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Abstract Breast cancer is the most common malignant disease in Caucasian women, but is less frequent in
Chinese women. The molecular basis for such ethnical difference in disease pathogenesis remains
unknown. To address this issue, we performed allelotyping analysis of formalin-fixed, paraffin-
embedded samples from 21 Chinese patients with breast cancer using 59 fluorescently tagged
oligonucleotide primers amplifying microsatellite loci. Loss of heterozygosity (LOH) was found in
all tumor samples. Frequent allelic losses were identified at markers D3S1578 (56%); D7S507
(55%); D1S2766 (50%); D17S789 and D17S946 (43% each); D19S814 (35%); D2S162, D13S158
and D13S296 (33% each); D1S551 and D1S2800 (29% each); D3S1597 and D6S260 (22%
each); and D1S1588 (21%). To compare our data to previous reports, we determined the band-
specific frequency of chromosomal imbalances in breast cancer karyotypes reported in the Mitelman
database, and from the CGH results of cases accessible through the Progenetix website. Furthermore,
published LOH analyses of breast cancer cases were compared to our own LOH results, demonstrating
the most common chromosomal regions affected by allelic losses. The combined results provide a
comprehensive view of genetic losses in breast cancers, indicating the comparability of these different
techniques and suggesting the presence of a distinct subset of breast cancers with high-frequency
LOH at chromosomes 1 and 2p in Chinese patients. � 2005 Elsevier Inc. All rights reserved.
1. Introduction

Breast cancer is the most frequent neoplasm in women
from Western countries, with a cumulative lifetime breast
cancer risk of about 1 in 10 [1]. Most cases are sporadic,
but familial clustering is observed in ~20% of patients. At
least 5–10% of cases appear to be a result of inheritance
of an autosomal dominant gene [2]. Breast cancer is less
commonly seen in Chinese women [3], with an annual inci-
dence of 25.1 per 100,000 [4]. Although previous studies in
Chinese patients have shown a variety of genetic alterations,
such as deletion of chromosomes 1, 3p, and 6q [5], allelic
losses at 3p24, 7q31, 13q12~q14, 16q24.3, 17p13.1, and
17q11.2~q21 [6–9], and mutations of the BRCA1 and BRCA2
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genes [10–14], the molecular basis for the ethnic difference
in disease pathogenesis remains obscure.

Most malignancies accumulate a series of genetic events
that play a role in the development of their malignant
phenotype, including loss of tumor suppressor genes (TSGs)
and activation of oncogenes. These genetic changes can be
detected by different techniques including conventional
cytogenetics (Giemsa banding of metaphase spreads after
short-term culture), comparative genomic hybridization (CGH),
and allelotyping. Several publicly accessible databases and
reviews of previously published karyotypes, CGH profiles,
and loss of heterozygosity (LOH) reports of a variety of
malignancies exist [15–22]; however, none of these has put
together the cytogenetic [banding, CGH, multiplex fluores-
cent in situ hybridization (M-FISH)] and molecular (LOH,
genomic and expression microarrays) data of a specific
tumor, such as would create a user-friendly map in a single
setting. Previously, we constructed the first integrated
molecular cytogenetic map for Sézary syndrome via this
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approach, enabling the direct assessment of genetic alter-
ations at chromosomal and molecular levels [23], and this
provide a basis for the comparison between different tech-
niques to create integrated molecular cytogenetic maps for
different tumors.

The present study was aimed at molecular detection of
differences possibly underlying the observed different inci-
dence of breast cancer in China compared to Western coun-
tries, then expanding the scope of our integrated molecular
cytogenetic cancer maps. We initially conducted allelotyping
analysis of formalin-fixed, paraffin-embedded samples from
21 Chinese patients with breast cancer using 59 fluorescently
tagged oligonucleotide primers amplifying microsatellite
loci. The LOH data from these experiments were combined
with published cytogenetic, CGH, and allelotyping data of
breast cancer by the use of dedicated karyotype parsing
software and conventional literature searching.

