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Cell lines and xenografts derived from medulloblastomas
are useful tools to investigate the chromosomal changes in
these tumors. Here we used G-banding, fluorescence in
situ hybridization (FISH), spectral karyotyping (SKY),
and comparative genomic hybridization to study 4 medul-
loblastoma cell lines and 1 xenograft. Cell line D-425
Med had a relatively simple karyotype, with a terminal
deletion of 10q and amplification of MYC in double-min-
utes (dmins). FISH demonstrated that an apparent
isochromosome (17q) by routine karyotyping was actu-
ally an unbalanced translocation between 2 copies of
chromosome 17. Cell line D-556 Med also had a simple
near-diploid stemline with an unbalanced 1;13 transloca-
tion resulting in a gain of 1q, an isochromosome (17q),
and dmins. These findings were initially described using
routine G-banded preparations, and FISH showed that
the dmins were an amplification of MYC and the i(17q)
was an isodicentric 17q chromosome. The other finding
was confirmed by FISH, SKY, and comparative genomic
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hybridization. Cell lines D-721 Med and D-581 Med had
complex karyotypic patterns that could be completely
characterized only when FISH and SKY were used.
Xenograft D-690 Med also had a complex pattern that
FISH and SKY were helpful in completely elucidating.
Interestingly, balanced reciprocal translocations were seen
as well as complicated unbalanced translocations and
marker chromosomes. Comparative genomic hybridiza-
tion demonstrated only a deletion of 10q22-10q24, sup-
porting the idea that despite the complexity of the
chromosomal rearrangements, minimal alterations in the
overall chromosomal content had occurred. This study
demonstrates that routine cytogenetic preparations are
adequate to describe chromosomal abnormalities in occa-
sional medulloblastoma samples, but a broader spectrum
of molecular cytogenetic methods is required to com-
pletely analyze most of these tumor samples. Neuro-
Oncology 4, 75-85, 2002 (Posted to Neuro-Oncology
[serial online], Doc. 01-005, February 11, 2002. URL
<neuro-oncology.mc.duke.edu>)

from human tumors are useful reagents for a variety

of biological, molecular genetic, biochemical, func-
tional, and therapeutic studies. They are particularly
helpful in investigations of chromosomal rearrangements,
deletion, and other cytogenetic alterations, providing an
abundant supply of neoplastic cells for detailed analysis
of these abnormalities. Characterization of the chromoso-
mal deviations in the cultured and xenograft cells often
provides clues to the underlying genetic defects possessed
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Table 1. Karyotypic nomenclature for medulloblastoma cell lines and xenograft

Cases

Karyotype nomenclature

D-425

46,XY,del(10)(q23),i(17)(q10),+dmins[cpAl.ish amp (8)(q24.1)(MYC),

del(10)(q23)(wcp10+,pcp10q26-),der(17)t(17;17)(p12;911.2)(wep17+D17Z1+,pcp17p+),

17p11.2 (D175122x2)
D-556

46,XX,+1,dic(1;13)(p11.1;934),i(17)(q10),+dmins[cp10].ish amp(8)(q24.1)(MYC),

dic(1;13)(wep1+,D1Z1+;wep13+),idic(17)(p11.2)(wep17+,D17Z1+,pep 17p+,HER-2/NEUX2),

17p11.2(D175122x1)
D-721

44.X,-Y,+der(1)t(1;?)(p34.1;?),der(3)t(3,?)(p10:?),+der(3)t(3;?)(p10:?),+93],

der(11)t(3;11)(q12;p15),dic(1622)(q12.1;p11.1),add(18)(p11.3)x2,+der(18)t(18;?)(q10;?),
dic(1;19)(p11.1;913.4),-20,-22,-22[cp11].ish+der(1)t(1;18)(p34.3p11.2)
(wep1+4,D1Z1+;wcp18+,D18Z1-),dic(3;22)(q11.1;p11.1)(wcp3+,D3Z1+;wcp22+),
+dic(3;22)(q11.1;p11.1)(wep3+,D3Z1+;wep22+),der(11)t(3;11)(q13.2;p15(wep3+;wep11+),
dic(16;22)(q11.1;p11.1)(wep16+;wep22+),17p11.2(D175122x2),add(18)(wcp18+),
+der(18)t(18;20)(p11.1;911)(wep18+;wcp22+),dic(1;19)(wep1+,D1Z1+,wep19+)

