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Abstract. Multiple chromosomal imbalances have been identified in breast cancer using comparative genomic hybridization
(CGH). Their association with the primary tumors’ potential for building distant metastases is unknown. In this study we have
investigated 39 invasive breast carcinomas with a mean follow-up period of 99 months (max. 193 months) by CGH to determine
the prognostic value of chromosomal gains and losses.

The mean number of chromosomal imbalances per tumor was®7(range 2 to 18). The most frequent alterations identified
in more than 13 of cases were gains on chromosomes 11q13, 12924, 16, 17, and 20q, and losses on 2q and 13q. A significantly
different frequency of chromosomal aberratiops{ 0.05) was found between DNA-diploid and non-diploid tumors (gain on
chromosome 17). Differences were also noted between tumors progressing to distant metastases within the period of follow-up
and those which do not (gains on 11g13 and 12g24; loss on 12q).

Significant univariate correlationg (< 0.05) with the metastasis-free survival of patients were found for lymph node status,
the cytometrical determined DNA ploidy (diploid/non-diploid) and anisokaryosis, and for DNA gains on 1113, 12924, 17, and
18p. An unexpected inverse correlation was found between clinical outcome and gains on 11q13 and 12g24.

In multivariate analysis independent prognostic value, in addition to lymph node status, was found for chromosomal gains on
11913, 12924, 17 and 18p. Amplification on 20q, which did not correlate with metastasis-free survival in a univariate analysis,
showed weak prognostic significance in combination with the nodal status.

The prognostic value of chromosomal alterations — some of them by inverse correlation — suggests an interaction and/or
compensation of the involved amplified genes and their effects on the occurrence of distant metastases in breast cancer patients.
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1. Introduction lymph node status. The most important selection
criteria for adjuvant therapy are the presence or ab-
sence of tumor metastases in the axillary lymph nodes
at the time of operation [17], steroid receptor status,
and, more recently, HER2/neu overexpression [15,35].
In addition to these features, quantitative cytometric
measurements including the rate of proliferation, DNA
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Breast cancer is the most prevalent cancer among
women in industrialized countries. Classification and
prognostication are traditionally based on histopatho-
logical parameters such as tumor grade, size, and
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group of node-negative tumors, still die of disease, tochemical determined steroid receptor expression re-
whereas a proportion of node-positive tumors do not vealed receptor positivity for estrogen in 28 tumors, for
proceed to distant disease [17]. Therefore, there is a progesteronein 21 tumors (Table 1). The patients were

growing need for more accurate prognostic factors that
allow an individual therapy adaption.

The comparative genomic hybridization (CGH) tech-
nigue has been shown to be a very powerful tool for
the screening of DNA copy number changes in tumor
cells. A wide variety of chromosomal imbalances have

treated by radical mastectomy, modified radical mas-
tectomy, or quadrantectomy. All patients investigated
here participated in a therapy trial without adjuvant
systemic therapy [29]. Only patients with lymph node
metastases received subsequent irradiation, including
the chest wall and the regional lymph nodes. All tu-

been detected by CGH in invasive breast carcinomas mors were resected without residual tumor and with-

[6,18,23,28,36]. Here an amplification on chromoso-

mal region 20q has emerged as one of the most com-

mon genetic aberration [6,20,25,31]. In node-negative
breast carcinomas DNA aneuploid tumors were shown
to harbour more gains than diploid ones [17]. The
authors concluded that these gains (in particular 8q,

out distant metastases at the time of operatigy (Ro
category according to UICC) [34].

The mean age at the time of operation was 62 years
(SD + 13.6). Patients aged 55 or younger were con-
sidered to be pre-menopausal £ 14), and patients
older than 55 as post-menopausak 25). The mean

11913, 17q and 20q) might be late, progression-related follow-up was 99 months456, max. 193 months).

events, and may be associated with a more aggres-

sive clinical behaviour. A significantly higher number
of chromosomal aberrations in DNA aneuploid versus

Within the whole period of follow-up distant metas-
tases occurred in 17 patients 64%).
From all tumors image cytometric data were avail-

diploid mammary carcinomas and fibroadenomas was able, which have already been proven in former stud-
also found by Ried et al. [28]. Isola et al. [18] sug- ies to be of prognostic value as for example DNA his-
gested a prognostic value for DNA gains on chromo- togram parameters [3,14] and variation in nuclei size
somal regions 20q and 8q in exclusively node-negative (anisokaryosis) [2,3]. Eleven tumors showed a diploid

tumors that were 2 to 4 cm in size.