2. Materials and methods

2.1. Allelotyping

2.1.1. Specimens and DNA extraction
Breast cancer cases were collected from Chinese patients

(Han nationality) who were admitted to the General Hospital
of the People’s Liberation Army, Beijing, China, from 1987
to 1997. Of these samples, only those well-preserved and
clearly marked paraffin blocks with complete clinicopatho-
logical data were included in the study from 21 patients
(Table 1). Tumor samples were dissected from the paraffin

Table 1
Clinicopathological findings in 21 sporadic breast cancers

Case no. Age Histology/grade Metastasis

155039 66 IDC/H —a

155176 52 IDC/H Left lymph
159581 80 IDC/H —
171323 53 IDC/H —
172697 32 IDC/H —
174486 29 IC/L —
175114 45 IDC/H —
217101 79 MC/H Left lymph
223756 70 MC/H —
228543 27 IDC/H —
230453 35 IDC/H Left breast
233303 52 MC/H —
244100 48 IC/L —
244338 45 IC/L —
251935 62 IC/L —
253747 50 IDC/H —
278041 43 MC/H —
280706 40 MC/H Left lymph
286957 50 MC/H Left lymph
288291 54 MC/H —
289873 32 IDC/H —

Abbreviations: IC/L, intraductal carcinoma/low grade; IDC/H, invasive
ductal carcinoma/high grade; MC/H, medullary carcinoma/high grade.

a Blanks indicate only local tumor present.
sections of histologically diagnosed breast cancer and the
normal control samples were dissected from the paraffin
sections of uninvolved breast tissues of the same individual.
Dissected samples were incubated in 10 mmol/L Tris HCl
(pH 7.5), 1 mmol/L EDTA, 1% sodium dodecylsulfate, and
500 µg/mL proteinase K at 37�C for 72 hours without depara-
ffinization treatment. The extraction mixture was then heated
at 100�C for 10–15 minutes to inactivate the proteinase K,
and was then used for polymerase chain reaction (PCR).

2.1.2. Primers, PCR, and data analysis
Amplification of 59 microsatellite loci distributed through-

out the human genome was conducted using fluorescently
tagged oligonucleotide primers (Genset, Evry, France) in an
Omnigene thermal cycler (Hybaid, Hampshire, UK) (Table
2). The reaction mixture consisted of 1.5 µL of 10× PCR
buffer (750 mmol/L Tris HCl, 0.1% Tween 20, 200 mmol/L
ammonium sulfate, 15% MgCl2) (Advanced Biotechnology,
UK), 1.5 mmol/L MgCl2, 1.5 µL (2 mmol/L each nucleotide)
of dNTPs, 0.3 µL of each primer (5 optical density read-
ing [OD]), 0.15 µL (10 mg/mL) of bovine serum albumin,
0.1 µL of Taq polymerase, 9.25 µL of water, and 1 µL of
DNA. PCR conditions were 35–40 cycles of denaturation at
94�C for 1 minute, annealing at the appropriate temperature
(50–60�C) for 1 minute, and extension at 72�C for
1 minute, followed by a final extension for 5 minutes at 72�C.

The PCR products were analyzed on a 29:1 (acryl-
amide–bis) 4.5% polyacrylamide denaturing gels premix
(National Diagnostics, Hull, UK) in 1× Tris–boric acid–
EDTA buffer using an ABI 377 automated fluorescent DNA
sequencer (Applied Biosystems, Foster City, CA). Two mi-
croliters of each PCR reaction was combined with 2 µL blue
dye with formamide and 0.5 µL of a Tamra fluorescent
size marker (Applied Biosystems). This mix was denatured
for 10 minutes at 94�C, after which 1.5 µL was loaded into
each well on a prewarmed gel on a 36-cm well-to-read plate.
The gel was run for 2.5 hours at 200 W power, 60 A current,
2900 V, scan rate of 2400 scans/hour, and 50�C temperature.
While the samples were undergoing electrophoresis, the flu-
orescence was detected in the laser scanning region using
filter set C and was collected and stored using GeneScan
software 2.0 (version 2.0; Applied Biosystems). The fluo-
rescent gel data collected during the run were automatically
analyzed using GeneScan analysis software (version 2.0.2;
Applied Biosystems) at the end of the run. Each fluorescent
peak was quantitated in terms of peak height and peak area.
The results were then imported into Genotyper (version
1.1.1; Applied Biosystems) for further analysis.

