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gene mutations are not likely a risk factor for breast cancer in Poland
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"To the Editor"

Failures to repair DNA double-strand breaks inevitably result in the accumulation of mutations and may lead to genome instability and consequently to an elevated risk of cancer.

The RAD50 gene product is a part of the MRE11/RAD50/NBN (M/R/N) protein complex involved in several critical cellular functions including the repair of DNA double-strand breaks (DSBs), telomere maintenance, immunoglobulin class switching, meiotic recombination, and DNA damage checkpoint activation [START_REF] Tauchi | Nijmegen breakage syndrome gene, NBS1, and molecular links to factors for genome stability[END_REF]. Depending on ATP binding and hydrolysis, the RAD50 protein directs the M/R/N complex repair functions. RAD50 dimerizes and uses its long coiled-coil to hold together the ends of broken DNA [START_REF] Assenmacher | MRE11/RAD50/NBS1: complex activities[END_REF].

Germline heterozygous mutations affecting genes of the M/R/N complex seem to be involved in carcinogenesis. In our previous study we showed that the germline I171V mutation in NBN, one of the M/R/N genes, may be considered as a risk factor in the development of solid malignant tumor including breast cancer, larynx and colorectal cancer [START_REF] Roznowski | I171V germline mutation in the NBS1 gene significantly increases risk of breast cancer[END_REF][START_REF] Ziółkowska | Increased risk of larynx cancer in heterozygous carriers of the I171V mutation of the NBS1 gene[END_REF][START_REF] Nowak | Heterozygous carriers of the I171V mutation of the NBS1 gene have a significantly increased risk of solid malignant tumors[END_REF] or acute lymphoblastic leukemia [START_REF] Mosor | Association of the heterozygous germline I171V mutation of the NBS1 gene with childhood acute lymphoblastic leukemia[END_REF]. Heterozygous carriers of the NBN 657del5 mutation have an increased risk of malignant tumor development, especially of breast cancer [START_REF] Steffen | Increased cancer risk of heterozygotes with NBS1 germline mutations in Poland[END_REF][START_REF] Steffen | Germline mutations 657del5 of the NBS1 gene contribute significantly to the incidence of breast cancer in Central Poland[END_REF], prostate [START_REF] Cybulski | NBS1 is a prostate cancer susceptibility gene[END_REF], and colon and rectal cancer [START_REF] Steffen | Increased cancer risk of heterozygotes with NBS1 germline mutations in Poland[END_REF].

It is likely that molecular variants in the RAD50 gene, the other component of the M/R/N complex, may also contribute to the risk of cancer. So far, only a few studies have focused on association of alterations in the RAD50 gene with cancer. Germline mutations in RAD50 have been linked to breast cancer in Finnish population [START_REF] Heikkinen | Mutation screening of Mre11 complex genes: indication of RAD50 involvement in breast and ovarian cancer susceptibility[END_REF]. The researcher indicated that the 687delT allele in cooperation with alleles of other genes may increase risk of familial and sporadic cases of breast cancer development and is a mutation with a founder effect in Finland [START_REF] Heikkinen | RAD50 and NBS1 are breast cancer susceptibility genes associated with genomic instability[END_REF][START_REF] Tommiska | Evaluation of RAD50 in familial breast cancer predisposition[END_REF]. Other molecular variants in RAD50 gene: substitutions: I94L in exon 3 and R224H in exon 5, intronic variant IVS3-1G>A and nonsense mutation Q350X in exon 7 have been observed at a low frequency that did not allow to determine whether the variants increased the risk of breast cancer.

In this study we would like to answer the question whether RAD50 alterations have a potential role in increasing breast cancer risk among Polish patients.

Mutation screening of the RAD50 gene was carried out on DNA sample isolated from 280 non-selected breast cancer patients and from 328 control samples. The DNA isolation procedure was described in our previous study [START_REF] Roznowski | I171V germline mutation in the NBS1 gene significantly increases risk of breast cancer[END_REF]. The research protocol was approved by the Ethics Committee, Poznan University of Medical Sciences and all patients signed the Informed Consent Form. All samples were analyzed by PCR multitemperature single-strand conformation polymorphism (PCR-MSSCP) technique (Biovectis, Warsaw, Poland). Amplification of the exons 3, 4, 5 and 7 of the RAD50 gene was performed using the primers flanking the coding regions and exon/intron boundaries (primer sequences upon request).

