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Abstract

CHEK2*1100delC is associated with a twofold increased breast cancer risk. This was shown in a collaborative analysis of Euro-
pean populations, but not in other populations from Europe and the US. Accordingly, there is a need to clarify the role of
CHEK2*1100delC in breast cancer.

We established its prevalence in two German populations GENICA (Northrhine-Westphalia, n = 724) and KORA (Bavaria,
n = 600) and in women with breast cancer. The latter included cases (n = 688) from the GENICA breast cancer case-control study,
patients with early-onset breast cancer (n = 86) and patients with familial breast cancer (n = 71). The latter patient groups were pre-
viously investigated for BRCA1/2-mutations and tested negative. Mutation analysis was performed by combined PCR/DHPLC
methodology.

CHEK2*1100delC was found in 0.9% of GENICA controls and was absent in the KORA controls indicating a significant dif-
ference between the two populations (P = 0.03). The frequency of CHEK2*1100delC in age-matched cases of the GENICA collec-
tion was 0.8% and thus not different from controls (OR 0.88, 95% CI 0.21–3.50). In patients with early-onset disease
CHEK2*1100delC was found at a frequency of 2.3% referring to an increased breast cancer risk of 2.56 (95% CI 0.25–14.58). In
patients with familial disease the frequency was 1.4% referring to an increased risk of 1.53 (95% CI 0.03–12.93).

Our data showed variations in CHEK2*1100delC prevalence within German populations suggesting possible inaccuracies in
breast cancer risk assessments from non population-based studies. In patients with a high-risk profile however, CHEK2*1100delC
was indicative for this risk and highest for early-onset breast cancer.
� 2005 Elsevier Ltd. All rights reserved.
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1. Introduction

Cell cycle-checkpoint kinase 2 gene (CHEK2) [MIM
604373] also known as Cds1 in Schizosaccharomyces

pombe and RAD53 in Saccharomyces cerevisiae encodes
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a nuclear protein kinase that is a key mediator of cellu-
lar responses to DNA damage [1–4].

CHEK2 is polymorphic [5] and numerous reports ad-
dressed the possible role of the protein-truncating muta-
tion CHEK2*1100delC for familial breast cancers
particularly those without mutations in the breast cancer
predisposing genes BRCA1 and BRCA2 [6–8]. The
1100delC mutation is predicted to abolish the kinase
activity of the CHEK2 protein [9] and may therefore be
a likely candidate to impact DNA repair capacity and
promote susceptibility to some breast cancers. ACHEK2

associated breast cancer risk was observed for breast can-
cer patients of Northern European populations. Particu-
larly, the prevalence of the CHEK2*1100delC variant
ranged from 1.1% to 1.4% in populations from Finland,
The Netherlands and Great Britain and increased to
5.1–5.5% in women with familial breast cancer testing
negative for BRCA1/2 mutations [7,8]. In contrast, no
such association was identified in other populations as it
applies to a US population fromNew York [10] and pop-
ulations from Spain [11], Germany [6], and Italy [12]
where CHEK2*1100delC frequencies ranged from 0% to
0.5% in controls and 0–1.6% in breast cancer patients.

Recently, a collaborative analysis of 10,860 breast
cancer cases and 9065 controls reported a frequency of
CHEK2*1100delC of 1.9% in breast cancer cases and
0.7% in controls [13]. These data were based on the eval-
uation of 10 case-control studies from five countries but
varied in study design.

To establish population specific prevalence and sig-
nificance of CHEK2*1100delC on the population level,
stringent population specific case-control studies are
now in demand. This will be important since changes
in population frequencies of genome variations are well
known for Caucasians [14,15] and must be implemented
with respect to recommendations for the screening of at
risk groups [16]. We recently established a population-
based breast cancer case-control study GENICA in a
German population to facilitate the identification of
breast cancer susceptibility genes [17]. As a back-up
for population controls we compared our data to those
obtained from an age-matched subgroup of women
from the KORA survey [18]. Here, we report popula-
tion-based frequencies of the CHEK2*1100delC allele
in Germany and discuss these frequencies together with
our findings in high-risk breast cancer patients including
those with early-onset and hereditary disease.
2. Materials and methods

