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C
ell cycle checkpoint kinase 2 (CHEK2) is a tumour
suppressor involved in the p53 pathway of DNA
damage responses. Upon ionizing radiation induced

DNA damage, CHEK2 is activated by ataxia telangiectasia
mutated (ATM) and is in turn capable of phosphorylating
several substrates including Cdc25A, Cdc25C, p53, and
BRCA1, leading to cell cycle arrest, apoptosis, and DNA
repair (reviewed in Bartek et al1). A protein truncating mutation,
1100delC, which resides in exon 10 and abolishes the kinase
function of CHEK2, has been shown to be significantly
associated with a positive family history of breast cancer.2 3

This allele is found with a 1.1–1.4% frequency in the normal
population in the European countries studied so far but at a 4.9–
5.9% frequency among familial BRCA1/2 negative breast cancer
patients.2 3 The 1100delC allele appears to be a low
penetrance susceptibility allele for breast cancer, with a
twofold increased breast cancer risk for carriers.2 Expression
of the CHEK2 protein has been shown to be absent or grossly
reduced in breast tumours of heterozygous 1100delC muta-
tion carriers,3 and loss of the wild-type allele has been
reported in a breast tumour and a sarcoma of CHEK2 mutation
carriers in Li-Fraumeni syndrome (LFS).4

Very recently, the frequency of the 1100delC allele has been
suggested to be higher among breast cancer families that also
have colorectal cancer (CRC) than in those without CRC,
identifying a hereditary breast and colorectal cancer pheno-
type (HBCC).5 To evaluate the significance of the 1100delC
allele for colorectal cancer we studied the frequency of the
1100delC in 662 colorectal cancer patients, including 149
familial CRC patients. We also studied the allelic imbalance
at 1100delC in the colorectal tumours from patients with a
germline 1100delC mutation.

MATERIALS AND METHODS
Patients
From a population based series of 1042 colorectal cancer
cases described previously,6 7 and a set of unselected CRC
cases, 662 CRC patient DNA samples were selected. DNA was
extracted either from blood or normal colon mucosa
(separate site from tumour) according to standard proce-
dure.8 Informed consent was obtained from participating
patients. All samples had been previously analysed for
microsatellite instability (MSI) using polyA marker BAT26,
a robust marker for high level MSI detection6 7 (unpublished
data). Of the 662 samples, 51 were MSI positive, and these
samples were screened for germline mutations in the known
familial CRC genes MLH1 and MSH2. Of these 51 MSI positive
cases, seven had mutations in one of these genes.6 7 The series
of 662 samples included 149 familial and 513 sporadic CRC
cases. Familial CRC cases were defined as CRC probands with
at least one first degree relative affected with CRC. In
addition, the series included 14 CRC patients with breast
cancer, and 99 CRC patients whose first degree relative had
breast cancer. Four of these 113 pedigrees contained two
breast cancer patients. The majority (70%) of the 662 CRC
patient samples were collected and the patients originated
from eastern Finland. We have previously defined a 1.4%

population frequency of CHEK2 1100delC in Finland by
screening 1885 healthy controls obtained from the Finnish
Red Cross Blood Transfusion Service.3 A slight variation in
the population frequency is seen in eastern v other parts of
Finland, and an adjusted frequency matching the geographi-
cal distribution of the CRC patient material was 1.9%.

Mutation detection
Specific PCR primers (described in detail in reports by
Vahteristo et al3 9) for the CHEK2 exon 10 on chromosome
22 were designed to avoid amplification of the homologous
sequences on other chromosomes. The 1100delC variant was
screened using minisequencing (primer extension),10 and for
this purpose an internal pair of primers was used in addition
to the original exon 10 primers (nested PCR). All positive
minisequencing results were confirmed by reamplification
from the original genomic DNA sample using another
independent detection method, either direct sequencing
(ABI Big Dye Cycle Sequencing Kit version 3.0, ABI Prism
310 Genetic Analyzer; Applied Biosystems, Foster City, CA,
USA) or conformation sensitive gel electrophoresis.11

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Abbreviations: CHEK2, cell cycle checkpoint kinase 2; CRC, colorectal
cancer; HBCC, hereditary breast and colorectal cancer phenotype;
HNPCC, hereditary nonpolyposis colorectal cancer; LFS, Li-Fraumeni
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Key points

N CHEK2 1100delC is a low penetrance susceptibility
allele identified in breast cancer families. Very recently,
the allele was further suggested to associate with a
hereditary breast and colorectal cancer phenotype.

