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CGH3 is a recently developed molecular cytogenetic method that
allows, in a single experiment, the detection of genetic imbalances in
solid tumors and their mapping on normal reference metaphase
spreads (1, 2). CGH has been applied in several tumor types, including
breast cancer, and revealed previously unknown amplifications and
deletions (3, 4). The most frequent were gains of lq and 8q at 20q13
and 17q22-q24 and the loss of 22 and Yip.

In a separate study (5), we tested for DNA amplification at six
distinct chromosomal regions mapping at 8pl2, 8q24, llql3, 12q13,
17q12, and 20q13, respectively, in 1,875 breast tumors by Southern
blotting. Amplifications had been reported for all these regions, and
the aim of the study was to determine whether specific subsets of
tumors could be defined according to DNA amplification profiles.
Results suggested the existence of such associations between breast
tumor phenotype and DNA amplification profiles, and three sub
groups of breast tumors were accordingly defined. Group A corre
sponded to tumors bearing amplifications at llql3 and/or 8pl2 and/or
20q13. These tumors were predominantly ER+ and contained a high
proportion of invasive lobular carcinomas. Group B corresponded to
tumors bearing amplifications at ERBB2 and/or MYC. These tumors
were predominantly ERâ€”and were almost exclusively of the invasive
ductal type. Finally, we defined a third group (group C) composed of
tumors in which no amplification had been detected by Southern blot.

In the present work, our goal was to determine by CGH the
complete set of amplification occurring in the different subpopula
tions we had defined. In all three groups, we could confirm Southern
blotting results and found recurrent regions of gains on chromosomes
lq, 8q, l6pl l-pl2, l7q22â€”24,and 20ql3. However, in each group, we
also could determine the presence of preferentially occurring events
by Southern blotting.

MATERIALS AND METHODS

Tumor Samples. Breast and tumor samples were collected at surgery in
the Val d'Aurelle-Paul Lamarque Cancer Center. Samples were snap-frozen in
liquid nitrogen and stored at â€”80Â°Cbefore processing. All clinical data were

registered, compiled, and standardized according to the WHO histological

typing of breast and tumors. Tumor cohort was composed of 60% ductal
invasive, 20% lobular invasive, and 20% of untyped adenocarcinomas of the

breast. The mean age of patients was 54 years. Tumors were 58% ER+ and
55% PR+, 64% were >2 cm in size, 58% showed nodal invasion, and 54.5%

were diploid. Tumors were mostly grade 2 and 3 (45 and 52.5%, respectively),
whereas only 2.5% were grade 1.

Isolation of DNA. Tumor DNA isolation was as described previously (6).
Normal control DNA used for CGH was prepared from peripheral blood

lymphocytes of eight healthy female donors as described above for tumor

DNAs. An equal amount of these eight different DNAs, all tested on met

aphase chromosome spreads, was mixed to erase false positive amplification
interpretations due to putative repetitive sequence polymorphisms.

Southern Blotting Analysis. The probes and methodology used were as
described previously (5).

Metaphase Chromosome Preparations. Metaphase chromosome spreads
were prepared following standard procedures from phytohemagglutinin

3 The abbreviations used are: CGH, comparative genomic hybridization; DAPI, 4',6-

diamidino-2-phenylindole; ER, estrogen receptor.

ABSTRACT

In a separate study (F. Courjal et aL, Cancer Res., 57: 4360â€”4367,
1997), we have analyzed by Southern blotting the relationship between
DNA amplification and clinicopathological features of breast cancer. Six
regions of recurrent amplifications were tested (Spl2, 8q24, 11q13, 12q13,

17q12, and 20q13), and the results suggested that there was a relationship
between DNA amplification profiles and breast tumor phenotype. We had

delineated three subgroups of tumors showing distinct DNA amplification
profiles and cinicopathological characteristics: group A, tumors showing

amplification at 11q13 and/or Spl2 and/or 20q13; group B, tumors am
plifled at ER8B2 and/or MYC and/or MDM2/SAS; and group C, tumors
with no detectable amplification. The aim of the present work was to

characterize extensively the amplification profiles in the different sub

groups of tumors. Sixty-one breast tumors distributed in all three sub

groups were studied by comparative genomic hybridization (CGH). There

was an overall good agreement between Southern blotting results and

CGH data. As expected, CGH revealed gains undetected by Southern
blotting. Most of these gains occurred in regions for which no adapted
probes were available but also revealed nondetected amplifications at
3q24 or 20q13. Tumors showed multiple aberrations with a medium

number of 5.6 copy number variations/tumor, whereas, according to
Southern blotting results, 38% of the tumors analyzed were devoid of any
amplification. This proportion fell to 6.5% after CGH analysis.