DNA distribution, 28 were non-diploid. Cell prolifera-

In the study presented here we have investigated tion was indicated by determining the number of cells

a small cohort of patients with invasive breast carci-

exceeding 2.5¢ (2.cER) and 5c¢ (5cER), respectively.

nomas (15 node-negative, 24 node-positive), selected Histopathological data of patients, immunohisto-

on the basis of a long-term follow-up period (mean
99, range 14 t0193 months) as well as available im-

age cytometrical data. The chromosomal imbalances

identified by CGH were investigated for their corre-

lation with other well-established clinicopathological

and image cytometrical factors. Univariate and mul-
tivariate correlations with metastasis-free survival of
patients was performed to investigate the prognostic
value of chromosomal imbalances.

2. Material and method
2.1. Patients data and samples

Investigations were performed on 39 invasive breast
carcinomas, sampled at the Karolinska Hospital/
Sweden from 1983 to 1987. Tumors were classified
into ductal invasive (NOSy = 34), lobular ¢ = 1),
papillary (¢ 1), medullary & = 2), and tubu-
lar (n = 1) carcinomas [38]. Histological grading
was performed according to Bloom and Richardson
[10], modified by Elston and Ellis [13]. Immunohis-

chemical and image cytometric parameters, as well as,
follow-up data are summarized in Table 1.

2.2. Tissue microdissection

Ten to 20 fiveum thick sections were cut from
formalin-fixed, paraffin-embedded tissue blocks. The
first and the last section was stained with H&E and
used for histological classification. The other sections
were used for tissue microdissection in order to isolate
invasive tumor cells. Further sections were used for im-
munohistochemical staining.