Polymerase chain reaction products were mixed with loading buffer, denatured, cooled and separated on nondenaturing polyacrylamide gel in DNA POINTER PLUS System (Biovectis, Warsaw, Poland) depending on PCR products or digests size. Control samples were run in parallel. Silver staining was used for detection of single-strand DNA in polyacrylamide gels.

Each sample showing shifts in multitemperature single strand conformation polymorphism analyses was sequenced (OLIGO, IBB, Warszawa). Statistical analysis was performed with Fisher's exact test (two-tailed) or chi-square test.

We identified a total of 4 alterations in 3 out of 280 patients with breast cancer and 2 out of 328 controls (Table 1). The detected changes were in coding sequences and were nonsynonymous.

Table 1. RAD50 sequence variants detected in our study

To predict whether the substitutions we have found would affect protein function SIFT and PolyPhen analysis were applied. Both programs suggested that only the R193W substitution, detected in breast cancer patients, is predicted to be probably damaging. The R193W missense variant occurs in the MRE11 binding segment, which is required for the formation of the M/R complex in early DSBs response [START_REF] Assenmacher | MRE11/RAD50/NBS1: complex activities[END_REF]. The molecular variant in exon 5 of the RAD50 gene have been detected previously in 1 of 481 UK patients with familial breast cancer [START_REF] Tommiska | Evaluation of RAD50 in familial breast cancer predisposition[END_REF]. We identified only one carrier of the R193W substitution among 280 Polish breast cancer patients. Although the R193W molecular variant may affect RAD50 protein functions, its rare occurrence limits any potential contribution to breast cancer.

The V127I in exon 4 in the RAD50 gene, detected either in 1 out of 280 breast cancer patients or in 1 out of 328 controls was predicted to be tolerated using the SIFT and PolyPhen analysis. The A232D in exon 5, identified once in cancer patient and the V315L occurring only once in controls were predicted to be benign. These missense variants have been reported previously in the UK familial breast cancer patients (one V127I, one A232D and two V315 carriers among 435 cases) but not in controls [START_REF] Tommiska | Evaluation of RAD50 in familial breast cancer predisposition[END_REF]. The rare occurrence and functional evaluation of these variants suggest that none of these substitutions are breast cancer susceptibility alleles. Additionally we were able to detect c.551+19 G>A single nucleotide polymorphisms in the intronic sequence of exon 4 with a similar frequency in breast cancer patients and controls. Our analysis of sequence variations in the 3 rd , 4 th , 5 th and 7 th exon of the RAD50 gene indicated that I94L, IVS3-1G>A, 687delT, R224H and Q350X were not observed in our cohort of breast cancer patients or control DNA. In particular the RAD50 687deltT mutation was interesting because of contradictory data. In an unselected cohort of 317 newly diagnosed Finnish breast cancer cases the RAD50 687delT displayed significantly elevated frequency (odds ratio of 4.3 for the risk of breast cancer) [START_REF] Heikkinen | RAD50 and NBS1 are breast cancer susceptibility genes associated with genomic instability[END_REF]. In the same study, the analysis of haplotype and mutation among breast cancer cases from Sweden, Norway, and Iceland indicated that RAD50 687delT was a founder mutation in Finland. The occurrence of the RAD50 687delT mutation in familial breast cancer in others populations has been difficult to confirm. So far, the 687delT mutation has been described only among patients with breast and ovarian cancer and in control groups. The 687delT allele has been investigated in non-BRCA1/2 familial breast cancer in the UK, French and Chinese populations [START_REF] Tommiska | Evaluation of RAD50 in familial breast cancer predisposition[END_REF][START_REF] Uhrhammer | Rad50 c.687delT does not contribute significantly to familial breast cancer in a French population[END_REF][START_REF] Cao | Some common mutations of RAD50 and NBS1 in western populations do not contribute significantly to Chinese non-BRCA1/2 hereditary breast cancer[END_REF]. All those studies have not found any carrier of the RAD50 687delT mutation in either group. Our results are consistent with above mentioned and suggest that the c.687delT mutation does not contribute significantly to breast cancer risk in Poland. These data together suggest that the 687delT mutation can be considered as founder effect in Finnish population and may constitute a risk factor of familial and sporadic breast cancer in Finnish population but not in Polish and others populations.
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