D-690

46,Y,der(X)t(X;7)(p11.2;p13),der(2)t(24)(p13;p14)t(2;11)(q37;921) der(4)t(4;12)(p14;912),

der(6)t(6;?)(q21;?),-7,t(8;15)(q22;922)[2],der(10)t(10;?)(q22;?,del(11)(q21),
der(11)t(11;12)(p15;922),der(12)t(12;?)(q13;?),-12,ins(13;?2Xq21;?),der(22)t(7;22)(q21;q13),
+2marlcp71.ish der(X)t(X;7)(p11.2;p11.2)(wcpX+,DXZ1+;wcp7+,D7Z1-),
der(2)t(2;9)(p15;932)t(2;11)(q37.1;921)(wcp2+;wep9+;wep11+),t(4;12)(p14,913)
(wepd+;wep12+),1(6;20)(q25;p11)(wepb+;wep20+),der(7)t(X; 7)(p11.2;p11.2)4(2;7)(p13;911.2)
(wepX+;wep7+,D7Z1+;wep2+),t(8;15)(wep8+;wep15+),der(9)t(9;22)(q32;913.1)
(wep9+;wep22+),del(10)(q22g24)(wep10+,pcp10G26+) del(11)(gq14)(wep11+),
t(11;12)(p13;913)(wep11+;wep12),ins(13;1)(q14;925931)(wep13+;wep1+),
17p11.2(D175122x2),der(2)t(7;22)(q11.2;q13)(wcp7+;,wcp22+)

D-581

47,X,-Y,add(1)(q44),der(2)t(1;2)(q21;m23),+der(2)t(2;3)(q23;923),+der(3)t(3:3)(p25;G21),

der(5)t(2;5)(q24;p15.1),+7,add(9)(p24),der(10)t(10:?)(q22;?)add(10)(gq23.2),add(13)(p11),
-15,del(17)(p12),-22[3],+mar[cp10lish der(1)t(1;10)(q42;q24)(wcp1+,D1Z1+;wcp10+,D10Z1-)
der(2)t(1;2)(q22;p23)(wep1+;wep2+),+der(2;10)t(2;10)(q23;p11.2)t(10;13)(q21;922)
(wep2+;wep10+,D10Z1+;wep13+),+der(3;15)(p24;q12)t(13;15)(q14;926)
(wep3+;wep15+;wep13+),der(5)t(4;5)(q23;p15.1)(wepd+;wep5+),+7 (wep7+),
der(9)t(1;9)(q42;p21)(wep1+;wcp9+),der(10)t(2;10)(q21;911.2)t(2;13)(q21;922)
(wep2+;wep10+,D10Z1+;wep13+),der(10)t(9;10)(p21;q22)(wep9+;wep10+,D10Z1+),
der(13)t(13;22)(p11.2;911.2(wcp13+;wcp22+),+del(15)(q12)(wep15+),
del(17)(p11.2)(wcp17+,pcp17p+),17p11.2 (D175122x1)

by the original cells from which they were derived. For
example, translocations may be associated with specific
genetic rearrangements; chromosomal deletions or losses
may point to the locations of altered tumor suppressor
genes; and dmins® and homogeneously staining regions
are generally associated with gene amplification.

