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Background and Objectives. We have previously
reported on a complex chromosome rearrangement
[der(17)] in a B-cell line, BRG A, established from an
AIDS patient with Burkitt’s lymphoma (BL). The aim
of the present study was the definition of der(17)
composition and the identification of complete or
partial chromosome gains and losses in two cell
clones (BRG A and BRG M) derived from this patient.

Design and Methods. We applied comparative
genome hybridization (CGH) to detect the DNA mis-
representations in the genome of the two cell clones.
Findings from CGH and banding analysis could then
direct the choice of probes for chromosome painting
experiments to elucidate der(17) composition.

Results. CGH analysis identified gains of chromo-
somes 1q, 7q, 12q, 13q, 15q, 17p, 20p,q and loss-
es of chromosomes 3p and 5q in BRG A and gain of
chromosome 1q and loss in chromosome 6q in BRG
M. Some of the detected alterations had already
been described in lymphomas, while others appeared
to be new. The combination of these techniques
allowed a precise definition of der(17), composed by
translocated regions from chromosomes 12 and 15.

Interpretation and Conclusions. We demonstrated
CGH to be a powerful tool in the identification of
recurrent chromosome aberrations in an AIDS-relat-
ed BL and in ascertaining the origin of marker chro-
mosomes. We were also able to identify a different
pattern of aberrations and assess an independent
sequence of events leading to the 1p gain in the two
subclones.
©2000, Ferrata Storti Foundation
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Comparative genomic hybridization (CGH) is a
molecular cytogenetic method that makes it
possible to screen indirectly for copy number

aberrations throughout the genome in a single
hybridization.1,2 CGH is essential in the cytogenetic
study of solid tumors, but also has a potential clini-
cal use in the diagnosis of recurrent chromosome
aberrations in certain leukemias and lymphomas3

and in ascertaining the origin of marker chromo-
somes.4

In Burkitt’s lymphoma (BL), both sporadic and
endemic, the most consistent cytogenetic abnormal-
ities are the 8;14 translocation and its variants t(2;8)
and t(8;22). In addition to these known transloca-
tions with pathologic significance, additional recur-
rent structural and numerical changes have been
described which may have a role during the later
stages of disease development. To this class of alter-
ations belong some structural aberrations of chro-
mosomes 1 and 6, and trisomy of 7, 12, 13, 17q, 18
and 21.5,6 The most common of these abnormalities
is a partial duplication of 1q.6,7 Similar chromosome
abnormalities have been reported in AIDS-related
BLs.7

We previously reported on a complex chromosome
rearrangement that could have a functional signifi-
cance in an IgA-expressing B cell line (BRG A) estab-
lished from an AIDS patient with BL.8 The rearranged
chromosome [der(17)] was apparently composed of
17q, of a partially deleted 17p and of other material
of 17p origin that was interspersed with regions that
we could not identify because of lack of a clear band-
ing pattern. A functional chromosome 17 centromere
was contained in der(17) together with two addi-
tional centromeres of unknown origin that were by all
evidence inactive.

Given the complexity of the BRG A karyotype, we
have re-examined this cell line by CGH, to identify
complete or partial chromosome gains and losses.
The results of CGH were compared with chromo-
some banding analysis and enriched by using chro-
mosome painting with specific probes. The same
analysis was also performed on BRG M, the IgM
expressing cell clone from which BRG A derived in vivo
by an isotype switch, as demonstrated by identity in
c-myc and IgH chain gene rearrangement.9,10



Design and Methods

Cell lines
The case of patient BRG, a 30-year old female

seropositive for HIV, has been reported in detail pre-
viously.9,10 A B-cell line was derived spontaneously
from the patient’s peripheral blood mononucleated
cells. At diagnosis the majority of cells expressed IgM
and a minority were positive for surface IgA1. Sub-
lines of cells expressing only IgM (BRG M) or IgA1
(BRG A) were obtained by cell sorting separation.9

