
SHORT REPORT

A large germline deletion in the Chek2 kinase gene is
associated with an increased risk of prostate cancer
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Background: Germline mutations in the Chek2 kinase gene
(CHEK2) have been associated with a range of cancer types.
Recently, a large deletion of exons 9 and 10 of CHEK2 was
identified in several unrelated patients with breast cancer of
Czech or Slovak origin. The geographical and ethnic extent
of this founder allele has not yet been determined.
Participants and methods: We assayed for the presence of
this deletion, and of three other CHEK2 founder mutations, in
1864 patients with prostate cancer and 5496 controls from
Poland.
Results: The deletion was detected in 24 of 5496 (0.4%)
controls from the general population, and is the most
common CHEK2 truncating founder allele in Polish patients.
The deletion was identified in 15 of 1864 (0.8%) men with
unselected prostate cancer (OR 1.9; 95% CI 0.97 to 3.5;
p = 0.09) and in 4 of 249 men with familial prostate cancer
(OR 3.7; 95% CI 1.3 to 10.8; p = 0.03). These ORs were
similar to those associated with the other truncating mutations
(IVS2+1GRA, 1100delC).
Conclusion: A large deletion of exons 9 and 10 of CHEK2
confers an increased risk of prostate cancer in Polish men.
The del5395 founder deletion might be present in other
Slavic populations, including Ukraine, Belarus, Russia, Baltic
and Balkan countries. It will be of interest to see to what
extent this deletion is responsible for the burden of prostate
cancer in other populations.

T
he Chek2 kinase gene (CHEK2) is a key component of the
DNA damage signalling pathway. Activation of this
protein in response to DNA damage prevents cellular

entry into mitosis.1 2 Germline mutations in CHEK2 have
been associated with a range of cancer types, in particular
cancer of the breast and the prostate.3–20 Most predisposing
CHEK2 alleles are protein truncating, but a missense variant
(I157T) has also been associated with cancer. Recently, a
large deletion in CHEK2 was identified in several unrelated
patients with breast cancer of Czech or Slovak origin.21

Haplotype analysis confirmed that the mutation had a single
source.21 The geographical and ethnic extent of this founder
allele has not yet been determined. We estimated the
frequency of this deletion in the Polish population and asked
whether it is associated with an increased risk of prostate
cancer. Poland is well suited for association studies because
of the relative genetic homogeneity of the population.

Previously, we genotyped 690 Polish men with prostate
cancer for three common CHEK2 mutations.9 We found that
the risk of prostate cancer was increased for carriers of both
the truncating mutations (IVS2+1GRA and 1100delC) and

the missense mutation I157T. We have now extended our
patient series to include 1864 incident cases of prostate
cancer and have genotyped these for the presence of all four
CHEK2 founder mutations, including the large deletion.

PATIENTS AND METHODS
Patients
We studied prostate cancer cases diagnosed between 1999
and 2005 in 13 centres situated throughout Poland. This
study was initiated in Szczecin, Poland, in 1999 and was
extended to include Białystok and Olsztyn in 2002, and Opole
in 2003. Nine other centres began recruiting patients in 2005
(Koszalin, Gdańsk, Lublin, Łódź, Warszawa, Wrocław,
Poznań, Rzeszów and Sucha Beskidzka). Patients were
recruited from the urology services of the contributing
hospitals and were unselected for age or family history. All
men with invasive prostate cancer were invited to participate.
In all, 1864 unselected patients with prostate cancer were
enrolled, representing 78.3% of all patients with prostate
cancer who were invited to participate in the study. The mean
age at diagnosis was 67.3 (range 43–92 years). A family
history of prostate cancer (and of other cancers) in relatives
was obtained from each participant. Of them, 249 (13.4%)
patients had >1 first-degree or second-degree relatives
diagnosed with prostate cancer (familial cases). The ethics
committee of Pomeranian Medical University, Szczecin,
Poland, approved the study.

Controls
To estimate the frequency of the Polish founder mutations in
the general population, three control groups were combined.
The first group consisted of 2183 newborn children from 10
cities in Poland (Szczecin, Białystok, Gorzów, Katowice,
Wrocław, Poznań, Opole, Łódź and Rzeszów) between 2003
and 2006. Samples of cord blood from unselected infants
were forwarded to the study centre in Szczecin. The second
control group included healthy adult patients (1079 women
and 817 men) of three family doctors practising in the
Szczecin region. These people were selected randomly from
the patient lists of family doctors. The third control group
consisted of 1417 young adults (705 women and 712 men)
from Szczecin who submitted blood for paternity testing.

Search for CHEK2 large deletion in the Polish
population
Three samples of pooled DNA, each including pooled DNA from
about 500 people from Poland, were amplified with primers
described previously for the detection of the deletion of exons 9
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and 10 in Czechs and Slovaks.21 Ninety unpooled DNA samples
representing individual controls were also included. Short
extension times (2 min) were applied during polymerase chain
reaction (PCR) to amplify only a short allele containing the
large deletion. A single PCR product of about 1.3 kb was
amplified from all samples with the pooled DNA. The short
product was seen in 1 of 90 DNA samples from single patients.
The PCR products from all positive cases were sequenced. The
short PCR products included the deletion of exons 9 and 10,
and the deletion breakpoints were characterised at a nucleotide
level (fig 1). This deletion removes 5395 bp (del5395), incuding
exons 9 and 10 of CHEK2.

