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The aim of this study was to determine polymorphism of repeated sequences (CA), in
the ERBB-1 gene. The study group included 197 breast cancer patients and 180 healthy
women. DNA was isolated from fresh-frozen tumour tissue and from peripheral blood.
ERBB-1 (CA), microsatellite polymorphism was examined by polymerase chain reaction
(PCR). A polymorphic simple sequence repeat region of 9-23 CA repeats was detected
in both groups. Homozygotes comprised 22% and 34% of breast cancer patients and con-
trols, respectively (P =0.009). An allelic imbalance (AI), mostly in the shorter allele, was
found in 27% of breast cancer patients. Al occurrence was associated with the lack of
oestrogen receptors in tumour cells (P =0.05); otherwise, there were no correlations
between histoclinical features and (CA), microsatellite polymorphism of ERBB-1. It was
concluded that an allelic imbalance is a common feature in breast cancer patients
and may coincide with the lack of oestrogen receptors in tumour cells. The clinical rel-
evance of ERBB-1 microsatellite polymorphism in breast cancer remains to be
established.

© 2006 Elsevier Ltd. All rights reserved.

1. Introduction

peats was found to be associated with increased ERBB-1
expression.*” Additionally, it was postulated that allelic

Overexpression of ERBB-1 is a common feature in breast can-
cer and is considered an adverse prognostic factor.' ERBB-1
overexpression seems to be caused by upregulated transcrip-
tional activity, which is modulated by the number of CA short
sequence repeats (SSRs) in the polymorphic region of ERBB-1
intron 1.*® Indeed, in breast cancer a low number of CA re-

* Corresponding author: Tel./fax: + 04858 349 22 70.
E-mail address: mwelj@amg.gda.pl (M. Welnicka-Jaskiewicz).

imbalance (Al) in breast cancer tissue at the ERBB-1 locus
may carry an adverse prognosis.” Microsatellite polymor-
phism of ERBB-1 seems to be related to ethnicity.’® In this
study we determined polymorphism of repeated sequences
(CA),, and allelic imbalance (Al) in the ERBB-1 gene in relation
to histoclinical features of breast cancer in Polish women.
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2. Patients and methods

2.1. Patients

The study group included 197 consecutive breast cancer pa-
tients who underwent multidisciplinary treatment between
1998 and 2002 (Table 1). The control group consisted of 180
healthy women. Tumour specimens collected during surgery
(before systemic treatment) and blood samples from breast
cancer patients and controls were frozen immediately for fur-
ther analysis. All patients signed informed consent forms.

2.2. DNA isolation

DNA was isolated from fresh-frozen tumour tissue and from
peripheral blood with the QIAamp DNA Mini Kit (Qiagen, Ger-
many) and Whole Blood Specimen Preparation Kit (Roche
Diagnostics System, Poland), respectively. The control for
polymerase chain reaction (PCR) fragment length was DNA
from the tumour cell line DNA MDA-MB-468.

2.3. Microsatellite PCR

PCR amplification was performed in a 50-ul reaction volume
containing 50 pmol of previously described primers,® one unit
of Taqg DNA polymerase, 200 nmol of each deoxynucleotide
triphosphate, 1xreaction buffer, 1.5mM MgCl, (all from
Promega, United States of America (USA)) and 200 ng DNA.
The PCR products were diluted 10 times, mixed with formam-
ide containing 0.5 pl of GeneScan 500 (Tamra) fluorescent size

Table 1 - Patient characteristics

Variable No. of
patients (%)?
pT stage
TX 2 (1)
T1, 60 (31)
T2 80 (41)
T3 26 (13)
T4 26 (13)
pN stage
NO 108 (55)
N1 52 (26)
N2 34 (17)
Histology
Ductal 136 (69)
Lobular 32 (16)
Other types 23 (12)
Grade (Richardson-Bloom)
G1 11 (6)
G2 52 (26)
G3 60 (31)
Steroid receptor status
ER+ 107 (54)
ER- 89 (45)
PgR+ 106 (54)
PgR- 90 (46)

a Numbers do not add to 197 (100%) due to a few missing data.

standard (Applera) and separated with capillary electrophore-
sis system (ABI PRISM 310 DNA Analyzer). The collected data
was evaluated with GeneScan Analysis Software (Applera). All
analyses were performed in duplicates of independent PCR
reactions.

To standardise the analysis, the allelic imbalance (Al) score
was calculated using the following equation:'* Al = T2 x N1/
T1x N2, where N1 is the first (shorter) allele area in non-tu-
mour tissue, N2 is the second allele area in non-tumour tis-
sue, T1 is the first allele area in tumour tissue, and T2 is the
second allele area in tumour tissue. Al cut-off values of
< 0.6 and > 1.67 were used for the loss of longer and shorter
allele, respectively.

2.4. Statistical methods

Statistical analysis was performed with Statistica for Win-
dows software (Statsoft Co, USA, version 6.0.). The level of sig-
nificance was set at P < 0.05. Shapiro-Wilk test was applied to
test the normality of distribution. A set of non-parametric
tests, including j° test, Yates corrected ;° test and Fisher’s
exact test, was used to analyse correlations between the

Table 2 - Distribution of allele combinations of the CA

short sequence repeats (CA-SSR) in the ERBB-1 gene in
breast cancer patients and in control group