2.1. Study populations

2.1.1. The GENICA breast cancer case-control collection

Between August 2000 and October 2002 incident
breast cancer cases and population-based controls have
been recruited in the Greater Bonn Region in North
Rhine-Westphalia, Germany. This is part of a wider ef-
fort of the Interdisciplinary Study Group on Gene
Environment Interactions and Breast Cancer in Ger-
many (GENICA) which is focused on the identification
of breast cancer risks and susceptibility genes. There
are 688 cases with a first time diagnosis of primary
breast cancer that was histologically confirmed within
six months of enrolment, and 724 population-based
controls matched in 5-year age classes and matched
for residency. Cases and controls were included when
they were of Caucasian ethnicity, currently resided in
the study region, and were below age 80 years. Clinical
and histo-pathological data were collected from medi-
cal records and pathology reports. Information on po-
tential risk factors was collected via in-person
interviews using the core questionnaire of the German
KORA survey [19]. The response rate was 88% for
cases and 67% for controls. The GENICA study was
approved by the Ethic�s Committee of the University
of Bonn and all study participants gave informed writ-
ten consent.
2.1.2. KORA population control collection

Six-hundred female controls from a large popula-
tion-based survey (KORA S2000) were included for
comparison. The KORA survey was a cross-sectional
population-based health survey carried out between
October 1999 and April 2001 in the region of Augs-
burg, Bavaria, Germany [18]. KORA controls were
matched to GENICA cases by age in five-year classes.
The KORA S2000 sample serves as a population con-
trol group for case-control studies conducted by the
German National Genome Research Network.
2.1.3. Early-onset breast cancer patients

Eighty-six women diagnosed with primary invasive
or in situ breast cancer before the age of 41 years
at the Städtisches Klinikum Karlsruhe and at the
Women�s Clinic, University of Heidelberg in South
Germany, unselected for family history and nega-
tive for BRCA1/2 mutations [20] were screened for
CHEK2*1100delC. It is important to note, that the
recruitment of early-onset breast cancer patients pre-
ceded the population-based GENICA case-control
study and KORA survey. These patient samples were
initially included in the analysis of inherited breast
cancer predisposition and subjected to BRCA1 and
BRCA2 analyses. No healthy controls were obtained
according to the case-only design. Due to the absence
of age-matched and study region-matched controls we
used the GENICA and KORA controls for a reference
of CHEK2*1100delC frequencies. We refrained from
age-matching due to the limited number of early-onset
breast cancer cases.
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2.1.4. Hereditary breast cancer patients

Patients were originally recruited for the investigation
of inherited breast and/or ovarian cancer predisposition
with respect to BRCA1 and BRCA2 mutations. They in-
cluded patients from all over Germany. Ninety-eight pa-
tients from families with at least three cases of breast
cancer previously screened for BRCA1 and BRCA2

mutations [21,22] (U. Hamann, data not shown) were
included in this study. Twenty-seven patients with dele-
terious BRCA1/2 mutations and 71 patients without
BRCA1/2 mutations were screened for CHEK2*1100-
delC. No healthy controls were obtained according to
the case-only design. Due to the absence of matching
controls we used the GENICA and KORA controls
for a reference of CHEK2*1100delC frequencies. We re-
frained from age-matching due to the limited number of
familial breast cancer cases.

2.2. Isolation of DNA

Genomic DNA was isolated from blood samples
according to standard procedures [23]. Isolation of
genomic DNA from GENICA and KORA samples
was performed using the PuregeneTM (Gentra Systems,
Inc., Minneapolis, USA) according to the manufac-
turer�s instructions. DNA samples were available for
630 of 688 (92%) breast cancer cases, 657 of 724 (91%)
controls, 600 KORA controls, 86 early-onset breast can-
cer patients and 98 familial breast cancer patients.