The comparison of the ratios between tumors (T) and their
controls (N) was made using two formulas for calculation:

(T1/T2)/(N1/N2) (1)

(T2/T1)/(N2/N1) (2)

where T1 and N1 are the peak height of the smaller allele,
and T2 and N2 are the peak height of the larger allele. Formula
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Table 2
A summary of allelotyping of Chinese breast cancers

Informative Cases with
cases LOH

Genetic,
Loci cM Cytogenetic no./total % no. %

D1S199 47.7 1p35.3~p35.1 16/17 94 1 6
D1S209 95.9 1p32.3~p31.3 12/17 71 0 0
D1S551 97.9 1p22 12/21 67 4 29
D1S2766 100.4 1p22 10/21 48 5 50
D1S1588 104.5 1p22 19/21 90 4 21
D1S397 185.7 1q25 12/21 57 2 17
D1S2800 256.1 1q41~q42.13 7/17 41 2 29
D2S162 21.3 2p25.1 6/17 35 2 33
D2S112 145.8 2q21.1 14/17 82 1 7
D2S138 191.8 2q31.2~q32.1 4/17 24 0 0
D3S1597 24.1 3p26~p25 9/17 53 2 22
D3S1286 35.8 3p24.3~p24.1 8/17 47 0 0
D3S1578 67.9 3p21.2~p21.1 9/17 53 5 56
D3S1262 207.2 3q26.3~q27 9/17 53 1 11
D4S3039 131.9 4q28.2~q31.1 5/17 29 0 0
D4S1586 146.4 4q28.3~q31.21 9/17 53 0 0
D5S409 109.3 5q14.3~q15 12/17 71 2 17
D5S422 163.9 5q33.1~q34 11/17 65 1 9
D5S394 179.8 5q35.1~q35.2 5/17 29 0 0
D6S260 29.6 6p23~p22.3 9/17 53 2 22
D6S294 78.8 6p12.1~q14.1 15/17 88 1 7
D6S264 179.1 6q27 10/17 59 0 0
D7S507 29.1 7p21.2~p15.3 11/17 65 6 55
D7S492 100.5 7q21.11 4/17 24 0 0
D7S489 101 7q21.11 1/17 6 0 0
D7S495 147 7q31.31~q31.33 9/17 53 1 11
D8S281 122.6 8q23.3~q24.12 4/17 24 0 0
D8S1793 136.5 8q24.13 15/17 88 1 7
D9S274 27.8 9p22.1~p21.1 5/17 29 0 0
D10S249 0 10p15.3 16/17 94 2 13
D10S539 75.4 10q21.1 12/17 71 0 0
D10S574 124.4 10q24.1~q25.1 15/17 88 0 0
D10S187 143.9 10q25.3~q26.11 11/17 65 0 0
D11S902 24.7 11p15.3~p15.2 14/17 82 1 7
D12S1635 66.8 12q11~q13 1/17 6 0 0
D12S105 118.9 12q22 11/17 65 1 9
D13S221 14.6 13q12.13~q13.1 1/17 6 0 0
D13S1229 23.5 13q13.2 9/17 53 1 11
D13S269 58.5 13q21.23~q21.33 11/17 65 4 36
D13S158 86.9 13q22.3~q32.1 14/17 82 5 36
D14S274 53.8 14q22.1~q23.3 5/17 29 0 0
D14S256 86.8 14q24.3~q31.1 3/17 18 0 0
D15S132 44.9 15q21.2~q21.3 17/17 100 2 12
D15S158 84.8 15q25.2~q26.1 11/17 65 1 9
D16S519 19.7 16p13.3~p13.13 9/17 53 1 11
D16S419 65.8 16q12.2~q22.1 11/17 65 0 0
D17S786 18.1 17p13.2~p13.1 14/17 82 6 43
D17S946 61 17q21.1~q21.2 14/17 82 6 43
D17S795 90.2 17q23.3~q24.3 4/17 24 0 0
D18S58 109.1 18q22.3~q23 6/17 35 1 17
D18S70 123.8 18q23 14/17 82 2 14
D19S814 0 19p13.3 17/17 100 6 35
D19S886 0 19p13.3 12/17 71 2 17
D19S883 5.5 19p13.3 13/17 76 2 15
D19S424 10.8 19p13.3 14/17 82 1 7
D20S112 39.3 20p11.22~p11.21 12/17 71 1 8
D20S171 94.4 20q13.13~q13.2 13/17 76 1 8
D21S1260 51.6 21q22.3~qter 6/17 35 1 17
D22S315 16.2 22q11.2 8/17 47 1 13