Comparative genomic hybridization
Hybridization was performed as described else-

where.2 Briefly, normal human genomic DNA (control
DNA) was labeled with digoxigenin-11-deoxyuridine
triphosphate (dig-11-dUTP, Boehringer Mannheim,
Germany), and B-cell DNA (test DNA) was labeled
with biotin-16-deoxyuridine triphosphate (bio-16-
dUTP, Boehringer Mannheim) by standard nick trans-
lation reactions. DNase I concentration was adjusted
to result in an average fragment size of 200 to 1,500
bp. Then, 250 ng of labeled test DNA, 250 ng of
labeled control DNA, and 30 µg of human Cot-1 DNA
(GIBCO-BRL-Life Technologies, Italy) were co-
hybridized to slides with metaphases prepared from
blood lymphocytes of a healthy female donor. After
hybridization for 3 days and post-hybridization wash-
es, test and control DNA were detected with fluores-
ceinated (FITC)-avidin (Vector, USA) and anti-dig rho-
damin (TRITC)-conjugated antibody (Boehringer
Mannheim), respectively. Chromosomes were coun-
terstained with 4,6-diamidino-2-phenylindole (DAPI),
resulting in a Q-banding-like pattern that was used for
chromosome identification.

Digital image analysis, image acquisition, process-
ing, and evaluation were performed as described else-
where.2 Images were acquired using an epifluorescence
microscope (Eclipse E800, Nikon, Japan) equipped
with a CCD camera (Cohu, USA). DAPI, FITC and
TRITC images of metaphase cells were acquired with
selective single-bandpass filters. Ratio profiles of indi-
vidual chromosomes were obtained with dedicated
software (Cytovision, Applied Image, USA). For each
experiment, the mean ratio profiles of ten metaphase
cells were calculated. Thresholds for the identification
of imbalances were defined as 0.75 (lower threshold)
and 1.25 (upper threshold).2 Chromosomes or chro-
mosomal regions with a fluorescence ratio outside this
interval were considered to be under- or over-repre-
sented, respectively.

Fluorescence in situ hybridization
Sample preparation. C-metaphases were obtained by

standard procedures, using 0.1 µg/mL colcemid (GIB-
CO-BRL) for 2 hours. Samples for hybridizing proce-
dures and GTG-banding were fixed in Carnoy’s solu-
tion (methanol:glacial acetic acid 3:1), splashed,
dried, and aged 3-7 days. 

Molecular probes. The following probes were used for
fluorescence in situ hybridization (FISH) on metaphase
chromosomes: whole chromosome painting (WCP)
for chromosome 15 (WCP #151) and partial chro-
mosome painting (PCP) probes for chromosomes 17
(PCP #2 for 17p), 12 (PCP #424) and 13 (PCP #123).

All probes were obtained from M. Rocchi, Resources
for Human Molecular Cytogenetics Project by Italian
Telethon and AIRC.11 Alu PCR products from PCP
#424, WCP #151 and PCP #123 were nick translated
with bio-16-dUTP and those from PCP #2 and WCP
#151 with dig-11-dUTP.  

Hybridization and detection. Hybridization was per-
formed as previously described12 and according to
reagent manufacturers’ recommendations with minor
modifications. The biotinylated probes were detected
with Cy3-avidin (Amersham, Italy). Digoxigenated
probes were detected using anti-dig-FITC-conjugat-
ed antibody (Boehringer Mannheim). WCP #151,
labeled with both bio-16-dUTP and dig-11-dUTP,
were painted with a mixture of Cy3 and FITC.
Metaphases were counterstained with DAPI.

Image acquisition. Images were acquired using an epi-
fluorescence microscope (Eclipse E800, Nikon, Japan)
equipped with a CCD camera (Cohu, USA). DAPI,
FITC and TRITC images of metaphase cells were
acquired with selective single-bandpass filters. Single
channel images were overlaid and processed with a
FISH dedicated software (Cytovision, Applied Image,
USA). 

GTG banding technique
After fixation, air-dried metaphase spreads were

banded by the standard trypsin and Giemsa staining
technique.