Recent developments in molecular cytogenetics, such
as FISH, SKY, and CGH, have provided powerful tools to
aid classic G-banding analysis in characterizing complex
chromosomal patterns. FISH, when WCPs are employed,
is useful for confirming chromosomal rearrangements first
identified by G-banding analysis and for elucidating chro-
mosomal breakpoints (Gozzetti and Le Beau, 2000; Wilt-
shire et al., 2001). In addition, single-copy gene probes
can determine the copy number status of a specific gene,
as well as whether or not the gene is rearranged, without
the need for metaphase spreads. However, FISH analysis
can be cumbersome when examining multiple marker
chromosomes. SKY analysis is an excellent correlate to
FISH and classic karyotypic analyses (Schrock and
Padilla-Nash, 2000). All normal and aberrant chromo-
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somes are identified with an array of distinct color combi-
nations in one experiment. Similar to classic cytogenetics
and WCP FISH analyses, the quality of metaphase spreads
and the size of the altered chromosomal region can be lim-
iting factors when discerning breakpoints. On the other
hand, CGH is unique in molecular cytogenetics because
metaphase chromosomes from the sample are not
required. The DNA from all of the cells in the tumor is
studied to get a net change in the copy number status of
DNA sequences compared with the normal copy number
complement. Deletions and low- and high-level gains of
genetic material are detected in one analysis; however, bal-
anced rearrangements are not readily discerned with CGH
(Lichter et al., 2000). Separately, these techniques provide
useful but sometimes incomplete information about chro-
mosomal alterations. In combination, the data from these
techniques can better elucidate the overall genetic compo-
sition of any sample under investigation.

In this study, the above methods were applied to 4 cell
lines and 1 xenograft, which were derived from human
medulloblastomas. We were able to completely charac-



terize the complex karyotypic alterations in these cases
and demonstrate subtle rearrangements that were not
detectable by routine G-banded karyotypes. The results
were consistent with reported cytogenetic analyses and
provided more insight into the genetic complexity of
these medulloblastoma specimens.

Materials and Methods

Cytogenetic Procedure

Chromosomal analysis was performed on 4 cell lines
and a xenograft. D-425 was derived from a S-year-old
female (Bigner and Vogelstein, 1990), D-556 from a
7-year-old female, D-721 from a 2-year-old male,
D-690 from a 16-year-old male (Bigner and Schrock,
1997), and D-581 from a 2-year-old male. Cells were
arrested in metaphase with colcemid, treated with a
hypotonic solution, and processed in fixative according
to standard techniques. The slides were aged overnight
at 60°C, trypsinized, then stained with Wright’s stain.
Chromosomal analysis was performed by following
routine cytogenetic procedures. Twenty metaphases
were counted, and a minimum of 5 metaphases were
karyotyped and described according to the Interna-
tional System for Human Cytogenetics (ISCN; Mitel-
man, 1995).

FISH

FISH was used to identify marker chromosomes and chro-
mosomal rearrangements that were difficult to discern
with conventional cytogenetics methods. All probes were
used according to the manufacturers’ instructions. WCPs
for chromosomes 1 to 22 and sex chromosomes, and cen-
tromeric probes (DXZ1, D171, D371, D771, D10Z1,
D1771, D18Z1) (Vysis, Inc., Downer’s Grove, Ill.), were
used to study the various rearranged chromosomes. Par-
tial chromosome painting probes for the p and q arms of
chromosome 17 and chromosome 10q26 (American Lab-
oratory Technologies, Inc., Arlington, Va.), along with a
HER-2/NEU gene-specific probe (17q12) from Vysis, Inc.,
were used to examine aberrant alterations involving chro-
mosomes 17 and 10. The Vysis LSI c-myc probe (8q24.1)
was used to study MYCC gene amplification.

CGH

CGH was performed according to the manufacturer’s
instructions (Vysis, Inc.). Briefly, 1 pug of DNA extracted
from each of the 4 cell lines and the xenograft was directly
labeled by nick translation with spectrum green dUTP, and
the same amount of normal reference DNA was labeled
with spectrum red dUTP. Both labeled DNA were then
hybridized to a slide containing normal lymphocyte
metaphase spreads. Twenty metaphases were captured on
a fluorescent microscope equipped with epifluorescent fil-
ters and a CCD (charge-coupled device) camera. The cap-
tured images were analyzed using Vysis QUIPS imaging
and CGH analysis software. Excluded chromosome
regions and established threshold ratios were the same as
previously described (Wiltshire et al., 2000).
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Fig. 1. Cell line D-425. A. Representative karyotype:
46,XY,del(10)(g23),i(17)(q10),+dmins. Arrows point to abnormal
chromosomes 10 and 17 and to dmins. B. Composite panel showing
results of FISH on normal and derivative chromosomes. Arrows indi-
cate 10q deletion (WCP 10 SpectrumGreen), c-myc amplification in
dmins (LSI c-myc SpectrumOrange), and derivative chromosome 17
(WCP 17 SpectrumGreen).

