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ABSTRACT

Recent evidence indicates that the mutation of retinoblastoma suscep
tibility (RB) gene is also involved in the development of osteosarcoma.
We studied 30 cases of osteosarcoma for the structural anomalies of the
RB gene by Southern hybridization analysis with cDNA probes of the
RB gene. Thirteen cases (43%) showed structural anomalies of the RB
gene. They included the total or partial deletion, or rearrangement of the
RB gene; seven with homozygous deletions and six with hemizygous
deletions or rearrangements. By the use of restriction fragment length
polymorphism fragments as chromosome markers, those seven tumors
having homozygous deletions and four of six tumors having hemizygous
anomalies showed the loss of heterozygosity at other loci on chromosome
13. Among those tumors with no apparent structural changes of the RB
gene, seven cases showed the loss of heterozygosity on chromosome 13,
and altogether the loss of heterozygosity by either homozygosity or
hemizygosity was found in 18 (64%) of 28 informative cases. The loss of
heterozygosity was also found for nine of 10 other chromosomes, of which
chromosome 17 showed the highest frequency (77%). The tumors with
loss of chromosome 13 alÃelesalso showed additional losses of alÃeleson
other chromosomes, while tumors retaining heterozygosity of chromo
some 13 also retained heterozygosity at the informative loci on other
chromosomes. Southern hybridization and karyotype analysis in some
selected cases suggest that the concerted loss of heterozygosity at mul
tiple loci may be a consequence of the polyploidization-segregation proc-

INTRODUCTION

The etiology of osteosarcoma, most common malignant bone
tumors, remains unknown. Although a few reports about fa
milial incidents have raised speculation of a genetic factor (1,
2), there is no definite hereditary predisposition to this tumor.
However, recent studies have revealed the relationship between
this tumor and retinoblastoma, one of the most intensively
studied hereditary cancers (3, 4). Retinoblastoma has been
supposed to develop according to Knudson's two-hit theory (5).
At first a primary mutation in one RB3 locus which is supposed

to be present at 13ql4 occurs in germinal or somatic cells.
Subsequently the function of the normal homologue is lost in
somatic cells by some chromosomal rearrangements or muta
tion, resulting in tumorigenesis. This second step can be iden
tified as loss of heterozygosity at anonymous loci on chromo
some 13 in some cases (6). Approximately half of all retinob-
lastomas are homozygous for large portions of 13q (7). It has
been reported that osteosarcomas also showed the loss of het
erozygosity at loci on chromosome 13 but not on other chro
mosomes and that two tumors might share a common mecha
nism leading to malignant transformation (3, 4). However, due
to the limited number of cases, the frequency of such events in
osteosarcomas remains equivocal.
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Recently in several laboratories the candidate for the respon
sible gene for retinoblastoma, the RB gene, has been isolated
(8-10). Using the cDNA fragment homologous to this gene,
structural anomalies of RB locus and aberrant expression of
this gene were shown in some retinoblastomas (8-10), and in
combination with RFLP studies on chromosome 13, an inac-
tivation or loss of remaining normal alÃelehas been unequivo
cally demonstrated, and provided a verification of Knudson's

second hit at the molecular level (10).
Here, we studied the inactivation mechanisms of the RB gene

in osteosarcoma by the use of structural analysis of the RB
locus and RFLP analysis on chromosome 13.

MATERIALS AND METHODS

Tissue Samples. Osteosarcoma tumor samples were obtained from
30 patients. Clinical characteristics of those patients are shown in Table
1. They were all sporadic and none of these patients had a family
history of eye tumor. Tumor tissues were frozen immediately after
surgical removal and stored at -80Â°Cbefore isolation of DNA. Periph

eral leukocytes were isolated using Ficoll-Hypaque (Pharmasia) from
heparinized blood which were collected before or after the surgical
treatment.

Recombinant DNA Probes. The cDNA probes of the RB gene (9),
RB-1 and RB-5, were generous gifts from Dr. W. H. Lee and were used
to analyze the structural anomalies of the RB gene. They are the 1.6-
kilobase fragment spanning from the 5' end and the 3.5-kilobase
fragment from the 3' end of RB gene cDNA, respectively, and overlap
in a 0.4-kilobase region (9). DNA segments homologous to various
polymorphic human chromosomal loci used in this study are listed in
Tables 2 and 3. Probes of p7F12, 9D11, 1E8, and 9A7 are generous
gift from Dr. W. K. Cavenee, p7D2 from Dr. M. F. Leppert, and probes
for c-myh and c-H-ras from Dr. Y. Yuasa. Other probes were obtained
from the Japanese Cancer Research Resources Bank.