2.3. Comparative genomic hybridization (CGH)

DNA was isolated from Proteinase digested (100
mM Tris/HCI, 10 mg/ml proteinase K) microdissected
tissue according to standard protocols and labelled
with biotin-16-dUTP (Boehringer Mannheim, Ger-
many) using nick translation. CGH was performed ac-
cording to published protocols [6,39]. Briefly, 200 ng
of tumor DNA and 200 ng SpectrumRed-labelled nor-
mal female reference DNA (Vysis, Downers Grove,
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Table 1
Histopathological characteristics, immunohistochemical and cytometrical parameters as well as follow-up data of the 39 breast cancer patients
Case number Histopathology ES-R Pr-R Cyclin Follow-up Occurrence of Occurrence of Status Histogram Value of
D1 period local recidive distant type anisokaryosis
[months] [months] metastases [pixels]
[months]
1 IDC, pNOpT1, G2 9 3 1 193 0 0 0 1 2.6
2 IDC, pN2pT2, G3 - - - 14 0 14 1 4 4.1
3 IDC, pNOpT2, G2 9 9 0 156 0 156 1 2 2.8
4 IDC, pN2pT2, G2 0 0 - 18 0 0 0 4 5.2
5 IDC, pN2pT1, G3 - - - 45 0 4 1 2 3.4
6 IDC, pN2pT2, G2 12 2 1 39 0 31 1 4 4.7
7 IDC, pN2pT2, G2 0 1 82 0 32 1 4 5.0
8 inv.tub., pN1pT, G1 9 9 1 133 0 120 1 4 4.1
9 IDC, pNOpT2, G2 12 6 0 94 0 0 0 1 2.7
10 inv.med., pNOpT1, G3 0 0 1 179 0 0 0 4 3.7
11 IDC, pN2pT2, G3 - - 1 45 35 41 1 4 55
12 inv.lob., pNOpT2, G2 4 0 0 82 0 0 0 1 3.2
13 IDC, pN2pT2, G3 12 9 1 179 0 0 0 1 3.1
14 IDC, pNOpT1, G2 - - 0 58 0 51 1 4 4.1
15 IDC, pN1pT2, G3 - - - 53 11 42 1 4 3.8
16 IDC, pNOpT2, G2 6 6 1 82 0 0 0 1 3.8
17 IDC, pN2pT1, G3 2 0 2 37 23 23 1 3 4.1
18 inv.pap., pN1pT2, G2 9 4 3 118 0 49 0 4 4.2
19 IDC, pN1pT2, G3 12 6 3 171 0 0 0 4 4.1
20 IDC, pN2pT2, G3 9 9 1 47 14 14 1 4 54
21 IDC, pN1pT1, G2 12 9 1 151 0 151 1 2 2.8
22 IDC, pN1pT2, G3 0 0 0 69 0 0 0 4 6.0
23 IDC, pN1pT2, G3 12 6 3 69 0 0 0 2 3.1
24 IDC, pN1pT2, G3 12 9 - 116 0 0 0 2 43
25 IDC, pNOpT1, G3 12 3 1 94 63 64 0 1 2.3
26 IDC, pN2pT2, G2 6 0 0 185 0 0 0 4 3.8
27 IDC, pN2pT2, G3 6 9 1 83 37 0 0 1 3.3
28 IDC, pNOpT2, G3 0 0 32 0 20 1 2 4.1
29 IDC, pNOpT1, G3 12 6 0 184 0 0 0 1 2.8
30 IDC, pNOpT1, G2 9 2 2 173 0 0 0 1 2.7
31 IDC, pNOpT1, G2 6 0 2 76 0 0 0 4 3.7
32 IDC, pN2pT2, G3 6 9 2 110 0 72 1 3 3.8
33 IDC, pN1pT1, G3 12 3 2 27 0 0 0 1 29
34 IDC, pN2pT2, G2 6 3 1 183 0 0 0 4 3.8
35 IDC, pNOpT1, G3 - - - 161 0 0 0 3 4.1
36 IDC, pN2pT2, G3 12 0 1 45 0 29 1 4 4.8
37 IDC, pNOpT2, G2 9 0 - 146 0 0 0 3 2.8
38 IDC, pN1pT2, G2 9 9 - 71 0 0 0 1 2.4
39 inv.med, pNOpT2, G3 0 0 - 68 0 0 0 4 5.8

IDC = invasive ductal carcinoma, NOS; inv.tub/ inv.med./ inv.pap./ invielnvasive tubulary, medullary, papillary and lobulary carcinoma;
ES-R, Pr-R= estrogene and progesteron receptor status, scored negative, & 39+, or 12+;

Cyclin D1 immunohistochemistry, scored negative, &1, 2+, or 3+; '=" = no data available;

Histogram types according to Auer et al. [8]:=1 diploid stemline, 2= diploid and/or tetraploid stemline, 3 diploid proliferative, 4=
irregularly distribution with cells over 4c;

Anisokaryosis= variation in nuclei size [pixels], determined by image cytometry.
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IL) were hybridized together with 40g Cot-1 DNA
(Life Technologies, Grand Island, NY) onto normal

metaphase spreads. Tumor DNA was detected by Cy2-

conjugated streptavidin and biotinylated anti-strepta-
vidin conjugates (Amersham Buchler, Braunschweig,
Germany).

Image acquisition and processing was performed
as described previously [6,39], using a digital image
analysis system (MetaSystems, Altlusheim, Germany).
Green to red (tumor to normal) fluorescence ratio pro-
files were calculated for each chromosome to deter-
mine copy number changes in the tumors [6,20,21,39].
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In all statistical analyses significance was assumed
for p < 0.05. The occurrence of distant metastasis was
considered as the prognostic criteria.

