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Abnormalities of the FHIT  Transcripts in Osteosarcoma and Ewing Sarcoma
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In a study of FHIT gene abnormalities by reverse transcription-polymerase chain reaction (RT-
PCR) and sequence analysis of the PCR products, we found normal and abnormal PCR products
in 11 osteosarcomas, one osteosarcoma cell line and 3 Ewing sarcomas, and a normal PCR prod-
uct only in 5 osteosarcomas and 8 Ewing sarcomas. Sequence analysis of the abnormal PCR
products revealed 7 osteosarcomas lacking exons 4 to 6, 7, 8 or 9, two lacking exons 5 to 7 or 10,
and two lacking exons 6 to 8 or 10. In the aberrant transcripts of the 11 osteosarcomas, fusion had
occurred in the exon/intron junctions in 2 tumors, between a segment within an exon and a com-
plete exon in 3, and between segments within exons in 6. The 3 Ewing sarcomas had lost exon 4 or
5 to exon 6 or 10, and fusion had occurred in the exon/intron junction in one, and between seg-
ments within exons in 2. These findings suggest that both abnormal or variant splicing and other
mechanisms such as genomic instabilities in the FHIT  locus may have resulted in the expression of
aberrant transcripts. One osteosarcoma and one cell line established from this osteosarcoma
showed different abnormal FHI T transcripts, indicating that the tumor cells with the initial aber-
rant transcripts may not have had a selective advantage for proliferation. The FHIT  abnormali-
ties did not seem to be correlated with lung metastasis or a poor clinical outcome in our patients
with osteosarcoma or Ewing sarcoma.
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Osteosarcoma and Ewing sarcoma are the most com-
mon malignant bone tumors in children and adolescents.1)

While osteosarcoma is genetically characterized by fre-
quent deletions and mutations of two tumor-suppressor
genes, RB and TP53,2–4) the genetic hallmark of Ewing
sarcoma is the presence of fusion genes formed by chro-
mosome translocations.5–7)

The FHIT gene has been cloned from the chromosomal
fragile region of band 3p14.2, and has been proposed to
be a tumor suppressor gene.8) Abnormal FHIT transcripts
have been reported in various cancers, including digestive
tract cancers,8, 9) lung cancers,10) breast cancers,11) head and
neck squamous cell carcinomas12, 13) and Merkel cell carci-
nomas.14) More recently, abnormal FHIT protein expres-
sion has been reported in lung cancers.15) These cancers
develop in adults, and their occurrence seems to be influ-
enced by carcinogen exposure. We know of no reports on
FHIT abnormalities on childhood and adolescent cancers,
which may not be influenced by carcinogen exposure.
Recently, aberrant FHIT transcripts have been found in a
variety of non-neoplastic tissues, including peripheral
blood lymphocytes, liver, skeletal muscle, and a synovial
cell line, and abnormal or variant splicing was thought to
play a major role in the production of these aberrant
transcripts.16, 17)

We studied FHIT abnormalities in osteosarcomas and
Ewing sarcomas, and found that aberrant FHIT transcripts
were more frequent in osteosarcomas than in Ewing sar-
comas. We suggest that tumor cells with the FHIT abnor-
malities may not have a selective advantage for pro-
liferation, and hence that the abnormalities do not
influence the prognosis of osteosarcoma patients.

MATERIALS AND METHODS

Tumor samples were obtained from 16 patients with
osteosarcoma aged between 7 and 60 years with a median
of 12 years, and 11 patients with Ewing sarcoma aged
between 3 and 24 years with a median of 16 years at the
time of biopsy or resection surgery. The tumor tissues
were frozen immediately after surgical removal and stored
at −80°C until use. Clinical characteristics of patients with
osteosarcoma and those of patients with Ewing sarcoma
are summarized in Tables I and II, respectively.

An osteosarcoma cell line, SCOS1, was established
from an osteosarcoma resected from patient OS 16. At the
10th passage in culture, cells were harvested for Southern
blot and reverse transcription-polymerase chain reaction
(RT-PCR) analysis.