SKY

SKY uses the simultaneous labeling of painting probes to
visualize each chromosome within a metaphase in a differ-
ent color. A Fourier transform interferometer coupled to a
CCD camera (Spectracube™, Applied Spectral Imaging,
Carlsbad, Calif.) was used for image acquisition. A single
image is captured and the complete emission spectra are
measured for each image point. Chromosome classifica-
tion is based on the unique spectral information character-
istic for each chromosome and is performed using the
SKY-View software (Applied Spectral Imaging) (Bigner
and Schrock, 1997). 4'6-Diamidino-2-phenylindole band-
ing was used to estimate chromosomal breakpoints.

Results

G-band karyotypic analysis revealed abnormal stemlines
in all 4 cell lines and the xenograft. Two of the cell lines
had few chromosomal alterations, and the other 3 had
many complex chromosomal rearrangements. Table 1
shows the final karyotypic descriptions that resulted from
analyses by G-banding and FISH.

D-425

This cell line had a diploid chromosome number and con-
tained few chromosomal abnormalities that involve chro-
mosomes 10 and 17 and dmins (Table 1 and Fig. 1). All
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Fig. 2. CGH of D-425. A. Metaphase image. Arrows point to chromosomes with detectable numeric genomic changes. B. Ratio profile. The CGH
data show amplification of chromosome region 8q22—qter, which is inclusive of the locus of MYC (green), the deletion of 10q (red), and the

deletion of the distal portion of 17p in red and gain of 17q in green.

G-banded chromosome spreads examined showed dmins,
confirmed as containing gene amplification by using a
FISH probe specific for the MYC gene in chromosome
region 8q24.1 (Fig. 1B). These data correlated with the
CGH findings, which showed amplification of the same
region. Chromosome 10 had a terminal deletion of the
long arm with a breakpoint at 10¢23 according to cytoge-
netics. This observation was confirmed by a positive signal
with a whole chromosome 10 paint (Fig. 1B). However,
there was a lack of signal for a telomeric paint specific for
the 10q26 region (data not shown). The CGH profile fits
well with this finding, confirming the 10q deletion (Fig. 2).
CGH also demonstrated a gain of 17q and terminal dele-
tion of 17p (Fig. 2), correlating well with abnormal chro-
mosome 17 seen in the karyotype (Fig. 1). The i(17q)
chromosome apparent by G-banding was shown to be a
t(17;17)(p12;q11.2) chromosome by FISH (Table 1)
(Aldosari et al., 2000). The SKY analysis was performed
on metaphases from an in vitro passage that was later
than those studied in the G-banded and FISH analyses.
This preparation was hyperploid and showed an addi-
tional chromosomal abnormality, der(3;10) t(10;3;8).
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Like G-banding, SKY identified the abnormal 17 chromo-
some as an i(17q), and similar to FISH, the dmins were
shown to be composed of chromosome 8 DNA sequences.