3. Results

3.1. Chromosomal alterations and their association
with other variables

A summary of CGH results is given in Fig. 1. The
mean number of chromosomal alterations per tumor

Profiles were compared either using fixed red/green ra- was 65+ 0.7 (range 2 to 18). The most frequent chro-

tio thresholds (0.8 and 1.25), or with calculated confi-

mosomal imbalances, present in more than 33% of the

dence limits that have been determined by the analysis cases, were gains on 11q13, 12924, 16, 17, 20q, and

software using-statistics and a specified error prob-
ability (+-3 times SD). If the measured ratio was out-
side of the intervals in both procedures, a gain or loss
in the tumor DNA was assumed. Non-tumorous tis-

losses on 2q and 13q.

Comparison of chromosomal imbalances in patients
with or without occurrence of distant metastases dur-
ing the follow-up period identified significantly differ-

sues were microdissected from the paraffin sections ent frequencies for gains on chromosome 1113 and

and processed identically to verify the reliability of our
CGH protocol. All non-tumorous tissue samples re-
sulted in CGH profiles with ratios within the described
conditions.

2.4. Statistical analysis
Statistical analyses were performed using SAS soft-

ware (SAS Inst., Cary, NC, USA). Fisher’s exact test
was used to identify differences in frequencies of

12924 p = 0.01 and 0.006, respectively), and for loss
on 12qg p = 0.02). All of these alterations were more
frequent in patients without distant metastasis. From
the 22 metastasis-free cases, gain on 11913 was identi-
fied in 12 tumors, gain on 12924 in 13 tumors, and loss
on 12qin 6 tumors.

No significant differences in the frequency of chro-
mosomal aberrations were found between node posi-
tive and negative tumors, between grade 1/2 and grade
3 tumors, or between tumors sized pT1 and pf 2>(

chromosomal aberrations between metastasizing and0.05). Furthermore, tumors grouped according to pro-
non-metastasising tumors, between node-negative andliferation using the 2.5¢c or 5¢ exceeding rate, or ac-
node-positive patients, and between patients grouped cording to their anisokaryosis value, did not show dif-

according to their DNA-histogram, morphometrical

ferences in chromosomal alterations. Gain on chro-

and immunohistochemical parameters. Significance mosome 17, however, was detected more frequently

was determined by the Fisher’s exact test.
Kaplan—Meier survival curves were calculated to de-

termine a potential correlation of individual variables

with metastasis-free survival of patients. For this pur-

pose continuous variables (anisokaryosis, exceeding

rates) were grouped according to quantification mod-
els. The significance of overall differences between
survival curves was determined with the log-rank test.

Multivariate analyses were performed with the Cox
proportional hazards model. Due to the low overall
frequency of metastasis events & 17), no more
than two variables were included into the model. Thus,
each univariate significant parameter was fitted to-
gether with nodal status in a bivariate model. Sig-
nificance of parameters was derived using the Wald
Y2-test.

in non-diploid (16/28) than in diploid tumors (2/11)
(p = 0.04).

3.2. Univariate prognostic value of parameters

Four chromosomal imbalances showed a significant
univariate prognostic value for the metastasis-free sur-
vival of patients f < 0.05): gains on chromosome
11913, 12924, 17, and 18p (Table 2). No univariate
prognostic significance was found for the gain on chro-
mosome 20qg. Kaplan—Meier survival curves for the
most important chromosomal alterations are plotted
in Fig. 2.

Patients grouped according to the proliferation pa-
rameter (2.5c or 5¢ exceeding rates) did not show dif-
ferent clinical courses. However, 10/11 patients with



i § _
‘ T i s !
P i 5 2
i |
L “l ||”!§ L1
IB: |
Z K]

B
LT T~ P

s ) 5:_|
- I =
q 1 1£

LA ENIN
THIDELD
—
e
SuolTeIa)[e [EWOSOWO0IYD JO anfeA ansoubold / [e 18 ajaany ‘I

16 - "
1

='.'| i ||ﬁ||§ Bl ﬁ

19 22 ¥

Fig. 1. Ideogram presenting the CGH results from 39 invasive breast carcinomas. Gains are indicated on the right, losses on the left side afrtimgahesmosome. Those alterations

identified in tumors building distant metastases during follow-up are plotted in dotted lines, those which are not in solid lines. Additionatipeéh@hecases showing an alteration is given. o
=

iIII[]