N To assess the role of 1100delC in colorectal cancer, we
studied the frequency of the 1100delC allele in 662
colorectal cancer patients, including 149 familial and
513 non-familial cases.

N We detected frequencies of 2.6% (17/662) for the
whole patient cohort, 1.3% (2/149) for familial and
2.9% (15/513) for non-familial cases, which are not
significantly higher than the geographically adjusted
population frequency of 1.9% (p = 0.266, p = 1.000,
p = 0.134, respectively). A low frequency (3/17;
17.6%) of the loss of the wild-type allele was observed
in the colorectal tumours of the carriers, and in one
tumour the mutant allele was lost.

N Our findings suggest that the CHEK2 1100delC may
not be a susceptibility allele for colorectal cancer;
however, a very low penetrance effect on colorectal
cancer could not be excluded.
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Analysis of allelic imbalance
Allelic imbalance at the 1100delC was studied in the
colorectal tumours from all 17 patients with a germline
1100delC mutation. Tumour DNA was extracted from fresh
frozen specimens. A pathologist evaluated the proportion of
tumour tissue histologically before DNA extraction. All
samples displayed greater than 55% carcinoma tissue,
typically 60–80%. CHEK2 exon 10 was PCR amplified and
sequenced for analysing allelic imbalance.

In statistical analyses, differences in dichotomous variables
were tested by Pearson x2 test or by Fisher’s exact test using
SPSS version 11.0 for Windows (SPSS Inc., Chicago, IL,
USA). All p values are two sided.

RESULTS AND DISCUSSION
The frequency of the CHEK2 1100delC among colorectal
cancer patients was 2.6% (17/662). The proportions were
1.3% (2/149) and 2.9% (15/513) in familial and non-familial
cases, respectively. These frequencies are not significantly
higher (odds ratio (OR) 1.393, 95% confidence interval (CI)
0.775 to 2.504, p = 0.266, for all cases; OR 0.720, 95% CI 0.172
to3.020, p = 1.000 for familial cases and OR 1.592, 95% CI
0.863 to 2.939, p = 0.134 for non-familial cases) than in the
normal population, compared with the geographically
adjusted population frequency of 1.9%. These results suggest
that the 1100delC variant is not significantly associated with
familial colorectal cancer or with colorectal cancer risk in the
population; however, larger studies would be needed to
detect or exclude any slight increase with a high confidence.
In the group of non-familial colorectal cancer cases, there
was no difference in allele frequency among those patients
with a personal or family history of breast cancer (3/104,
2.9%) and those without a breast cancer history (12/409,
2.9%). Among the familial CRC cases, 1/9 with breast cancer
in the family carried the 1100delC allele while only 1/140
(0.7%) of those without a breast cancer family history did so.
The CHEK2 mutation carrier belonged to a family with two
members affected with breast cancer. Altogether, four CRC
patients had two breast cancer cases in the family and one
(25%) was found to carry the 1100delC variant, which is
consistent with the association of the 1100delC allele with
familial breast cancer. Two colorectal cancers in the 17
1100delC carriers had previously been found positive for MIS,
but neither patient has a germline mutation in the MLH1 or
MSH2 gene.