2.3. Genotyping of CHEK2*1100delC

The 1100delC mutation is located within exon 10 of
CHEK2. This exonic sequence is known to be present
in multiple homologous copies in the human genome
[24]. For the CHEK2*1100delC (GenBank Accession
No. NM_007194.2) genotyping allele-specific PCR
amplification was performed. We used a newly designed
forward primer CHEK2ex10f (5 0-GCAAAATTAAA-
TGTCCTAACTTGC-3 0) primer in combination with
previously described reverse primers CHEK2ex10r and
CHEK2delCr primers [25]. The forward primer anneals
to a region in intron 9 that is specific for theCHEK2 gene.
PCR reactions were carried out in 10 ll volumes contain-
ing 50 ng DNA, 1· PCR buffer (Qiagen, Hilden, Ger-
many), 4 mM MgCl2, 0.1 lM CHEK2ex10f primer,
0.2 lM of each reverse primer, 200 lM of each dNTP
(Promega, Mannheim, Germany), 0.4 U HotStarTaq
DNA polymerase (Qiagen). After an initial 15 min at
95 �C, DNA was amplified by 10 cycles of 20 s at 94 �C,
25 s at annealing temperature 68–55 �C touchdown
(1.4 �C/cycle), and 30 s at 72 �C followed by 36 cycles
of 20 s at 94 �C, 25 s at 55 �C, and 35 s at 72 �C, and then
by a final extension step of 10 min at 72 �C. The PCR-
products were separated on a 1% agarose gel (Sigma–
Aldrich, Steinheim, Germany) containing ethidium
bromide (Sigma–Aldrich). The fragment sizes of PCR
products were 537 bp for the wild-type allele and
200 bp for the variant allele.

The reproducibility of the genotyping data were as-
sessed by repeated analysis of 262 randomly selected
DNA samples by DHPLC (WAVE system, Transge-
nomics, Omaha, NE). CHEK2 exon 10 primers were
according to Sodha and colleagues [26]. PCR reactions
were carried out in 25 ll volumes containing 50 ng
DNA, 1· PCR buffer (Applied Biosystems (AB) Divi-
sion, Foster City, CA), 3 mM MgCl2, 0.1 lM of each
primer, 200 lM of each dNTP (Promega), 0.5 U of a
mixture (4 ll) Optimase (2.5 U/ll) (Transgenomics)
and 18 ll AmpliTaq Gold (5 U/ll) (AB). After an initial
15 min at 95 �C, DNA was amplified by 3 cycles of 30 s
at 94 �C, 45 s at annealing temperature 70–63 �C touch-
down (1 �C/cycle; 3 cycles each), and 45 s at 72 �C fol-
lowed by 20 cycles of 30 s at 94 �C, 45 s at 62 �C, and
45 s at 72 �C, and then by a final extension step of
10 min at 72 �C. DHPLC running conditions were
established by S. Thorlacius (S. Thorlacius, Iceland
Genomics Corporation). DHPLC temperature was
57 �C, DHPLC gradient was 55–60% buffer B [0.1 M
triethylammonium acetate (Transgenomics), 25% aceto-
nitrile (Fischer, Leicestershire, UK)]. A positive control
was included in each set of agarose gel and DHPLC
runs.

2.4. Statistical analysis

The null hypothesis of independence of rows and col-
umns in two by two contingency tables was tested using
Fisher�s exact test. Two-sided P values of 0.05 or less
were considered as statistically significant. Conditional
Maximum Likelihood estimation was used to estimate
odds ratios (OR). Estimation of the prevalence of
CHEK2*1100delC with exact 95% confidence limits
(CI), computation of Fisher�s exact test and OR with
95% CI for the risk of developing breast cancer were
performed using R, version 1.9.1 [27]. Due to the ab-
sence of CHEK2*1100delC variant in KORA controls
resulting in infinite values of the OR, comparisons of
familial and early-onset breast cancer patients were per-
formed with GENICA controls.
3. Results

Constitutional CHEK2*1100delC mutation analysis
was performed for 2048 women including: (1) 613 pa-
tients and 651 controls of the GENICA breast cancer
case-control study, (2) 600 women of the KORA survey,
(3) 86 BRCA1/2-negative early-onset breast cancer pa-
tients, and (4) familial breast cancer patients, i.e., 27 pa-
tients with BRCA1/2 mutations, 71 patients without
BRCA1/2 mutations. Genotypes were established by
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allele-specific amplification assay (Fig. 1(a)). Accuracy
and reproducibility of genotyping data were 100% based
on repeated analyses of 13% of DNA samples by
DHPLC analysis (Fig. 1(b)).