Results

BRG A cell clone
CGH analysis on BRG A cells showed overrepre-

sentation of DNA sequences as the main recurrent
anomaly. Figure 1a shows the average ratio profile of
ten metaphases. Gains were observed in seven chro-
mosomes: 1q (interstitial region: 1q21-31) with a
green to red ratio of about 1.5, 7q (the whole q arm),
12 (pericentromeric region: 12p11.2-q14), 13q (sub-
telomeric region: 13q22-32), 15q (the whole q arm),
17p (the whole p arm) and 20 (pericentromeric
region: 20p12-q13.2). Losses involved chromosomes
3p (interstitial region: 3p13-21) and 5q (interstitial
region: 5q14-21). All gains and losses were clearly vis-
ible in superimposed FITC, TRITC and DAPI images
(not shown).

The comparison of the cytogenetic and CGH data
is shown in Table 1. Aberrations of chromosomes 1,
3, 7 and 17 are clearly detected in GTG- and DAPI-
banded metaphases (Figure 1b and Table 1), while
the alterations in chromosomes 5, 12, 13, 15 and 20
were not detectable by GTG- and DAPI-banding
because of the small size of the involved region and/or
their complex rearrangements. The regions on chro-
mosomes 12 and 17 appeared to be amplified to the
same extent with a ratio of about 2.5, suggesting a
possible involvement of chromosome 12 in the con-
stitution of der(17). The findings from CGH analysis
oriented the choice of chromosome painting probes
for characterizing der(17) further towards probes for
chromosomes 12, 13 and 15. The chromosome 17p
probe was also used in order to define the position of
17p material (Figure 2a) with respect to the other
regions of unknown origin. 
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FISH analysis on metaphases from BRG A using a
probe for chromosome 12 showed, beside the expect-
ed signals on the two 12 homologs (not shown), two
pairs of distinct small hybridization regions on der(17)
(Figure 2a, small arrows). The probe hybridized on
both sides of the two small, unidentified centromeric
regions previously shown.5 Taking into account the
composition of the probe used, spanning from 12p11
to 12qter, and the Cot-1 suppression hybridization at
the centromeres, it is reasonable to assign the uniden-
tified centromeric regions of the der(17) to chromo-
some 12. CGH showed a gain of chromosome 12
between p11.2 and q14: this finding, too, is in agree-
ment with the results of the painting experiment. The
probe for chromosome 15 gave three different signals:
one on the telomeric zone of der(17) (Figure 2a, arrow-
heads), one on an apparently normal chromosome  15
(Figure 2b) and the last on a rearranged acrocentric
der(13)t(13;15) (Figure 2b). The probe for chromo-

some 13 gave no signal on der(17), but four different
signals. One of them was on a normal chromosome 13
(Figure 2c), and one on the rearranged acrocentric
der(13)t(13;15) (Figure 2c). The remaining two sig-
nals were on two small chromosomes (not shown), as
expected since the probe was not obtained from a
monochromosomic hybrid (for more information see
http://bioserver.uniba.it/fish/rocchi/welcome.html).

BRG M cell clone
CGH analysis of BRG M cells showed gain of 1q

(interstitial region: 1q21-31) with a green to red ratio
of about 2.5 and loss of 6q (terminal region: 6q16-
qter) (Figure 3a). The ratio profile of chromosome 2
exhibited a shift toward underrepresentation without
this being significant. This could indicate that the
deletion involved is too small or that it is present in a
minor fraction of the cell population, below the sen-
sitivity threshold of the technique. The gain detected
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Figure 1. a) average fluorescence ratio profile of ten refer-
ence metaphase spreads subjected to CGH with BRG A DNA.
The central bold line represents the green-to-red fluorescence
ratio value of 1, typical of a balanced state of chromosome
material. Right and left lines represent chromosomal gains
and losses, respectively. Each line indicates a decrease or an
increase of fluorescence ratio of 0.25, as shown on the X
chromosome ideogram. The threshold to define a gain was
fixed at 1.25 and that for a loss at 0.75, respectively. Due to
the suppression with Cot-1 DNA fraction, the heterochromat-
ic blocks (in particular the centromeric and paracentromeric
regions of chromosomes 1, 9 and 16 and the p-arm of all acro-
centric chromosomes) gave unreliable ratio values and were
excluded from evaluation; b) comparison of CGH results and
conventional cytogenetic analysis in BRG A cells: G-banding
on the left and DAPI-banding on the right of average ratio pro-
files. Only aberrations detected by the three techniques are
shown. For explanation see the text.
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in chromosome 9 fell in the centromeric zone con-
ventionally excluded from the analysis. 