Southern Blot Analysis. High molecular weight DNA was isolated
from peripheral leukocytes and tumor tissues as described (12). Restric
tion endonuclease digestion of these samples, agarose gel electropho-
resis. Southern hybridization, labeling the probes by nick translation,
and autoradiography were accomplished in essentially the same way as
those described (12). The intensity of hybridization to each fragment
was determined with automatic densitometer (ACT-18, Gelman).

RESULTS

Structural Anomalies Involving RB Gene. DNA samples from
30 pairs of leukocytes and tumor cells were hybridized to the
fragments of cDNA of the RB gene, RB-1 and RB-5, and
typical examples of the results of this analysis were shown in
Fig. 1. The structural anomalies of RB gene were observed in
13 cases (43.3%) (Table 2): They were either a total or partial
loss of the respective part of the RB gene. In the remaining 17
cases, no structural changes were detectable. The structural
anomalies of RB gene were homozygous in seven tumors and
hemizygous in six tumors. In five tumors of the latter group,
the intensity of each fragment was reduced to a half of the
normal cells, indicating a total loss of the RB gene from one of
the homologues. Ofthose, the tumor DNA from KS-66 revealed
two types of deletion which differed between alÃeles;one total
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Table 1 Clinical characteristics of patients and tumors

Case
no.KS-8KS-22KS-30KS-32KS-40KS-41KS-42KS-43KS-54KS-55KS-61KS-66KS-72KS-73KS-74KS-78KS-81KS-82KS-102KS-103KS-104KS-105KS-111KS-112KS-114KS-115KS-118KS-119KS-121KS-127Age

at
diagnosis

(years
old)4212713179391015139IS2116251326116161516131521171420IS18SexFFMMMMMMMMMMFMMMFFMMMMMMMMFFMFLocation

of
primary

lesionR-femurR-tibiaL-femurR-humerusR-phalanxL-tibiaL-ribL-fibulaL-femurR-femurL-tibiaR-femurR-iliumL-fibulaL-femurR-femurL-tibiaL-humerusL-tibiaL-tibiaL-femurL-femurR-femurR-femurL-femurL-tibiaR-fibulaC4CR-tibiaR-fibulaHistologicalsubtype"OsteoblasticChondroblasticOsteoblasticOsteoblasticTelangiectaticOsteoblasticOsteoblasticChondroblasticChondroblasticOsteoblasticOsteoblasticOsteoblasticChondroblasticChondroblasticChondroblasticOsteoblasticOsteoblasticChondroblasticOsteoblasticOsteoblasticFibroblasticChondroblasticFibroblasticOsteoblasticOsteoblasticFibroblasticOsteoblasticOsteoblasticChondroblasticOsteoblasticSource
of tumor

DNA*MBBBMMMMBPMBPMMBMPPPMPPPPPBMBB

" Histopathological diagnosis was performed according to criteria outlined in

Reference 11.
* B, biopsy before chemotherapy; P, primary lesion after chemotherapy; M,

metastatic lesion after chemotherapy.
' C4, forth cervical spine.

deletion and the other a rearrangement with an extra fragment
(4.6 kilobases) at the RB loci (Fig. \B, lane 13). Tumor DNA
from a remaining patient (KS-42) showed an extra fragment
(15.0 kilobases) detected by the RB-5 probe, suggesting a re
arrangement in one of the RB loci (Fig. IB, lane 7).

Loss of Heterozygosity on Chromosome 13. The zygosities of
chromosome 13 alÃelesdetermined by RFLP and electropho-
retic mobility of esterase D are also presented in Table 2. In a
total of 30 cases studied, two patients (KS-121 and KS-127)
were not informative being constitutionally homozygous for all
six loci analyzed on chromosome 13. Other 28 patients were
heterozygous for at least one of six loci in leukocytes and
informative for the change in zygosity in their respective tumor
tissues. Among those, tumor DNA in 18 cases (64.3%) revealed
a loss or marked reduction of one of the two alÃeleson chro
mosome 13. Of the 17 tumors which had apparently normal
structure of RB locus, seven tumors showed loss of heterozy-
gosity on chromosome 13, for example KS-61 (Fig. 1, lane 11,
and Fig. 2A). The tumors which were homozygous for the
deletion of the RB gene were also homozygous for other loci
on chromosome 13, for example KS-54 (Fig. 1, lane 9, and Fig.
2B).