3.1. Prevalence of CHEK2*1100delC in the German
populations GENICA and KORA

3.1.1. GENICA population controls and cases

The frequency of CHEK2*1100delC in women with-
out breast cancer was 0.9% (6/651) and 0.8% (5/613) in
women with breast cancer (Table 1). These frequencies
were statistically not different (P = 1.00, OR 0.88, 95%
CI 0.21–3.50) and therefore the overall frequency of
CHEK2*1100delC in GENICA women was 0.9% (11/
1264). Among the five patients carrying CHEK2*1100-
delC, two had a first-degree family history of breast can-
cer. All six carriers without breast cancer had a negative
family history of breast cancer. Bilateral breast cancer
Fig. 1. (a) Ethidium bromide stained agarose gel. Lanes 2–6, 8: homozygous
fragments; M: DNA marker (511 + 489, 404, 331, 242, 190, 147 bp). (b) DH
and a healthy control. Both the index patient (III:2) and the maternal a
chromatogram whereas the CHEK2*1100delC-negative cousin (III:4) and
CHEK2*1100delC carriers of the German breast cancer Family 49. Circles ar
individual. Symbols with filled left upper quadrant: unilateral breast cancer. I
patient is indicated by an arrow. BC: breast cancer; A: age. The numbers follo
at recruitment. M+: mutation carriers; M�: non-carriers.
was diagnosed in 17 out of 613 (2.8%) patients. None
of these carried the CHEK2*1100delC variant.

3.1.2. KORA controls

No CHEK2*1100delC carriers were identified in 600
KORA women (Table 1). The difference of CHEK2*
1100delC prevalence between the GENICA controls
(6/651) and KORA controls (0/600) was statistically sig-
nificant (P = 0.03).Accordingly, we refrained from calcu-
lating a combined CHEK2*1100delC frequency in
controls from the two different German populations.

3.2. Prevalence of CHEK2*1100delC in breast cancer

patients with hallmarks for non-sporadic breast cancer

3.2.1. Early-onset breast cancer patients without BRCA1/

2 mutations

In this group patients were not selected on the basis
of a family history of breast cancer but on the basis of
wild-type: 537 bp fragment; lanes 1, 7: heterozygous: 537 bp and 200 bp
PLC chromatograms of family members II:4, III:2, III:4 of Family 49
unt (II:4) with the CHEK2*1100delC showed a double peak in the
the control only showed a single wild-type peak. (c) Pedigree and
e females, squares are males, and a diagonal slash indicates a deceased
dentification numbers of individuals are below the symbols. The index
wing these abbreviations indicate age at breast cancer diagnosis and age



Table 1
Prevalence of CHEK2*1100delC in German study groups

Study group Number of subjects Prevalence of CHEK2*1100delC

N % (exact 95% CI)

All German individuals 2048 14 0.68 (0.37–1.14)

Population controls
GENICA 651 6 0.92 (0.34–2.00)
KORA 600 0 0.00 (0.00–0.61)

Breast cancer cases
GENICA 613 5 0.82 (0.27–1.89)
Selected patient groups
BRCA1/2 negative early–onset breast cancer 86 2 2.33 (0.28–8.15)
BRCA1/2 negative familial breast cancer 71 1 1.41 (0.04–7.60)
BRCA1/2 positive familial breast cancer 27 0 0.00 (0.00–12.77)

2900 M.U. Rashid et al. / European Journal of Cancer 41 (2005) 2896–2903
an early age at diagnosis (<41 years) and BRCA1/2 neg-
ativity [20]. The prevalence of CHEK2*1100delC in 86
patients was 2.3% (2/86) (Table 1). When we compared
these data with those of GENICA controls CHEK2*
1100delC carrier status was associated with a 2.56-fold
increased early-onset breast cancer risk (OR 2.56, CI
0.25–14.58), which was not statistically significant
(P = 0.24).