DNA was extracted using a standard isolation proce-
dure from tumor tissues. Eight micrograms of DNA was
digested to completion with BamHI, EcoRI or HindIII,4 To whom requests for reprints should be addressed.
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separated by electrophoresis in 0.8% agarose gel, and
blotted onto positively charged nylon membranes
(Hybond N+, Amersham, Tokyo). An FHIT cDNA probe,
which covered the coding region (exon 5 to 9) of the
FHIT gene, was used for detection of FHIT deletions.
BCL1 (probe B) in chromosome band 11q13 was used as a
control probe.18) Autoradiography was performed using a
bioimage analyzer, FUJIX BAS 2000 (Fujifilm, Tokyo). The
radioactivity of the FHIT fragments relative to that of the
BCL1 fragment subsequently hybridized to the same fil-
ters was compared between tumor tissues and a normal con-
trol tissue from a healthy individual for the detection of
homozygous or hemizygous deletions of each fragment.

Total mRNA was extracted from frozen tumor tissues
and the cell line, and reverse transcription was carried out
as previously described.19) Nested PCR analysis was per-
formed to detect the FHIT transcripts. The first step PCR
amplification was performed with primers 5U2 and 3D2,8)

and the second step with primers MUR5 and RP29) under
the conditions of 30 cycles at 95°C for 20 s, 60°C for 45
s, and 72°C for 1 min. For Ewing sarcomas, RT-PCR
analysis was performed to detect the EWS-FLI1 fusion
transcripts using primers EWS22.1 and EWS11.3,6) or the
EWS-ERG fusion transcripts using primers, EWS22.1 and
ERG-1.7) To verify the integrity of the RNA samples, con-
trol RT-PCR analyses using primers specific for the β-

Table I. Patients’ Characteristics and FHIT Transcripts of 16 Osteosarcomas

Patient No. Age (yrs) Sex Tumor site Histologic type Lung 
metastasis

FHIT 
transcripts

Follow-up 
(mos) Status

OS 1 13 F Humerus Osteoblastic − N+A 24 NED
OS 2 60 M Humerus Osteoblastic + N+A 8 DOD
OS 3 12 F Humerus Small cell  − N+A 14 DOD
OS 4 14 F Femur Osteoblastic + N 8 DOD
OS 5 8 M Tibia Osteoblastic − N+A 29 NED
OS 6 16 F Tibia Osteoblastic + N+A 34 NED
OS 7 11 F Humerus Periosteal  − N 56 NED
OS 8 8 M Femur Osteoblastic − N+A 33 NED
OS 9 12 M Humerus Osteoblastic − N+A 16 NED
OS 10 10 F Scapula Small cell   − N 12 DOD
OS 11 16 M Femur Osteoblastic + N 23 DOD
OS 12 7 M Femur Osteoblastic + N 28 DOD
OS 13 13 M Femur Osteoblastic + N+A 11 DOD
OS 14 16 M Tibia Telangiectatic − N+A 16 NED
OS 15 18 M Femur Osteoblastic − N+A 14 NED
OS 16 16 M Femur Fibroblastic − N+A 18 DOD

N, normal transcript; A, abnormal transcript; NED, no evidence of disease; DOD, died of disease.

Table II. Patients’ Characteristics and FHIT Transcripts of 11 Ewing Sarcomas

Patient No. Age (yrs) Sex Tumor site Lung 
metastasis

FHIT 
transcript

Type of 
fusion transcript

Follow-up 
(mos) Status

ES1 24 F Pelvis + N EWS-FLI1 7 DOD
ES2 16 F Biceps − N+A EWS-FLI1 14 DOD
ES3 14 F Pelvis − N+A EWS-FLI1 23 NED
ES4 17 F Pelvis + N+A EWS-FLI1 15 DOD
ES5 9 F Chest wall + N EWS-FLI1 22 NED
ES6 16 F Perineum − N EWS-FLI1 24 NED
ES7 19 F Buttock − N EWS-ERG 27 DOD
ES8 3 M Metatarsus + N EWS-FLI1 26 NED
ES9 15 M Back − N EWS-ERG 112 DOD
ES10 22 M Gastrocunemius + N EWS-FLI1 5 DOD
ES11 18 F Retroperitoneum − N EWS-FLI1 12 DOD

N, normal transcript; A, abnormal transcript; NED, no evidence of disease; DOD, died of disease.
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actin gene were performed.20) The PCR products were
visualized by ethidium bromide staining on the gels after
electrophoresis. Then they were transferred onto nylon
membranes, and hybridized with an oligonucleotide probe
encoding a partial exon 10 of FHIT labeled with [γ-32P]-
ATP.