Abbreviations: LOH, loss of heterozygosity.
(1) was used to calculate the ratio of the smaller allele;
formula (2) was used to calculate the ratio of the larger
allele. For ratios greater than 1, the reciprocal of the ratio
is calculated to give a value between 0.00 and 1.00. A value
of �0.25 was assigned as indicative of LOH [24–26].

To exclude the possibility of field effect of uninvolved
breast on the determination of LOH, multiple normal sam-
ples from different sites including breast tissue of the same
individuals were tested with the same microsatellite markers.
No LOH or abnormal band shift (microsatellite instability)
were detected, indicating that the field effect is insignificant
for the present study.

2.2. Literature survey and analysis

2.2.1. Cytogenetics
A total of 1,065 adenocarcinomas of the breast were

selected for creation of profiles of genomic losses. Of
those, 715 cases analyzed with Giemsa banding were derived
from the Mitelman database [21]; 350 cases analyzed with
CGH were accessed through the Progenetix database [27].
The karyotype annotations in International System for Cyto-
genetic Nomenclature (ISCN) format were converted to
band-specific aberration status information using dedicated
parsing algorithms developed for the Progenetix project.
A modified version based on these tools (ISCN2matrix
converter) is accessible through the project’s Web site (http://
www.progenetix.net) [22]. For the transformation of the
banding data, only the karyotypes of the main clones
were evaluated. Parsing of the karyotypes using a high filter
stringency (only completely annotated cases, no unresolved
marker chromosomes or questionable bands) resulted in the
loss of the majority of cases (321 remaining), with most of
the remaining cases showing a low karyotype complexity.
In the relaxed analysis method used thereafter (all parsable
bands, acceptance of “?” marked annotations), a much richer
aberration pattern with clear delineation of hot-spot regions
could be observed.

For numerical comparison of the CGH and karyotyping
data, correlation analysis and two-sided Kolmogorov–
Smirnov test of the band-specific loss percentages was per-
formed using Matlab (Mathworks, Natick, MA) software
for Macintosh OS X.

2.2.2. LOH
Two recent reviews have independently compiled and as-

sessed 151 LOH studies of breast cancers published to date,
using different approaches [15,18]. Based on these two
reviews and the data of the present study, an ideogram was
manually constructed to show these chromosomal regions
comparatively.

3. Results

3.1. Allelotyping

Our previous study showed that DNA extracted from
paraffin sections could not yield products �200 bp upon
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PCR [25], so genetic markers with product sizes �200 bp
were selected for the present study. Initially, 55 fluorescently
labeled oligonucleotide primers amplifying microsatellite
loci covering the human genome were used to analyze
allelic losses in 17 Chinese breast cancer samples. An
additional four primer pairs amplifying microsatellite loci
flanking the region of BCL10 at 1p22 [28] and a locus at
1q25 were tested in 21 Chinese breast cancer samples. All
these tumor samples were found to have LOH on at least
one locus. Frequent allelic losses (�20%) were identified
at markers D3S1578 (56%); D7S507 (55%); D1S2766
(50%); D17S789 and D17S946 (43% each); D19S814 (35%);
D2S162, D13S158 and D13S296 (33% each); D1S551 and
D1S2800 (29% each); D3S1597 and D6S260 (22% each);
and D1S1588 (21%) (Table 2). A low level of LOH (�20%)
was also noted at several other loci throughout the genome
(Table 2). Although patients with high-grade invasive ductal
carcinoma and medullary carcinoma seemed to have slightly
more LOH than those with low-grade intraductal carcinoma
(Table 3), there was no significantly statistical difference
among these patients.

3.2. Literature surveys and analysis

3.2.1. Conventional cytogenetics
As noted, breast cancer is not only one of the most im-

portant but also one of the most extensively studied malig-
nancies in Western nations, due to its high incidence and
prevalence in Caucasian women [1]. The question of why
there is ethnic difference in disease occurrence between Chi-
nese women and their Western counterparts could be ad-
dressed by comparing genetic changes identified in breast
cancers from a high-incidence area with that from China, a
low-incidence area.