3.2.2. Familial breast cancer patients with and without

BRCA1/2 mutations

Among the 27 BRCA1/2-positive familial breast can-
cer patients no CHEK2*1100delC carrier was identified
(Table 1). This result was not significantly different from
that of GENICA controls (OR 0.00, 95% CI 0.00–
21.27). The variant was found in 1.4% (1/71) of
BRCA1/2-negative-familial breast cancer patients (Table
1). This frequency was not significantly different from
that of the GENICA controls (OR 1.53, 95% CI 0.03–
12.93). The incomplete penetrance of CHEK2*1100delC
in this family is shown in Fig. 1(c).

3.2.3. Breast cancer patients from families with bilateral

breast cancer and with male breast cancer

Among 26 familial breast cancer patients from fami-
lies with cases of bilateral breast cancer no CHEK2*
1100delC was identified. This applied to families positive
(n = 14) and families negative (n = 12) for BRCA1/2
mutations. None of the breast cancer patients of three
families with male breast cancer tested positive for
CHEK2*1100delC.
4. Discussion

CHEK2*1100delC has recently attracted attention
for its likely association with familial breast cancer par-
ticularly the disease phenotype that develops without
predisposing mutations at BRCA1 and BRCA2 [7]. Of
interest now is the relevance of this molecular marker
as a screening target for an elevated breast cancer risk.
Any recommendation will highly depend on the preva-
lence within a given population which may vary among
different populations. Our contribution to this is to
establish the prevalence of CHEK2*1100delC in two
German populations and high-risk breast cancer groups.
While the frequency of the CHEK2*1100delC variant
has been reported from a collaborative analysis [13]
and a population based case-control study in young wo-
men [28] our study may provide additional information
since it was population-based and included incident
breast cancer cases of all age classes.

First, we established the prevalence of the CHEK2*
1100delC variant in study subjects of the GENICA
breast cancer case-control collection which was less than
1% and similar for cases and controls. Although we
expected this prevalence also to be low among KORA
subjects originating from another German population,
it is important to point out that the CHEK2*1100delC
variant was absent in that population. Based on the
finding of this genetic difference on the population level
it must be stated, that the two populations differ with re-
spect to their geographic origin, with the GENICA
study originating from the North-West and the KORA
survey from the South-East of Germany. Moreover,
both studies differ with respect to purpose and eligibility
criteria. The GENICA study population was recruited
for the purpose of the identification of breast cancer
risks and addressed Caucasians only. The KORA survey
population was recruited for the identification of cardio-
vascular disease risks and addressed individuals of Ger-
man nationality. Although the cause of the discrepancy
in prevalence of the CHEK2*1100delC variant is un-
known, our results from the genetic investigation of
GENICA and KORA subjects are reminiscent of other
known variations in genotype distributions among Cau-
casian populations that are attributed to possible foun-
der effects and migration. A prominent example is the
C282Y mutation of the hemochromatosis gene HFE,
which is the commonest mutation in Caucasians predis-
posing to hereditary hemochromatosis and known for
its decreasing prevalence from North to South in
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Europe [29]. Although on a global basis the GENICA
and KORA populations may not represent distant pop-
ulations our data are in agreement with those obtained
within the collaborative study of the CHEK2 Breast
Cancer Case-Control Consortium [13] in that the
CHEK2*1100delC genotype distribution varied within
Europe with frequencies being highest in Finland and
The Netherlands. With respect to the latter population
it is, however, noteworthy, that in Southwest Nether-
lands, an area in close neighbourhood to the GENICA
study region (greater Bonn area), the CHEK2*1100delC
frequency was 1.8-fold higher compared to that of the
GENICA subjects. It may therefore be important to
pay attention to fluctuating allele frequencies within
short geographic distances, which may have to be con-
sidered within the context of population-based disease
screening.