Recurrent gains were observed in tumors from all three subgroups,
albeit at varying incidences, and involved lq, 8q, 17q23â€”q24,and 20q13.
Gains covered large regions of DNA and could possibly include several
cores of amplification. Some events, such as gains at l6pllâ€”p12and 14q
or losses at 22q, showed more restricted distributions, suggesting the
existence of additional sets of preferential coamplifications. The complex
ity of genetic profiles revealed by CGH indicates that breast cancer

development depends on a large (yet undetermined) number of genetic
events. The description of molecular phenotypes In breast cancer may

therefore prove to be complex, and it should be interesting to see how
many breast tumor subtypes will be defined in the end.

INTRODUCTION

Breast cancer development and progression is associated with corn
plex sets of genetic aberrations that have been proposed to determine
tumor phenotypes. Thus, a classification based on molecular genetic
parameters may be a useful complement to classical clinicopatholog
ical guidelines. The identity of the genes involved in most of these

rearrangements remains to be determined. Therefore, screening for
chromosomal sites frequently affected by gains or losses is the first
step toward their identification and determining their relative impor
tance in the tumor process.
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CGH IN BREAST TUMOR SUBSETS

stimulated peripheral blood lymphocytes from healthy donors. To assess the
hybridization characteristics, each batch of spreads was extensively tested with
labeled normal genomic DNA and labeled cell line genomic DNAs carrying
well-defined amplifications. The preparations were chosen according to crite
ria defined by Du Manoir et a!. (7).

Labeling and Fluorescence in Situ Hybridization. Tumor DNA was
labeled with biotin-14-dATP in a nick translation reaction using the Bionick
labeling system (Life Technologies, Inc., Gaithersburg, MD). Normal DNA
was labeled using the same kit, substituting biotin-l4-dATP by digoxigenin
ll-dUTP (Boehnnger Mannheim, Indianapolis, IN). The ratio of DNA polym
erase I:DNase and/or the incubation time were adjusted for each DNA sample
to produce labeled probe fragments of 600-2000 bp, as controlled on a 1%
agarose gel.

For CGH, 300 ng of digoxigenin-labeled normal DNA and 300 ng of
biotin-labeled tumor DNA were ethanol-precipitated in the presence of 50
14 of herring sperm DNA and 25 @gof CotI fraction of human DNA (Life

Technologies, Inc.). The probe mixture was dried, resuspended in 20 p1 of
hybridization buffer [50% formamide, 10% dextran sulfate, and 2X SSC
(pH 7.0)], denatured at 75Â°Cfor 10 mm, and allowed to preanneal at 37Â°C
for I h. Metaphase chromosome slides were treated with RNase [0.1 p.g/ml
in 2X SSC (pH 7.0)] under coverslips (24 X 40 mm2) at 37Â°C for 30 mm,

rinsed in three batches of 2X SSC (pH 7.0) for 3 mm each, and dehydrated

through a 70, 85, and 100% ethanol series. They were heated at 72Â°Cfor
2 mm in a denaturation buffer [70% formamide and 2X SSC (pH 7.0)1,

dehydrated again as described above, treated with pepsine (0.1% in 0.01 N
HC1)at 37Â°Cfor 1 mm or with proteinase K [0.1 @g/mlin 20 mMTris and
2 m@iCaC12 (pH 7.5)1 at room temperature for 7.5 mm, and dehydrated a
third time. The preannealed hybridization mixture was applied to the
denatured metaphase chromosomes under a coverslip (20 X 20 mm) for 3
days in a moist chamber at 37Â°C.Posthybridization steps were performed
according to previously described protocols (2) using a single layer of
FITC-conjugated avidin (Vector Laboratories, Inc., Burlingame, CA) at 5
@.tg/mlto reveal biotinylated DNA sequences and a single layer of anti
digoxigenin Fab fragments conjugated to rhodamine (Boehringer Mann
heim) at 4 p@g/mlto detect digoxigenin-haptenized DNA sequences. Sam
pies were counterstained with DAPI, allowing subsequent chromosome
banding identification, and embedded in Vectashield antifade solution