Genotyping
Two primer pairs were designed specifically for genotyping of
a large deletion of exons 9 and 10 in a multiplex PCR. The
first pair (CHLdel2F 59-TGT AAT GAG CTG AGA TTG TGC-39;
CHLc2R 59-CAG AAA TGA GAC AGG AAG TT-39) flanked
breakpoint site in intron 8. The second pair (CHLdelR 59-GTC
TCA AAC TTG GCT GCG-39; CHLcF 59-CTC TGT TGT GTA
CAA GTG AC-39) flanked breakpoint site in intron 10. In
mutation-negative cases, only two PCR fragments of 379 and
522 bp were amplified from the wild-type allele. The forward
primer of the first pair and the reverse primer of the second
pair amplified an additional PCR product of 450 bp in
mutation-positive cases. In all multiplex PCR-positive sam-
ples, the presence of the deletion was confirmed by
sequencing. Experimental conditions of the multiplex PCR
are available on request.

The other three mutations in CHEK2 (IVS2+1GRA, 1100delC
and I157T) were genotyped as described previously.9 These
variants are detected by allele-specific oligonucleotide-PCR or
restriction fragment length polymorphism-PCR analyses. In all
reaction sets, positive and negative controls (without DNA)
were used. All PCRs or enzymatic digestions were carried out
under a layer of mineral oil.

Statistical analysis
The prevalence of each of the three CHEK2 alleles in patients
and in controls was compared. Odds ratios (ORs) were
generated from 262 tables and statistical significance was
assessed using Fisher’s exact test. ORs were used as estimates
of relative risk.

RESULTS
A large deletion of exons 9 and 10 of CHEK2 was detected in
24 of 5496 (0.4%) controls from the general population in
Poland. This was the single most common protein-truncating

variant observed in the population (the IVS2+1GRA variant
was seen 22 times and the 1100delC variant was seen 12
times). The breakpoints of the deletion were verified at a
nucleotide level. All patients with a deletion carried the same
deletion of 5395 bp of exons 9 and 10. Sequencing also
confirmed that the deletion was in the functional copy of
CHEK2 at chromosome 22 (not in pseudogenes located
elsewhere).

The 5395 deletion was present in 15 of 1864 (0.8%)
patients (OR 1.9, p = 0.09). Of these 1864 patients, 249 (13%)
men had a family history of prostate cancer. The deletion was
found in four familial cases (OR 3.7, p = 0.03). Each of the
deletion-positive families contained two men affected with
prostate cancer (fig 2).

One of four founder CHEK2 mutations was identified in
184 of 1864 (9.9%) men with prostate cancer, including I157T
(142 times), the del5395 deletion (15 times), IVS2+1GRA
(15 times) and 1100delC (14 times). Overall, OR for prostate
cancer given a CHEK2 mutation was 1.8 (95% confidence
interval (CI) 1.5 to 2.1; p,0.001; table 1). OR was higher for
men with a truncating mutation (OR 2.3; 95% CI 1.5 to 3.4)
than for men with a missense mutation (OR 1.6; 95% CI 1.3
to 2.0), but the difference was not significant. A CHEK2
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Figure 1 A 5395 bp deletion of exons 9 and 10 of CHEK2 detected in
the Polish population. A. Sequencing chromatogram of PCR product
containing the deletion. B. Localization of deletion breakpoints at
chromosome 22 in Alu-repeats.
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Figure 2 Pedigrees of four familial prostate cancer cases with genomic
CHEK2 deletion from a series of 1864 unselected prostate cancer cases.
Arrows indicate probands. Squares denote males; circles denote
females. The cancer type and age at diagnosis are shown near all
blackened symbols, which denote patients affected with cancer. Current
age (or the age of death) is shown below the blank symbols, which
denote family members unaffected with cancer. All symbols with a
diagonal denote deceased individuals. A (+) near the symbol indicates
the presence of the deletion. PSU, primary cancer site unknown.
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mutation was present in 17% of men with familial prostate
cancer (OR 3.3; 95% CI 2.3 to 4.6; p,0.001). Again, OR was
higher for carriers of a truncating mutation (OR 4.7; 95% CI
2.5 to 9.0) than for carriers of a missense variant (OR 2.7;
95% CI 1.8 to 4.1).

The frequencies of CHEK2 alleles (including the large
deletion) in the control group were similar in newborns and
adults, and in men and women. Also, we found no difference
in CHEK2 mutation frequency between newborns from
different counties of Poland.