82 M. Aubele et al. / Prognostic value of chromosomal alterations

Table 2

Results from Kaplan—Meier analyses with the number of patients per group, the number of metastases-
free patients and the significance values

Parameter Groups No. of patients Metastases- [%] log-rank
free patients p-value
pos. LN 0 15 11 73%
1-3 17 10 59%
>3 7 1 14% 0001
DNA-ploidy diploid 11 10 91%
non-diploid 28 12 43% o1
Anisok. <3.85 22 16 82%
>4 17 6 41% 0003
11913+ no 26 10 38%
yes 13 12 92% 02
12924+ no 25 9 36%
yes 14 13 93% @003
17+ no 21 15 71%
yes 18 7 39% m5
18p+ no 32 22 69%
yes 7 0 0% 0003
200+ no 12 9 75%
yes 27 13 48% as3n.s.

pos. LN= number of positive axillary lymph nodes;

DNA-ploidy = visual classification of DNA-histograms in diploid and non-diploid [8];
Anisok. = anisokaryosis, cytometrical determined variation of nuclei size [pixels];
Chromosomal gainsK), losses ) from CGH analyses.

diploid tumor-DNA distribution remained free of dis-  for anisokaryosis, DNA-ploidy, and the DNA gains on
tant metastases, whereas those with non-diploid tu- 11913, 12924, 17 and 18p. Gain on 20q, which was not
mors showed a metastases-free survival rate of only significant in an univariate analysis, was also investi-
43% (p = 0.01). Significant differences in the meta- gated and showed a weak predictive value in combina-
stases-free survival were also found for patients with tion with the lymph node statug & 0.03).
low (<3.8 pixels) and high%4.0) anisokaryosis val- To prove a possible interaction between single im-
ues p = 0.003) (Table 2, Fig. 2). balances, or their inter-dependence’diist was per-
Using Kaplan—Meier analysis no significant in- formed. A positive correlation was found between
fluence of histological type, tumor size and grad- gains on 11g13 and 12924 (= 0.004), both alter-
ing, steroid hormone receptor status, cyclin D1, or ations showed an inverse correlation with gain on 18p
menopausal status on the clinical outcome was found. (p = 0.04 andp = 0.03, respectively). No correla-
Among the histopathological parameters, the nodal tion was found between 11q13 and 12g24, and gains
status, as expected was the only one showing strong on chromosomes 17 or 20q.
prognostic value for a metastasis-free survival of pa-
tients p = 0.001) (Table 2, Fig. 2). 3.4. Discussion

3.3. Independent prognostic value of parameters In breast carcinomas many other parameters besides
the histopathological parameters have been included
Each of the parameters showing significance in uni- in prognostic studies. These include amplification of
variate analyses was fitted together with the nodal oncogenes such as HER2/neu, MYC, or cyclin D1, and
status in a bivariate model using Cox proportional mutation of several tumor suppressor genes such as
hazards analyses. In Table 3 the results are listed p53 (for a review see [9]). Additional prognostic para-
with significance values of the pairwise tested para- meters include those derived from image cytometrical
meters. Independent prognostic value was identified measurements such as DNA histogram type [4,8,14],
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Fig. 2. Kaplan—Meier curves for a metastases-free survival of patients stratified according to the number of positive lymph nodes, DNA ploidy,
anisokaryosis, and the chromosomal alterations on 11g13, 12q24, 17, 18p, and 20g. Gain on 20q, which was not significant in univariate analysis,
is demonstrated because of it's suggested prognostic value in other studies [10].
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Table 3
Results from Cox Proportional Hazard analyses. Each univariate significant parameter was inves-
tigated bivariate with the lymph node status. Given are p-valus for the first and second parameter,
respectively, and the risk factors

1st parameter pN Risk factor 2nd parameter  p (Wald?) Risk factor
p (Wald 2)