In contrast, tumors heterozygous for the deletion of the RB
gene also retained heterozygosity at least at a distal part of
chromosome 13. In some tumors of this group, i.e., KS-72 and
KS-66, one of two alÃelesshowed markedly reduced hybridiza
tion signals. (Fig. 1, lane 15, and Fig. 1C; Fig. 1, lane 13, and
Fig. 2D). Such residual amount of hybridization signals corre
sponding to the deleted alÃelesmay result from contaminating
nontumor cells present in the surgical specimen. However, in
these tumors it reflects chromosomal aneuploidy. For instance,
tumor KS-72 lost one alÃeleat the D13S1 but contained two
alÃelesat the D13S2 locus. The longer alÃeleof this locus was
not derived from the contaminated normal cells, since it was

also observed in the tumor grown in nude mice. Densitometric
analysis showed that the shorter alÃelewas present in twice as
many copies as that of longer alÃele.This indicates that at least
a region involving the D13S2 locus is triplicated in this tumor.
Karyotype analysis of this tumor showed three copies of chro
mosome 13, of which one was apparently normal and other two
had interstitial deletion involving 13ql2-14 (data not shown).
In tumor KS-66, both alÃelesat the D13S3 locus were retained.
However, the intensity ratio of two alÃelesin normal DNA was
1.71 whereas that in tumor DNA was reduced to 0.92, which
indicated that the D13S3 locus of this tumor was trisomie and
the shorter alÃeleswere present in two copies. Moreover, the
intensity of the D13S10(13ql4) locus in this tumor reduced to
approximately one third ofthat of the D13Sl(13ql2-13) locus,
again suggesting the presence of three copies of chromosome
13, of which two had deletion involving at least D13S10(13ql4)
to D13S4(13q22) locus with the RB locus between them. The
restriction fragments of RB locus detected by the RB-5 probe
showed the hemizygous intensities with an abnormal band (Fig.
IB, lane 13). This suggests that two different mutations oc
curred in the original two chromosomes, one localized within
the RB locus and the other being a large deletion involving at
least 13ql4-22. Among the tumors with no detectable anoma
lies of the RB gene, KS-102 showed the different amounts of
hybridization signals between the two alÃelesat three loci on
chromosome 13, but their origin was not confirmed.

There was no appreciable difference in the loss of heterozy
gosity between primary (12 of 19 cases, 63.2%) and metastatic
(six of 11 cases, 54.5%) tumors. In some cases we analyzed
both primary and metastatic tumor of a same patient and
observed no changes between them with respect to zygosity on
chromosome 13 (data not shown). No correlation was found
between the loss of heterozygosity and the sex of patients,
location of primary lesion, or histolÃ³gica! subtype. However,
the mean age at diagnosis of the patients whose tumor lost
heterozygosity on chromosome 13 was significantly younger
than that of the patients who did not (P = 0.0063), being 13.8
and 21.7 years old, respectively.

Loss of Heterozygosity on Other Chromosomes. Chromosome
specificity for the loss of heterozygosity was also investigated
using 10 RFLP probes on 10 chromosomes other than chro
mosome 13. As shown in Table 3, 19 (63.3%) of the 30
osteosarcoma tumors lost heterozygosity at one or more loci
on other chromosomes. Some metastatic tumors, for example
KS-41, lost heterozygosities on many chromosomes, and tu
mors from prechemotherapeutic biopsy lesion (KS-54) also
showed high frequency (four of five informative loci). The
frequency of tumors showing loss of heterozygosity was 63.2%
(12 of 19 cases) in primary tumors and 63.6% (seven of 11
cases) in metastatic tumors, and there was no significant differ
ence between two groups. The striking observation was that,
except for KS-40, all of the tumors which retained heterozy
gosity on chromosome 13 also retained heterozygosity on other
chromosomes. Alternatively, most of the tumors which showed
loss of heterozygosity for a whole or a part of chromosome 13
also had loss of heterozygosity on other chromosomes. In all
tumors, the informative locus on chromosome 14 remained at
a constitutive state. However, the loss of heterozygosity was
found for all other chromosomes tested, and the frequency of
allelic loss ranged between 20% (three of 15 cases) at the D20S5
locus on chromosome 20 and 76.9% (10 of 13 cases) at the
D17S1 locus on chromosome 17. The high frequency of loss of
heterozygosity at chromosome 17 was striking, and moreover
there was a strong association between chromosomes 13 and
17. All tumors which lost heterozygosity on chromosome 13 or
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Table 2 Structural anomalies ofRB gene and loss of heterozygosity on chromosome 13
Locus(enzyme)*Case

