control sample, the exact position of the breakpoints within the EWS
and Fli-l genes could not be determined precisely because the same

hexameric sequence AGTTCA is found in the fusion region in both
cDNAs (codons 265-266 in EWS, 197-198 in Fli-l). Thus, it is

possible that in the two Ewing cell lines, the rearranged chromosome
22 be broken at the same position in codon 265 of the EWS gene. In
contrast, the breakpoints within the Fli-l gene were distinct, resulting
in the IARC-EW11 cell line, in the transcription of a chimeric EWS-
Fli-I mRNA with a coding potential for 22 additional amino acids
from the central portion of the Fli-l gene (Fig. 2).

The putative Fli-l gene product shows 81% homology with the

protein encoded by EKC2. the member of the ETS gene family most
homologous to Fli-l (12). This homology is remarkable both in the
N-ter domain which has been associated with transcription activation
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EWS TACGGGCAGC AGAGTTCAGG CCGACAGGAC CACCCCAGTA GCATGGGTGT TTATGGGCAG GAGTC/. ..

EW17 TACGGGCAGC AGA A CCCTTCTTAT GACTCAGTCA

EW11 TACGGGCAGC AGAGTTCACT GCTGGCCTAT AATACAACCT CCCACACCGA CCAATCCTCA CGATTGAGTG TCAAAGAAGA CCCTTCTTAT GACTCAGTCA

FLJ1 TACCTCAGGG AAAGTTCACT GCTGGCCTAT AATACAACCT CCCACACCGA CCAATCCTCA CGATTGAGTG TCAAAGAAGA CCCTTCTTAT GACTCAGTCA

EW17

EW11

Fig. 2. Nucleotidic sequences of EWS-Fli-1 chimeric transcripts in IARC-EW17 and lARC-EWt 1 Ewing's tumor-derived cell lines and cDNA sequences in fusion region. First strand

cDNA reverse transcribed from total RNA was PCR amplified using an EWS left primer and a Fli-l right primer. The nucleotidic sequences of the PCR products were determined by
cycle sequencing using a nested EWS primer, the same Fli-1 primer, and fluorescent dideoxynucleotides. Sequence analysis was performed on an automated DNA sequencer. Above
the chromatograms, the EWS-FH-l chimeric sequences are shown aligned with the normal EWS (blue) and Fli-1 ( yellow) cDNA sequences. Arrow, exact junction between EWS and
Fli-l in the IARC-EW17 transcript. In the IARC-EWII cells, the junction occurred within an hexameric sequence present in each of the EWS and Fli-l normal transcripts.

in several Â£7*5family members, but which is lost from the chimeric

EWS-FH-1 products, and in the C-ter domain which might mediate

specific DNA binding. Interestingly, the central portion (amino acids
197-226), which includes the 22 residues present in the IARC-EWI 1,
but not in the IARC-EWI7, chimeric protein, shows only limited

homology to ERG2 (12). In the latter protein, this nonhomologous
region has been proposed as a negative transcriptional activator do
main; whatever its role in the native Fli-1 protein, the corresponding

peptide seems dispensable for the postulated oncogenic activity of the
fusion protein resulting from the PNET chromosomal translocation.

The third chromosomal breakpoint in the IARC-EWI7 cell line
resides within band qll.2 of chromosome 14. which is also the cy-

togenetic location for the TCRA and TCRD genes encoding the a and
8 chains of the antigen receptor on T-lymphocytes. Despite numerous

attempts, we have been unable to detect a rearrangement when prob
ing IARC-EWI7 genomic DNA with various probes for these loci

(data not shown). The analysis of the structure of this region of
chromosome 14 in this particular cell line should prove interesting.

In chronic myelogenous leukemia, a t(9;22)(q34;ql 1) translocation
is observed in approximately 95% of the karyotypes examined. In the
remaining 5%, the rearrangement detected in the leukemic cells can be
more complex, but a gene fusion between a 5' portion of the chro
mosome 22-encoded BCR gene and a 3' fragment of the ABL gene,

normally on chromosome 9, has been evidenced molecularly in vir
tually all cases analyzed. In PNET. the t(l I;22)(q24;ql2) translocation
has provided a new diagnostic tool for differential diagnosis of small
round cell tumors of childhood. The suggestion that similar molecular
rearrangements may underlie the prototypical t( 11;22) PNET translo
cation, as well as translocations more complex but still involving the
same chromosomes, as in the cell line analyzed here suggests that this
molecular event is indeed necessary and possibly pathognomonic for
PNET. It remains to be seen whether identical or similar EWS-Fli-1
fusion transcripts will be found in the rare PNET lacking cytogenet-

ically detectable abnormalities of either chromosome 11 or 22. Should

this prove to be the case the way would be paved for a PNET diagnosis
based upon sensitive molecular, rather than cytogenetic, criteria.
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