(Vector Laboratories, Inc.).
Microscopy and Digital Image Analysis. fluorescence was detected

using a Leica DMRX epifluorescence microscope equipped with a cooled

charge-coupled device camera (Kappa CF 8/1 DXC) and coupled to Morphos
tar software (IMSTAR, Paris, France) running on an Intel Pentium P100 (8).
Images were acquired in gray levels for each fluorochrome by selecting
appropriate single band pass excitation and emission filters. Time acquisition
and lower and upper limits as well as image gain were automatically selected
by the computer to obtain the best gray level dynamic using at least half of the
256 available gray levels. The CGH analysis module was built into the
Morphostar package. Briefly, its functions are as follows: the software used the

DAPI image to automatically detect chromosomes, save the chromosome
mask, draw the chromosomal axis, and build a karyotype by matching chro
mosome DAPI banding to a stored reference. Quantitative analysis of the green
(FITC) and red (rhodamine) fluorescence intensities was performed for each
chromosome using the mask to determine and subtract local background

fluorescence. Green fluorescence and red fluorescence intensity averages were

then normalized to each other to obtain comparable intensities. Normalization
was performed as follows: (a) the mode of intensity outside the chromosomes
was calculated and subtracted for both FITC and rhodamine images; (b) the
mean intensity inside the chromosomes was found for rhodamine and FITC;
and (c) the image with smaller mean intensity was multiplied by the intensities
ratio pixel by pixel. This procedure resulted in equalized FITC and rhodamine
images. Intensities were determined along each chromosomal axis from the p
to the q telomere by integrating fluorescence across the medial axis at 1-pixel
intervals. Green:red fluorescence intensity ratios were then calculated for each
chromosome all along the axis to draw ratio profiles. These profiles were
represented on a graph in which one of the axis corresponded to the chromo

some ideogram. Three vertical lines on the right of this ideogram represented
the specific values of the fluorescence intensity ratio. The middle one corre
sponded to the normal ratio value of 1.0. Threshold values defining gains and
losses were set at 1.33 and 0.75, respectively. The reasons for this choice were:

(a) events observed in the 0.9â€”0.75 range were difficult to reproduce; thus,

0.75 was considered to be a sale limit; (b) 1.33 was chosen as a threshold for
gains because the mathematical inverse of Â¾ (0.75) is 4/3 (1.33) and not 5/4

(1.25). At least five metaphases from at least two different metaphase spreads

for each sample were analyzed, and the curves shown correspond to ratio
profiles computed as mean values of five metaphase spreads. All image

analysis steps were automatically performed, but the operator could modify at

each time mistakes such as false chromosome identification or determination
of chromosome axis.

Three-color images were processed with Morphostar software that allows
pseudocolor display and image overlay. These images provided a visual
support to reinforce quantitative fluorescence analysis.

RESULTS

In this study, we analyzed by CGH 61 breast tumors previously
typed by Southern blotting for DNA amplifications at 6 distinct
chromosomal regions (5). Three subsets of tumors characterized by
their patterns of amplification had been defined. Group A corre
sponded to tumors bearing amplifications at 11q13 and/or 8pl2 and/or
20q13, group B corresponded to tumors amplified at ERBB2 and/or
MYC, and group C corresponded to tumors in which no amplification
had been detected by Southern blot. The amplification patterns of the
tumors studied here are presented in Fig. 1, and the distribution in the
respective subgroups was as follows: group A, 22 tumors; group B, 15
tumors; and group C, 24 tumors.