Since the first karyotype of breast cancer was described
by Toews et al. [29] in 1968, there has been a steady increase
of the number of cytogenetic report on breast cancer in
the literature. According to the Mitelman database [21], by
early 2004 there had been 126 publications describing 959
karyotypes of 940 cases of breast tumors. For the present
study, we selected 715 cases of breast adenocarcinoma for
the assessment of overall chromosome aberrations using
Karyotype2matrix software. As Fig. 1 shows, there was
a dominant pattern of chromosomal losses affecting each
individual chromosome, particularly 1p, 3p, 6q, 8p, 13, 16q,
17p, 18, 19, 22, and X. Gains of 1q, 7, and 8q were also
common cytogenetic abnormalities.

3.2.2. CGH
Starting with reports by Kallioniemi and du Manoir over

10 years [30,31], there have been hundreds of publications
applying comparative genomic hybridization to virtually
every type of human neoplasia. Since December 2000, the
Progenetix database project has attempted to collect pub-
lished CGH results and make them accessible to the scientific
community in a format suitable for data-mining procedures
[32]. Recently, data obtained using other techniques (band-
ing, array CGH) have also been included. Of the 9,710 cases
from 358 publications, CGH data from 350 adenocarcino-
mas of the breast were selected. To compare overall CGH
profiling of these breast cancers to the conventional cytoge-
netic changes found, ISCN2matrix conversion software was
used to analyze these cases. As Fig. 2 shows, DNA copy
number gains on 1q, 8q, 11q13, 16p, 17q, and 20q were the
dominant genetic alterations, occurring in �15% of the cases.
In addition, however, DNA copy number losses were promi-
nent for 8p, 11q23q24, 13q, 16q, and 17p, occurring in
�10% of cases each.

3.2.3. Cytogenetic data comparison
From visual inspection of the aberration ideograms

generated using Progenetix software packages, differences
between the karyotyping and CGH-based data became appar-
ent, with the CGH data showing more distinct regional gains
and generally fewer, but regionally pronounced deletions.

In the statistical comparison, the band-specific deletion
vectors of the karyotyping and CGH data showed clear corre-
lation in a two-sided Kolmogorov–Smirnov test (P � 0.001
for confidence interval CI � 95.5%), as well as a strong
similarity using correlation analysis (P � 0.001).

3.2.4. LOH
Since the first reports by Ali et al. [33] and Lundberg

et al. [34] in 1987, there have been �150 published studies
describing LOH in �15,000 breast cancers, and there have
also been primary allelotypes in �4,300 cases in the litera-
ture [35]. Using integrated chromosome-specific maps of
polymorphic markers, Osborne and Hamshere [15] identified
26 chromosome regions as common deletion regions (CDRs)
in breast cancers from these individual LOH studies (Fig. 3).
More recently, through a likelihood-based approach, Miller
et al. [18] found, from these studies, 19 chromosomal regions
most likely containing LOH with logarithmic odds (LOD)
scores of �3.50 (Fig. 3).

There is a concordance between these two reviews with
11 consistent LOH regions (1p, 2q, 3p, 6q, 7q, 8p, 9p,
13q, 16q, 17p, and 11q). However, some discrepancy is also
seen, because 10 CDRs (4q, 5q, 8q, 10q, 11, 14q, 18p, 19p,
21q, and 22q) appear in only one or the other list (Fig. 3).
Furthermore, Miller et al. [18] observed that the 7q31.2
region containing FRA7G had the highest LOD score of
LOH (17.76) among the 19 chromosomal regions most likely
harboring a breast TSG, and this is far higher than that of
13q14.11 region (11.06) containing BRCA2; however, the
17q21.23 region containing BRCA1 had a LOD score
� 3.50 and it was therefore excluded from their list [18].
In contrast, Osborne and Hamshere noted that there were
two CDRs on 13q: one, 13q12.3, containing BRCA2 and
13q14.2 containing RB1, and another on 17q21.23 (BRCA1)
[15]. Overall, these LOH regions lie within regions of
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Table 3
Chromosomal distribution of LOH in 17 Chinese breast cancers