D-556

By conventional karyotyping, this cell line had a diploid
chromosome number and contained few chromosomal
abnormalities, which included abnormalities of chromo-
somes 1 and 17 and dmins (Table 1 and Fig. 3). Chromo-
some 13 appeared to be involved in a translocation with
1q. Whole chromosome paints and centromere paints for
chromosomes 1 and 13 confirmed this unbalanced
translocation of chromosomes 1 and 13 with breakpoints
at 1p11.1 and 13q34. The derivative chromosome 13
was dicentric, containing chromosome 1 and 13 cen-
tromeres. This was confirmed by SKY (Fig. 3C). The
CGH result suggested an extra copy of 1q and no
changes in chromosome 13, in agreement with the cyto-
genetic, FISH, and SKY findings (Figs. 3 and 4). MYC
amplification was demonstrated in all cells examined by
using a gene-specific LSI® c-myc probe (Figs. 3B and ).
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Fig. 3. Cell line D-556. A. Representative karyotype: 46,XX,+1,dic(1;13)(p11.1;934),i(17)(q10),+dmins Arrows point to abnormal chromosomes
and dmins. B. Composite panel showing results of FISH on normal and derivative chromosomes. Arrows indicate dic(1;13) chromosome (WCP 1
SpectrumGreen and WCP 13 SpectrumOrange), C-myc amplification in dmins (LSI c-myc SpectrumOrange), and the apparentisodicentric chro-
mosome 17q (centromeric 17 SpectrumGreen and HER2 SpectrumOrange, 17q12). C. Composite panel showing SKY results for chromosomes
1,13, 17, and dic(1;13), and the apparenti(17q). Arrows point to derivative chromosomes.

This finding was confirmed by CGH, but not by SKY.
The i(17q) chromosome identified in the karyotypes was
shown by SKY to be composed entirely of chromosome
17 and by the initial FISH analysis to be composed of the
17q chromosome arm (Fig. 3A-3C). However, an
idic(17q) chromosome was demonstrated by subsequent
FISH analyses (Table 1) (Aldosari et al., 2000). This find-
ing was seen as a gain of 17q and loss of the distal por-
tion of 17p by CGH (Fig. 4).

D-721

This cell line had a near-diploid chromosome number
and contained a wide range of complex chromosomal
rearrangements. By conventional karyotyping, it was not
possible to determine all of the partner chromosomes
involved in translocations or the identity of all marker
chromosomes (Fig. 6). FISH was instrumental in fully
describing the translocations der(1)t(1;18), dic(3;22), and
der(18)(18;20); refining the breakpoints for chromo-
somes der(11)t(3;11) and dic(16;22); and confirming the
dic(1;9) chromosome (Table 1). The SKY results con-
firmed the majority of these findings and provided evi-
dence suggesting that the add(18) chromosome identified

by G-banding was a duplication of chromosome 18 (data
not shown). WCP for chromosome 18 revealed that the
marker chromosome was made up solely of chromosome
18 material (Table 1). The CGH results corroborated
with the G-band, FISH, and SKY results, showing
increased copy numbers of 1q, 3p, 9; amplification of
18q; and decreased copy numbers of Y, 1pter->p32.2, 3q,
11p15, 16q, 20p, and 22 loci.

D-690

Karyotypic analysis showed this xenograft as having a
diploid chromosome number and containing markers
and complex chromosomal rearrangements involving
most of the chromosomes. Interestingly, despite the com-
plexity of the chromosomal pattern, this cell line con-
tained many simple balanced reciprocal translocations, as
well as some complex chromosomal rearrangements that
could be fully appreciated only by subsequent FISH and
SKY analyses. The initial composite karyotype, 46,Y,
der(X)t(X;7)(p11.2;p13),der(2)t(2;4)(p13;p14)t(2;11)(q37;
q21),der(4)t(4;12)(p14;q12),der(6)t(652)(q21;?),-7,t(8;15)
(922;q22)[2],der(10)t(1052)(q225?),del(11)(q21),der(11)t
(11;12)(p15;922),der(12)t(12;2)(q135?),-12,ins(13;2)(q215?),
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Fig. 4. CGH of D-556. A. Metaphase image. Arrows point to chromosomes with detectable numeric genomic changes. B. Ratio profile. The CGH
data show gain of chromosome 1q, gain of chromosome region 8q23-8q24, deletion of 17p, and gain of 17q.