Comparison between CGH and Southern Blot Results. Gains in
copy numbers detected by CGH were systematically compared to
amplification data obtained by Southern analysis. There was an
overall good agreement between CGH and Southern blotting data;
however, this depended on the localization tested. The best agree
ment was found with gains at 8pl2, llql3, and l7q12 (Fig. 2).
These data constituted valuable tests of CGH sensitivity and res
olution in our hands. Discordances at these localizations were
essentially related to positive scoring by Southern blot and nega

tive scoring by CGH (CGHâ€”/S+). Four such cases were observed
and concerned 17q 12IERBB2 and I 2q 13/MDM2-SAS. Amplifica
tion was apparent on Southern blot but was nevertheless below the
limit of detection by CGH. This suggested that the amplicons were
of small size and thus below the resolution of CGH. The greatest
levels of discordance were observed for amplifications involving
whole or portions of 8q as well as at 20q1 lâ€”q13and corresponded
to positive scoring by CGH and negative scoring by Southern
(CGH+/Sâ€”). Amplification patterns revealed by CGH at 8q were
often complex, appearing as gains of the complete long arm or
involving either 8q12 or 8q24 or both simultaneously. Our inter
pretation of copy number variation at 8q by Southern blot resulted
from the combined data obtained with MOS, E2F5, and MYC
probes. Copy number increases observed with these probes were
often of low level (3â€”5-fold), involving all three probes concom
itantly, thus suggesting the gain of whole 8q, and concordance in
these cases was good. However, discordance was greatest when
MYC results were matched to 8q24 gains. The latter exceeded MYC
amplifications by a factor of 3 (16 versus 6). Conversely, four
tumors with a MYC amplification did not show an anomaly at 8q24
but instead revealed a gain involving the complete long arm.
Agreement was better between MOS data and 8q12 gains (Fig. 2).

Concerning 20q data, it was noticeable that gains detected by CGH
exceeded three to four times the number of tumors scored positive by
Southern blot (17 of 24 tumors were CGH+/Sâ€”). This can easily be
explained by the fact that amplification at 20q13 was only tested with
a subclone of the RMC 2OCOOl cosmid clone mapping at 20q13.2 (9)
and that gains frequently exceeded this subregion.
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Fig. I . Amplification pattems of the 61 selected tumors determined by Southem blotting with 13 genes or genetic markers corresponding to 7 chromosomal regions. Black boxes
indicate amplification; svhite boxes indicate normal copy number. Probes used are noted on top with their respective chromosomal localization. Tumor numbers and respective tumor
subset are indicated on the left.

CGH Determination of DNA Amplification Patterns in Tumors

Belonging to the Different Tumor Subsets Defined by Southern
Analysis. In group A (amplified for I lql 3/8pl 2/2Oql3), expectedly,
the most frequent genetic events were gains at 11q13 (87%), 20q13
(59%), and 8pl2 (50%), but amplifications involving portions or all of
8q (64%) and Iq (45.5%) were prevalent as well (Table 1; Fig. 3).

Amplification at lq was found to involve discrete regions in eight of
nine tumors, and several distinct regions could be amplified concom
itantly (Fig. 3; Fig. 4B). Interestingly, deletions of 11q23â€”qter(23%)
were never observed without the presence of an amplification at
11q13 (Fig. 4C). This meant that five of five tumors with l1q23â€”qter
loss presented a gain at 11q13. Conversely, S of 19 (26%) tumors with
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CGH IN BREAST TUMOR SUBSETS

Fig. 2. Comparison between CGH and Southem blotting data at seven
chromosomal regions. A, bars represent gains observed by CGH at the
indicated localization;@ concordant cases (positivity seen by CGH and
by Southern blot, CGH+!S+); 0, discordant cases (positive by CGH
and negative by Southem blot, CGH+/Sâ€”). B, bars represent the ab
sence of gain as seen by CGH (CGHâ€”). U, concordance (CGHâ€”/Sâ€”);
D. discordance (CGH-/S+).

a gain at 11q13 presented a loss at 1lq23â€”qter. Gains at l6pl lâ€”pl2
(36%) were most frequent in group A (8 of 16 tumors with l6p gains
presented an amplification at 11q13 as well) and were frequently
associated with the loss of 16q (4 of 8 tumors; Fig. 4A). Amplifica
tions at 17q22â€”q24,which involved 18% of the tumors in this group,
should also be mentioned, and although gains at l8pl 1 were relatively
rare (2 of 22 tumors), copy number increases were most probably of
high level, because overlaid images showed sharp bands (Fig. 4D).