no.KS-30KS-54KS-22KS-41KS-81KS-103KS-115KS-43KS-66KS-72KS-112KS-40KS-42KS-32KS-61KS-73KS-78KS-102KS-104KS-118KS-8KS-55KS-74KS-82KS-105KS-111KS-114KS-119KS-121KS-127Structural
anomalies of

RBgene"Homo,

totaldeletionHomo,
totaldeletionHomo.
3'deletionHomo.
3'deletionHomo.

int.deletionHomo.
int.deletionHomo.
int.deletionHemi.

totaldeletion''Hemi.

totaldeletionHemi.
totaldeletionHemi.
totaldeletionHemi.
totaldeletionHemi.
rearrangement(-)(-)(-)(-)(-)(-)(-)(-)(-)(-)(-)H(-)(-)H(-)(-)D13S1(Mspl)Nâ€”14â€”1,2â€”â€”1,2_â€”1,21,2â€”â€”1,21,21,21,2â€”â€”14â€”â€”â€”â€”â€”1,2â€”â€”â€”Tâ€”1â€”1â€”_2_â€”11â€”â€”1211,2â€”â€”1,2â€”â€”â€”â€”â€”1.2â€”_â€”D13S10

e(Oral)!N

TNâ€”

â€”â€”â€”
â€”â€”â€”

1,2â€”
â€”â€”â€”
â€”â€”â€”
â€”NDâ€”

ND1,2

11,2â€”
â€”1,2â€”
â€”1,21,2
11,2â€”

â€”â€”1,2
1,2â€”

â€”1,2â€”
â€”â€”â€”
â€”1,2â€”
â€”â€”â€”
â€”ND1,2
2NDâ€”

â€”â€”â€”

â€”â€”1,2
1,2â€”â€”
â€”1,2â€”
â€”1,2â€”
â€”NDâ€”
â€”â€”â€”
â€”â€”â€”
â€”NDâ€”

NDâ€”
â€” â€”Tâ€”_1â€”_NDND1M)12â€”â€”NDâ€”2â€”NDNDâ€”â€”ND141,2NDâ€”â€”NDNDâ€”D13S2(Mspl)N1,2_1,21,2â€”â€”â€”14â€”14â€”â€”â€”...â€”â€”â€”1,2â€”14â€”â€”â€”â€”â€”â€”1,214_â€”T1_11â€”_â€”1,2â€”1,2â€”â€”â€”_â€”â€”â€”1,2â€”1â€”â€”â€”â€”â€”â€”1,21,2_â€”D13S4

(Mspl)N1,214â€”141414â€”_14â€”14â€”â€”141414141,2â€”1,2â€”â€”1414â€”1414â€”â€”T21â€”212â€”_2_1,2â€”â€”12121,2â€”2â€”â€”1,214â€”1414â€”__â€”D13S3(Hindlll)Nâ€”â€”_14â€”14â€”44,2,24aÂ¿,2,2,2â€”â€”â€”14â€”14â€”14â€”1414_â€”Tâ€”_â€”1â€”1â€”141,21,21.21,21,21211â€”â€”â€”14â€”1,2â€”14â€”1.214_â€”

" Homo., homozygous; Hemi., hemizygous; int., interstitial; (-), no detectable anomalies. See Fig. 1, legends, for detailed statements about each anomalies.
* Numbers, restriction fragments length alÃelesof patients leukocytes (N) and tumors (T). â€”, loci that were constitutionally homozygous. In loci denoted with

italics, gene dosage of two alÃeleswere not equal due to tumor aneuploidy described in "Results." ND, not determined. The location of these loci on chromosome 13
is cen-D13Sl-D13S10-[RB, EsD]-D13S2-D13S4-13S3-qter.

' AlÃelesof esterase D (EsD) locus were determined by starch gel electrophoresis (13).
'' Hemizygous total deletion with an extra band.

had structural anomalies of the RB gene also lost heterozygosity
on chromosome 17 and vice versa.