Allele 1Allele 2  Breast cancer patients  Control group

No. of % No. of %
cases cases
9 16 1 0.5 0 0
14 18 0 0 1 0.55
14 20 2 1.0 0 0
14 21 0 0 1 0.55
15 15 0 0 1 0.55
15 16 2 1.0 0 0
15 18 0 0 1 0.55
15 19 0 0 1 0.55
15 20 2 1.0 0 0
16 16 29 14.8 34 18.9
16 17 10 5.1 1 0.55
16 18 38 19.4 39 21.6
16 19 3 1.5 1 0.55
16 20 32 16.3 27 15.0
16 21 13 6.6 16 8.9
16 22 2 1.0 1 0.55
16 23 1 0.5 0 0
17 17 0 0 10 5.6
17 18 10 5.1 1 0.55
17 19 1 0.5 1 0.55
17 20 4 2.0 1 0.55
17 21 2 1.0 4 2.2
17 23 1 0.5 0 0
18 18 6 3.0 7 3.9
18 19 1 0.5 1 0.55
18 20 15 7.6 14 7.8
18 21 6 3.0 5 2.8
19 19 1 0.5 0 0
19 20 3 1.5 2 1.1
20 20 8 4.1 10 5.6
20 21 3 1.5 0 0
21 22 1 0.5 0 0
Total 197 100 180 100
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molecular markers’ status and clinicopathological patient
data.

3. Results

The most common allele in both groups was 16 CA repeats
(42% and 41% in controls and breast cancer patients, respec-
tively). Alleles containing 16 CA, 18 CA and 20 CA repeats
comprised more than 80% in both controls and breast cancer
patients. In total, 32 different diploid genotypes were found
(Table 2). Of those, the most prevalent in both groups was
16/18 CA repeat combination (22% and 19% in controls and
patients, respectively). The 16/16 CA combination was found
in 20% of controls and 15% of breast cancer patients, and
16/20 CA in 15% and 16%, respectively. The 16 CA containing
combinations: 16/16 CA, 16/18 CA and 16/20 CA, accounted
for 56% and 50% of the controls and breast cancer patients,
respectively. Homozygotes comprised 34% and 22% of con-
trols and breast cancer patients, respectively (P = 0.009).

Short (less than 19 CA repeats) and long (19 or more CA re-
peats) alleles were distributed equally in both groups. The
most common short alleles occurred in 73% of controls and
70% of breast cancer patients. The combinations of two short
alleles occurred in 53% and 49% of controls and breast cancer
patients, respectively, and the combinations of two long al-
leles in 7% and 8%, respectively. The allelic imbalance (Al) in
heterozygotes occurred in 27% of cases, 22% of which was
the loss of the shorter allele.

Al was more common among oestrogen receptor negative
compared with oestrogen receptor positive breast cancer
cases (34% and 19%, respectively; P = 0.05). Otherwise, there
were no significant correlations between Al and major clini-
copathological characteristic including pT, pN, histological tu-
mour grade and progesterone receptor status.

4, Discussion

The ERBB gene family is critically involved in the mammary
gland carcinogenesis.’®'® The increased activity of ERBB
genes in breast cancer, expressed by gene amplification, pro-
tein overexpression or abnormal transcriptional regulation,
carries an adverse prognosis.'*** Additionally, this feature
serves as a predictive factor and target for therapy.®

Animal studies showed that increased expression of ERBB
oncogenes, particularly ERBB-1, is involved in early breast can-
cer carcinogenesis.'” A polymorphic SSR region with 14 to 21
CA dinucleotides was found in a Caucasian reference pedigree
close to the downstream enhancer element.® Most common al-
leles in that population were 16 CA, 18 CA and 20 CA repeats
(42%, 20% and 26% of cases, respectively). Similar frequencies
of these alleles were found in our series. Additionally, we dem-
onstrated the occurrence of previously not reported alleles
containing 22 CA and 23 CA repeats, and a very short allele con-
taining 9 CA repeats. It was noteworthy that the distribution of
alleles in the group of breast cancer patients and healthy con-
trols was similar, except for the proportion of homozygotes,
which was higher in the control group (P =0.009). The fre-
quency of homozygotes in the control group was similar to
that in the Caucasian CEPH reference pedigrees.®

The distribution of allele combinations in our series is sim-
ilar to that found in German women.’ Remarkably, in both
populations the three most frequent allele combinations were
16/16, 16/18 and 16/20 CA repeats.'® Neither study found any
correlation between the frequency of allele combinations and
histoclinical features. Our population seems to be more
homogenous than that from Germany, which included 44 dif-
ferent diploid genotypes.'® Otherwise there were no apparent
differences in the distribution of ERBB-1 genotypes in both
populations.

The allelic frequencies of the ERBB-1 intron 1 polymor-
phisms seem to vary considerably in geographically distant
populations, with short alleles prevailing in Europe and long
alleles in Asia.’®' Interestingly, preliminary results in non-
small cell lung cancer patients receiving ERBB-1-specific tyro-
sine kinase inhibitor gefitinib (ZD1839) showed the presence
of ethnic differences in drug response, with consistently
higher response rates in Japanese than in Caucasian pa-
tients.’®?° Additionally, the susceptibility to gefitinib was
found to be strongly related to ERBB-1 somatic mutations,*
which are more frequent in the Asian population.?

The rate of Alin the present study (27%) was similar to that
in the group of German breast cancer cases (34%),”° and lower
than in informative breast cancer cases from Japan (55%).2°
The high rate of Al in the Japanese series may be explained
by a large proportion of long alleles, which are associated
with the higher likelihood of AI compared with the short
alleles.”®

In our series Al occurrence was associated with oestrogen
receptor status (P =0.05). To the best of our knowledge this
correlation has not been reported previously and requires
confirmation. Similarly to other studies,” we have not found
any other correlations between histoclinical variables and
(CA),, microsatellite polymorphism of ERBB-1. Due to rela-
tively short follow-up and small number of events we have
not analysed here the clinical relevance of this feature. This
issue, however, certainly warrants further research.
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