In group B (amplified for ERBB2/MYC/12q13),the most frequent
genetic events were gains involving portions or all of 8q (80%), lq
(73.3%), 17ql2 (53.3%), 17q22-q24 (46.7%), 20ql3 (40%), 11q13
(33.3%), and 14q (26.7%). Results are summarized in Table 1 and Fig.
5. Because part of the tumors selected in this subset showed ampli

fication of ERBB2, it was no surprise to detect an increased copy
number at 17q12. However, it was interesting to reveal gains at
l7q22â€”q24 that were frequently observed in coordination with 17ql2
(Figs. 4E and 5) but also on their own (three of seven cases).

Concordance
(CGH+/S+)

Discordance
(CGH+/S-)

U Concordance
(CGH-/S-)

LI Discordance
(CGH-/S+)

Chromosomal region/DNA probes

Amplification involving portions of or whole lq was frequent (1 1 of
15 cases). In contrast to tumors in group A, gains at lq most fre
quently involved the whole arm. However, when only portions were
involved, the most common region of gain was 1q31â€”q32(Fig. 5).
Increased copy numbers at 20q1 3 were detected in six tumors by
CGH, whereas only one was detected with a low amplification level
by Southern blot. Amplifications at 8q12 and 8q24 were not surprising
because of the selection of tumors bearing amplified MOS and/or
MYC oncogenes, but these were more frequent than expected (eight
tumors with gains at 8q24 and four tumors with gains at 8q12, but the
latter occurred concomitantly with the former). Furthermore, gains at
8q frequently involved the whole long arm (5 of 12 cases with
anomalies at 8q). Gain of chromosome 14 occurred in only 6 of the 61
studied tumors, but 4 of them belonged to group B. Finally, amplifi

cation at 11q13 was detected in five tumors. Three had previously
been found to bear amplification at either D11S97, CCNDJ, or EMS!
by Southern blot (Fig. 1). Nevertheless, these tumors were classified

Table 1 Frequency of occurrence of gains and losses detected by CGH in the three tumor groups
Amplifications are indicated by + or â€”in front of the chromosomal region.
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Fig. 3. Genetic imbalances detected by CGH in group A. This subset comprised 22 tumors. Vertical lines on either side of the chromosomes represent an imbalance. Losses are

on the left, gains are on the right. and the corresponding tumor number is shown below each bar.

in group B because of the ERBB2 amplification. In fact, they corre
sponded to borderline cases and could have been classified in either
group A or B. It is, however, worth mentioning that two of five
showed I 1q13 amplification by CGH, whereas Southern blot did not
reveal any copy number change at any of the five markers tested.

Group C, in which tumors showing no amplification by Southern
blotting had been gathered, nevertheless showed gains on CGH
analysis (Table I ; Fig. 6). Gains detected concerned lq (50%), 8q

(33%), 20q13 (21%), and I6pI lâ€”pl2 (21%) as well as deletion of

chromosome 22 (21%; Fig. 4F). Only 4 of 24 tumors did not show
any DNA copy number variation detectable by CGH, and 7 tumors
revealed a gain involving only 1 chromosomal site. Amplification
at lq3lâ€”q32 occurred in over half of the subset, and gains of the
whole long arm of chromosome 1 were common (4 of 12 cases
with gains at lq). Similarly, gains at 8q affected the totality of 8q
(four of eight cases) and either 8q12 (one of eight cases) or 8q24
(three of eight cases). Five tumors bore an amplification at l6pl 1â€”
12, and one of them had lost the long arm. Here again, 20q13
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amplifications were detected in the absence of corresponding
Southern blotting data.

Correlation between Genetic Anomalies. We performed statisti
cal analysis to test for the existence of preferential (concerted) sets of
coamplification. Amplification at 20q was associated with that at 8q24
(P = 0.015). Amplifications at l6pl lâ€”pl2were predominantly ob
served in group A, and its correlation (P 0.01) with the amplifica
tion of D11S97 (which is a marker of the llql3 amplification) is
interesting. Furthermore, correlation was also observed with loss at
l6q as well as with positive ER status (P = 0.017) and diploid DNA
content. Deletions of 11q23â€”qteroccurred exclusively in group A and
were associated with amplifications at llql3 (P 0.0056). Gains of
chromosome 14 were found to be correlated with MOS amplification
(P < 102) as well as with gains at l7q22â€”q24(P = 0.017) and were
predominantly observed in group B. Finally, although no firm corre
lation could be seen, deletions of chromosome 22 were preferentially
seen in group C.

