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МЕДИЦИНСКАЯ ЭКОЛОГИЯ 

ASSOCIATION OF TWO MUTATIONS 
IN THE CHEK2 GENE WITH BREAST CANCER 
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Cell-cycle checkpoint kinase 2 (CHEK2) is a central mediator of cellular responses to DNA 
damage. Ionizing radiation activates the CHEK2 protein via ATM-mediated phosphorylation and 
activated CHEK2 kinase can phosphorylate several substrates, including Cdc25A, p53 and E2F1, which 
mediate cell cycle arrest and apoptosis. CHEK2 phosphorylation of the breast cancer susceptibility 
protein BRCA1 regulates DNA double-strand break repair, and deletion of CHEK2 potentiates the 
incidence of mammary carcinomas in BRCA1 conditional mutant mice. A truncating variant of CHEK2, 
the 1100delC mutation, has been identified as a low-penetrance breast-cancer susceptibility allele. 
Heterozygous 1100delC carriers have an approximately 2-fold increased risk for breast cancer. The role 
of variants in CHEK2 other than 1100delC is less clear. To assess the role of these CHEK2 variants in 
breast cancer, we conducted an association study of the I157T and IVS211G>A mutations in breast 
cancer case-control settings from the Byelorussian populations. Our series consisted of 424 breast 
cancer patients and 307 population controls. The missense substitution I157T was identified in 24/424 
cases (5.7%) vs. 4/307 controls (1.3%; OR 54.5, 95% CI 1.6–13.2, p 5 0.005) in investigated cohorts. 
The splicing mutation IVS211G > A was infrequent, being observed 4/424 patients (0.9%). 
HeterozygousCHEK2 mutation carriers tended to be diagnosed at an earlier age, but these differences 
did not reach statistical significance. Family history of breast cancer did not differ between carriers and 
non carriers. Our data indicate that theI157T allele, and possibly the IVS211G > A allele, of the 
CHEK2gene contribute to inherited breast cancer susceptibility. 
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MATERIAL AND METHODS 
Patients 
Our cases were 424 breast cancer patients who had been diagnosed during the years 1998–2003 at the 

Byelorussian Aleksandrov N.N. Institute for Oncology and Medical Radiology (n 5 70) or at one of the regional oncology 
centers in Gomel (n 5 94), Mogilev (n 5 107), Grodno (n 5 58), Brest (n 5 46) or Vitebsk (n 5 49). Median age at diagnosis in 
this cohort was 43 years, and 96 patients (22.6%) reported that a first-degree relative also had breast cancer. Byelorussian 
population controls were 307 volunteers from the same population who had been ascertained at the Institute for Inherited 
Diseases in Minsk. Our study was carried out with informed consent of the probands. 

Mutation analyses 
Genomic DNA was isolated from peripheral EDTA blood samples using standard procedures. A genomic region 

covering both the IVS211G>A and I157T mutations in intron 2 and exon 3 of the CHEK2 gene was amplified by PCR using 
mutagenic primers to allow for a subsequent restriction enzyme screening of these 2 mutations. The sequence of the forward 
primer was 5/-GCAAGAAACACTTTCGGATTTTCCGG-3/ and the sequence of the reverse primer was 5/-
CCACTGTGATCTTCTATGTCTGCA-3/ (modified nucleotide positions underlined). Thirty cycles of PCR amplification were 
performed with annealing at 60°C, extension at 72°C and denaturation at 95°C using HotStarTaq-Polymerase in betaine-
containing buffer (Qiagen, Valencia City, CA). PCR products were separately incubated overnight with either ScrFI or PstI 
(New England Biolabs, Beverly, MA). Restriction enzyme reaction products were separated on a 3% agarose gel and 
evaluated by ethidium bromide staining. In the presence of the I157T mutation, the 194 bp product was cleaved by PstI to 
fragments of 20 and 170 bp, whereas the wild-type product remained uncut. In the IVS211G>A mutation, the wild-type 
product was cleaved by ScrFI and the mutant PCR product remained uncut. All positive cases were verified by direct 
sequencing of PCR products using the intronic primers: 

5/-CCTTCTTAGGCTATTTTCCTAC-3/ (forward) and 

5/-AACCATATTCTGTAAGGACAGG-3/ (reverse). 
Sequencing reactions were performed using the forward primer and BigDye v1.1 chemistry, and sequences were 

evaluated on the Genetic Analyzer 3100 Avant (Applied Biosystems, Foster City, CA). 
RESULTS AND DISCUSSION 
We used a rapid restriction enzyme-based assay followed by direct sequencing to screen for and verify the presence 

of the CHEK2 mutations I157T and IVS211G>A (see Fig. 1). In the 307 Byelorussian population controls, we identified 4 
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carriers of I157T (1.3%). The frequency of the I157T allele among the Byelorussian patients was higher than among the 
random controls (24/424, 5.6%; OR 5 4.5, 95% CI 1.6–13.2, p 5 0.005). When stratified by family history, I157T was 
identified in 6/96 Byelorussian patients with a first-degree family history of breast cancer (6.3%), which was higher than in the 
population controls but not significantly different from the frequency in the whole breast cancer cohort (5.6%, p 5 0.82). 
Median age at first diagnosis was not significantly lower in carriers of I157T (41.5 years) than in non carriers (43 years, p 5 
0.51). The IVS211G>A allele was less frequent than the I157T allele. It was not found among the 307 Byelorussian 
population controls but was present in 4 of the 424 breast cancer patients (0.9%), all with premenopausal disease. One of 
the 4 Byelorussian patients with IVS211G>A reported a first-degree family history of breast cancer. These results strongly 
suggest that the I157T mutation and perhaps the IVS211G>A mutation confer an increased breast cancer risk. Based on the 
ORs and carrier frequencies, the estimated fraction of breast cancers attributable to the I157T variant would be 4.3% in the 
Byelorussian population, whereas the potential contribution of the IVS211G>A allele is limited by its low frequency.  

 
Fig. 1. Identification and confirmation of the CHEK2 gene mutations IVS211G>A and I157T by screening of PCR 
products using restriction enzymes ScrFI and PstI (upper figure, S, size marker; P, heterozygous patient; C, wild-type 
control) and subsequent direct sequencing of PCR products from heterozygous patients (lower panel, sense strand 
with N designating the mutated position). 

The physiologic impact of both mutations is corroborated by the observations that the IVS211G>A mutation results in 
an aberrantly spliced CHEK2 mRNA encoding a truncated protein and that the FHA domain mutation I157T, although it 
leaves some residual functions disturbs substrate binding and interferes with wildtype CHEK2 in a dominant-negative 
manner While our results clearly demonstrate a role for the CHEK2 mutation I157T in inherited breast cancer susceptibility, 
we have not detected a further increase in the frequency of this allele in familial breast cancer In summary, we have 
analyzed the impact of 2 functionally relevant CHEK2 mutations, I157T and IVS211G>A, in 2 independent case-control 
series from the German and Byelorussian populations. Our results indicate that the I157T missense substitution and 
probably the IVS211G>A splicing mutation are associated with increased breast cancer risk. 
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One of the mechanisms of external signal transduction (ionizing radiation, toxicants, stress) to 
the target cell is the existence of membrane and intracellular proteins with intrinsic tyrosine kinase 
activity. No wonder that etiology of malignant growth links to abnormalities in signal transduction 
through tyrosine kinases. The epidermal growth factor receptor (EGFR) tyrosine kinases play 
fundamental roles in development, proliferation and differentiation of tissues of epithelial, mesenchymal 