0.004 3.4 11¢- 0.01 0.07

0.002 3.8 12¢ 0.004 Q04

0.002 3.7 1% 0.02 34

0.01 2.6 18p- 0.007 42

0.0009 3.9 20¢- 0.03 43
anisokaryosis

0.01 2.6 «3.9~4.0) 003 33
DNA-ploidy

0.006 3.3 (diploid/non-dipl.) m5 80

S-phase fraction of tumor cells [24], and morphometric in cases with early recurrence, but none of the losses
parameters [2,3]. There is, however, an urgent need for could be associated with clinical outcome. A signifi-
more accurate prognostic indicators for use in therapy cant association with recurrence, however, was estab-
selection according to the individual risk of patients of lished for high level amplification on chromosome 8q,
developing metastatic disease. which harbours the MYC oncogene. The latter feature
The comparative genomic hybridization (CGH) tech- Was only rarely seen in our cases.
nique has been shown to be a powerful method for A striking prognostic correlation was found by
screening tumour tissues for evidence of chromosomal Isola et al. [18] for amplification on 20q, which they
gains and losses. In breast cancer several studies havddentified in 7 cases, 6 of which had early recur-
identified chromosomal imbalances, with the most fre- '€Nce in less than 32 months. In our study 20gas
quent gains affecting chromosomes 1q, 6p, 89, 11q13, |d_ent|f|ed in 27/39 patients, but univariate _c_orrelatlon
17, and 20q. Losses, which are less frequent have beenWith metastasgs-free survival was not significant. Als_o
found on 6q, 12¢24, and 13q [6,18,20,23,27,28,33,36]. when pe_rformlng separate analyses for node-negatlye
In general the pattern of gains and losses identified in &"d POsitive cases (data not shown here) no signif-

these studies is in agreement with our current findings. ;:gnce CZUId tbe |den|t|f|ebq fo_r ? correllatllon betg/yeeg
Few authors have investigated the association be- G and outcome. In bivariate analysis combine

tween chromosomal alterations and clinico-patholog- with nodal status the 20 alteration shows signifi-

. . . . . . cance, however with a-value below that of the other
ical, immunohistochemical or image cytometrical data .
and clinical outcome [17,18]. Hermsen et al. [17] used aberrations (see Table 3).

: T . ) ) Increased copy number at 20g13 has emerged as
frozen tissue from lymph node-negative breast carci-

d d CGH its with pathological one of the most common genetic aberrations in inva-
nomas and compare results with pathological g6 preast carcinomas [6,18,20,31]. Three indepen-

data and cytqmetrical measurements. Th(_ay could show dently amplified regions on 20q13.2 [31,32] harbour-
that aneuploid tumors harboured more gains and Iossesing several genes including a nonreceptor tyrosine-
than diploid ones. CGH results from fresh-frozen tis- phosphatase gene (PTPN1), as well as AIB3 and AIB4
sue samples have also been reported by Isola et al. naye peen implicated [16,32]. The amplifications of
[18] and Jain et al. [19]. Recently Jain et al. have de- thjs region were described as characteristic of ad-
scribed a statistical method to identify correlations be- yanced breast cancer in each of these studies, though
tween large-scale multivariate measurements and clin- they were not found ifin situ lesions investigated by
ical outcome. The authors used this method to iden- Kyukasjarvi et al. [23]. In our studies this alteration
tify loci (8q24+ and 9q13-) correlating with poor sur-  was frequently identified in invasive and in situ breast
vival. In the study of Isola et al. selectively advanced carcinomas and, furthermore, in ductal hyperplasias
(pT2) node negative cases were investigated with a me- adjacent to invasive carcinoma [5,7,37]. Consequently,
dian follow-up of 5 years. The most frequently identi- we suggest that gain on 20g may play an important role
fied aberrations here are largely in agreement with our in tumor development itself, rather than favoring the
findings. They found losses to be significantly higher development of metastasis.
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In the present study the prognostic value of chro-  DNA gain on chromosome 18p was inversely cor-
mosomal imbalances was investigated on 39 invasive related with gains on 11q13 and 1224, but positively
breast carcinomas. Although the number of cases is correlated with clinical outcome. Only 7 cases showed
low, the prognostic significance of some imbalances gain on 18p, however, all developed metastases within