GTG-banding karyotype of BRG M appeared to be
monosomic for chromosomes 1q and 6 and showed
three derivative chromosomes, der(2), der(3) and
der(6) (Figure 3b). Banding techniques, supported
by CGH results, allowed the definition of der(3) as
derived from a translocation t(1;3)(q?;q?) and der(6)
as derived from a translocation t(1;6)(q?;p?) (GTG-
banding, Figure 3b; DAPI-banding, not shown). Thus
the amplification of a region of 1q and the loss of 6q,

as shown by CGH data, are also identifiable in DAPI-
and GTG-banding (Table 1).

Discussion
CGH has been demonstrated to be a powerful tool

for the study of solid tumors. Here we give an exam-
ple of how CGH can add to the power of classical
and molecular cytogenetic analysis in the study of
hematopoietic tumors. We also show that the infor-
mation provided by CGH can be used to target FISH
analysis to specific chromosomes. Painting experi-
ments on BRG A showed that chromosomes 12 and
15 contributed to the der(17) formation.

Chromosome 12 has been found to be trisomic in
B-cell lymphomas,6, 18 leukemias19 and in AIDS-relat-
ed BLs.6 Chromosome 12 has also been demonstrat-
ed to be necessary for HIV gene expression,20 suggest-
ing a selective advantage for BL cells bearing an extra
copy of chromosome 12. However, it has been shown
that HIV-infected B cells invariably die and only not
infected HIV-related BL cells survive.21 Thus the rela-
tionship between trisomy 12 and HIV infection could
be indirect.6 Our results suggest that the region rele-
vant for lymphomagenesis could be restricted to
12p11.2-q14, and the aberration involving chromo-
some 12 could be even more frequent than described,
not being detectable by conventional chromosome
banding.

We have previously shown that the formation of
der(17) involved triplication of deleted 17p.8 CGH
analysis confirmed the gain of 17p. Loss of 17p, as
well as presence of i(17q), has often been reported in
lymphomas.6 In contrast, gain of 17p is not a recur-
rent finding in lymphoma. One reason could be that
the region involved is too small to be detected by con-
ventional cytogenetic analysis. It is also possible that
gain of 17p11.1-12 was present in our case since it
was a consequence of amplification of chromosome
12 during the formation of der(17).

A. Zunino et al.

Table 1. Results of CGH and banding analysis in a case of AIDS-related BL compared with literature data.

BRG–A BRG–M BL (data from literature)

aberrations detected by: aberrations detected by:
Chrom # CGH banding* CGH banding* Described aberrationsrefs°

(15 met. scored) (15 met. scored)

1 enh(1)(q21–31) 1q+ amp(1)(q21–31) +1q‡ del, t, dup q–arm,6,7,13

3 dim(3)(p13–21) 3p– – – t, part. del7,14

5 dim(5)(q14–21) – – ––
6 – – dim(6)(q16–qter) 6q– dup p–arm, del6
7 enh(7)(q11–qter) +7q – – trisomy6, 15

11 – – – – trisomy, del q–arm6

12 amp(12)(p11.2–q14) – – – trisomy6,13,15

13 enh(13)(q22–32) – – – t, del13,14,16

15 enh(15)(q11–qter) – – – t,17

17 amp(17)(p11.2–pter) der(17)§ – – del, i(17q),6,17

18 – – – – trisomy,6
19 – – – – trisomy,13

20 enh(20)(p12–q13.2) – – – trisomy,5
21 – – – – trisomy,6
X – – – – trisomy,6

*Aberrations detected in > 80% of scored metaphases. °Classical t(8;14) or variant t(2;8) and t(8;22) were omitted. ‡These aberrations have been characterized
in GTG– and DAPI–banding only with the contribution of CGH data. §Described in ref. #8.