Fig. 5. Cell line D-556. FISH analysis shows a metaphase spread and
interphase nuclei according to an LSI c-myc gene probe. Arrows indi-
cate the locus of MYC on chromosome 8q24.1.

der(22)t(7;22)(q21;q13),+2mar[cp7], was reevaluated by
FISH (Fig. 7). WCPs were important in correctly identify-
ing der(2)t(2;4;11), der(9)t(9;22), del(10)(q22q24), and
ins(13;1), and in identifying the 2 marker chromosomes
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as der(7)t(X;2;7) and the derivative chromosome 12 part-
ner of the balanced translocation (4;12). Furthermore, it
was easier to recognize the balanced translocations
t(4;12), t(6;20), and t(11;12) and confirm der(X)t(X;7),
t(8;15), and der(22)t(7:22) by FISH analysis (Table 1 and
Fig. 7A and 7B). SKY confirmed our findings in this
xenograft and detected rearrangements not easily dis-
cerned by either G-bands or FISH. The der(4) chromo-
some from the apparent balanced translocation (4;12)
also was shown to be composed of a small part of chro-
mosome 11 at the terminal end of the long arm of chro-
mosome 4, making the description der(4)t(4;12)(p15;
q13)t(4;11)(q35;?) (Fig. 7C). Furthermore, the del(11)
chromosome was shown to be translocated with a part of
chromosome 2 (Fig. 7C). Even though a great amount of
complexity was seen in the karyotypes, the net change of
DNA sequences seen by CGH analysis was simpler. It
showed only a deletion of region 10g22-10g24, with all
other chromosomes having no changes (Fig. 8).

D-581

The G-banded karyotype revealed numerous structural
deviations (Fig. 9). FISH, used with WCPs, permitted the
identification of the translocation partners in a number of
unbalanced translocations. For instance, FISH helped to
correctly identify der(2)t(2;3) as dic(2;10)t(2;10;13);
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Fig. 6. Cell line D-721. Representative karyotype: 44,X,-Y,+der(1)t(1;?)(p34.1;?),der(3)t(3;?)(p10:?),4der(3)t(3;?)(p10:?),der(5)t(5;?)(q?;?),der
(1Nt3;11)(q12;p15),add(14)(p11.2),dic(16;22)(q12.1;p11.1),adl(18)(p11.3)x2,+der(18)t(18;?)(q10;?),dic(1;19)(p11.1;q13.4),-20,-22,-22
Chromosomes der(5) and add(14) are unique to this cell and are therefore not clonal. Arrows indicate chromosomal breakpoints determined by

G-bands and FISH analyses.

der(3)t(3;3) as der(3)t(3;13;15); and der(5)t(2;5) as
der(5)t(4;5) (Table 1). Rearranged chromosomes that
were not entirely discerned by G-bands were fully charac-
terized by FISH, including der(1)t(1;10), der(9)t(1;9),
der(10)t(2;10;13), der(10)t(9;10), and der(13)t(13;22)
(Table 1). The marker chromosome was shown to be
composed entirely of chromosome 15, whereas
der(2)t(1;2) and del(17) were confirmed (Table 1). Due to
technical limitations, SKY data was not obtained on this
cell line. CGH also revealed gains and losses involving
almost all the chromosomes in this cell line, which was
consistent with the karyotypic and FISH data. Gains of
1q, 2, 3q, 4q, 7, 13, and 15, along with losses on Y, Sp,
10, 17p, and 20 were observed.

Discussion

Cultured cell lines and xenografts derived from human
neoplasms are useful for a variety of investigational stud-
ies, including delineation of molecular alterations that
contribute to the biologic properties of the neoplasm
(Friedman et al., 1983). Understanding of molecular
characteristics is aided by elucidation of chromosomal
alterations that a given tumor type possesses.
Conventional cytogenetics using G-banded karyotypes
is a well-known method that in the last few decades has
been used to define numerical and structural alterations,
including translocations, deletions, and inversions in the
chromosomes of human tumors (Bigner and Vogelstein,
1990). For some tumors, the metaphases are easy to ana-

lyze with this method because there are few altered chro-
mosomes (Lopez-Gines et al., 1997; Stratton et al.,
1991). In other cases, complex karyotypes with numer-
ous chromosomal rearrangements and marker chromo-
somes are seen, making precise identification of all
structural and numerical changes difficult or impossible
(Bigner et al., 1988, 1997; Grant et al., 1988; Keles et al.,
1995; Sawyer et al., 1991). One cell line in the current
study (D-556) had very simple chromosomal alterations
consisting of a translocation (1:13), isochromosome
(17q), and dmins. The other cell lines and xenograft
showed more complex chromosomal rearrangements
that could not be analyzed by this method alone.