DISCUSSION

Our interest was to test for associations between patterns of genetic
alterations and breast tumor phenotype. The present study was based

on a previous analysis of DNA amplification by Southern blotting.
Results had suggested that distinct subsets of tumors may be defined
according to DNA amplification profiles, and three subsets had been
described. However, we bore in mind that these groups had been
delimited within the limits inherent to the Southern blotting technique,
which was bound to miss a number of events for which no probe was
available. This motivated us to complete our analysis by applying
CGH on 61 breast tumors previously typed by Southern blotting and
distributing these in 3 predefined subsets.

This allowed us to systematically compare CGH results with
preexisting Southern blotting data. There was an overall good
agreement between amplifications observed by Southern blot and
gains observed by CGH. Only a minority of amplifications de

tected by Southern blot were missed in our CGH analysis. Such
cases seemed to be clearly amplified on Southern analysis and yet

gave negative results in repeated CGH tests. This led us to suppose
that these corresponded to amplifications that, because of their
small size, were below the detection limit of CGH. Indeed, Piper el
a!. (10), based on a mathematical model, proposed the smallest
amplicons detectable may be 2 Mb in size, for a 2â€”3-fold copy
number increase. Kallioniemi et a!. (1 1) agreed with this theoret
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the right. and the corresponding tumor number is shown below each bar.

ical model, but in practice set the limit at 2 Mb amplified 5â€”10-fold by Southern blot. These differences can be explained two ways: (a)
or 1 Mb amplified 10â€”20-fold (2). gains were related to low level of copy number increases spanning

Most cases of discordance between CGH and Southern blot corre- large regions of DNA (whole chromosomal arms). These were well
sponded in an expected manner to gains detected by CGH and missed picked up by CGH but turned out borderline in a Southern blot
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hybridization. This corresponded to a limited number of discrepancies
between MYC or MOS data and gains at 8q; and (b) tested amplified
domains comprised multiple cores of amplifications and thus should
have been analyzed with several probes by Southern blot to gain
complete information. This was relevant to all discordances involving
amplifications at 20q and also applied in a number of differences seen
at 8ql2/MOS and 8q24IMYC. For both 8q24 and 2Oql 1â€”q13,the
number of gains detected by CGH exceeded amplifications observed
by Southern blot by a factor 3. Recent data by Tanner et a!. (9) and
Guan et a!. (12) have shown that amplifications at 20q corresponded
to at least three cores of amplifications. Because we only used one
probe, mapping at 20q13.2 in Southern blotting experiments, we got
one-third of the information. Little is known concerning the amplifi
cation at 8q24, and additional work will be needed to determine
whether several amplicons are interknit at this localization as well.
However, data presented here, combined with results reported by Ried
et a!. (4), indicate that MYC, despite its long-proven oncogenic prop
erties, may not be the best marker for amplification at 8q24 in breast
cancer.

Overall, our CGH data come as additional proof of the very high
incidence of DNA amplification in breast cancer. Of the 61 tumor

DNAs selected, 24 (39%) were assumed to be devoid of any ampli
fication. Once the CGH analysis had been completed, it turned out
that only 4 of 61 tumors (6.5%) did not show any quantitative
anomaly. On average, we detected 5.6 copy variations/tumor (gains
and losses). It was obvious that gains were more efficiently picked up
than losses. Losses detected concerned large regions of DNA and, in
most instances, complete chromosomal arms. All chromosomes ex
cept chromosome 4 were subject to copy number changes, but some