Figure 2. FISH analysis on BRG A cells with painting probes.
a) First panel. Four color hybridization on der(17): blue sig-
nal, DAPI-staining; green signal, chromosome 17p probe;
red-violet signal, chromosome 12 probe; orange signal, chro-
mosome 15 probe; black and white panels show, clockwise,
the blue, red-violet and green acquisition channels; small
arrows, chromosome 12 probe; arrowheads, chromosome
15 probe; large arrows, chromosome 17p probe. b) On the
left, results of hybridization; on the right, DAPI counter-
staining. Chromosome 15 probe: signals on a normal chro-
mosome 15 and on a rearranged acrocentric chromosome
t(13;15). The third signal of chromosome 15 probe is on the
telomeric zone of der(17) (arrowhead, panel a). c) Chro-
mosome 13 probe: signals on a normal chromosome 13 and
on the rearranged acrocentric chromosome t(13;15).



CGH analysis of BRG A clearly showed the presence
of a gain of 1q21-32. Apart from the diagnostic
translocation, rearrangements involving 1q21-32 are
the most frequent rearrangements in BL,6,22 particu-
larly in AIDS-related cases,7 and are associated with
a poor prognosis.6 Furthermore, CGH analysis
demonstrated the gain of the whole 7q; GTG- and
DAPI-banding confirmed the presence of an extra
copy of 7q, translocated to the p-arm of chromosome
6. It has already been reported that 10-30% of BLs
show total or partial trisomy of chromosomes 7 and
16,15,23 and that chromosome 7 is probably involved in
the progression of this tumor.15

CGH analysis of BRG M showed only the gain of
1q21-32 and the loss of 6q16-ter; both these aberra-
tions have already been described in lymphomas by
using conventional cytogenetics.6,18,23 Gain of 1q21-
32 was the only aberration found in both BRG clones.
This is not surprising considering that IgA expressing
cells originated in vivo from IgM expressing cells by iso-
type switch.10 However CGH showed a difference in
the degree of 1q amplification in BRG A and BRG M
(ratio 1.5 vs 2.5). Moreover, as shown by chromo-

some banding, the gained region resided on chromo-
some 1 in BRG A, while it was translocated on differ-
ent chromosomes in BRG M. This could imply an
independent sequence of events leading to 1q21-32
gain, supporting its relevance in lymphomagenesis. 

The analysis of archival metaphases obtained from
fresh peripheral blood at the time of diagnosis
showed that two cell clones were already present in
the cell population: one bearing the typical BRG A
derivative chromosomes [1q+; der(6)t(6;7); 3p–;
der(17)]  and the other bearing those specific to BRG
M [(1q–; der(6)(6p;1q), der(3)t(3;1q)] (not shown).
Thus these aberrations did not arise in vitro and may
have played a role during the development of BL.
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Figure 3. a) average fluorescence
ratio profile of ten reference
metaphase spreads subjected to
CGH with BRG M DNA. For detailed
explanations see legend to Figure
1a; b) G-banded karyotype of BRG
M.
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Potential implications for clinical practice

� Here we gave an example of how CGH can add
to the power of classical and molecular cytoge-
netic analisys in the study of hematopoietic
tumors: complex karyotypes and small regions
of amplification, not detectable by convention-
al banding, could be easily identified. This tech-
nique, applied to a larger number of cases,
could allow the definition of a restricted chro-
mosomal region relevant for the pathology,
which might be used as marker for diagnosis,
prognosis and therapy.