Tumour DNA from all 17 CRC patients positive for the
1100delC (two familial and 15 non-familial) was analysed for
allelic imbalance at CHEK2 exon 10. In three cases, the wild-
type allele appeared to be lost (one familial, two non-
familial); however, in one sporadic tumour sample the
mutated allele was lost. The other 13 samples showed no
CHEK2 exon 10 allelic imbalance in tumour DNA. We have
previously shown a gross reduction or loss of the CHEK2
protein expression in familial breast tumours of 1100delC
carriers.3 Loss of the wild type allele has been reported in a
sarcoma and a breast tumour of 1100delC or R145W CHEK2
mutation carriers in Li-Fraumeni families.4 In another study
on familial breast cancer, however, one breast tumour did not
show allelic imbalance of the 1100delC allele, while contra-
dictory results were obtained for the other case studied.12

Thus, alternative inactivation mechanisms may also be
possible. However, the low frequency of the allelic imbalance
observed in the CRC cases supports the view that the CHEK2
1100delC allele may not be a susceptibility allele for CRC.

Very recently, it has been proposed that the 1100delC allele
identifies families with an hereditary breast and colorectal
cancer phenotype (HBCC), with a significantly higher
frequency among the HBCC families (10/55, 18.2%) than in
breast cancer families without CRC (15/380, 4.0%).5 An HBCC

family was defined as including at least two first or second
degree relatives affected with breast cancer, of which at least
one had been diagnosed before 60 years of age, and either:
(a) at least one breast cancer case with CRC, or (b) a first/
second degree relative to a breast cancer case diagnosed with
CRC before 50 years of age, or (c) two or more CRC cases of
which at least one was a first/second degree relative to a
breast cancer case. Among our cohort of 507 familial breast
cancer cases previously analysed for the 1100delC allele,3 80
families (15.8%) also include CRC cases, and 19 of these
(3.7% of all) fulfil the definition of HBCC. However, among
this cohort, the frequency of the 1100delC allele is not higher
in the families with CRC (4/80 (5.0%) among all breast cancer
families with CRC and 1/19, 5.3% among HBCC families)
than among those without CRC (24/427 (5.6%)). Among the
Dutch families, the 1100delC allele was suggested to act in
concert with another putative allele predisposing to the HBCC
phenotype, and possibly population specific differences in the
prevalence of such alleles could underlie the difference seen
between the Dutch and Finnish families with the HBCC
phenotype. However, among the Dutch HNPCC (hereditary
nonpolyposis colorectal cancer) or HNPCC-like CRC families,
the association of the 1100delC allele with the HBCC-like
phenotype was not unequivocal and any CRC risk associated
with 1100delC was suggested to be low.5 As the number of
HBCC families in either study is quite small, larger studies
will be needed to evaluate the suggested association between
1100delC and the HBCC phenotype, as well as possible very
low penetrance effects of the 1100delC on colorectal cancer
predisposition.

The CHEK2 gene was first suggested as a susceptibility gene
for Li-Fraumeni syndrome (LFS) upon identification of the
1100delC and another variant I157T in LFS families.13 While
neither appear to be a high penetrance LFS susceptibility
allele,9 14 an additive or modifying effect on putative other
susceptibility alleles in LFS or variant LFS families may be
possible. In individual variant LFS families, an R145W
mutation with deleterious effect on CHEK2 function, as well
as a missense mutation, R3W, of unknown function have
been identified,9 while in another report, no CHEK2 germline
variants were found in variant LFS families.15 Recently,
several novel germline variants in the CHEK2 gene have been
reported in prostate cancer patients, with a significant
association of the overall variant frequency with sporadic
but not with familial prostate cancer.15 The 1100delC was
found in germline DNA in 2/698 cases (0.3%); however,
larger studies would be needed to evaluate whether the
1100delC is a risk factor for prostate cancer.16 Rare CHEK2
germline variants have been identified in some other cancer
patients also. In Iceland, a T59K variant of unknown
functional significance found in CHEK2 mutation analysis
of 120 breast tumours, was also identified in 2/119 colorectal,
4/685 breast, 1/37 stomach, and 1/43 ovarian cancer patients
but not in 452 normal controls, and was suggested to be a low
penetrance variant.17 Another rare variant, R117G, has been
recently reported in two familial breast cancer cases as well.18

In conclusion, while rare CHEK2 variants have been
identified in several cancer types, the 1100delC allele has
been found to be significantly associated with familial breast
cancer. In this study, no significant association between
germline CHEK2 1100delC and familial or sporadic colorectal
cancer was found. A very low penetrance effect on CRC could
not be excluded.
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