Major advances in molecular cytogenetics in the last
decade have provided new methods such as FISH, SKY,
and CGH, which have allowed continued analysis of
chromosomes beyond G-bands. FISH includes specific
chromosome-painting probes, centromeric probes,
telomeric probes, specific locus probes, and specific gene
probes (Adinolfi and Davies, 1994). This method enables
investigators to evaluate gains and losses of chromo-
somes and chromosomal regions and to analyze complex
rearrangements within individual cells (Tomlinson et al.,
1994; Vagner-Capodano et al., 1994). It is also useful for
chromosomal mapping and is especially powerful when
applied along with loss of heterozygosity studies
(Aldosari et al., 2000; McDonald et al., 1994; Steichen-
Gersdorf et al., 1997). In this study, we used a MYC
gene-specific probe in cell lines D-556 and D-425 to
demonstrate MYC gene amplification in dmins (Bigner et
al., 1990). Using multicolor painting probes, we were
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Fig. 7. Xenograft D-690. A. Representative G-banded karyotype with arrows pointing to breakpoints of the abnormal chromosomes determined
by G-bands and FISH. B. Composite panel showing results of FISH. Each abnormality was investigated with a specific combination of probes
(Table 1). C. Composite panel showing results of SKY for a representative metaphase spread.

able to describe most chromosomal rearrangements in all
5 tumors. Specifically, we confirmed the simple transloca-
tion in D-556 and delineated complex rearrangements in
D-690, D-581, and D-721. The advantage of this method
is that one can precisely confirm chromosomal abnormal-
ities that involve a limited number of chromosomes. The
disadvantage of this method is that it requires metaphase
spreads, and it is time consuming and costly to analyze
cell lines or xenografts that have multiple rearrangements
which involve most of their chromosomes. In this setting,
a simpler approach is to perform SKY.

SKY was introduced to the field of molecular cytogenet-
ics in the last few years. In this method, combinations of 6
fluorochromes are used to paint the different chromo-
somes. Each pair of chromosomes is assigned to a pseudo-
color using computer software and a fluorescent
microscope (Schrock et al., 1996). This method is partially
useful in cases with very complex chromosomal rearrange-
ments that involve most or all of the chromosomes (Bigner
and Schrock, 1997). In medulloblastomas, karyotypes
vary from simple patterns, such as in D-425 and D-556, to
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complex karyotypes with multiple chromosomal
rearrangements that involve most of the chromosomes.
Application of SKY to xenograft D-690 demonstrated the
ability of this method to define subtle rearrangements
involving chromosome 2 and complex rearrangements
involving 3 chromosomes, der(4)t(4;12;11). FISH showed
only the translocation between chromosomes 4 and 12,
failing to show the other partner chromosomes. The major
drawbacks of this method, however, are that it requires
metaphase spreads and cannot show deletions smaller than
2 megabases.

CGH allows one to investigate the net gains, losses,
and amplification of chromosomes and chromosomal
regions using DNA extracted from tumor. Unlike loss of
heterozygosity studies, normal DNA from the individual
is not needed, and unlike conventional cytogenetics, FISH
and SKY, metaphase spreads are not required. For CGH,
DNA from normal control cells is labeled with a red fluo-
rochrome, and tumor DNA is labeled with green (Kallion-
iemi et al., 1992). The samples are mixed in equal
quantities and hybridized to normal metaphase spreads
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Fig. 8. CGH ratio profile. The CGH data show deletion of chromosome 10q, region 10g22-10q24, as the only abnormality seen in this xenograft.
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Fig. 9. Cell line D-581. Initial G-banded karyotype:
47 X,-Y,add(1)(q44),der(2)t(1;2)(q21;p23),+cer(2)t(2;3)(q23;923),
+der(3)t(3:3)(p25;q21),der(5)t(2;5)(q24;p15.1),+7,add (9)(p24) der
(10)t(10:2)(q22;?),add(10)(q23.2),add(13(p11),-15,del(17)(p12), -
22,+mar. Arrows indicate chromosomal breakpoints and marker
chromosomes determined by subsequent FISH analysis (Table 1).