The abnormal-sized FHIT PCR products were cut from
gels and the DNA was purified with GENECLEANTM II
(BIO 101, La Jolla, CA), and was either directly sequenced
or cloned into the pCR2.1 vector using the TA cloning
system (Invitrogen, San Diego, CA), and individual
clones were sequenced by the dideoxy chain termination
method using primers 5U1 and 3D1.8) Nested RT-PCR
and sequencing of the FHIT gene were carried out at least
twice on each sample. Direct sequencing of the fusion
transcripts from Ewing sarcomas was also carried out.

The significance  of differences in the incidences of
lung metastasis between patients with normal and abnor-
mal FHIT transcripts and those with only normal FHIT
transcripts was examined by the χ2 method with Fisher’s
exact test. The event-free and overall survivals for
patients with the normal and abnormal transcripts and
those for patients with the normal transcripts only were
estimated on June 26, 1998 by the Kaplan-Meier
method,21) and the resulting curves were compared using
the log-rank test.22)

RESULTS

Samples for the RT-PCR study for all 16 osteosarco-
mas, one osteosarcoma cell line and 11 Ewing sarcomas
were adequate for evaluation based on the detection of

Fig. 1. (a) RT-PCR products of the FHIT gene from 16 osteosarcomas (OS 1–16), one osteosarcoma cell line (SC=SCOS1), and nor-
mal peripheral blood (N). All samples showed a 707-bp normal fragment. Abnormal fragments were found in OS 1, 2, 3, 5, 6, 8, 9 ,13,
14, 15, 16 and SC. RT-PCR products of the β-actin gene are shown in the lower panel. M: 100-bp DNA marker. (b) RT-PCR products
from 11 Ewing sarcomas (ES 1–11), and normal peripheral blood (N). All samples showed a 707-bp normal fragment. Abnormal frag-
ments were found in ES 2, 3 and 4. RT-PCR products of the β-actin gene are shown in the lower panel.
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intact β-actin mRNA by the first-step PCR. RT-PCR anal-
ysis and direct sequencing of 11 Ewing sarcomas showed
EWS-FLI1 transcripts in 9, and EWS-ERG transcripts in 2.

RT-PCR analysis on the FHIT gene revealed normal-
and abnormal-sized PCR products in 11 osteosarcomas,
one osteosarcoma cell line and 3 Ewing sarcomas, and
normal-sized PCR product only in 5 osteosarcomas and 8
Ewing sarcomas (Fig. 1, a and b). Southern blot hybrid-
ization of the RT-PCR products, using the exon 10 probe,
demonstrated that all but 2 products were derived from
the FHIT gene. One product from OS 8, and the other
from OS 9 were stained weakly with ethidium bromide,
and did not hybridize with the probe (data not shown).
These two products coexisted with the more intensely
stained abnormal products (Fig. 1a), which did hybridize
with the probe. Sequence analysis of the abnormal prod-
ucts revealed that 8 osteosarcomas (OS 1, 2, 5, 6, 8, 13,
14 and 16) showed class I transcripts lacking exon 5, and
the other 3 (OS 3, 9 and 15) showed class II transcripts
retaining exon 5 (Figs. 2 and 3)8). In the abnormal PCR
fragments of OS 8 (Fig. 3) and 13, the fusion sites coin-

cided with the exon/intron junctions, and resulted in a
frame-shift translation and a stop codon. In the fragment
of OS 15, the fusion had occurred between a segment
within exon 6 and the complete exon 9 with a 30-bp
insertion of unknown sequence. In the fragments of OS 1
and 5 (Fig. 3), the fusion had occurred between a segment
within exon 4 and the complete exon 9 or 7. In these 5
tumors, AG nucleotides were present in the fusion junc-
tions, and the findings suggested that the abnormal tran-
scripts may have been produced by abnormal or variant
splicing.