Loci 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17

D1S199 � � � � � � � � � � � � � � � � �

D1S551 � � � � � � � � � � � � � � � � �

D1S552 � � � � � � � � � � � � � � � � �

D1S553 � � � � � � � � � � � � � � � � �

D1S554 � � � � � � � � � � � � � � � � �

D1S555 � � � � � � � � � � � � � � � � �

D1S556 � � � � � � � � � � � � � � � � �

D1S557 � � � � � � � � � � � � � � � � �

D1S558 � � � � � � � � � � � � � � � � �

D1S559 � � � � � � � � � � � � � � � � �

D1S560 � � � � � � � � � � � � � � � � �

D1S561 � � � � � � � � � � � � � � � � �

D1S562 � � � � � � � � � � � � � � � � �

D1S563 � � � � � � � � � � � � � � � � �

D1S564 � � � � � � � � � � � � � � � � �

D1S565 � � � � � � � � � � � � � � � � �

D1S566 � � � � � � � � � � � � � � � � �

D1S567 � � � � � � � � � � � � � � � � �

D1S568 � � � � � � � � � � � � � � � � �

D1S569 � � � � � � � � � � � � � � � � �

D1S570 � � � � � � � � � � � � � � � � �

D1S571 � � � � � � � � � � � � � � � � �

D1S572 � � � � � � � � � � � � � � � � �

D1S573 � � � � � � � � � � � � � � � � �

D1S574 � � � � � � � � � � � � � � � � �

D1S575 � � � � � � � � � � � � � � � � �

D1S576 � � � � � � � � � � � � � � � � �

D1S577 � � � � � � � � � � � � � � � � �

D1S578 � � � � � � � � � � � � � � � � �

D1S579 � � � � � � � � � � � � � � � � �

D1S580 � � � � � � � � � � � � � � � � �

D1S581 � � � � � � � � � � � � � � � � �

D1S582 � � � � � � � � � � � � � � � � �

D1S583 � � � � � � � � � � � � � � � � �

D1S584 � � � � � � � � � � � � � � � � �

D1S585 � � � � � � � � � � � � � � � � �

D1S586 � � � � � � � � � � � � � � � � �

D1S587 � � � � � � � � � � � � � � � � �

D1S588 � � � � � � � � � � � � � � � � �

Abbreviations: �, normal; �, loss of heterozygosity (LOH).
Sample numbers 1 to 17 are, respectively: 155039, 155176, 171323, 172697, 174486, 175114, 217101, 223756, 228543, 230453, 233303, 244100,

244338, 251935, 253747, 278041, 286957.
chromosomal losses detected by G-banded karyotyping and
CGH (Figs. 1 and 2).

Comparison of our allelotyping results with the reviews
shows that there is a consistency in the three most frequent
LOH regions (3p, 17p, and 19p; �50%) and in four slightly
different regions (1p, 7p, 13q, and 17q) (Fig. 3). In addition,
the LOH data from Chinese tumor samples showed a similar
peak distribution, with generally lower frequency compared
to chromosomal losses from cases collected in the Mitelman
database (banding analysis) or the Progenetix project (CGH).
For the bands 1p22 (21–50%), 1q25 (17%), 1q41q42
(29%) and 2p25.1 (33%), however, an exceptionally high
LOH frequency was observed (Fig. 4).
4. Discussion

To assess differences in the genomic deletion patterns as
a possible explanation for the difference in breast cancer
incidence observed in China compared to Western countries,
we performed allelotyping analysis in breast adenocarcino-
mas from Chinese patients and compared the results to previ-
ous LOH and cytogenetic studies. Frequent allelic losses at
1p, 1q, 2p, 3p, 6p, 7p, 13q, 16q, 17q, and 19p were identified
in �20% of cases, which is consistent with previous cytoge-
netic and molecular studies of Chinese breast cancers [5–9].
In addition, these LOH results are also generally in line with
previous LOH and cytogenetic studies in Western coun-
tries [15,18,21,22], suggesting the presence of common
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Fig. 1. A summary of karyotypic changes of 715 breast adenocarcinomas automatically retrieved from the Mitelman database [21] using ISCN2matrix
software [22]. A dominant pattern of chromosomal losses involving individual chromosomes (bar on the left), and gains of 1q, 7, and 8q (bar on the right)
are clearly visible. Shaded background marks regions for which allelotyping was attempted.
molecular defects contributing to the pathogenesis of this
malignancy from both high- and low-incidence areas.