DISCUSSION

The involvement of structural anomalies of the RB gene in
the development of osteosarcoma have been shown in some
sporadic osteosarcomas and osteosarcomas appeared in a pa
tient with retinoblastoma (3, 4). The present study on a series
of osteosarcomas unequivocally demonstrated that the muÃa
tional profiles at the RB gene was essentially the same for the
retinoblastomas and that the RB gene and its mutation had an
essential role in the development of osteosarcoma. Similarly to
the retinoblastoma (8-10), approximately 40% of the osteosar
comas showed apparent structural changes in the RB gene.
They were mostly interstitial deletions either spanning over a
whole or a part of the RB gene. For the remaining 60% of the
tumors where no structural changes could be disclosed by
Southern hybridization analysis, it is highly probable to assume
that they also contain small alterations, since similar categories
of retinoblastomas have been demonstrated to have various
abnormalities in the RB transcript (8-10).

The involvement of one or two mutational events in the
development of retinoblastoma is still a matter of considerable
debate (5, 14). Yet, as first demonstrated by Cavenee et al. (6)
in retinoblastoma and later in many tumors (15-20), tumor
cells often lost the normal alÃele.This alÃeleloss can be recog
nized by the loss of heterozygosity of the polymorphic loci, and
provides an evidence for the second mutational event which

prelude to the expression of the first mutation. In the osteosar
comas studied here such secondary loss of the normal alÃeleat
the RB locus was identified as the homozygosity of the deleted
RB gene or loss of heterozygosity of polymorphic DNA markers
on chromosome 13. As verified by a tumor KS-66 and also in
a sporadic unilateral retinoblastoma (10), the secondary loss of
function of the normal alÃelemay be also possible by another
mutation which may or may not be detectable by the present
method.

While the loss of heterozygosity in many other tumors has
been reported to be highly confined to a particular chromosome
(6, 15-17), we observed the loss of heterozygosity on many
chromosomes in more than 60% of tested tumors. Such diver
sity of the loss of heterozygosity has been also reported in
malignant melanomas (21, 22), lung cancers (23), and men in-
giomas (24). Of particular interest is that most tumors which
have a loss of heterozygosity at the loci on chromosome 13 also
have a loss of heterozygosity at many loci on other chromo
somes. The present results thus contrast to the observations of
Hansen et al. (3) and Dryja et al. (4) in that they were unable
to find loss of heterozygosity at loci on chromosomes other
than chromosome 13. In malignant melanomas, the diversified
alÃeleloss occurred during the progression of tumors as a result
of some biological selection (21, 22). Such may be the cases for
osteosarcomas, especially in metastatic tumors. However, we
observed a metastatic tumor which remained heterozygous for
all informative loci (KS-8) and a tumor which lost heterozygos-
ities for four of five informative loci at primary biopsy (KS-54).
Therefore, at this stage of study, the difference between obser-
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Table 3 Chromosomal specificity of loss of heterozygosity
AlÃelesal loci on each chromosome were determined in constitutional (leuko

cytes) and tumor DNA from osteosarcoma patients. The results were indicated
as loss of heterozygosity present, (+) absent (â€”),or uninformative (left blank).
The loci examined were D3S2, c-myb, c-H-ras. D12S4. D13S1. D13S2, D13S3,
DI3S4, D13S10, D14S1. D15S1, D17S1. D18S1. D19S1, and D20S5.

Chromosome

Case no. 11 12 13 14 15 17 18 19 20

KS-30
KS-54
KS-22
KS-41
KS-81
KS-103
KS-115

KS-43
KS-66
KS-72
KS-112
KS-40
KS-42

KS-32
KS-61
KS-73
KS-78
KS-102
KS-104
KS-111

KS-8
KS-55
KS-74
KS-82
KS-105
KS-111
KS-114
KS-119

KS-121
KS-127

% of tumors losing
heterozygosity

+ -

30.8 47.1 33.3 27.3 64.3 0.0 46.7 76.9 38.5 28.6 20.0

valions can not be simply explained by the difference in the
stage of tumor development. In the previous reports, the num
ber of paired tumor and constitutive cells was limited, and
informative loci were not the same as ours. The discrepancy
between the observations is likely due to the difference in the
number of tumor samples and specific chromosomes tested. In
many of the osteosarcomas, chromosome numbers are in the
range of hypotetraploidy (our unpublished data). It is thus likely
that the mitotic recombination from heterozygosity to homo-
zygosity in these tumors has been attained by polyploidization-
segregation process, rather than homologous recombination or
nondisjunction-duplication which is known to be the most
common mechanisms in diploid tumors such as retinoblastoma
and Wilms' tumor (25-27). The results of Southern analysis in