In the abnormal PCR fragments of OS 2, 6 and 16 (Fig.
3), the fusion had occurred between segments within
exons 4 and 9, and in the fragments of OS 3, 9 and 14,
the fusion had occurred between segments within exons 5
and 10 (OS 3), segments within exons 6 and 10 (OS 9),
and segments within exons 4 and 6 (OS 14), respectively.
AG nucleotides were found in the fusion junctions of only
one (OS 14) of the 6 tumors.

In the abnormal PCR fragments of the osteosarcoma
cell line, SCOS1, the fusion had occurred between the

Fig. 2. A schematic representation of abnormal transcripts from 11 osteosarcomas, one osteosarcoma cell line, and 3 Ewing sarcomas.
The top line shows the intact FHIT cDNA map. The thick and thin lines show the coding and untranslated regions, respectively. E1–
E10 indicate exons 1–10. Numbers at the left of the lines indicate tumor numbers. Gaps indicate the deleted regions of the cDNA frag-
ments, which were detected in aberrant cDNA fragments. In the aberrant cDNA fragments of OS15 and SCOS1, unknown sequences
of 30 and 36 bp, respectively, were inserted between the exon sequences.
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Fig. 3. Sequences of breakpoint regions from abnormal FHIT transcripts. Fusions occurred between the underlined exon fragments.
Arrowheads indicate the boundary of exons. In the aberrant transcripts of OS15 and SCOS1, unknown sequences of 30 and 36 bp,
respectively, were inserted between the exon sequences.
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complete exon 3 and a segment within exon 8, with a 36-
bp insertion of unknown sequence.

In the abnormal PCR products of 3 Ewing sarcomas,
the complete exons 4 and 7 had fused in one (ES 3), and
fusion had occurred between segments within exons 4 and
6 or exons 5 and 10 in 2 (ES 2 and 4) (Figs. 2 and 3).

Southern blot analysis using the FHIT cDNA probe
was performed in 8 osteosarcomas (OS 1, 3, 6, 9, 11, 12,
15 and 16), one osteosarcoma cell line, SCOS1, and 2
Ewing sarcomas (ES 2 and 3), and showed no homozy-
gous or hemizygous deletions, or gross rearrangements
(data not shown).

Lung metastasis was found in 6 (38%) of the 16
patients with osteosarcoma at diagnosis; 3 of 11 with the
normal and abnormal transcripts, and 3 of 5 with the nor-
mal transcripts only (P=0.24) (Table I). Five patients have
died of the disease: 3 had the normal and abnormal tran-
scripts, and the other 2 had the normal transcripts only
(Table I). The event-free survival±standard error (SE) at 2
years was 63.6±14.5% for the patients with the normal
and abnormal transcripts, and 20.0±17.8% for the patients
with the normal transcripts only (P=0.17). The overall
survival±SE at 2 years was 58.1±16.8% for the patients
with the normal and abnormal transcripts, and 20.0±
17.8% for the patients with the normal transcripts only
(P=0.36).

Lung metastasis was found in 5 of the 11 patients with
Ewing sarcoma at diagnosis: one of 3 with the normal and
abnormal transcripts, and 4 of 8 with the normal tran-
scripts only (P=0.57) (Table II). Seven patients have died
of the disease: 2 had the normal and abnormal transcripts,
and the other 5 had the normal transcripts only (Table II).
The event-free survival±SE at 2 years was 33.3±27.2%
for the patients with the normal and abnormal transcripts,
and 37.5±17.1% for the patients with the normal tran-
scripts only (P=0.7). The overall survival±SE at 2 years
was 33.3±27.2% for the patients with the normal and
abnormal transcripts, and 31.2±23.7% for the patients
with the normal transcripts only (P=0.69).

DISCUSSION

In RT-PCR analysis of the FHIT gene, we found nor-
mal and abnormal FHIT transcripts in 11 (69%) of 16
osteosarcomas and 3 (27%) of 11 Ewing sarcomas.
Abnormal FHIT transcripts have been found frequently in
various adult cancers including digestive tract cancers,
lung cancers, breast cancers, and head and neck squamous
cell carcinomas, which might have developed under the
influence of carcinogen exposure.8–13) Our study seems to
be the first report describing FHIT abnormalities in
osteosarcoma and Ewing sarcoma, which mainly develop
in children or adolescents and may not be influenced by
carcinogen exposure.