regions or chromosomal arms such as lq, 8q, l6pl lâ€”pl2, 17q22â€”q24,
and 20q1 1â€”q13were more frequently involved. Their prevalence has
been reported in other CGH studies (3, 4, 13). The most consistently
affected was 8q, which presented gains in 42 of 61 (69%) tumors.
Anomalies included gains of the whole long arm (17 of 61 tumors) but
also of 8q12 (7 of 61 tumors) and 8q24 (8 of 61 tumors). It is
noteworthy that gains at 8q have been shown to be prevalent, in
addition to breast cancer, in a number of other tumor types (14â€”21).
These data further support cytogenetic observations that have repeat
edly shown numerical aberrations involving 8q in breast cancer (13,
22) and strongly suggest the presence of at least two genetic deter
minants whose selection is advantageous to cancer progression. The
second most frequent events involved lq (33 of 61 tumors). Gains of
the complete long arm were recurrent (10 of 33 cases) and, among the
subregions affected, 1q3 1â€”q32seemed to be common denominator.
Gains involving the whole long arm of chromosome 1 must be related
to cytogenetic observations showing recurrent polysomy of lq in
breast tumors (23â€”26).However, it was noticeable that profiles of
alterations could be extremely complex at lq, with several subregions
showing concomitant gain. This complexity may be related to re
ported patterns of allelic imbalances, which suggested the existence of
several regions of loss of heterozygosity along lq (27) associated with
copy number gain of one allele (28, 29). Thus, the patterns of
alterations on this chromosomal arm may combine losses and gains.
Such combinations of gains and losses may result from rearrange
ments underlying amplification. The association we observed between
losses of distal 1lq and amplifications at 11q13 or losses of 16q with
gains at l6pl iâ€”p!2 may suggest such a mechanism. Little is known

concerning i6p1 lâ€”pl2,except for the presence of the FUSTILS gene
at l6pl2 involved in t(16;21) and t(l2;16) translocations in acute
myelogenous leukemia, Ewing's sarcoma, and liposarcoma (30â€”33).
Gains at 17q23â€”q24 are interesting, because they often occur in
conjunction with ERBB2 amplification, but also because the region
involved is known to be subject to allelic imbalances (34â€”36).In most

studies, these imbalances have been interpreted as chromosomal
losses, but some authors reported increased copy numbers of one
allele associated with the loss of the second one (34, 36). These data,
combined with recent CGH findings, call for further analysis aimed at
identifying the type of alterations involved (gains only or gains
associated with losses) and at defining the smallest regions of overlap.

Considering CGH data in reference to predefined molecular sub
sets, it was noticeable that a number of gains, such as lq, 8q l7q23â€”
q24, and 20q, were observed in all three subsets, albeit at varying

incidences, whereas the occurrences of gains at l6pl lâ€”pl2or 14q and
l8pll and losses at l1q23â€”qter, 16q, and 22q seemed more restricted
to one group or another. This was suggested by the statistical analysis
showing correlations between gains at l6p and the amplification of
Dl 1S97, which is one of the markers of amplification at 11q13. These
data may relate l6p gains to group A. Similarly, gains at 14q showed
a preferential trend of occurrence in group B. The fact that anomalies
at lq and 8q were frequently observed in all subgroups may suggest
that they correspond to events related to tumor progression. However,
discussions remain merely speculative at this stage, because little is

known concerning the genetic events underlying the gains detected by
CGH. Regions involved are in most cases of large size; anomalies at
lq represent five distinct events, sometimes combined. The same
applies for 8q, where three events show interplay. Furthermore, a
single region of gains can comprise several cores of amplification, as
exemplified by 11q13 (37) and more recently by 20q13 (9) as well as
l7q12 (38, 39). Whereas amplification of the whole region may result
from coselection mechanisms, it may also be that each core emerges
under its own selective pressure. Thus, each core may then correspond
to a different phenotypic subset. This could apply to 2Oqllâ€”q13
amplifications. Indeed, amplification of RMC 2OCOOl was found to
correlate with that of CCND1 (5), whereas in the CGH study, gains
at 20q were observed irrespective of the predefined amplification
pattern.

Tight associations observed between 11q13 or ERBB2 amplifica
tions and clinicopathological parameters strongly suggested that
breast tumor subtypes could be characterized according to profiles of
genetic alterations. However, the complexity of genetic profiles re
vealed by CGH indicates that the description of molecular phenotypes
in breast cancer will require the integration of an as yet undetermined
number of genetic events. It will prove interesting to see how many
breast tumor subtypes will be defined in the end and whether all
genetic aberrations have a similar influence on tumor phenotype.
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