KS-66 and KS-72 are consistent with this idea.
The striking association between chromosomes 13 and 17

suggests that these two chromosomes share some cooperative
role in tumorigenesis of osteosarcoma. Recent works on med
ullary thyroid carcinoma and pheochromocytoma showed that
the gene which was responsible for the predisposition to tumor
was not localized on the chromosome which lost heterozygosity
at high frequency in the tumor (28). Furthermore, an alÃeleon
chromosome 17 has been reported to be lost at high frequency
in colorectal cancer (29) while the linkage analysis of hereditary
form of this tumor has mapped the predisposing gene to chro
mosome 5 (30). Recently rearrangement of the p53 gene which
was located on the short arm of chromosome 17 has been
reported in osteosarcomas (31). Since the polymorphic probe
on chromosome 17 used in this study is also located on the

7-5\
7.04-
6.0-
5.5V
4.5'

1.3-;=

1 2 3 k 5 6 7 8 9 10 11 12 13 14 15 16 17

M â€¢

12 r

U 5 6 7 8 9 10 11 12 13 14 15 16 171 2 3

10.0--Â«
7.5â€”Â«J

"

2.1-

Fig. 1. Southern blot analyses of///ndlll-digested genomic DNA from osteo-
sarcomas and their constitutional cells, i. hybridization to the RB-S probe; /'.
hybridization to the RB-1. The 7.5-kilobase fragment in A and B is an overlapping
region of two probes. Samples in each lane of both A and B are identical. DNA
of constitutional and normal control cells was isolated from peripheral leukocytes.
iMne I. normal control cells; lane 2, KS-22 (leukocyte): lane 3, KS-22 (tumor)
(deletion except 5' fragments (14.0, 1.5, and 1.2 kilobases in li|: lane 4, KS-
41(leukocyte); lane 5, KS-41 (tumor) [deletion except 3' fragments (6.2 and 1.2
kb in B)l; lane 6, KS-42 (leukocyte); lane 7, KS-42 (tumor) (normal fragments
with an extra fragment (15.0 kilobases in />'>];lane 8, KS-54 (leukocyte); lane 9,
KS-54 (tumor) [total deletion!; Â¡one/"- KS-61 (leukocyte); lane II, KS-61 (tumor)
[normal]; lane 12, KS-66 (leukocyte); lane 13, KS-66 (tumor) [normal size
fragments with half-reduced intensity and an extra band (4.6 kilobases in B)]\
lane 14, KS-72 (leukocyte); lane 15, KS-72 (tumor) [normal size fragments with
half-reduced intensity); lane 16, KS-81 (leukocyte); lane 17, KS-81 (tumor)
(deletion of a fragment (7.5 kilobases in i and B)]. Fragments length are indicated
in kilobases to the left.

short arm, the loss of heterozygosity on chromosome 17 which
we observed here may be relevant to the alteration of the p53
gene. In contrast, the tumors which retained heterozygosity on
chromosome 13 also retained the constitutional states of other
chromosomes. These tumors had no recognizable alteration of
the RB gene. Recently such concerted changes in the chromo
somal zygosity have been also found in meningioma (24). The
molecular characterization of such cooperative loss of hetero
zygosity is particularly intriguing for the understanding of the
development and propagation of osteosarcoma, and constitutes
the subject of further study.
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Fig. 2. Loss of constitutional heterozygos-
ity at loci on chromosome 13 in osteosarcoma.
DNA samples from peripheral leukocyte (N)and tumor tissue ('/') obtained from patients

KS-54 (A), KS-61 (B), KS-72 (C), and KS-66
(/,)) were analyzed with the chromosome 13-
specific probes. DNA was also isolated from a
first-passage xenograft tumor grown in nude
mice (X) in the case of KS-72. The probe and
restriction enzyme used are indicated at the
bottom. Numbers on the left, observed alÃeles,
with I or 2 according to decreasing length;
kilobases to the right, alÃelelengths. In D, p7D2
and p7F12 detected the homozygous alÃeleat
D13S10 and D13S1, respectively. C, a con
stant band.

N T
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2- i 1-3.9

N T

1-H-4.8 1-----19.5
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N T
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N T N T
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