Recently, aberrant FHIT transcripts have also been
found in normal tissues.16, 17) Sequencing studies showed
that in aberrant FHIT transcripts expressed in tumor and
normal tissues, fusion sites usually coincided with the
exon/intron junctions, suggesting that abnormal or variant
splicing might have resulted in the expression of aberrant
FHIT transcripts. In the aberrant transcripts of our 11
osteosarcomas, fusion had occurred in the exon/intron
junctions in 2 tumors, between a segment within an exon
and a complete exon in 3 tumors, and between segments
within exons in 6 tumors. In the aberrant transcripts of 3
Ewing sarcomas, fusion had occurred in the exon/intron
junction in one, and between segments within exons in
the other 2. Southern blot analysis detected no FHIT dele-
tions in the tumor tissues examined. These findings sug-
gest that both abnormal or variant splicing of primary
FHIT RNA transcripts and other mechanisms such as
genomic instabilities of the FHIT genomic region17, 23)

may have resulted in the expression of aberrant transcripts
in osteosarcoma and Ewing sarcoma.

Earlier studies on osteosarcoma revealed frequent muta-
tions and deletions of the RB and TP53 genes.2-4)

Wadayama et al. reported gross structural abnormalities of
RB in 28.6%, subtle alteration of RB including point
mutations in 6%, and loss of RB protein expression in
53.6% of 63 osteosarcomas.4) On the other hand,
Toguchida et al. reported gross structural abnormalities of
TP53 in 24%, and subtle alterations of TP53, including
point mutations in 21% of 76 osteosarcomas.3) The inci-
dence of FHIT abnormalities in our osteosarcomas is
69%, which was comparable with that of the RB or TP53
alterations previously reported in the osteosarcomas. In
contrast, FHIT abnormalities were found in only 27% of
our Ewing sarcomas, and low incidences of TP53 muta-
tions (5% and 14%) were reported in Ewing sar-
comas.24, 25) Different incidences of FHIT and TP53
abnormalities between osteosarcoma and Ewing sarcoma
may reflect different molecular processes, through which
both types of tumors develop.

The most important prognostic factor in osteosarcoma
appears to be the extent of disease at diagnosis.1) Most
patients with lung metastasis at diagnosis ultimately die of
their disease.1) Loss of heterozygosity (LOH) at the RB
locus was reported to be a poor prognostic factor.2)

Osteosarcomas with LOH on 17p, where TP53 resides,
were more prone to the early onset of lung metastasis
than those without LOH on 17p, although no definite
association was observed between the TP53 mutation and
the incidence of lung metastasis.3) Our study showed that
FHIT abnormalities do not appear to be correlated with
lung metastasis or a poor clinical outcome in patients with
osteosarcoma.

All our osteosarcomas with abnormal FHIT transcripts
also showed the normal transcripts. The osteosarcoma cell
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line, SCOS1, also showed normal and abnormal FHIT
transcripts. The presence of normal and abnormal FHIT
transcripts in our cell line as well as various cancer cell
lines reported previously indicates that the tumor cells
could produce normal transcripts.8–12, 17) The cell line
(SCOS1) and the fresh osteosarcoma (OS 16), from which
the cell line was established showed different aberrant
transcripts, and this suggests that the tumor cells with the
initial aberrant transcript may not have had a selective
advantage for proliferation. This idea is consistent with
the lack of correlation of aberrant FHIT transcripts with a
poor prognosis in our series of osteosarcoma patients.
Further studies are required to clarify the role of FHIT
abnormalities in the neoplastic process and prognosis of
osteosarcoma.