DISCUSSION
A predisposing CHEK2 mutation was present in 10% of Polish
patients with prostate cancer. On average, men who carry a
mutation have a 1.8-fold increased risk of prostate cancer,
and we estimate that mutations in CHEK2 are responsible for
about 7% of all prostate cancer cases in the country. The large
deletion of exons 9 and 10 in CHEK2, first described in Czechs
and Slovaks, is also a founder mutation in Poland. By our
estimate, the length of this deletion is 5395 bp, and not
5567 bp as described in the original report.21

The deletion of exons 9 and 10 was the single most
commonly observed protein-truncating mutation in the
Polish population. We observed the deletion in 0.4% of the
Polish controls. The deletion was originally reported to be
associated with breast cancer risk in the Czech Republic and
in Slovakia, but prostate cancer was not studied there. In that
study, the deletion was not observed among controls, but
only 367 healthy people were studied.21 Poles, Czechs and
Slovaks are of Slavic origin. On the basis of our results, we
expect the del5395 deletion to be present in other Slavic
populations, including Ukraine, Belarus, Russia and the
Baltic and Balkan countries.

Our results suggest that this deletion confers an approxi-
mately twofold increase in the risk of prostate cancer

(p = 0.09) and an approximately fourfold increase in the risk
of familial prostate cancer (OR 3.7; p = 0.03). The effects of
the three truncating mutations (1100delC, IVS2+1GRA and
del5395) on prostate cancer risk seem to be similar, but our
subgroups were small and the results should be confirmed on
other large series. The large CHEK2 deletion leads to
premature protein truncation at codon 381. The 1100delC
also leads to protein truncation at codon 381, but exons 9 and
10 are retained. The splice-site mutation (IVS2+1GRA)
results in a 4-bp insertion as a result of an abnormal splicing,
and creates a termination codon in exon 3. The detection of
mRNAs of abnormal lengths suggests that these mutations
do not lead to complete transcript loss due to nonsense-
mediated decay.13 21 Therefore, in theory, the effect of these
truncating mutations on cancer risk might differ. It is
uncertain whether the difference in disease risk between
truncating and missense variants is due to a quantitative
difference in kinase activity or whether a dominant negative
effect of I157T is present.10

The strengths of our study include the large number of
patients studied and the sampling of incident cases unse-
lected for family history. Incident cases are preferred to
prevalent cases if there is concern that the hereditary
subgroup might have a prognosis different from patients
with cancer in general. Our patients were not selected for
family history and unselected familial cases were drawn from
the same database. Our control group was large (5496
controls)—this permitted us to estimate the frequency of the
deletion in the Polish population at large.

In conclusion, there are (at minimum) four founder alleles
of the CHEK2 gene, which predispose the Polish population to
prostate cancer. These founder alleles account for 7% of
patients with prostate cancer in Poland. The most common of
these is a missense mutation (I157T). Among the truncating
variants is a 5395-bp deletion. It will be of interest to see to

Table 1 Prevalence of mutations in the Chek2 kinase gene in patients with prostate
cancer and controls, with corresponding odds ratios

Mutation case Frequency (%) OR (95% CI) p Value

CHEK2 mutation
Controls 321/5496 (5.8) 1.0
Unselected cases 184/1864 (9.9) 1.8 (1.5 to 2.1) ,0.001
Familial cases 42/249 (16.9) 3.3 (2.3 to 4.6) ,0.001

Large deletion
Controls 24/5496 (0.4) 1.0
Unselected cases 15/1864 (0.8) 1.9 (0.97 to 3.5) 0.09
Familial cases 4/249 (1.6) 3.7 (1.3 to 10.8) 0.03

1100delC
Controls 12/5496 (0.2) 1.0
Unselected cases 14/1864 (0.8) 3.5 (1.6 to 7.5) 0.002
Familial cases 3/249 (1.2) 5.6 (1.6 to 19.9) 0.02

IVS2+1GRA
Controls 22/5496 (0.4) 1.0
Unselected cases 15/1864 (0.8) 2.0 (1.05 to 3.9) 0.052
Familial cases 5/249 (2.0) 5.1 (1.9 to 13.6) 0.002

Any truncating mutation
Controls 58/5496 (1.1) 1.0
Unselected cases 44/1864 (2.4) 2.3 (1.5 to 3.4) ,0.001
Familial cases 12/249 (4.8) 4.7 (2.5 to 9.0) ,0.001

I157T
Controls 264/5496 (4.8) 1.0
Unselected cases 142/1864 (7.6) 1.6 (1.3 to 2.0) ,0.001
Familial cases 30/249 (12.0) 2.7 (1.8 to 4.1) ,0.001

Frequency is calculated as the ratio of number of carriers to total number.
Two patients and one control had both truncating and missense mutations.
Two patients and two controls were homozygotic for the I157T variant.
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what extent this deletion is responsible for cancer burden in
other populations.
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Hereditary Cancer Center, Department of Genetics and Pathology,
Pomeranian Medical University, Szczecin, Poland
B Gliniewicz, A Sikorski, Clinic of Urology, Pomeranian Medical
University, Szczecin
M Stawicka, D Godlewski, Cancer Prevention and Epidemiology
Center, Poznan, Poland
Z Kwias, A Antczak, Clinic of Urology, Medical Academy, Poznan
K Krajka, W Lauer, Clinic of Urology, Medical Academy, Gdansk,
Poland
M Sosnowski, Clinic of Urology, Medical Academy, Łódź, Poland
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