was impressive. We noted no difference in the distribu-
tion of chromosomal alterations between node positive
and negative tumors. However, marked differences be-
tween diploid and non-diploid tumors (gain on 17) and,

most interestingly, between tumors developing distant

metastases and those which did not (gains on 11q13,

12g24, loss on 12q). Furthermore, we found a striking
univariate correlation with clinical outcome of patients
for nodal status, DNA-ploidy, anisokaryosis, and for
gainson 11g13, 12924, 17 and 18p.

Amplification on chromosome 17 is commonly
found in invasive breast cancer [5-7]. The chromoso-
mal region 17q, including the HER2/neu locus, was
also identified in invasive carcinomas [6,23,27,33] and
in premalignant lesions [5,7]. Ried et al. [28] observed
this alteration more frequently in aneuploid rather than
in diploid tumors, which is in accordance with our re-
sults here. Furthermore we found a significant univari-
ate and bivariate correlation between gain on 17 and
the metastases-free survival of patients.

The chromosomal alterations with the most strik-
ing association with clinical outcome were gains on
11913, 12924, and 18p. Gain on chromosomal re-
gion 11913 has been reported by others, albeit with
variable frequencies [17,18,25,28,30]. A clustering of
several genes within this chromosomal region was
described [22], including the cyclin D1 oncogene
(PRAD1/CCND1), the proto-oncogenes EMS1 (hu-
man v-src homologue), INT2/FGF3 (fibroblast growth
factor3) and GSTP1 (gluthathione S transferase). The
cyclin D1 gene has been shown to be amplified in a
proportion of breast carcinomas [22,35], and controls
cellular proliferation by regulating the G1/S cell cy-

cle checkpoint. We show 13/39 cases of invasive breast

carcinomas with gain on 11q13. An unexpected in-
verse, but highly significant, correlation with the clin-
ical outcome of these patients was found. No signifi-
cant association between gain on 11q13 and cyclin D1
positive immunohistochemistry could be found (data
not shown). Thus, either amplification of the cyclin D1

oncogene is present but does not correspond to its ex-

pression level, or the identified gain on 1113 must re-
sult in the amplification of genes other than cyclin D1.

An inverse correlation with clinical outcome of pa-
tients was also found for gain on chromosomal re-
gion 12g24. For this region no candidate genes re-
sponsible for the amplification have been described
(http://www.ncbi.nim.gov).

the follow-up period. Although this resultis highly sig-
nificant, in view of the small number of cases it should
be interpreted cautiously.

An independent prognostic value was identified for
chromosomal gainson 11913, 1224, 17, and 18p, and,
in combination with nodal status, also for gain on 20q.
An unexpected inverse correlation of two chromoso-
mal alterations with clinical outcome was found. On
the basis of the currently available data this cannot
be explained. However, assuming, that more than one
genetic alteration may be involved in the metastatic
processes interactions between amplified genes in sev-
eral chromosomal regions is imaginable. In a previ-
ous study of genetic alterations in breast carcinomas,
amplifications of several genes were associated with
clinical outcome [12]. The strong association identified
for gains on 11913 and 12g24 (positive correlation), as
well as the inverse correlation of both with alterations
on 18p but not with alterations on 17 and 20q we ob-
served here, may also be caused by such genetic inter-
actions.

For the first time chromosomal alterations in for-
malin-fixed, paraffin-embedded breast carcinoma tis-
sues were correlated with image cytometrical and im-
munohistochemical parameters as well as with dis-
tant metastasis events during a long follow-up period.
Although the number of patients is small the results
clearly demonstrate a striking prognostic significance
of chromosomal alterations independent of nodal sta-
tus. The latter, and the interaction and/or dependence
of specific chromosomal alterations on each other,
must be the basis for further studies.
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