ACKNOWLEDGMENTS

We thank Dr. K. Kawajiri for providing an FHIT cDNA
probe, Dr. S. Hayashi for an oligonucleotide probe, and Drs. H.
Kobayashi, N. Maseki and A. Sakashita for helpful comments
on the study. We also thank Dr. H. Kawasaki of Mie University,
Dr. Y. Ishida of Ehime University, and Dr. Y. Hatae of the
National Sapporo Hospital for providing samples and clinical
information. This study was supported in part by Grants-in-Aid
from the Ministry of Health and Welfare of Japan for Pediatric
Research and the 2nd Term Comprehensive 10-Year Strategy for
Cancer Control.

(Received March 17, 1998/Revised June 30, 1998/Accepted July
3, 1998)

REFERENCES

1) Link, M. P. and Eilber, F. Osteosarcoma. In “Principles
and Practice of Pediatric Oncology,” ed. P. A. Pizzo and D.
G. Poplack, pp. 841–862 (1993). J. B. Lippincott Company,
Philadelphia.

2) Feugeas, O., Guriec, N., Babin-Boilletot, A., Marcellin, L.,
Simon, P., Babin, S., Thyss, A., Hofman, P., Terrier, P.,
Kalifa, C., Brunat-Mentigny, M., Patricot, L. and Oberling,
F.  Loss of heterozygosity of the RB gene is a poor prog-
nostic factor in patients with osteosarcoma.  J. Clin.
Oncol., 14, 467–472 (1996).

3) Toguchida, J., Yamaguchi, T., Ritchie, B., Beauchamp, R.
L., Dayton, S. H., Herrera, G. E., Yamamuro, T., Kotoura,
Y., Sasaki, M. S., Little, J. B., Weichselbaum, R. R.,
Ishizaki, K. and Yandell, D. W.  Mutation spectrum of the
p53 gene in bone and soft tissue sarcomas.  Cancer Res.,
52, 6194–6199 (1992).

4) Wadayama, B., Toguchida, J., Shimizu, T., Ishizaki, K.,
Sasaki, M. S., Kotoura, Y. and Yamamuro, T.  Mutation
spectrum of the retinoblastoma gene in osteosarcomas.
Cancer Res., 54, 3042–3048 (1994).

5) Delattre, O., Zucman, J., Plougastel, B., Desmaze, C.,
Melot, T., Peter, M., Kovar, H., Joubert, I., de Jong, P.,
Rouleau, G., Aurias, A. and Thomas, G.  Gene fusion with
an ETS DNA-binding domain caused by chromosome
translocation in human tumours.  Nature, 359, 162–165
(1992).

6) Zucman, J., Melot, T., Desmaze, C., Ghysdael, J.,
Plougastel, B., Peter, M., Zucker, J. M., Triche, T. J.,
Sheer, D., Turc-Carel, C., Ambros, P., Combaret, V.,
Lenoir, G., Aurias, A., Thomas, G. and Delattre, O.  Com-
binatorial generation of variable fusion proteins in the
Ewing family of tumours.  EMBO J., 12, 4481–4487
(1993).

7) Sorensen, P. H. B., Lessnick, S. L., Lopez-Terrada, D., Liu,
X. F., Triche, T. J. and Denny, C. T.  A second Ewing’s
sarcoma translocation, t(21;22), fuses the EWS gene to
another ETS-family transcription factor,  ERG. Nat. Genet.,

6, 146–151 (1994).
8) Ohta, M., Inoue, H., Cotticelli, M. G., Kastury, K., Baffa,

R., Palazzo, J., Siprashvili, Z., Mori, M., McCue, P.,
Druck, T., Croce, C. M. and Huebner, K.  The FHIT gene,
spanning the chromosome 3p14.2 fragile site and renal car-
cinoma-associated t(3;8) breakpoint, is abnormal in diges-
tive tract cancers.  Cell, 84, 587–597 (1996).

9) Thiagalingam, S., Lisitsyn, N. A., Hamaguchi, M., Wigler,
M. H., Willson, J. K. V., Markowitz, S. D., Leach,  F. S.,
Kinzler, K. W. and Vogelstein, B.  Evaluation of the FHIT
gene in colorectal cancers.  Cancer Res., 56, 2936–2939
(1996).

10) Sozzi, G., Veronese, M. L., Negrini, M., Baffa, R.,
Cotticelli, M. G., Inoue, H., Tornielli, S., Pilotti, S.,
Gregorio, L. D., Pastorino, U., Pierotti, M. A., Ohta, M.,
Huebner, K. and Croce, C. M.  The FHIT gene at 3p14.2 is
abnormal in lung cancer.  Cell, 85, 17–26 (1996).