Nonetheless, there is obvious discrepancy between this
and previous LOH studies, in which the frequent allelic
losses at 1p22, 7p21, 13q22, and 17q21.1 detected in Chinese
breast cancer samples do not appear among the 26 CDRs
described by Osborne and Hamshere [15] or the 19 chromo-
somal regions with statistically significant LOD score for
LOH reported by Miller et al. [18]. This difference may be
due to technical variations, given that there are 10 different
CDRs reported only by Osborne and Hamshere [15] or only
by Miller et al. [18], respectively, despite both of them ana-
lyzing the same literature. Furthermore, the majority of pre-
vious LOH studies have used either silver or radioactive gels
[36], and there might be discrepancies in the interpretation of
the respective results. In previous comparative allelotyping
studies using these three types of gels, we have observed a
high degree of consistency in the determination of LOH in
different tumors [24–26,37]. In addition, low-density micro-
satellite markers used in the present study and heterogeneity
in non-Chinese breast cancer cases compiled by Osborne
and Hamshere [15] and Miller et al. [18] may contribute to
such a difference. It is nonetheless likely, however, that this
inconsistency results also from population differences due
to genetic variations that may lead to ethnic difference in
disease pathogenesis [38].

Deletion distribution in both CGH and banding cases is
similar, with very high statistical correlation of distribution
of deletions between the data collected with both techniques.
The karyotype data, however, apparently show a number
of randomly distributed deletions, leading to a higher (on
average) but much less pronounced deletion profile com-
pared to the CGH data. The LOH of our present cases
actually has the lowest frequencies (with the exception of
high frequency of LOH on chromosomes 1 and 2p). There
are several possible explanations for such contrasting
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Fig. 2. A summary of CGH profiling of 350 cases of breast cancer from the Progenetix data collection of published CGH cases worldwide and retrieved
using ISCN2matrix conversion software [22], revealing the most common DNA copy number changes as being gains of 1q, 8q, 11q13, 16p, 17q, and 20
(bar on the right) and losses of 8p, 11q23q24, 13q, 16q, and 17p (bar on the left), which are clearly comparable with the banding profile of breast
adenocarcinomas shown in Fig. 1.
findings among the different techniques. The CGH results
could be explained by the absence of a subset of aberra-
tions due to low tumor cell number in the specimen, or to
conservative thresholds, or both. In contrast, reasons for the
LOH data being low could be the different background or
a skewing of the tumor type, stage, and grade; there was a
small sample number for the Chinese cases, with different
cases used for the different LOH loci, whereas CGH and
banding data are essentially complete for each case. Never-
theless, in the present study, the Chinese samples with high
frequency of LOH on chromosomes 1 and 2p may represent
a generous subset of breast cancers with different genetic–
pathological features, in that similar findings have also been
described in other Asian breast cancer cases [39–41]. We
suggest that further large-scale comparative study using
high-density oligonucleotide array-based single nucleotide
polymorphism analysis [42] is necessary to clarify this
hypothesis.
A second intriguing part of the present study was the
construction of integrated molecular cytogenesis maps for
breast cancers, based on extensive literature search with the
assistance of Karyotype2matrix and ISCN2matrix soft-
ware. The rationale for producing such maps is twofold.
First, breast cancer is one of the well-characterized malig-
nancies in the world, due to its high incidence in the West.
There are large numbers of cytogenetic and molecular studies
of breast cancers in the literature. To date, however, those
reports have not been combined to evaluate the consistency
of results derived by a large number of observers using
different molecular and cytogenesis techniques. We have
previously drawn an integrated molecular cytogenetic map
for Sézary syndrome, combining published G-banded karyo-
types with our CGH and M-FISH data. This approach al-
lowed us to directly and easily compare chromosomal
aberrations in this skin lymphoma at cellular and molecular
levels, and showed that the pattern of cytogenetic changes
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Fig. 3. Illustration of chromosomal regions containing the most frequent LOH in breast cancers. Patterned boxes on the right depict chromosomal deletion
regions reported by Osborne and Hamshere [15] and numbers show the size (Mb) of each CDR [36]. The horizontal black bars the left demonstrate the
most likely regions of allelic losses described by Miller et al. [18] and the numbers above and below indicates the LOD score of likelihood of LOH. Black
squares on the left represent most common LOH (�50%) identified in the present study.
was consistent with the CGH profile [23]. This provides a
basis for the systematic comparison between different tech-
niques to create integrated molecular cytogenetic maps for
different tumors in terms of large sample size. In the present
study, we expanded the maps to cover LOH study, and the
results further support our notion that integrated molecular
cytogenetic maps could be used for rapid visual assessment
of chromosomal and molecular abnormalities in human
malignancies.