Our observation of the overall low prevalence of
CHEK2*1100delC in two German populations and ob-
served higher frequencies elsewhere, call for a careful
interpretation of data obtained from studies that do
not share uniform designs. Particularly, data from the
collaborative analyses of 10 international non-uniform
case-control studies reported by the CHEK2 Breast
Cancer Case-Control Consortium may be prone to
selection bias and constrain breast cancer risk estimates
[13]. Although this effort was based on the evaluation of
large numbers of more than 10,000 breast cancer cases
and more than 9000 controls, it is important to draw
attention to the design of the individual studies. In 7
studies cases were selected on the basis of age at diagno-
sis and in 3 studies on the basis of early diagnosis. In 4
studies controls were hospital-based and/or consisted of
blood donors, and in 5 studies controls were not
matched by age. Moreover, in half of the studies the fre-
quency matching of controls was 0.5 or less. Thus, the
reported approximately twofold increased breast cancer
risk for CHEK2*1100delC carriers may be attributable
at least to some extent to the selection of high-risk pa-
tients. Our study, although considerably smaller, en-
rolled incident breast cancer patients from a defined
geographic area. Controls were age-matched in order
to control for confounding by age and restricted to wo-
men of Caucasian origin. These differences in study de-
sign may at least in part explain our different findings
with respect to a CHEK2*1100delC associated breast
cancer risk that was not reproduced by us.

Inspired by the identification of a significant associa-
tion of CHEK2*1100delC with familial, non-BRCA1/2-
associated breast cancer, we tested for a similar risk
association in 86 BRCA1/2 negative women with early-
onset disease [20]. Within this patient cohort the risk
to develop breast cancer was increased by 2.56-fold for
CHEK2*1100delC carriers when compared to the GEN-
ICA controls. This is the first study in Caucasians
reporting this relationship, however, due to the low pa-
tient numbers involved in this analysis it will now be
important to make an effort towards a more comprehen-
sive analysis in order to test for the significance of this
association.

Other results with respect to a CHEK2*1100delC
associated breast cancer risk were similar to those from
reported studies. We identified an association of the
CHEK2*1100delC variant with breast cancer for women
who were members of BRCA1/2 negative breast cancer
families. The breast cancer risk of CHEK2*1100delC
carriers was at least increased by 1.5-fold, a result that
again did not reach statistical significance likely due to
small sample size of patients. Similar to findings by Du-
fault et al. [6] the CHEK2*1100delC variant was not
fully penetrant in our study. Interestingly, our risk asso-
ciation is weaker than that described by Dufault et al.
who reported a 3.3 times increased breast cancer risk
for BRCA1/2 negative CHEK2*1100delC carriers who
originated from across Germany based on the multi-cen-
ter nature of that study. The higher increase in risk in
that study, however, may be explained by the low
CHEK2*1100delC prevalence of 0.5% obtained from
randomized non-age-matched female subjects of unspec-
ified regional origin. Alerted by our findings of varia-
tions in CHEK2*1100delC frequencies in two different
German populations we suggest, that the true power
of risk associations may require a unanimously estab-
lished CHEK2*1100delC prevalence across all regions.
Thus, although both studies are in agreement with an
overall low prevalence of CHEK2*1100delC in Ger-
many, this issue may point to the need for local, regional
and global distribution maps for genetic variants for
correct and reliable interpretations of disease risk mod-
ulations. This view is supported by the findings of no
and infrequent CHEK2*1100delC prevalence in Spain
[11] and Italy [12] as well as the US [10], and beyond
that, calls for the fine tuning of CHEK2*1100delC prev-
alence among populations of Northern European des-
cent where disease associations of more than twofold
were reported for The Netherlands and Finland
[7,8,30]. Similar considerations may apply with respect
to our findings of the absence of the CHEK2*1100delC
variant in familial breast cancer cases from families with
BRCA1/2 mutations, in cases from BRCA1/2 positive
and negative families with bilateral breast cancer cases
as well as patients from families with male breast cancer
cases, which matched those of Dufault et al. [6] but dif-
fered from those of Vahteristo et al. [8] in a Finnish
study.

Our results underscore the low overall importance of
CHEK2*1100delC in breast cancer susceptibility in Ger-
man populations. The variant may confer an insignifi-
cantly increased risk of breast cancer in women
selected for young age and family history, this risk, how-
ever, was not apparent in patients with sporadic breast
cancer. Due to the low prevalence and low penetrance,
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the variant does not represent a relevant disease marker
to be recommended for genetic screening programs in
Germany.
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