11) Negrini, M., Monaco, C., Vorechovsky, I., Ohta, M.,
Druck, T., Baffa, R., Huebner, K. and Croce, C. M.  The
FHIT gene at 3p14.2 is abnormal in breast carcinomas.
Cancer Res., 56, 3173–3179 (1996).

12) Mao, L., Fan, Y., Lotan, R. and Hong, W. K.  Frequent
abnormalities of FHIT, a candidate tumor suppressor gene,
in head and neck cancer cell lines.  Cancer Res., 56, 5128–
5131 (1996).

13) Virgilio,  L., Shuster, M., Gollin, S. M., Veronese, M. L.,
Ohta, M., Huebner, K. and Croce, C. M.  FHIT gene alter-
ations in head and neck squamous cell carcinomas.  Proc.
Natl. Acad. Sci. USA, 93, 9770–9775 (1996).

14) Sozzi, G., Alder, H., Tornielli, S., Corletto, V., Baffa, R.,
Veronese, M. L., Negrini, M., Pilotti, S., Pierotti, M. A.,
Huebner, K. and Croce, C. M.  Aberrant FHIT transcripts
in Merkel cell carcinoma.  Cancer Res., 56, 2472–2474
(1996).

15) Sozzi, G., Tornielli, S., Tagliabue, E., Sard, L., Pezzella,
F., Pastorino, U., Minoletti, F., Pilotti, S., Ratcliffe, C.,
Veronese, M. L., Goldstraw, P., Huebner, K., Croce, C. M.

8636759&form=6&db=m&Dopt=b     
8636759&form=6&db=m&Dopt=b     
8636759&form=6&db=m&Dopt=b     
1423262&form=6&db=m&Dopt=b     
1423262&form=6&db=m&Dopt=b     
1423262&form=6&db=m&Dopt=b     
8187094&form=6&db=m&Dopt=b     
8187094&form=6&db=m&Dopt=b     
1522903&form=6&db=m&Dopt=b     
1522903&form=6&db=m&Dopt=b     
1522903&form=6&db=m&Dopt=b     
8223458&form=6&db=m&Dopt=b     
8223458&form=6&db=m&Dopt=b     
8223458&form=6&db=m&Dopt=b     
8162068&form=6&db=m&Dopt=b     
8162068&form=6&db=m&Dopt=b     
8162068&form=6&db=m&Dopt=b     
8598045&form=6&db=m&Dopt=b     
8598045&form=6&db=m&Dopt=b     
8598045&form=6&db=m&Dopt=b     
8674044&form=6&db=m&Dopt=b     
8674044&form=6&db=m&Dopt=b     
8674044&form=6&db=m&Dopt=b     
8620533&form=6&db=m&Dopt=b     
8620533&form=6&db=m&Dopt=b     
8620533&form=6&db=m&Dopt=b     
8764101&form=6&db=m&Dopt=b     
8764101&form=6&db=m&Dopt=b     
8912845&form=6&db=m&Dopt=b     
8912845&form=6&db=m&Dopt=b     
8790406&form=6&db=m&Dopt=b     
8790406&form=6&db=m&Dopt=b     
8653678&form=6&db=m&Dopt=b     
8653678&form=6&db=m&Dopt=b     
8653678&form=6&db=m&Dopt=b     
9393735&form=6&db=m&Dopt=b     
9393735&form=6&db=m&Dopt=b     
8162068&form=6&db=m&Dopt=b


Jpn. J. Cancer Res. 89, September 1998

894

and Pierotti, M. A.  Absence of Fhit protein in primary
lung tumors and cell lines with FHIT gene abnormalities.
Cancer Res., 57, 5207–5212 (1997).

16) Panagopoulos, I., Thelin, S., Mertens, F., Mitelman, F. and
Aman, P.  Variable FHIT transcripts in non-neoplastic tis-
sues.  Genes Chromosom. Cancer, 19, 215–219 (1997).