In the light of Knudson’s two-hit hypothesis [43], the
first event in tumor formation is a mutation in a specific
cancer gene, which in hereditary cancers is present in the
germ-line. The second hit in both hereditary and nonheredi-
tary cases would be a somatic mutation leading to functional
inactivation of the second copy of the gene [42,43]. This
second hit frequently results from a large deletion of chromo-
somal material as a result of aberrant mitotic recombination
or nondisjunction, although several other mechanisms have
been suggested [44–46]. This model suggests that frequent
or above-background rates of loss of DNA or of LOH at a
specific chromosomal locus in a tumor may signify the pres-
ence of a TSG in the region of DNA that is lost [47]. Despite
the thousands of LOH studies of a variety of cancers [35], no
TSG has been identified solely through LOH analysis, which
raises concern about the validity and efficiency of allelotyp-
ing as a technique for finding TSGs in cancer genetic re-
search [48]. The present study, however, revealed a high
degree of similarity between conventional cytogenetic and
LOH maps of breast cancers, suggesting that LOH represents
part of a spectrum of genetic instabilities, in that numerical
chromosomal losses reflect chromosome instabilities in dis-
ease pathogenesis, and allelotyping remains a valid tech-
nique for the assessment of genetic losses in malignancies
and the identification of supporting evidence for TSG.

In the present study, a CGH map showed that the domi-
nant pattern of genetic alterations in a breast cancer cell line
is DNA copy number gains, not losses, which is supported
by our recent observation in breast cancer cell line. In addi-
tion, the similarity of banding and CGH data summary pro-
files in describing regions of nonrandom genomic deletions
should counteract the view on solid tumor cytogenetics as
being technically biased, due to the difficulty of obtaining
high-quality metaphase chromosome preparations for band-
ing analysis [49].

Newer array- or matrix-CGH (a-CGH) methods have been
applied to genomic cancer research [50–52]. We have used
this novel technique to analyze gene copy number changes
in primary cutaneous lymphomas [53–56]. One question that
a-CGH could address would be high-resolution mapping of
losses, thereby providing the basis for selection of polymor-
phisms for allelotyping. For the future, the development of
robust, disease-specific analysis approaches based on geno-
mic array technologies [57] is to be expected. It remains
to be seen whether a-CGH analysis results will support the
more pronounced regional copy number changes observed
with CGH compared to banding analysis approaches in terms
of a large number cases, as we found in the present study.
In addition, to date there have been �1,000 reports on ex-
pression microarray analysis of a variety of human malignan-
cies [35]. A recent study has also compiled and analyzed
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Fig. 4. A comparison of regional LOH in Chinese breast carcinoma cases (bar) with chromosomal losses from cases collected from the Mitelman
database [21] (banding, black curve line) and the Progenetix project [22] (CGH, shaded area). Although the absolute values differ between the CGH and
the banding data, both datasets show a similar distribution of hot-spot regions. The LOH data from Chinese tumor samples generated in the present study
also showed a similar peak distribution with general lower frequency; however, for the bands 1p22 (21–50%), 1q25 (17%), 1q41q42 (29%), and 2p25.1
(33%), an exceptionally high LOH frequency was seen.
all these data revealing common and distinct gene expression
patterns and clusters of signaling pathways in different types
of cancers [58]. It would be worth knowing whether such
global gene expression changes accompany genomic and
chromosomal alterations in a specific tumor type by the
combination of the integrated molecular cytogenetic maps
with the published data of gene expression microarrays with
dedicated software.
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