from a normal individual. This method is particularly
suited to demonstrating gene amplification (Jay et al.,
1999). It is useful for providing a complete chromosomal
pattern (Reardon et al., 1997; Thein et al., 2000). In the
present series, chromosomal gains, losses, and MYC
amplification were all confirmed. In addition, CGH
demonstrates that the complex pattern of chromosomal
rearrangements in xenograft D-690 Med actually resulted
in only a minimal alteration of the overall chromosomal
complement, consisting of loss of 10g22-q24.

The combinatorial analysis presented in this study
provides some insight into the genetic alterations of these
4 medulloblastoma cell lines and xenograft. Alterations
were detected with all chromosomes except chromo-
somes 14 and 21. Of these, chromosome 1 was involved
in the most alterations, detected in 4 of the 5 samples, fol-
lowed by chromosomes 8, 9, 10, 13, 17, and 22, each
detected in 3 of § samples (Table 1). Alterations involving
the remaining chromosomes were observed in only 1 or 2
of the specimens.

Isochromosome 17q has been reported in molecular
and cytogenetic studies as the most common aberration
identified in medulloblastoma cell lines and biopsies
(Aldosari et al., 2000; Bigner et al., 1997). The
rearrangement results in loss of 17p and gain of 17q.
Our study agrees with the published data, but shows
that the common alteration may not always be a simple
isochromosome. The i(17q) identified in D-425 and
D-556 cell lines has been elucidated as t(17;17) and
idic(17), respectively, with the aid of molecular cytoge-
netic techniques (Table 1) (Aldosari et al., 2000). Chro-
mosome 1 has been involved in various structural
alterations in primary medulloblastoma, which resulted
in a gain of 1q without loss of 1p (Bigner et al., 1997).
This was also consistent in this study with a net gain of
chromosome 1q detected in samples D-556, D-581, and
D-721. Interestingly, in the xenograft D-690, the analy-
ses suggest that 1q25—q31 was inserted into the long
arm of chromosome 13, making it the smallest region of
1q to be involved in a rearrangement. Presently, it is not
clear if this loci is simply gained or involved in a bal-
anced rearrangement. Additional investigation of this
insertion would determine its potential as a putative
oncogenic loci in medulloblastoma. Loss of chromosome
10q in medulloblastoma is another frequently reported
alteration that has also been detected in our study (Rear-
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don et al., 1997). The combinatorial approach on these
cell lines and xenograft pinpointed a cluster of break-
points around chromosome locus 10¢23 in D-425,
D-581, and D-690. Although the PTEN gene, located in
this region, has been mutated in a few medulloblas-
tomas, it has not been implicated in the development or
maintenance of the tumor (Giangaspero et al., 2000).
Although no other candidate tumor suppressor genes
have been identified in 10923, the data from this investi-
gation, along with other published studies, maintain that
this locus is potentially important in the etiology of
medulloblastoma. Amplification of the MYC gene, on
8q24, is seen in medulloblastoma biopsies and cell lines
(Bigner and Vogelstein, 1990). This is the most common
documented alteration involving chromosome 8 in this
tumor, which was also seen in this study. Two of the 3
alterations involving chromosome 8 were MYC amplifi-
cation, in the form of dmins, in cases D-425 and D-556.
Alterations involving chromosomes 9, 13, and 22 have

not been frequently reported; thus, the alterations seen
in this study are probably unique to these medulloblas-
toma samples.

Combining classic cytogenetics and molecular cytoge-
netics was clearly beneficial in discerning the complex
genetic nature of medulloblastoma cell lines and xenografts.
The study provided, for the first time, detailed genetic
analysis of medulloblastoma samples, the results of which
can be used in other investigations. Furthermore the data,
corroborated by published reports, indicated the necessity
for reevaluating an apparent common chromosome alter-
ation and suggested a potential oncogenic locus that is pos-
sibly important in the etiology of medulloblastoma.
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