17) van den Berg, A., Draaijers, T. G., Kok, K., Timmer, T.,
van der Veen, A. Y., Veldhuis, P. M. J. F., de Leij, L.,
Gerhartz, C. D., Naylor, S. L., Smith, D. I. and Buys, C. H.
C. M.  Normal FHIT transcripts in renal cell cancer- and
lung cancer-derived cell lines, including a cell line with a
homozygous deletion in the FRA3B region.  Genes Chro-
mosom. Cancer, 19, 220–227 (1997).

18) Tsujimoto, Y., Yunis, J., Onorato-Showe, L., Erikson, J.,
Nowell, P. C. and Croce, C. M.  Molecular cloning of the
chromosomal breakpoint of B-cell lymphomas and leuke-
mias with the t(11;14) chromosome translocation.  Science,
224, 1403–1406 (1984).

19) Satake, N., Maseki, N., Kozu, T., Sakashita, A., Kobayashi,
H., Sakurai, M., Ohki, M. and Kaneko, Y.  Disappearance
of AML1-MTG8(ETO) fusion transcript in acute myeloid
leukaemia patients with t(8;21) in long-term remission.  Br.
J. Haematol., 91, 892–898 (1995).

20) Nakajima-Iijima, S., Hamada, H., Reddy, P. and Kakunaga,

T.  Molecular structure of the human cytoplasmic β-actin
gene: interspecies homology of sequences in the introns.
Proc. Natl. Acad. Sci. USA, 82, 6133–6137 (1985).

21) Kaplan, E. L. and Meier, P.  Nonparametric estimation for
incomplete observation.  J. Am. Stat. Assoc., 53, 457–487
(1958).

22) Peto, R. and Peto, J.  Asymptotically efficient rank variant
test procedures.  J. R. Stat. Soc. (A), 135, 185–206 (1972).

23) Ong, S. T., Fong, K. M., Bader, S. A., Minna, J. D., Le
Beau, M., McKeithan, T. W., and Rassool, F. V.  Precise
localization of the FHIT gene to the common fragile site at
3p14.2 (FRA3B) and characterization of homozygous
deletions within FRA3B that affect FHIT transcription in
tumor cell lines.  Genes Chromosom. Cancer, 20, 16–23
(1997).

24) Komuro, H., Hayashi, Y., Kawamura, M., Hayashi, K.,
Kaneko, Y., Kamoshita, S., Hanada, R., Yamamoto, K.,
Hongo, T., Yamada, M. and Tsuchida, Y.  Mutations of the
p53 gene are involved in Ewing’s sarcomas but not in neu-
roblastomas.  Cancer Res., 53, 5284–5288 (1993).

25) Kovar, H., Auinger, A., Jug, G., Aryee, D., Zoubek, A.,
Salzer-Kuntschik, M. and Gadner, H.  Narrow spectrum of
infrequent p53 mutations and absence of MDM2 amplifica-
tion in Ewing tumours.  Oncogene, 8, 2683–2690 (1993).

9393735&form=6&db=m&Dopt=b     
9393735&form=6&db=m&Dopt=b     
9258655&form=6&db=m&Dopt=b     
9258655&form=6&db=m&Dopt=b     
9258656&form=6&db=m&Dopt=b     
9258656&form=6&db=m&Dopt=b     
9258656&form=6&db=m&Dopt=b     
6610211&form=6&db=m&Dopt=b     
6610211&form=6&db=m&Dopt=b     
6610211&form=6&db=m&Dopt=b     
8547135&form=6&db=m&Dopt=b     
8547135&form=6&db=m&Dopt=b     
8547135&form=6&db=m&Dopt=b     
2994062&form=6&db=m&Dopt=b     
2994062&form=6&db=m&Dopt=b     
9290949&form=6&db=m&Dopt=b     
9290949&form=6&db=m&Dopt=b     
9290949&form=6&db=m&Dopt=b     
8221663&form=6&db=m&Dopt=b     
8221663&form=6&db=m&Dopt=b     
8221663&form=6&db=m&Dopt=b     
8378080&form=6&db=m&Dopt=b     
8378080&form=6&db=m&Dopt=b     
8378080&form=6&db=m&Dopt=b     

